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Formation of the Zn/CdTe(100) interface: Interdiffusion, segregation, and Cd-Zn exchange
studied by photoemission
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The interface formation of Zn/CdT#£00 has been investigated using synchrotron andKugx-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<z@.{ A), diffusion of Zn into Cd vacancies
and lattice-site defects, and a Cd-Zn exchange, thus forming the ternary compoun@g;d@e 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 ,CdzZn,Te surface-alloy with maximum Zn content.
[S0163-182607)01844-4

[. INTRODUCTION approach in the case of Zn and CdT@0 by investigating
the electronic structure of the near-surface region, and by
Among II-VI semiconductor compounds, CdTe plays aemploying the dependence of the x-ray photoemission infor-
dominant role due to the wide field of its technological ap-mation depth on the energy of the incident photons. The
plications such as infrared detectors and solar cells. Employinstallation of an additional Mé¢{« x-ray source at the PM5
ing ternary CdTe-based compounds such as_¢zh,Te, (HE-PGM3 monochromator beamline at the BESSY storage
band-gap and/or lattice parameter engineering can be pefing enabled us to cover a wide photon energy rafig®3.6
formed by a variation of the concentration parame&téfhus eV and 90-650 e)/ combined with the high spectral reso-
lattice mismatch, generally encountered in the formation ofution at high photon energies for the synchrotron
semiconductor heterojunctions, can be minimized by choosexperimentg. Thus the investigation of surface core-level
ing the appropriate ternary concentration, hence reducing thghifts (SCLS’9 of low-lying core levels such as Cdd3and
density of defects at the semiconductor interface. MoreoverTe 3d, and a comparison of core-level emission for various
band-gap engineering allows the design of special, problermkinetic energies were possible. No photoemission investiga-
oriented band-offset structures to either minimize or maxitions of Zn adsorption on II-VI semiconductors have hitherto
mize the influence of valence- and conduction-band offsetbeen reported, to our knowledge.
in semiconductor heterojunctions. As will be discussed throughout the paper, the interdiffu-
These engineering opportunities are generally approachegion processes of the Zn/CdTe system take place in several
from a “bulk point of view,” i.e., by using ternary substrate distinct phases. However, we will present a simple method of
materials or by growing thick, bulklike films by molecular determining the stage of interdiffusion by investigating the
beam epitaxy(MBE) or atomic layer epitaxyALE). How-  shift of core-level photoemission peaks, which provides a
ever, the interface properties of a semiconductor heterojunaraluable monitor for the formation of Gd,Zn,Te in the
tion strongly depend on theurfaceproperties of the under- near-surface region.
lying substrate material such as the ternary composition at In Secs. Il and Ill, the experimental parameters and re-
the surface, the electronic and geometric surface structursplts will be presented. The analysis of Zn-induced core-
the surface band gap, the Fermi-level pinning position, andgevel shifts and band bending as well as the information de-
in the case of polar surfaces, the surface termination. rived from Cd surface core-level shifts will be given in Sec.
Therefore, two different procedures appear feasible in ortV. Finally, Sec. V presents an interdiffusion model based on
der to gain a detailed understanding of heterojunctions inthe experimental data and on a simple model calculation for
volving ternary semiconductors. First, one could investigatehe photoemission signal attenuation with increasing Zn cov-
the influence of variations of the bulk parameters on the surerage.
face properties, and thus establish rules which allow to de-
rive indirectly the state of the surface from bulk operat|0|js. Il EXPERIMENT
Or, second, one could generate the ternary compound in a
near-surface region by interdiffusion of the third constituent The interface formation of Zn/CdT#00 was studied by
into a binary substrate material, as was first pointed out bypuccessively evaporating Zn from an,8% crucible onto a
Wall et al. for Mn/CdTe110).! commercial CdTELOO single-crystal surface at a rate of ap-
In this study, we demonstrate the possibility of the secongroximatey 1 A per minute. The polaf100) surface of the
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CdTe substrate was prepared by repeated sp(ittkeV Ar

ions) and annealing step@00 °Q. The validity of this ap- W’ oV

proach and its influence on surface structure and termination

have been thoroughly investigated, and are reported L2 1A

elsewheré™" For the present preparation conditions the in- 10A

vestigation of surface core-level shifts revealed a Cd- 6A

terminated surface. 5A
We employed the high energy resolution of the plane N ‘/\/—«-\\ A

grating monochromator PMSHE-PGM3 at the BESSY @ 3A

synchrotron source for a wide photon energy range using the pc_g N\ 2A

HIRES photoemission spectrometer. At a photon energy of £ 1A

hy=450 eV, the Gaussiafi.e., total experimental contri- 05A

bution to a Voigt line-shape fit of the Cdd3,, core-level 0.25 A

spectra is about 0.4 eV. 045 A
In studies using successive overlayer deposition steps,

great care has to be taken to minimize the overall measure- 0.05 A

ment time in order to avoid influences of contamination from oA

residual gas particleghe base pressure in our experiments [T T T

was 2x 10" ¥° mbap. Even though no significant Oslor C 6 4 2 0=E¢

1s photoemission signals could be detected at the end of a Binding Energy (eV)

stepwise deposition series, we minimized possible contami-

nation effectgsuch as the formation of Zny investigat- FIG. 1. Photoemission spectrthv=90 e\) of the upper

ing two separate deposition series, with an emphasis on difralence-band region of CdTE0) (0-A Zn) and for different nomi-
ferent experimental information. In the first series, thenal Zn coverages. The first evidence of a Fermi efge, for a
surface structure of the pristine CdTe substrate alone wasetallic overlayer is detected in the 18-A spectrum. The Fermi
monitored by low-energy electron diffracticEED), and  energy of the instrument and hence the binding-energy scale was
the synchrotron photoemission investigations after eackeparately determined by a sputter-cleaned Au-foil reference. The
deposition step focused on the valence-band region and ttspectra were normalized by the background count rate on the high-
(shallow) core levels Cd d, Te 4d, Zn 3d, and Zn 3. In  binding-energy side.

addition, MgKa x-ray photoemission spectroscof¥PS)

measurements of each element were performed in order {Q,antitative development of all data occurred. It is noted that
allow a comparison of results from different information he getermination of the Zn overlayer thickness may gener-
depths. For the second series, the attention was aimed aty@y e quite uncertain, and that the thicknesses given in this
LEED investigation after each deposition step and at the inpaper are just nominal values which are accurate as relative

vestigation of the SCLS's of the Cd and Tel levels in  measure within a series but not as absolute values.
addition to the above-mentiongdhallow) core-level mea-

surements. No MéK @« measurements were performed in this
case. The LEED investigations revealed an unreconstructed
surface[(1x1) LEED pattern for the pristine CdTe sample Il PHOTOEMISSION SPECTRA
in both series. The surface structure did not change with The evolution of the upper valence band region of CdTe
increasing Zn coverage up to a nominal coverage of 14 As shown in Fig. 1 for increasing Zn coverage. While no
(second serigswhile the background intensity of the LEED significant changes in the overall spectral shape are detected,
pattern increased. Above 14 A, no LEED pattern could beboth the valence-band edge as well as tpartly angle-
observed. integrated split-off band at a binding energy between 5 and
The thickness determination of deposited Zn overlayers i$ eV experience a downward shift toward higher binding
a rather problematic task, for two reasons. First, Zn deposienergies up to a nominal Zn coverage of Ffdr a detailed
tion leads to a significant diffusion into the substrate matediscussion of the valence region emission features of CdTe
rial, e.g., CdTe, as will be shown below. Second, Zn appearwe refer to Refs. 9—17 For higher coverage® and 10 A,
to have a rather small sticking coefficient on some surfacesan upward shift of the spectral features is observed. At 18 A,
which is consistent with the extremely high Zn vapor pres-finally, a Fermi edge is resolved, suggesting the formation
sure required for detailed-balance conditinale also no- either of a metallic Zn overlayer or of sufficiently large Zn
ticed severe problems when determining the Zn overlayeislands. The position of the Zn Fermi edge is detected at a
thickness by using a quartz microbalance which monitoredlightly higher kinetic energy0.15 eV} than the Fermi en-
the Zn flux at the sample position before and after each depargy of the instrument as derived from a sputter-cleaned Au
sition step. In a first deposition series the microbalanceeference. This effect is due to a surface photovol{&V)
quartz was covered with a thick CdTe overlayer, while thefrequently encountered in metal-semiconductor investiga-
quartz had to be replaced before a second deposition serig®ns with synchrotron photoemissidhil® Even at room
On the clean quartz surface the sticking coefficient was dragemperature such a surface photovoltage can be detected,
tically enhancedby about a factor of ¥ and hence much e.g., for the Mn/C&n)Te(100) interface systerR’ In the
larger fluxes were monitored. Therefore, we had to renormalease of Zn/CdTe, the largest SPV effect we observed at room
ize the exposure of the second series such that a consistaemperature is a 0.3 eV shift toward higher kinetic energies,



56 FORMATION OF THE Zn/CdTé100 INTERFACE . . . 13 337

hv= 90 eV Zn3d Te 4d hv= 90 eV
Cd4dyy __ Cd 4dg;, 18A
10A
M . A
0 6A
I PV A
% M A g 4A
2 jM oA 2 A
J& 2A 2A
0.5A 1A
0.25 A 0.5 A
0.15A 0.25A
0.05A 0.15A
SCLS 0.05A
1 1 L 1 OA L 1 1 1 1 1 1 OA
14 13 12 11 10 9 44 43 42 41 40 39 38
Binding Energy (eV) Binding Energy (eV)
FIG. 2. Photoemission spectrehvy=90 eV) of the lower FIG. 3. Photoemission spectra of the Ta lévels of CdT€100)

valence-band region of CdTHO0 for increasing nominal Zn cov- for increasing nominal Zn coveragébhv=90 eV). The spectra
erages, showing the spin-orbit-split Cdl 4eatures(at about 10.9  were normalized by the count rate average of the high- and low-
and 11.5 eV in the 0-A Zn spectryrand their surface-shifted com- binding-energy sides.
ponents at higher binding ener¢gbeled SCL$as well as two Zn
3d emission feature.7 and 10.2 eV in the 18-A spectryimvhich  increasing Zn coverage. Two clearly distinct peaks separated
appear for nominal coverages2 A. The spectra were normalized by 0.6 eV can be detected at and above a nominal Zn thick-
by the count rate average of the high- and low-binding-energyness of 2 A.
sides. A large number of values has been reported for the mag-
nitude of the spin-orbit splitting of the Znd3levels, varying
as is in accordance with the overall downward band bendingrom zero to almost 0.8 e¥?~2° For the Zrf0001) surface,
in Fig. 1. Himpsel et al. emphasized the band character of the Zh 3
The lower valence-band region of CdI60 and the Zn/  states in finding that their observations such as energy dis-
CdTe interface is shown in Fig. 2. The displayed spectrapersion and interband transitions are incompatible with an
features are superpositions of several shallow core levels: th&omic core-level modé. Similarly, Wei and Zunger clari-
dominant feature in the lowest spectry@A Zn) is mainly  fied the role of the Zn 8 states in 1-VI semiconductors,
composed of the spin-orbit-split Cad4core level(at about  finding thatp-d repulsion and hybridization have some in-
10.9 and 11.5 e) Moreover, Cd atoms located in the top- fluence on the semiconductor properties, among others on
most layer of the polaf100) surface give rise to a SCLS the magnitude of the spin-orbit splittirfg.
which is mainly due to a change of the coordination state, the Based on our experimental results, we believe that the Zn
Madelung potential, the cation-anion charge transfer, and/a8d emission features have to be viewed in the context of a
the final-state screening of the photo hblas will be dis-  band structure rather than as pertaining to atomic core-level
cussed in more detail in Sec. 1V, this surface-shifted compoemission. Thus, the two peaks are interpreted as being due to
nent of the Cd 43, level is detected on the high-binding- spin-orbit splittingin conjunctionwith hybridization and de-
energy side of the bulk peak, and thus leads to a shouldéscalization. The coexistence of two different Zn species
between 12 and 12.5 eV in the bottom spectra. Furthermorgeems unlikely, since the intensity ratio of the two Za 3

dispersing Te § emissioR" and transitions from thiy criti- peaks remains approximately constant throughout the whole
cal point? have been reported on the low-binding-energydeposition series. We indeed detect two different Zn species,
side of the Cd 4 bulk peaks. as will be discussed belowFig. 4), but the first species is

As in the case of the upper valence-band region, a downfound for the first Zn deposition steps, while the second spe-
ward band bending.e., a shift toward higher binding ener- cies evolves at a nominal thickness of 1 A, comparable to the
gies is observed in Fig. 2 for the composed Cd feature  coverage range in which the Zm&mission features appear.
with increasing Zn coverage up to 5 A, followed by an up- Apparently, the discernible ZndB features are associated
ward shift for further deposition steps and a downward shiftonly with the second Zn species, which suggests a strong
for the highest Zn coveragdor which a Fermi edge is re- interaction of the first Zn species with the CdTe substrate,
solved. Apart from an influence on the SCLS to be dis- and a strong Zn & contribution to the chemical bond by
cussed in Sec. IV no significant line-shape changes of the Crhixing with valence orbitalgbands.
4d emission are detected for increasing Zn coverage. In Fig. 3 the photoemission spectra of the Te dore

Finally, additional emission features pertaining to the Znlevels are shown. As in the case of Cd, no significant
3d levels evolve around a binding energy of 10 eV with changes in line shape are detected, thus giving no evidence
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FIG. 4. Zn 3 photoemission spectra taken lav=202 eV.

Some Zn emission can be detected even for the nominally Zn-free . . .

CdTe single crystal surfad®-A Zn spectrum With increasing zn ~ reduced by annealing at 300 °C in UHV for 10 min. Appar-

coverage, a second Zn species at lower binding energy can be di§htly, a large amount of Zn atoms can be removed from the

tinguished(nominal coverage=1 A), which becomes dominant in Photoemission information volume via desorption and/or dif-

the high-coverage regime. The spectra were normalized by th#usion into the bulk.

count rate at the low-binding-energy side. Several general trends can be derived from the experi-
mental results presented so far. First, a prominent Zn diffu-

for the formation of a second Te speci@sg., ZnT¢. The  Sion is expected from the fact that a Zn Fermi edge is de-
peak positions of the Tedicore levels are also shifted to- t€cted only at very high nominal coverages, while the 7n 2
ward higher binding energies with increasing Zn coverage3P. and 4l spectra reveal significant amounts of Zn within
reaching a maximum at 5 A, and are shifted back for higheth€ photoemission information volume. Second, two differ-
coverages. Again, the spectrum with the metallic overlayefnt Zn species are detected, which can be correlated with
(18-A Zn) reveals a line position at higher binding energy. Substitutionally incorporated Zn at low nominal coverages,
The Zn 3 spectra of Fig. 4 taken from the second samplea!"d with Zn in a nonionic or metalllc_enwronment in the
exhibit a small Zn signal even for the pristine, nominally high-coverage range. Finally, a relatively complex band-
Zn-free CdTe surfacén contrast to the first sample, which Pending behavior has been observed for increasing Zn cov-
showed no Zn signal At this point, the sample had merely €rage. From these results we derlve several dlstl_nct mterdlf-
been sputtered and annealed in the photoemission chambésion phases for the Zn/CdTe interface formation, which
and hadnot yet been transferred into the MBE chamber; aWill be discussed in the following sections.
contamination of the surface from the Zn source can thus be
ruled out. We therefore expect this line position to be repre-
sentative of the substitutionally incorporated Zn in
Cd,_,Zn,Te?® For increasing Zn coverage, the same In this section, a more detailed analysis of the binding-
binding-energy shift of all spectral features as in the Cd ananergy shifts with increasing Zn coverage will be given, and
Te case is detected. Moreover, a second Zn species at lowese take a closer look at the surface core-level shifts reveal-
binding energy evolves at a nominal coverage of 1-2 A, ining the surface termination. The results of this analysis then
coincidence with the above-mentioned detection of the Znead to the model presented in Sec. V.
3d double peak of Fig. 2. This second phase becomes domi- In Fig. 5 the binding-energy shifts of several photoemis-
nant in the high-coveragd 8 A) spectra, and is thus consid- sion signals are displayed for increasing Zn coverage. The
ered to represent Zn atoms in a metallic or nonionic bondingalues are referred to those from the pristine, unexposed
state. CdTg100) surface(0-A zn, and a binding energy shift of 0
From Zn 24, XPS spectra taken with Mg « radiation eV, not shown due to the logarithmic scale of the abstissa
(not shown, the same behavior can be derived as for syn-The data points have all been derived from photoemission
chrotron measurements of the Zp Bevels. In this case the spectra taken dtv=90 eV, which gives the maximal photon
line position of the first few deposition steps is significantly energy resolution for fixed settings of monochromator slits
shifted toward lower binding energy, and the linewidth isand electron analyzer parameters. Great care was taken to
increased with increasing nominal coveragel A due to a  determine the position of the Fermi energy of the instrument
superposition of the two Zn species. For high coveragesyith a Au-foil reference for each injection of the BESSY
large amounts of Zn are detected, which can be significantlgtorage ring. Throughout the deposition series, the photon

IV. EVALUATION OF BINDING-ENERGY SHIFTS
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energy(and thus the measurement of the Fermi enevgy-

ied by less than 0.04 eV. 04 , T —r—— - ———
Apart from the Te 45, and the bulk Cd ds,, peaks, the 035 e

split-off band at a binding energy between 5 and 6(e¥e 0.3Ff . e . -

Fig. 1) and the valence-band edge have been evaluated. The Y S i

position of the edge has been determined by a linear extrapo-
lation. Since no significant changes in the shape of the
valence-band edge occurred during the Zn deposition steps

B.E. Shift (eV)
o
N

0.15

this pr.ocedurells regarded as exaetthin =0.1 eV) in de- . 0.1 o — casn,
termining relative energy shifts such as those presented in 0.05 L e
Flg. 5. ' m --- VB-edge

The band-bending behavior of the Zn/CdTe interface for- 0.00-50 L 0'2 L 0'4 . 0'6 L 0'8 L 10
mation can be divided into five different phases. The first ' : : | e '
phase consists of the pristine CdTe and the very first depo- Nominal Zn Thickness (A)

sition step, and will be discussed in more detail below. In a
second phasdl), the energy position of all evaluated spec- FIG. 6. Enlarged view of the binding-energy shifts of Fig. 7 for
tral features remains moderately constant, while there is tne first few deposition steps on linear coverage s@atases | and
sharp increase of the binding energy in the third pr#sg  1I). The lines were determined by a least-square fit and are intended
reaching a maximum for a nominal Zn thickness of 5 A.as a guide to the eye. A significantly larger binding-energy shift of
Note that the onset of the third phase coincides with the firsthe valence band edge as compared to all other spectral features is
detection of the second Zn species and the evolution of thestablished in the very first deposition step.
Zn 3d emission features. The two final phashsand V) are
characterized by the beginning formation of a metallic overthose three features cannot be explained solely by determi-
layer. In phase IV no Fermi edge of the Zn overlayer can yenation errors.
be detected, in contrast to phase V, where a Fermi edge is Which origins could account for a difference in the band
clearly visible in the valence-band region. In view of the bending of different photoemission spectral features? In prin-
growth start of the metallic Zn overlayer, we thus tentativelyciple, a surface band bending induced by surface states or
assign phase IV to the existence of small Zn islands or clusadsorbate atoms is expected to alter the local electronic po-
ters. The distinction between phases IV and V, however, ig¢ential, and will thus affect all spectral features equally. An
somewhat arbitrary, since it relies on the sensitivity of theinfluence of final-state effects can be ruled out, since one
photoemission measurements such as the surface densitywbéuld have to assume a better screening of the photo hole
states at the Fermi edge or the photoemission matrix elgor the core levels than for the valence-band maximum. An
ment, and on the critical cluster size for the formation of aexplanation based on the increase in band gap due to the
Fermi edge. formation of a ternary Cd ,Zn,Te compound also appears
As mentioned above, we detect a surface photovoltaganlikely, because of the small amounts of Zn deposited dur-
effect once a Fermi edge is present in the valence regioimg the first deposition step.
spectra(phase V. In our case, the correction of this effect ~We favor a different explanation for the enhanced down-
leads to an increase in binding-energy shift of all spectralvard shift of the valence-ban®B) edge, which is the satu-
features, i.e., to an upward shift in Fig. 5. Moreover, weration of surface defects or quenching of surface states which
expect such a SPV effect to play an important role also irare located just above the VB edge by adsorbed Zn atoms. It
phase IV, in which the formation of the metal-semiconductorwas pointed out by Gawlik and co-worké&ts® for the (1
interface begins, even though no Fermi edge is yet detected 1)-unreconstructed CdT#00) surface that the top of the
with photoemission due to the low cross section of Zn 4 valence band at thE point consists of a surface resonance
states. Since, in phase V, the SPV effect decreases in maguperposed onto the bulk band structure. For cekeaipace
nitude for increasing Zn coverage, we expect the correctiodlirections, surface states are detected above the valence
in phase IV to be even larger. Thus, we believe that théand. This surface resonance could be visible in the spec-
downward “bowing” in phases IV and V of Fig. 5 can be trum of the pristine surface, and could be rapidly quenched
understood gualitatively on the basis of the SPV effect. by small amounts of Zn. In addition, surface defects, such as
We now come back to the discussion of phase I, whichCd and Te surface vacancies, terrace steps, and dislocations,
comprises the pristine CdTEIO surface and the very first may also contribute to the surface density of states at and
deposition step. Phase | is displayed together with phase Il inbove the actual valence-band edge. In our case, the mere
Fig. 6 on a linear scal@lines are intended as guide to the existence of a(1x1)-unreconstructed surface gives some
eye. As can clearly be derived from Fig. 6, there is a pro-evidence for an imperfect distribution of unsaturated bonds,
nounced difference between the binding-energy shift of thavhich can be related to an increased density of surface de-
valence-band edge and those of all other investigated fedects. Moreover, the downward shift afl emission features
tures, which is established in the very first Zn depositionafter the first deposition step can be interpreted as a change
step. Note that the errors for the binding-energy determinaef the Fermi-level pinning position due to a saturation of
tion are estimated to be 0.05 and 0.1 eV for the photoemissurface defects or a quenching of the surface resonance. Thus
sion peaks and the valence-band edge, respectively, so thaappears very likely that the adsorbed Zn atoms in the very
the three emission features are equal within the error bargirst deposition step primarily influence the surface resonance
while the difference between the valence-band edge anand/or defects, leading to a reduced surface density of states
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ing Cd atoms in the top layer. Again, this influence would
lead to a shift towards the bulk position, and is reversed for
the passivation of the Cd vacancy by a Zn atom. It is empha-
sized that the relative intensity of the SCL-shifted compo-
nent is hence a direct measure of the quality and homogene-
A T ity of the topmost surface layer.
P YRR TTare—— As stated above, the surface-shifted component decreases
Binding Energy (eV) Binding Energy (eV) with increasing Zn coverage, but nevertheless remains
i present, as can be seen in Figc)7for the 10-A spectrum.
1B e Conversely, no Te SCLS is detected throughout the whole
deposition series. Apparently the Cd termination is not abol-
ished in the interdiffusion and interface formation processes.
Once the metallic Zn overlayer is established and a Zn Fermi
edge can be detected, a third Cd species at lower binding
: : : : . : ‘ : energy(0.75 eV with respect to the bulk Cd emission from
e Bi:;i:,g En::;y (ev;m " Bin4t;i:1g En:::y (ev;m CdTe can be detected, as shown in Figd)7for a nominal
Zn thickness of 18 A. Three possible origins of this third
species are feasible: First, this species pertains to emission
from Cd in an interfacial layer between tfiaterdiffused and
Cd-“terminated”) Cd(Zn)Te semiconductor and the metallic
'n overlayer. Second, Cd can be dissolved in the growing Zn
IIm, either forming an intermetallic compouipds is known
for Cd concentrations up to 1.17%Ref. 30] or an alloy.
at and above the valence-band maximum; this causes tfﬁslna"y’ of course, segregation of Cd and enrichment on the
surface of the Zn overlayer can be expected. Even though

increased shift of the VB edge.” The fact that the edge none of these three interpretations can be completely ruled
shape is not changed upon this shift is not surprising if the P pietely

. : . . out on the basis of our experimental resdlsye favor the
magnitude of the shift, thg e>.<per.|mental resolution, and th‘?hird explanation, since we detect a strong enhancement of
probably broad spectral distribution of such states are co !

sidered e Cd signal in surface sensitive measurements as compared

) ) to bulk measurements for the 18-A Zn deposition step; this
The explanation of a surface defect saturation or surfacgi| pe discussed in more detail in Sec. V. Note that the

resonance quenching by adsorbed Zn atoms in the very firgyrface-shifted Cd component can still be detected in the
deposition step is corroborated by an investigation of theyigh-coverage spectrum, which is ascribed to emission from
SCLS’s of the topmost Cd atoms. Figure 7 shows the Cdcd atoms at the Zn/Gdn)Te interface. This component is
3dg, core levels for the pristine CdTEO0) surface(a), after  enhanced with respect to the bulk signal, while the overall
the first Zn deposition stefb), and for high nominal Zn intensity of the Cd 85, peaks is significantly reduced.
coverage$(c): 10 A and(d): 18 A]. As discussed above for These findings are consistent with the assumption that the Cd
the Cd 4 levels, a SCLS is detected as a shoulder at th@toms at the interface exhibit a similar peak position as the
high-binding-energy side. Since no SCLS is found for the Teprevious surface atoms.

3dg, level (not shown, we conclude a Cd termination of this In Fig. 8, the evaluation of the Cd surface core-level shifts
surface, in accordance with earlier resdlfsThe relative in- IS presented on a logarithmic Zn coverage scale. The solid
tensity of the surface-shifted component was increased byjne (intended as guide to the eyefull dots, and the left
choosing the photon energy such as to maximize the surfacgdinate pertain to the surface-to-bulk peak area ratio of the
sensitivity? Contrary to what one would expect for the rela- €d 3ds2 Spectra. This is consistent with the substitution of

tive surface intensity upon deposition of adsorbate atoms, thgd &toms by Zn in the surfader interfacg layer (and an
Cd surface-shifted componeiticreasesafter the first zn ~additional indiffusion of Zn atoms that the SCLS ratio de-

s L ; ith increasing Zn coverage in the range of 0.05-10
deposition stefgthe surface-to-bulk area ratio increases 5|g-Creases wi X . ,
nificantly from 0.23 to 0.3 For further deposition steps, the A. Note that this behavior cannot be explained only by the

relative surface intensity does indeed decrease, as ex ectf rmation of a closed or partial Zn overlayer, since both
e o Y . . » as exp nals would be attenuated by the same fa¢tiois factor
This finding is in accordance with the idea of passivation o

. . depends solely on the attenuation length of photoelectrons
surface defects by adsorbed Zn atoms in the very first depQihin the overlayer, which is identical for both signals un-

sitic_)n step, Ieadi_ng_ to a more homogeneous potential distriga, consideration The SCLS remains approximately con-
bution at and within the surface top layer. Thus more Cdstant for all coveragefopen squares, dotted line and right
atoms are embedded in an environment characteristic of thgdinatg. At this stage of the analysis, we have identified

surface-shifted emission features in Fig. 7. For example, @everal different phases of the Zn/CdTe interface formation
Cd vacancy in the top layer will reduce the Madelung potenyyhich will be further discussed in Sec. V.

tial for all neighboring Cd atoms. This will lead to a shift

toward smaller binding energy, i.e., toward the bulk position. V. A PHASE MODEL FOR THE Zn/Cdte INTERFACE
The passivation of the Cd vacancy by a Zn atom will reverse FORMATION

this shift, and hence an increased surface component will be
detected[Fig. 7 (b)]. Furthermore, a Cd vacancy will also
alter the electronic state of neighboring Te atoms in the sec- This section is aimed at a further clarification of the Zn
ond layer, and hence also indirectly influence the neighborinterdiffusion behavior during each phase of the Zn/CdTe

A, 0.05A
hy= 452 eV

T T T
7\ OA b)
hu= 452 eV

a)

Intensity
Intensity

%
&

Iy .-n. LMI AMMA“N Y

Intensity
[ntensity

FIG. 7. Photoemission spectra of the Cdk3 core levels for the
pristine CdT¢100) surface(a), after the first Zn deposition stép),
and for high nominal Zn coveragg&) 10 A and(d) 18 A]. Below
each spectrum the residual, i.e., the difference between the me
surement and the Voigt line shape fit is shown.

A. Interpretation of experimental results
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FIG. 8. Evaluation of the surface core-level siCLS data as Nominal Zn Thickness (A)

derived from the Cd d, core-level spectra. The solid line and full
circles pertain to the SCLS ratif.e., the peak area ratio of the
surface to bulk contributionsthe dashed line and open squares

represent the SCLS itself.e., the binding-energy difference be- . . I . )

o - in a semilogarithmic ploffirst serieg. Open symbols represent syn-
tween the two componentsNo significant trends are observed in hrotron photoemission m rements with hiaher surf nsitiv
the latter case, while the SCLS ratio decreases with increasing Zgrotron photoemission measurements gher surtace sensitiv-

. - . Ity as compared to M¢ e XPS measurementéull symbols. The
coverage. The straight lines were determined by a least-square fit; o - .
and are merely intended as guides to the eye. normalization was performed by dividing each data point by the
corresponding value at 0-A Zn for Cd and Te or at 35 A for Zn. The

. . . . . various interdiffusion phasg$-V) are discussed in the text.
interface formation. In the data and interpretations given so

far, we have neglected the quantitative analysis of the phoére in good qualitative agreement with recent, more accurate

toemission spectra. This has also been done by investigatin sults published by Powdfland Gries The validity of the
the peak areas of all spectral features obtained in the fir§ FP dependence on the kinetic enérgy given by Seah and

deposition series. : . .
o . Dench has been confirmed in case of Z{196) in Ref. 35.
A quantitative analysis of peak areas from well-ordered Figure 9 is subdivided into five different phases like Fig.

surfaces can strongly depend on photoelectron diffractio ' : . S X i
(PED) effects. In fact, we have observed significant peall%' During the first phase we find a significant intensity in

e . crease of the surface sensitive Zpsignal from 0 to 0.33,
izgi\gr-lgfonnss?&g?ee dngﬁ)?Zrzﬁgeﬁf (():r?-\tlzrrglt?:r:egf’ while all other relative intensities remain close to their initial
the photon energff Since nearly no PEDpeffects were ob- value for the pristine surface. This is derived from the values

P 9y y , at 0.1 A and those at 0 A, which are 0 for Zn and 1 for Cd
served for the Cd 8;,, core level, and since the PED effects

for Te b iaible for Kineti . b 65 Vand Te. The error bar for the peak area determination is
or Te become negligibie for KINEc energies above € ‘approximately+=5%, leading to an error bar for the relative

"?]E.’St Otfl thif petaI:jsblnvPeét_l)ga]E?d tm t,z;fhswdr%/ will nqt f?e S9ntensities of+7%. The significant increase in relative inten-
nificantly atrected by etrects. ough some in uences.ty of the surface-sensitive Zn signal corroborates the idea

Ocré tzg Iresullts from tthf) syn::hdrotrotn tr;}weasurernetnts gf 'It'e gn a Zn-induced saturation of surface defects within the very
evels cannot be ruled out, the overall trends 10 beg.o genosition step.

dls_ltzﬂssed In tlh's sectlols will nevfetr;[]heless remar;n tvalld_. . In the second phase, all relative intensities of Cd and Te
€ normalized peak areas of the various pno Oem'ss'(;%main close to unity, while there is a significant increase in

FIG. 9. The development of the relative intensities of the vari-
ous Cd, Te, and Zn photoemission peaks as function of Zn coverage

peaks are presented in Fig. 9. The normalization of Cd an Zn sianals. i icular in th face- s hro-
Te peaks was performed by dividing the peak area at each € Zn signals, in particular in the surface-sensitive synchro

" e on measurements of thgp3ignal. Apparently, the deposi-
depos't'of‘ step tjy thg V"’?'“e fo'r tf,],e prlstme.Cd_Te su_rfacetion of Zn does not significantly reduce the emission from
thus obtaining a “relative intensity.” The relative intensities

for the Cd and Te peaks at a nominal Zn thickneis A are the substrate peaks. This is again compatible with a partial

therefore equal to unity. Analogously, the Zn peaks were I . :

normalized by the peak area at the maximal nominal Zn T.ABLE Il' Kmet_lileﬂe_rgms of the photo_elelctrqn peaks ?Oma'nid

thickness(i.e.. at 35 A: the normalized Zn areas at 0-A Zn In Fig. 9, along with their corresponding inelastic mean free paths
K ' éIMFP’s), according to Seah and DendRef. 32.

are zero. Open symbols represent the synchrotron photo-

emission results obtained fory=90 eV, while filled sym- 5., hv (eV) Eq (eV) IMFP (A)
bols refer to the MgKa XPS measurements. Cd levels are

denoted by circle$4d and 33, respectively, Te levels by  Cd 3d3, 1253.6 843 15.7
squareg4d and 3s.,), and Zn levels by triangle@p and  Cd4d 90 79.0 5.0

2psp0) . Employing a wide range of different photon energies,
the kinetic energies of the investigated photoelectron signal.?z 4‘? 812 1253.6 671 14.0

and hence their information depth could be varied. Table | 9 48.5 4.4
gives an overview of the kinetic energies used and the assgn 2p,,, 1253.6 232 8.3
ciated electron inelastic mean free pati®lFP’s) derived  zn 3p 202 110 5.8

from the universal curve given by Seah and Deffcihich
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indiffusion of Zn, and rules out the formation of a Zn over- 18 .
layer. At this stage, a discussion of possible indiffusion paths ' $
appears appropriate. First, Zn is expected to migrate along 161 I 1 v V
paths of increased bulk defect densiiy particular Cd va- 14}
cancie$. Second, a migration along interstitial sites is pos- 12l
sible, as reported for Ag in CdTéRef. 36 and Zzn in 2 Otds

1.0 pBe@iogn (B

Al,Ga _,As superlatticed’ For Zn in InP, an interstitial-

tA
A

Relative Intensity Ratio

substitutional diffusion mechanism was deriv&dyhile Zn 08} RN
is stable on an interstitial site of ZnSe up to 266%€inally, 06l
an exchange mechanism of Zn and Cd has to be considered © O 4d Syt OFS) .
as well. In this case the released Cd atoms could be de- 0A[]Q = Ipsigmien ey Y
sorbed, could migrate into the bullke., leave the photo- 0.2k L L

01 02 05 1 2 5 10 20

emission information volume segregate at the surface, or
diffuse by occupying lattice defectparticularly Cd vacan-
cies or interstitial lattice sites, as reported for Ag in Cd*fe.
These alternatives and their influences on the photoemission FIG. 10. Relative Cd, Te, and Zn photoemission peak intensity
signals of both surface- and bulk-sensitive measuremenftios as function of Zn coverage on a semilogarithmic sdadst
have to be addressed by the model to be presented below. Agres, normalized by the corresponding start coverage of each in-
this stage we would merely like to mention that in the seconderdiffusion pha;e. The relatlvg |ntenS|ty rayo for.each element was
phase of Zn/CdTe interface formatiéin), we expect a domi- form(_et_j by dividing the normalized relative intensity of the _surface-
nance of the Cd-Zn exchange within the photoemission inSENSitive synchrotron measurement by the corresponding bulk-
formation volume, thus detecting a Zn chemical state equajﬁeslsu'g\slg dﬁifhgatlteit The various interdiffusion phafiesV) are
to substitutional Zn in Cd_,Zn, Te for the Zn 3 spectra in '
Fig. 4 (i.e., the first Zn specigsThis leads to an increase in
both Zn signals, as derived from Fig. 9; moreover, we expectlata presented in Fig. 9 in an alternative wWgig. 10. Here,
the Cd atoms to remain within the information volume eitherthe normalization was performed separately for each phase,
at lattice defects or on interstitial lattice sites, thus showingoy dividing the photoemission peak areas of the correspond-
no significant variations of both Cd signals. ing emission features by their value for the lowest nominal
In contrast to phase I, in phase Il we detect a significantzn coverage of that particular phase. For example, all emis-
difference in the relative intensities for the Cd signals. In thissjon intensities of phase Il were normalized by their respec-
phase, the second Zn species appears in theZsp®ctra, tive value at a nominal Zn thickness of 1 A. Moreover, we
which we have correlated with a more metallic chemicaldivided the relative intensity ratio of the synchrotron mea-
state of the Zn atoms. Thus the following description for theg,rementgwith high surface sensitivityby the correspond-
third phase is favored: freshly deposited Zn atoms continui,g xps valugwith lower surface sensitivily thus forming
ously diffuse into the CdTe bulk region. Some Cd atoms 0m, g|ative intensity ratidRIR). An increase in the RIR with
lattice sites are sl replaceql by_ Zn, W.h.'le an Iincreasing num'lncreasing nominal Zn thickness will therefore represent a
2228; dzggtggii;lssfgr%f:;%? (':r:jteartsg:fr'lzl ting]i(;?;?gtifﬁhe relative enhancement of the surface signal as compared to
the bulk signal. Based on the error for peak area determina-

bulk of the sampldthus leaving the information volume of . 0 . o i
our experiment and to the surface. Moreover, thocal) tion of 5% a relative error of 10% is derived for the RIR

lattice parameter is expected to decrease upon the exchan %Iues. . e . —
of Cd bF;/ Znona regulgr lattice site, so that tEe Cd atoms aré Is our interdiffusion model compatible with Fig. 107 The
forced away from the contracted ar@aain into the bulk or ~ Starting point of phase Il is, according to our model, the
to the surface Accordingly, we find a significantly larger pristine CdTe surface, with some Zn atoms passw_atln_g the
decrease in the XPS measurements of Cd as compared to tparface defects of the substrate. Thus, the normalization of
surface-sensitive synchrotron results, as would be expectdfe Zn RIR of phase Il is performed with a sample state of
for a surface segregation and a migration into the bulk beZn atoms primarily located in the first monolayewote that
yond the photoemission information deftiThe suggestion the data in Figs. 9 and 10 pertain to the first series, where no
of surface segregation is supported by the fact that no LEEXn was found in the pristine CdTe substpaté/ith increas-
pattern was observed for nominal Zn coverages above 3 Aing nominal thickness, some Zn atoms are adsorbed on the
Phases IV and V have already been assigned to the exisurface, but significantly more atoms diffuse into the near-
tence of metallic Zn clusters or islan@igshase 1V and the surface bulk region, therefore enhancing the bulk-sensitive
formation of a metallic Zn overlaydphase V. As would be  signal more strongly, and reducing the Zn RIR in phase Il as
expected for such a picture, the relative intensities of thevell as in all other phaseflll-V). The Cd and Te RIR
substrate signals are decreased, while the relative intensitieemain close to unity in phase Il. Assuming a homogeneous
of Zn (forming the overlayerare increased. distribution of Cd and Te atoms at a nominal Zn thickness of
In order to gain more insight into the quantitative behav-0.1 A, this can be associated with a homogeneous distribu-
ior of the relative intensities for increasing nominal Zn thick- tion throughout phase Il as well. In phase Ill, however, we
ness, we employed a simple model of exponential attenuaderive a marked difference for Cd and Te: while the Te RIR
tion of the photoemission signal with increasing emitterstays close to unity again, the Cd RIR increases significantly,
depth relative to the surface. The first step was to plot the@evealing an enhancement of the surface-sensitive signal as

°

Nominal Zn Thickness (A)
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compared to the bulk-sensitive case. This finding supports

the idea of a Cd surface segregation during phase lll. 15l T III* )
According to our model, phases IV and V are dominated o

by the formation of metallic Zn clusters and islands, leading § 121 0 ]

to the formation of a metal Zn overlayer with a detectable = 1.1 ]

Fermi edge. In this case, a reduc_tion of the Cd and Te RIR g Y N v

would be expected, since the information depth of the = Tl ~

surface-sensitive measurements is more and more occupied ¢ 09 e

by Zn atoms in the overlayer, thus reducing the relative in- T 08 gy

tensity of the synchrotron measurements with respect to the & 07| [o - cememeors

XPS measurements. This behavior can be found for the Te 0.6 L L& =2 20 5o Sy 00

RIR, while the Cd RIR increases significantly at the last L

deposition step. In this case, as already discussed in conjunc- 01 02 05 1 2 5

tion with SCLS investigations, we find a third Cd species, Nominal Zn Thickness (A)

which is, in view of the increased RIR, attributed to a seg- s of | calculation for the relative i )
regated species on top of the growing metallic Zn overlayer. t_FlG'fllh Resﬁ ts% amede dc_? C(;' a:]lone*o:bt F rcla ?t'(\j/ef 'mﬁ]ns'ty
The decrease of the Zn RIR suggests that a significar]fU'0S Of Phase Il and of a modified phase”jitalculated for the

amount of Zn atoms still diffuses into the semiconductornommal Zn coverages Qf the_ experimental results of Fig. 13. Details
bulk. of the model are described in the text.

_ erations are based on the curve for inelastic mean free path
B. Calculations given by Seah and Denthby assuming a universal value

In order to support the described model further, we per\univ.=Acdre; @nd hence a constant density of valence elec-
formed calculations based on an exponential depenfeote trons[these values are given in Tabl¢Ref. 43]. In phase
the photoemission intensity on the emitter positpnthe Il, however, the density of valence electrons is increased
attenuation lengthy,(Ey) of photoelectrons of element  according to our model of additional Zn atoms within the
with kinetic energyEy in the crystal matrixM, and on the ~CdTe matrix. We thus assumed an inverse linear dependence
atomic densitiedNy(z), X being Cd, Te, or Zn. We assumed Of the attenuation length on the atomic densities of Cd, Zn,
normal emission(as in our experiment and summarized and Te, as is consistent with the linear dependence of the
ionization cross sections, spectrometer terms, and lateré@hization cross-section on the electronic densfty®
variations into a normalization terh§, thus arriving at an 5
expression for the photoelectron intensity for a kinetic en- —
ergy Ey MB2) = M eard IR N @)+ N

3

o This ansatz ignores both distortions of the lattice in case
|x(Ex):|?<f Nx(z)exd —z/Aw(Ex)]dz. (1) of a Cd-Zn exchange due to different atomic radii, and the
0 fact that a Cd-Zn exchange will decrease the overall electron
density, while the valence electron density will be more or
less unchanged. Note that the attenuation leidthy ,z) to
be used for the RIR calculation is now dependent on the
z-position of the photoemitting atom.
The RIR evaluation for each phase of the Zn/CdTe inter-
face formation is based on individual models for the atomic
| (EL $)/1 4 (EL s.o) densitiesNy, and thus also fok (Ex,z), because of Eq3).
_ AR XA X el (2)  For the first phase of the interface formation, we assumed the
I (EZ,S)/I x(EZ ,Sref) formation of a pure Zn layer of a nominal thickness of 0.1 A
on top of the pristine CdTe surface. With this assumption,
Note that, upon evaluating EqR), the I3 normalization  RIR values at 0.1 A of 0.987 for Cd and 0.984 for Te are
terms are canceled, thus eliminating any dependence of thderived, i.e., only a small decrease occurs in both cases. In
RIR on photoemission cross sections and spectrometgfeneral, the RIR of a substrate element is reduced when an
terms. Moreover, normalization factors for the atomic densi-overlayer of a different material is deposited, since the over-
ties Ny are canceled as well, so that we could employ adayer affects the information depth of the surface-sensitive
convenient parametrization the relative atomic densities wittmeasurement more strongly than that of the bulk-sensitive
respect to the pristine CdTe sample. Thus the atomic densitmweasurement.
of Cd is 1 for CdTe, 2 for a pure Cd overlayer, ane- 2 Results from the calculations for phases Il and Il are
when a fraction ofx Cd atoms is replaced by Zn atoms. shown in Fig. 11. In phase Il a reasonably good agreement
Accordingly, the atomic density of Zn is also related to thewith the experimentally observed RIR values can be ob-
Cd density in pristine CdTe, therefore assignig,=1 to a  tained by starting with the 0.1-A Zn-covered surface. Also, a
pure ZnTe sampleN,,=2 to a pure Zn overlayer, and constant Zn diffusion profile is assumed, with a constant
N.,=0 to the pristine CdTe sample. fraction of Zn atoms up to a variable diffusion depth in ad-
Finally, we have to derive values for the attenuationdition to the Cd atoms of the pristine CdTe matftho Cd
length\ y(Ex) within the matrixM. Generally, our consid- reduction, no Zn atoms beyond the diffusion dgpfthhis

Comparing the results of our calculations with Fig. 10, we
have to form the RIR for two different kinetic energies
and EZ and for both, the nominal Zn thicknessand its
reference valus, (i.e., 0.1 A in phase Il a1 A in phase
n:
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leads to a decrease in attenuation length within the Zn diffuserved. Thus we conclude that an additional Te segregation
sion depth according to Eq3), thus influencing the infor- is feasible in our case as well, which is indirectly supported
mation depth of all photoelectrons by an amount determinetby the results of the calculation for phase*lilThe fact that
by the position of their emitter atoms. For the results showrthe increase in the Te RIR in Fig. 10 is significantly smaller
for phase Il in Fig. 11, we added one Zn atom per 15 Cdhan for the Cd RIR suggests that the amount of segregating
atoms within a diffusion depth determined by the nominal ZnTe atoms is significantly smaller than that of segregating Cd
thickness. For example, the maximum Zn diffusion depth foratoms.
1 A Zn is then~30 A. With these assumptions we find a
significant reduction of the Zn RIR and a constancy of the VI. SUMMARY
Cd and Te RIR, in agreement with the experimental results
of Fig. 10. The values of the Zn RIR can be modified by Mg Ka and synchrotron photoemission experiments have
varying the overlayer thicknegslerived from phase)] the  been combined to study the interface formation of Zn/
fraction of in-diffused Zn atoms, the attenuation lengths, and-dTg100). Five different phases have been distinguished for
the diffusion profile, while the overall trend remains un-increasing Zn coverage by valence- and core-level binding-
changed. This finding further supports our interpretation ofenergy shifts, peak area investigations, and surface core-level
the second phase, in which Zn atoms diffuse into the CdTehifts. Based on simple calculations of the attenuation of
surface region without changing the Cd concentration sigphotoemission intensities, an interdiffusion model has been
nificantly (e.g., by occupying Cd vacancies and other defecproposed.
sites. In the first phase, adsorbed Zn atoms passivate surface
In phase lll, we assumed a replacement of Cd by Zrdefects, as can be derived from the band-bending behavior
atoms throughout the maximum diffusion depth of phase Iland from the surface core-level shifts. In phase Il, Zn atoms
followed by a segregation of Cd atoms. The Zn diffusiondiffuse into the CdTe matrix, occupying lattice sites, presum-
depth was held constant for increasing nominal Zn coveragably by passivating Cd vacancy defects, and by forcing Cd
in order to separate the influences of Cd segregation from thatoms into interstitial sites. This finding is inferred from the
effects already discussed in phase Il. This, of course, doesn line position and the attenuation behavior of all photo-
not fully correspond to the proposed model for the interfaceemission peaks with increasing Zn coverage. Phase Il is
formation, for which a further increase of the Zn diffusion characterized by further Zn indiffusion and surface segrega-
depth would be expected for increasing Zn cover@ge tion of Te atoms and, predominantly, of Cd atoms being
thus denote the results of this simplified calculation aseplaced by Zn. Moreover, Zn atoms are presumably located
“phase III*”). A more valid description can, however, be in interstitial sites, as judged from the Zn line position. By
reached by qualitatively combining the results for phase licomparison of the binding-energy shifts of several spectral
with those for phase Itl. For phase I, sum rules were features, we arrive at a simple method of distinguishing be-
applied in order to determine the fraction of Cd atoms beingween the formation of a Gdn)Te compoundphase I} and
replaced by Zn and forced to the surface. As shown in Figthe onset of surface segregatighase Il), which is associ-
11, the Cd RIR is significantly increased in phasé,livhile  ated with a sharp downward band bending. The formation of
both the Te and Zn RIR are reduced. While the Cd RIRmetallic islands and a metallic overlayer with simultaneous
increase in both, the calculations and the experiment is thusdiffusion of Zn is subdivided into phase 1V, in which a
regarded as a direct consequence of the Cd-Zn exchange amgttal-induced band bending is observed, leading to a surface
the Cd segregation, the reduction of Te and Zn is due to thphotovoltage effectSPV), and phase V, in which the detec-
formation of an additional overlayer of a different material. tion of a Fermi edge gives direct proof of this SPV effect.
Thus the attenuation for Te is stronger than for Zn, since théloreover, a further Cd species is detected in phase V, that
difference in the attenuation lengths is larger in the Te casecan be correlated with segregated Cd in a metallic surround-
In the case of Cd desorption or of Cd migration into the bulking.
of the sample, a reduced increase of the Cd RIR is derived, These findings suggest an elegant way to tailor the elec-
while the general trend remains unaltered. tronic structure of CZn)Te(100 surfaces by indiffusion of
As stated above, the behavior of phasé Ifl likely to be ~ Zn atoms into CdTe in a near-surface region. Within this
more realistic when the results of phase' IHre combined region we expect the Zn atoms to passivate both surface and
with those of phase I, i.e., with a decrease in Zn RIR and @ulk defects, while the compound semiconductofZjiTe
constancy for Cd and Te due to further indiffusion of Znis formed. The onset of segregation marks the end of the
atoms. Thus the decrease of the Zn RIR in phast idl  formation process of a well-defined @h)Te(100 surface
actually steeper, in accordance with our experimental resultsvith maximal Zn content. Since this onset is easily detected
The experimental evolution of the Te RIR, in contrast,by a sharp increase in band bending, the indiffusion of Zn
cannot be explained on the basis of our simple Cd-Zn expresents an easin situ method to optimize semiconductor
change model. We believe that this discrepancy is due tbeterojunctions involving G@&n)Te as a substrate material.
additional Te segregation, as has been frequently encoun-
tered in noble-metalHg)CdTe and Mn/C@n)Te
interfaces??#’~!In the latter case, the in-diffusing Mn at- ACKNOWLEDGMENTS
oms are expected to replace Cd atdjjost as in our case of We would like to thank the BESSY staff for technical
Zn/CdTe, so that a Te segregation would not have beersupport. Financial support by the Deutsche Forschungsge-
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