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Synchrotron-radiation photoemission studies of interfaces prepared in situ on cleaved substrates
show atomic interdiffusion with Cr/Hg and Cr/Cd exchange reactions taking place at room tem-

0
perature for Cr coverages less than 2 A. Correspondingly, dissociated Te is released at the surface.

0
A subsurface region 10—13 A thick is formed in which Cr atoms replace all of the Hg atoms and at
least 20% of the Cd atoms. Below this subsurface the semiconductor maintains the bulk
stoichiometry and the initial surface band bending.

I

Very little is known about the interface chemistry of
ternary semiconductor alloys. The results available on
compound semiconductors' can be extrapolated only in
part to ternary alloys, where the interplay of two different
kinds of chemical bonding can substantially change the
character and stability of each bond with respect to those
of the binary parent compounds. Hg& „Cd„Te is prob-
ably the ternary semiconductor most studied in recent
years because of its widespread application for infrared
detectors in the (8—14)-pm spectral range. This material
poses a number of intriguing fundamental and technologi-
cal problems that only now are starting to be addressed.
As a ternary semiconductor alloy formed from parent
compounds of very different stability, this material easily
sustains composition variations. It has also been recently
recognized that the interplay of ionicity and metallicity in
the two kinds of chemical bonding that coexist in the ma-
trix further weakens ' one bond (Hg—Te) relative to the
other (Cd—Te), causing lattice, surface, and interface in-
stabilities in the alloy. For example, dramatic composi-
tion variations have been observed in Hg~ „Cd„Te as a
result of processes as diverse as mechanical damage, ' ox-
idation, and metal deposition. ' A detailed understand-
ing of the interface chemistry and physics of this material
requires a systematic analysis of variations in local
stoichiometry, Schottky-barrier height, and interface
width.

Pioneering photoemission studies have recently clarified
the nature of chemical bonding in the bulk alloy, "' and
related the Schottky barrier height for the
Hg~ „Cd„Te(110)-Al (Ref. 10) and Hg& „Cd„Te(110)-
Au (Ref. 13) interfaces to the local composition of the
semiconductor surface layer. In this paper we focus on
the chemistry of Hgt „Cd„Te-refractory metal interfaces,
which represent a new class of technologically important
junctions that are largely unexplored. We have performed
synchrotron radiation photoemission studies of the
Hgt „Cd„Te(110)-Cr interface formed in situ. Results
concerning the connection between Schottky-barrier
height and the changes in semiconductor surface composi-

tion have been presented earlier. ' Here we describe the
local morphology of the interface region in detail and re-
late the interface electronic properties to the local chemis-
try of the material.

EXPERIMENTAL DETAILS

Single crystals of Hg& „Cd,Te were prepared at
McDonnell Douglas using a modified Bridgman method.
Several oriented (110) posts (3X3)&15 mm ) were cut
from the center of the cylindrical portion of a boule.
Samples cut from each end of the cylinder showed an
identical energy gap of 0. 175+0.01 eV and p-type con-
ductivity with a room-temperature carrier concentration
of 2)& 10' cm, as determined from infrared-
transmission and Hall-effect measurements, respectively.
The sample composition, deduced frotn the band gap mea-
surements' was x =0.22+0.01. The posts were loaded
into the photoelectron spectometer through a special fast-
insertion device, thus allowing an operating pressure
& 5&(10 " Torr while avoiding sample exposure to high
temperature. The posts were cleaved in situ with varying
degrees of success at obtaining mirrorlike surfaces. The
photoemission tneasurements were performed by position-
ing the samples at the common focus of the mono-
chromatic photon beam and a commercial double pass
cylindrical mirror analyzer. Photoelectron energy distri-
bution curves (EDC's) were recorded for 40& hv & 140 eV
using a "grasshopper" grazing incidence monochromator
and synchrotron radiation from the 240-MeV electron
storage ring, Tantalus, at the Synchrotron Radiation
Center of the University of Wisconsin —Madison. The
overall energy resolution (electrons plus photons) ranged
frotn 0.4—0.7 eV for hv& 100 eV to about 0.8—1.0 eV
for the high-photon-energy studies (Te 4d and Cr 3p core
levels at hv=110 eV). The interfaces were prepared
in situ by direct Cr sublimation from a 8' coil and the
metal coverage was monitored using a quartz thickness
monitor.
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RESULTS

Valence states

The experimental results are organized in two series of
figures. Figures 1—4 show valence-band spectra for the
clean and Cr-covered HgI „Cd„Te surfaces, Figs. 5—10
summarize results for the core-level emission. In the
photon-energy range available to us we were able to moni-
tor the evolution of the Hg 5d, Cd 4d, Te 4d, and Cr 3p
core levels as a function of metal coverage, gaining infor-
mation on the relative concentration and on the local
chemical environment of each atomic species present in
the interface region.

In Fig. 1 we show representative energy distribution
curv es for the valence-band emission of the cleaved
HgI „Cd„Te surface. The zero of the binding energy
scale corresponds to the spectrometer Fermi level as de-
rived from the Fermi level cutoff of the high-Cr-coverage
EDC's. The spectra have been approximately normalized
to the main emission features, and are given in arbitrary
units. The EDC's show good qualitative agreement with
the results of Silberman et al. " and exhibit a
Tep —derived density-of-states feature within 3.5 eV of
the Fermi level EF, and a second structure between 4 and
7 eV derived primarily from unresolved Cd s and Hg s
features which reflect the metal s—chalcogenide p hybrid-
ization responsible for the stability of the alloy. '

The emission features between 8 and 12 eV correspond
to the Hg 5d and Cd 4d core levels. Deconvolution of
two doublets was performed using the experimental line

shape of the Hg 5d and Cd 4d levels obtained from
cleaved HgSe and CdSe samples. As an example, the re-
sult of the decomposition for the clean surface is shown in
the top section of Fig. 6. All cleaves resulted in identical
[Hg]:[Cd]:[Te] ratios (as determined by the ratios of the
Hg 5d, Cd 4d, and Te 4d integrated emissions) irrespec-
tive of cleave quality, and no time-dependent change of
the surface composition was observed after cleaving.
From the EDC's of Fig. 1 it is possible to estimate the po-
sition of the valence band maximum, E„, by linearly ex-
trapolating the valence band edge at low binding energy.
From all cleaves we obtained E„=0.49+0.15 which,
when compared with the measured bulk band gap of only
0. 175+0.01 eV, indicates a strongly inverted (n-type)
character for the near surface region.

The effect of Cr deposition on the valence band emis-
sion is shown in Fig. 2 for h v=60 eV. The bottom-most
spectrum is the clean surface spectrum while EDC's dis-
placed upward correspond to increasing Cr coverages 8
and are given in relative units. Two effects are clearly
evident in Fig. 2. First, emission from the Cr 3d states
quickly dominates the valence band spectra within 3 eV of
EF. Second, the Hg-derived emission decreases dramati-
cally and is almost negligible at 6-3 A. These two
trends are shown in more detail in Figs. 3 and 5 where we
have plotted, in an expanded scale, the valence-band emis-
sion within 9 eV of EF and the Hg 5d —Cd 4d core emis-
sion, respectively. In Fig. 3 we see that initial Cr deposi-
tion gives rise to increased valence emission within 2 eV
of EF, and to a "tailing" of valence states at EF. A true
Fermi-level cutoff, however, cannot be seen until 8-3 A.
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FICx. 1. EDC's for the valence-band and Hg Sd —Cd 4d
core-level emissions from Hgl „Cd„Te(110) surfaces obtained
by cleaving x =0.22 bulk crystals.
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FKx. 2. Valence-band and Hg Sd —Cd 4d core-level emis-
sions for the Hg~ „Cd„Te(110)-Crinterface. The topmost spec-
tra are shown multiplied by a scale factor of 2.
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FIG. 3. Detail of the valence-band emission within 9 eV of
the Fermi level EF for the Hg~ Cd„Te(110)-Cr interface.
Initial Cr deposition gives rise to increased valence emission
within 2 eV of the EF and to tailing of valence states at EF. A
true Fermi level cutoff, however, can be seen only for coverages
8&3.

4

At this point, the 3d emission gives rise to a main emis-
sion feature centered 1.3—1.4 eV below EF which is rela-
tively sharp [full width at half maximum (FWHM)
-2.7—2.8 eV] compared to the more bulklike Cr emis-
sion at e =25 A. Very little change of the valence states
is observed for 10 &e & 25 A yet there are several relevant
differences compared to bulk Cr. This is shown in Fig.
where the topmost spectrum (solid line) was obtained
from a 250-A-thick Cr film evaporated on oxidized a,
and the bottom-most spectrum from the Hgi „Cd„Te in-
terface with 6=25 A [coverage corresponding to over 30

Figure 5 shows the evolution of the Hg Sd and Cd 4d
core-1evel line shapes in the 0&8&3 A coverage range
for hv=60 eV. The spectra were obtained from the
EDC' f F'g. 2 after subtraction of a smooth secondarys 0 1

i . Theelectron background and are given in relative units. e
vertical dashed lines mark the position of the Hg
5d H Sd 2, and Cd 4d5~2 levels after deconvolution5/2~ g 3/2&

(see top section of Fig. 6). Emission from all cores appear
strongly attenuated even at low metal coverages (note the
scale factors in Fig. 5). Furthermore, the Hg-to-Cd ratio
decreases dramaticaHy with increasing metal coverage.
The binding energy of the Hg Sd core levels remains un-

changed as a function of metal coverage within experi-
mental uncertainty (-0.1 eV). For the Cd core levels,
our data show constant binding energy for 6 & 1 A, and

suggest a sharp 0.3—0.4 eV binding energy increase for 1

A&8&3 A. '
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FKx. 4. Comparison of valence emission from bulk Cr
(250 A Cr film on oxidized Ta) and from the Hg~ „Cd„Te-Cr
interface at 8=25 A. The 25-A-coverage interface shows in-
creased emission within 1 eV below EF and a 0.2-eV shift to
higher binding energy of the main 3d feature.

I

I
I

I I I li I I I I I I

I4 I3 I2 I I IO 9 8 7 6

Bl N DING ENERGY teV)
FIG. 5. Detail of the Hg 5d and Cd 4d core-level emission

from the Hg& „Cd„Te-Cr interface as a function of metal cov-
erage. The vertical dashed lines indicate the corresponding
binding energy as derived from the deconvolution shown in the
top section of Fig. 6. Note the dramatic increase of the
[Cd]/[Hg] ratio due to Hg migration away from the subsurface
layer.
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To examine quantitatively the surface concentration of
H d Cd as a function of coverage, the two doubletsg an

~ ~ ~

were deconvolved as sketched in the top sections of Fig.
The total integrated intensity of each doublet at a given
coverage e was normalized to the zero-coverage emission
intensity, and is shown in a semilogarithmic plot in the
lower section of Fig. 6. The solid lines correspond to an
exponential attenuation of the core emission. The result-
ing attenuation lengths' are 0.7 and 1.7 A, respectively,
for the Hg 5d and Cd 4d core levels. The attenuation of
the Cd and especially of the Hg core emission is far more
rapid than can be reasonably expected from an escape-
d th-driven mechanism, where an attenuation length oep

194—5 A would be expected.
EDC's for the Te 4d core emission at hv=110 eV and

h v=53 eV are shown (solid lines) in Figs. 7 and 8, respec-
tively. The spectra appear all approximately normalized
to the main emission feature to emphasize the line shape
changes. The EDC's (solid lines) in Fig. 7 show that the
sharp experimental 4d line shape for the clean surface is
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broadened asymmetrically at 8=1.5 and 3.0 A and shift-
ed to lower binding energy. For e&10 A, however, the
linewidth decreases again while the doublet is shifted to
h h binding energy. These nonmonotonic trends can be

0.5explained by the existence of two 4d lines, shifted by
eV from each other, and with coverage-dependent relative
intensity. To fit the experimental spectra, we used two 4d
line shapes obtained from the clean surface emission and,
as fitting parameters, the binding energy and relative in-
tensity of the two 4d components. The result of the fit is
shown in Fig. 7 by a short-dashed line. The fit is remar-

bl ood and the experimental line shape appears to be
composed of a low binding energy doublet (Te 4d ) t aI that
dominates at low coverage, and by a new high-binding-
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FIG. 6, Top: deconvolution of the experimental line shape
{solid line) in Hg Sd {dashed line) and Cd 4d {dotted-dashed
line) contributions for the clean Hg~ „Cd„Te surface. The 4d
and Sd line shapes were obtained from HgSe and CdSe samples.
Bottom: sernilogarithmic plot showing the integrated intensity
of the Hg Sd, Cd 4d, and Te 4d core-level emission, normalized
to the emission from the clean surface, as a function of metal
coverage. As discussed in the text, the fast attenuation of the
Hg and Cd emission reflects an exchange reaction in a
{10—13)-A subsurface region, where all of the Hg atoms and at
least 20% of the Cd atoms are replaced by Cr atoms.
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FIG. 7. Te 4d core emission from the Hgi „Cd„Te-Cr inter-
face at h v= 110 eV. Solid line: experiment. Short-dashed line:
results of a best fit using the sum of a Te 4d I subsurface corn-
ponent {long-dashed line} and a Te 4d II surface component
{dotted-dashed line). At hv=110 eV the emission from the Cr
3p cores is negligible for B& 10.



8104 A. FRANCIOSI, P. PHILIP, AND D. J. PETERMAN 32

i I t I I I I I 1 5P

e
(A)

25

Hg1 „Cd„Te(110)-Cr

—--—best fit

hv = 55ev

——Te 4d I

——- Te4dlI
Cr 5p

42.0—

4I 5~a

0
UJ

UJ
4I.O

/

~C

/

Cr Bp
hv= 55 eV

HgI-x Cdx Te (IIO)-Cr
core binding energies

).i
i Pi I!r.

C9

40.5" '
Te 4d
hv = 55, I IOeV

I
Te IE

Z
O

LLt0
o
CL

IO

I I I I I I I I

44 42 40 38
I I I

44 42

0.25

40.0 t
I I I 1

4 8

Te I

I I 1

I5 25
e (w)
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cedure described in Figs. 7 and 8. The high-coverage saturation
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FIG. 8. Te 4d core emission from the Hg~ Cd„Te-Cr inter-
face at h v=53 eV. Solid line: experiment. Short-dashed line:
result of a best fit using the sum of a Te 4d I subsurface corn-

ponent (long-dashed line), a Te 4d II surface component
(dotted-dashed line), and a Cr 3p line (dotted line). The Cr line

shape was obtained from a Cr film evaporated on an inert sub-
strate. At h v=53 eV we are near the photoemission threshhold
and the Cr signal is of the same order of magnitude as the Te
signal.

energy component (Te 4d II) 0.45 eV above the main line
that grows as a result of Cr deposition, and becomes the
dominant feature at 6= 10 A. At coverages greater than
10 A the Cr 3p core-level contribution, at a binding ener-

gy of about 42 eV, is not negligible, even for hv= 110 eV,
and the fit cannot be obtained by simply superimposing
two Te 4d lines. This is demonstrated by the results at
hv=53 eV in Fig. 8. At photon energies close to the
photoemission threshold, one expects the centrifugal bar-
rier to emphasize the Cr 3p as compared to the Te 4d
emissions in our EDC's. The experimental line shapes in
Fig. 8 (solid line) reflect, in fact, the superposition of the
two 4d lines and a Cr 3p line (dotted line). Again, to
reduce the number of fitting parameters, we used an ex-
perimental Cr 3p line shape determined from evaporated
Cr films, and we let the binding energy and intensity of
this line be the additional fitting parameters. The results
(shown with short-dashed lines in Fig. 8) were extremely
rewarding. %'e emphasize that the results of the fitting at
hv=53 eV confirm those at hv=110 eV since the bind-
ing energy of each Te 4d line was identical, within experi-
mental uncertainty, in the two cases. The binding energy
of each Te component and of the Cr 3p line is shown in
Fig. 9. The Cr 3p emission appears initially at constant
binding energy (for 6 & 3 A) and then shifts toward

higher binding energy. The final binding energy at high
metal coverage appears close to the bulk Cr value (41.95+
0.1 eV versus 42.22+0.15 eV). The binding energy of the
Te 4d II component remains relatively unchanged as a
function of coverage, with at most a gradual O. l-eV de-
crease in the whole coverage range. The Te 4d I com-
ponent, that starts at the clean surface position, shifts rig-
idly 0.25 eV to lower binding energy during initial metal
deposition (6&2 A) and then remains unchanged. The
integrated intensity of each Te 4d component is plotted in
Fig. 10 as a function of metal coverage for hv=53 eV.
The overall Te 4d core-level emission (component I plus
component II) is compared in the lower part of Fig. 6 (full
squares) with the Cd 4d and Hg 5d core-level emission. It
is readily seen from Fig. 6 that the attenuation of the Te
4d core-level emission is relatively small compared to that
of the Cd and Hg core-level emissions. This is because
while the Te 4d I component exponentially decreases in
intensity (lower section, Fig. 10) the Te 4d II component
(upper section, Fig. 10) grows dramatically during deposi-
tion of the first two monolayers. The results at hv= 11'0

eV are similar, except for the higher saturation value of
the Te 4d II emission, about 60—80%%uo of the clean surface
emission as opposed to 40%.

DISCUSSION

Composition variations

The results of Figs. 1—10, and in particular, of Figs. 2,
3, 9, and 10, suggest that different processes occur at the
interface in the low-coverage range 0&6&2 A, and in
the high-coverage range 8~2 A. In Fig. 6 we showed
that dramatic changes in the relative [Hg]/[Te] and
[Hg]/[Cd] concentrations at the surface occur upon Cr
deposition at low coverage. For 2 A Cr coverage the
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FIG. 10. Semilogarithmic plot of the integrated emission in-
tensity of the Te 4d core levels from the Hg~ „Cd„Te-Cr inter-
face, normalized to the Te 4d emission from the clean surface.
Top: The Te 4d II component corresponds to dissociated Te
released at the surface during the first interface formation stage.
Bottom: The Te 4d I component corresponds to Te atoms in
the subsurface layer, where the Cr-Hg (and Cr-Cd) exchange re-
action takes place for 6&2 A.

Hg Sd core-level emission is reduced to about 4% of the
initial value, the Cd 4d emission to about 30%, while the
overall Te 4d emission remains near the clean surface
value (100 %). The reduction of the Hg signal is ex-
plained by a combination of three experimental observa-
tions: (a) Hg depletion of the semiconductor surface
layer, (b) layer-by-layer Cr coverage of the reacted surface,
and (c) Te outdiffusion at the surface of the Cr film. The
analysis of the Te 4d line shape gives us a guideline to in-
terpret the remaining experimental results. Figures 7 and
8 show that two well-defined chemical environments exist
for the Te atoms at the surface. The Te 4d I environment
is related to the bulk semiconductor HgQ 7sCdo zzTe envi-
ronment, as indicated by the Te 4d I binding energy
which starts at the clean surface value (and then shifts
rigidly to lower binding energy; see Fig. 9). The Te 4d II
environment is sharply different from the initial semicon-
ductor environment, as indicated by the (0.4—0.5)-eV in-
crease in 4d binding energy, which varies very little with
further metal deposition (Fig. 9). The intensities of the Te
4d I and Te 4d II components (Fig. 10) exhibit sharply
different coverage dependencies. The Te 4d II component
increases dramatically at low coverage (8&2 A), with a
suggestive inverse relationship to the sharp decrease of the
Hg Sd emission (Fig. 6). At higher coverage it saturates
to a constant limit of about 40% of the initial overall Te
emission (h v=53 eV). The saturation value at h v= 110
eV is, instead, about 70%. Because of the shorter escape

depth at h v= 110 eV, this last point clearly indicates the
surface character of the Te 4d II emission. It is possible
to roughly estimate the amount of Te at the film surface
by calculating the thickness d of a Te layer which would
give rise to the same 4d emission intensity observed at the
highest metal coverage. Assuming the Te photoionization
cross section to be similar in the semiconductor and in the
Te 4d II environment, one obtains

r,",(e)
0 =1—e —~~~,

IT,(0 A)

where L is the photoelectron escape depth [L=4 A at
hv= 110 eV and 2=8 A at h v= 53 eV (Ref. 19)].
For both hv=53 eV and hv=110 eV we obtain 4=3
A, i.e., about 1.3 monolayers, in terms of the Te surface
atomic density on the Hgp7sCdpzpTe(110) surface. The
Te 4d II emission is therefore localized in a relatively thin
surface layer of the deposited film. Further information
on the chemical environment of the Te 4d II component
can be obtained from the high-coverage Cr 3p (Fig. 9) and
valence-band (Fig. 4) results. At high metal coverages
(8-25 A) the Te 4d I emission does not contribute ap-
preciably (Fig. 10) and the results of Figs. 4 and 9 reflect
the interaction of the Te 4d II species with the top layers
of the Cr film. Correspondingly, the Te 4d II binding en-
ergy (0.4—0.5 eV above the initial 4d substrate emission)
is consistent with the "elemental Te" core binding ener-
gies reported in Refs. 20 and 21, and the Cr 3p binding
energy is close to the elemental Cr 3p value. This sug-
gests a relatively small Cr-Te interaction for the Te 4d II
environment. The valence band results of Fig. 4 are quali-
tatively consistent with such a picture. An elemental Te
valence emission is expected to show a Ss emission
feature peaked some 12 eV below the valence band edge
and a leading emission feature within 1.5 eV of the
valence band edge, deriving from the Te lone-pair p elec-
trons. Figure 4 shows that the high-coverage valence-
band spectra exhibit indeed a 12.5-eV broad emission
feature absent in Cr and increased emission within 1 eV
from EJ;. We therefore suggest that the Te 4d II species
that are released at the surface during the early stages of
interface formation reflect mostly an elemental Te envi-
ronment.

The sharp decrease of the Hg Sd emission (Fig. 6) for
9 & 2 A cannot be explained simply by layer-by-layer cov-
erage of the Hg~ „Cd„Te substrate, even if one takes into
account the formation of an additional Te 4d II surface
layer. Hg has to migrate away from the surface layer.
Since the binding energy of the Hg Sd cores (Fig. 5)
remains unchanged, this process is likely to produce a sur-
face layer completely depleted of Hg rather than a layer
with graded Hg content. In the first case one would ex-
pect the residual Hg emission to come from deeper in the
solid and to reflect a relatively unperturbed Hg~ „Cd„Te
environment. In the second case one would expect, in-
stead, several inequivalent environments for Hg atoms
within the experimental sampling depth, with consequent
broadening and shift of the Hg Sd cores, in contrast with
the results of Fig. 5. The residual 4% Hg Sd emission ob-
served in Fig. 5 at 6=2 A, is consistent with complete
Hg depletion of a ( 13—16)-A thick surface layer.
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The residual Hg core emission would then reflect the
stoichiornetric Hg~ „Cd„Te semiconductor below this
layer. The Te emission, instead reflects both the dissociat-
ed species at the surface of the evaporated film (Te 4d II)
and the reacted Te 4d I species in the subsurface layer (see
next section). We emphasize that at 6=2 A only an es-
timated 10—15% of the Te 4d I emission (hv=53 eV)
originates from regions of the semiconductor deep enough
in the solid so to reflect the stoichiometric situation.

Exchange reactions

In the lower part of Fig. 10 we show that the intensity
of the Te 4d I core-level emission (h v=53 eV) decreases
to about 70% of its initial value for 6-2 A and, at
higher metal coverages, follows an exponential behavior
with attenuation length of 7—8 A. Since this value is con-
sistent, within experimental uncertainty, with the pho-
toelectron escape depth, we identify the Te 4d I com-
ponent as Te subsurface emission. Our results show,
therefore, no evidence of Cr-Te interdiffusion at high
metal coverages (6~2 A). For 6&2 A, the interpreta-
tion of the results of Fig. 10 is complicated by the outdif-
fusion of Te 4d II species and by Hg migration away
from the surface. For 6-2 A we note that the observed
Te 4d I intensity (70%) is consistent with the attenuation
expected from the Te 4d II layer alone, as if the Cr did
not contribute to the attenuation. This, together with the

, binding energy change of the Te 4d I core levels observed
for 6 & 2 A, argues for substrate-overlayer interdiffusion
in this coverage range. The Hg depletion would be then
related to the replacement of Hg—Te bonds with the
more stable Cr—Te bonds. An independent check of this
hypothesis can be obtained by comparing the observed at-
tenuation of the Hg emission with the Cr atomic density.
At 8=2 A we have observed a 13—16 A depletion layer
at the film surface. The Te 4d II surface layer accounts
for -3 A. The remaining 10—13 A subsurface layer con-
tains =(1.2—1.5)X 10' Hg-sites/cm . At 6=2 A the
Cr surface density is =1.67)& 10' atoms/cm . Therefore,
the Hg attenuation is roughly consistent with a one-to-one
exchange reaction between Cr and Hg atoms, followed by
diffusion of the dissociated Hg away from the surface and
subsurface layer.

The core binding energy results are more difficult to in-
terpret due to the presence of a number of semiconducting
and metallic species of rapidly varying composition. Dur-
ing the Hg-Cr exchange reaction the Te 4d I core shifts
by about 0.25 eV to lower binding energy. This shift
could reflect a net charge transfer to the Te atom because
of the reduced Cr electronegativity compared to Hg. The
rigid shift of the Te 4d I core level and the fact that the
shift is independent of the experimental sampling depth
(4 A &L & 8 A for 110 eV ~ hv~ 53 eV) further confirms
the picture of a Cr-Te reacted subsurface layer with a
depth which is larger than I,. The Cr 3p binding energy
(Fig. 9) appears constant in the first interface formation
stage (6 & 2 A), in agreement with a one-to-one exchange
picture that yields a similar local environment for all Cr

atoms in the subsurface region. After the reaction is

completed, the Cr cores shift toward the bulk Cr position,
as expected since no interdiffusion takes place for
6)2 A. The Cr 3p binding energy for 6-2 A is
0.5+0. 1 eV less than that for the final "metallic" posi-
tion. This would seem to argue against a net charge
transfer from Cr to Te atoms during the exchange reac-
tion. We emphasize, however, that the observed "chemi-
cal shift" need not be related in an elementary way to the
actual charge transfer. Furthermore, for Cr atoms iso-
lated in a nonmetallic matrix, as appears to be the case for
6&2 A (Fig. 3), the binding energy should be measured
from the vacuum level and would reflect the effective
work function of the subsurface and surface species. If
we take, for example, the high coverage Cr 3p and Te 4d
II binding energy as representative of the elemental Cr 3p
and Te 4d emission, then at 6-2 A both the Cr 3p core
level and Te 4d I core levels exhibit an analogous -0.5
eV shift to lower binding energy relative to the elemental
state, with no clear indication of net charge transfer in
any direction.

Exchange reactions between metal overlayers and semi-
conductor cations have been observed in II-VI compound
semiconductors such as CdSe and CdTe. ' In these ma-
terials dissociated Cd has been reported in the interface
region and its presence has been related to the production
of Ohmic contacts onto the semiconductor surface. These
dissociated Cd species are characterized by a 0.5—0.6 eV
lower 4d binding energy compared to Cd in the II-VI-
semiconductor environment. Our results show that the
Cd emission from the Hgi „Cd»Te-Cr interface decreases
more slowly in intensity than the Hg emission, and that
the binding energy of the Cd 4d cores seems to increase
by about 0.3 eV at 6=3 A. Therefore, while the subsur-
face region does contain a substantial amount of Cd, these
atoms appear to be neither bulk-Hg~ „Cd„Te-like nor
dissociated. A possible explanation is that the Cd atoms
in the subsurface region interact with Cr when Cr replaces
the neighboring Hg atoms with a charge transfer from Cd
to Cr. Due to the higher stability of the Cd—Te bond as
compared to the Hg—Te bond, the probability of Cr re-
placing Cd in the structure is smaller. If the exchange
occurs, Cd atoms must migrate away from the subsurface
region since we have no evidence of dissociated Cd within
the experimental sampling depth. Both Cd and Hg, in
fact, exhibit large diffusion coefficients in Hgi „Cd„Te
at room temperature. From the reduction in intensity of
the Cd emission at e-2 A we can estimate a lower limit
for this Cr-induced Cd deficiency in the subsurface layer
of (0.7—1.0)X10' atoms/cm . This would be consistent
with the difference between the Cr surface concentration
at 6-2 A of 1.67X10' atoms/cm and the available Hg
sites in the subsurface layer [—(1.2—1.5)X 10'
atoms/cm ]. In this picture, upon metal deposition Cr
atoms would replace all of the Hg atoms and at least 20%
of the Cd atoms in the subsurface layer. The model im-
plies that the residual Hg 5d emission seen at 6=2 A is
representative of the bulk semiconductor underlying the
subsurface layer and its binding energy reflects the bulk
stoichiometry and the near-surface band bending. ' Sys-
tematic investigation with variable escape depth and high
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resolution for the Cd 4d core levels is necessary to further
verify the validity of this model.

CONCLUSIONS

The local morphology of the Hgi „Cd„Te(110)-Cr in-
terface is rather complex compared to those reported for
the Hgi „Cd„Te-Al and Hgi „Cd„Te-Au interfaces. A
description of this morphology was possible only through
systematic studies of the core emission from each of the
chemical species involved and, in particular, through care-
ful line shape analysis of the Te 4d emission. Valence and
core results are consistent with a first interface formation
stage (e (2 A) where Cr replaces all of the Hg atoms and
at least 20% of the Cd atoms in a (10—13)-A thick layer
of the semiconductor. At the same time Te atoms are
released from the semiconductor and form an elemental
Te layer at the surface. When the exchange reaction is
completed (e-2 A), about (1.2—1.5) )& 10' Hg atoms in
the subsurface layer have been replaced by Cr atoms.
Further Cr deposition gives rise to a metallic Cr film
covered by the dissociated Te species produced during the
first stage of interface reaction ( —1.3 monolayers). The
typical high coverage interface morphology consists,
therefore, of an elemental Te surface, a metallic Cr film,

0
and a Hg-depleted 10—13 A subsurface region where
Cr—Te and Cd—Te bonds coexists, on top of the ternary
semiconductor bulk. The Hg core emission from the
underlying bulk remains at a constant binding energy in-
dicating that the bulk environment and the semiconductor
band bending' remain unchanged beneath the surface and
subsurface layers.
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