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We have used x-ray photoelectron spectroscopy to measure the valence band offset in situ for
strained Si/Ge (100) heterojunctions and for AlSb/ZnTe (100) heterojunctions grown by
molecular-beam epitaxy. For the Si/Ge system, Si 2p and Ge 3d core level to valence band edge
binding energies and Si 2p to Ge 3d core level energy separations were measured as functions of
strain, and strain configurations in all samples were determined using x-ray diffraction. Our
measurements yield valence band offset values of 0.83 4- 0.11 ¢V and 0.22 + 0.13 eV for Ge on Si
(100) and Si on Ge (100), respectively. If we assume that the offset between the weighted
averages of the light-hole, heavy-hole, and spin-orbit valence bands in Si and Ge is independent of
strain, we obtain a discontinuity in the average valence band edge of 0.49 4+ 0.13 eV. For the
AlSb/ZnTe (100) heterojunction system, we obtain a value of — 0.42 + 0.07 eV for the valence
band offset. Our data also suggest that an intermediate compound, containing Al and Te, is

formed at the A1Sb/ZnTe (100) interface.

I. INTRODUCTION

The use of x-ray photoelectron spectroscopy (XPS) to mea-
sure the valence band offset in lattice-matched heterojunc-
tions has been well-established.'? However, many materials
systems of current interest are characterized by a substantial
fattice mismatch, leading to a dependence of the valence
band offset on the strain configuration in the heterojunction.
In addition, it has been pointed out by Tersoff and Van de
Walle® and by Schwartz ef al.* that core level to valence
band edge binding energies are, in principle, functions of
strain, and that this dependence must be included in any
measurement of band offsets in strained heterojunctions us-
ing XPS.

In this paper, we present the results of measurements of
the valence band offset in strained Si/Ge (100) heterojunc-
tions using XPS. The Si/Ge heterojunction system was par-
ticularly appropriate for this type of study, because of the
large lattice mismatch (4.189% ) between Si and Ge, and be-
cause the conditions under which coherently strained epi-
layers can be grown are well-known.”® In addition, theoreti-
cal calculations of the Si/Ge band offset have been
performed that explicitly incorporate the effects of strain;’
these calculations, as well as earlier experimental work,**
indicate that strain strongly influences the value of the va-
lence band offset. Si/Ge interfaces are also of interest from a
technological point of view, because of the possibility of inte-
grating devices utilizing Si/Ge heterojunctions directly into
existing Si-based structures. Band offset values are critical in
determining the properties, and often even the feasibility, of
tunnel structures,” superlattice-based devices,'® and other
electronic and optoelectronic devices.

We also present the results of XPS measurements of the
valence band offset for the AISb/ZnTe (100) heterojunction
system. The AISb/ZnTe heterojunction is of particular rel-
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evance for a recently proposed visible light emitting struc-
ture utilizing n-AlSb/p-ZnTe heterojunctions.!’ The value
of the AISb/ZnTe band offset is a critical parameter in deter-
mining the feasibility of these devices.

)). Si/Ge (100) VALENCE BAND OFFSET

Figures 1(a) and 1(b) show schematic energy-band dia-
grams for Ge coherently strained to Si (100) and Si coher-
ently strained to Ge (100), respectively. As shown in these
figures, the valence band offset is given by

AE, = (EG, —ET) + (ES:Zp —ESi)
—(ESi, —ED). (N

The biaxial strain in the Ge layer in Fig. 1(a) and in the Si
layer in Fig. 1(b) produces a splitting of the light-hole,
heavy-hole, and spin-orbit valence bands, and a strain-de-
pendent shift in the atomic core level to valence band edge
binding energies. This dependence of core level binding ener-
gies on strain must therefore be included, either experimen-
tally or theoretically, in measurements of both the bulk core
level binding energies and the heterojunction core level ener-
gy separations if one hopes to obtain meaningful results for
the valence band offset.

The samples prepared for this study were grown by molec-
ular-beam epitaxy (MBE) in a Perkin-Elmer 430S Si MBE
system. The base pressure of the growth chamber was typi-
cally ~8x 10~ ! Torr, and growth pressures were typically
near 2 X 10~ ° Torr. Samples were grown on n-type ( 100) Si
substrates (P-doped to 0.02 to 0.60 Q2 cm). The substrate
cleaning and oxide desorption procedures are described else-
where.'? Following oxide desorption, a 1200 A Si buffer lay-
er was grown on each substrate as the substrate temperature
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FiG. 1. Schematic energy band diagrams for (a) Ge coherently strained to
Si (100) (a; = 5431 A), and (b) Si coherently strained to Ge (100)
(a; =35.658 A). Valence band splittings result from strain and spin-orbit

interactions. Weighted averages of the valence bands in each material are
indicated by the dashed lines.

dropped from 700 to 530 °C to ensure an atomically smooth
(100) Si starting surface.

Three types of samples were grown for this experiment.
To measure the Si 2p core level to valence band edge binding
energy as a function of strain, four samples were grown, each
consisting of a 5000 A layer of Ge grown at 500 °C, followed
by a 5000 A layer of Si, ,Ge, with x varying from 0.00 to
0.30, also grown at 500 °C; the samples were annealed at
700 °C for 30 min after each of these layers was grown. The
alloy layer was followed by a thin (300 to 1000 A) layer of Si
grown at 310 °C. The Ge and Si, _ ,Ge, layers were intended
to be fully relaxed to their natural lattice constants; the Ge
layers were present to help ensure that the Si, _,Ge, alloy
layers were indeed fully relaxed. The top Si layer was intend-
ed to be coherently strained to the in-plane lattice constant of
the alloy layer; the Si layer thicknesses were therefore kept
well below the critical thickness for strain relaxation,® and a
lower growth temperature was used.®

To measure the Ge 3d core level to valence band edge
binding energy as a function of strain, a similar series of five
samples was grown. Each sample consisted of a 5000 A layer
of Si, _ . Ge, with x varying from 0.70 to 1.00, grown at
500 °C and annealed at 700 °C for 30 min, followed by a thin
(300 to 1000 A) layer of Ge grown at 310 °C. The Si, _, Ge,
layers were intended to be fully relaxed to their natural lat-
tice constants; the intervening Ge layer was not required for
these samples, since the alloys were sufficiently Ge-rich to
ensure that the critical thicknesses for strain relaxation were
much less than the 5000 A film thickness. The top Ge layer
was intended to be coherently strained to the in-plane lattice
constant of the alloy layer.

The strain dependence of the Si2p to Ge 3d core level
energy separation was obtained from measurements on pure
Si/Ge ( 100) superlattices of varying composition coherent-
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ly strained to relaxed Si, _, Ge, alloy layers with the same
average composition as the superlattice. Each sample con-
sisted of a 2000 A Si/Ge superlattice grown at 310 °C, on top
of a 5000 A Si, _,Ge, alloy layer, grown at 500 °C. The Si-
rich alloys (x < 0.50) were grown on top of a 5000 A layer of
Ge, grown at 500 °C, to help ensure that the alloy layers were
fully relaxed; the Ge-rich alloy layers were grown directly on
the Si buffer layer.

XPS measurements were obtained using a Perkin-Elmer
model 5100 analysis system with a monochromatic Al Ka x-
ray source (hv = 1486.6 V). The analysis chamber is con-
nected to the Si MBE growth chamber via an ultrahigh vacu-
um (UHV) transfer tube, allowing samples to be grown and
analyzed without being exposed to atmosphere. Representa-
tive XPS spectra from bulk Si, bulk Ge, and Si/Ge superlat-
tice samples are shown in Figs. 2(a)-2(c), respectively. The
discontinuities in the spectra at 4 eV in Figs. 2(a) and 2(b)
are due to the longer sampling time near the valence band
edge; the valence band spectra for these samples are also
shown on enlarged scales, as indicated in the figures.

Core level peak positions were obtained by subtracting
from each core level peak a background function propor-
tional to the integrated photoelectron intensity, and defining
the peak position to be the midpoint of the two energies at
which the intensity was one-half the maximum intensity.
The uncertainty in measured core level energy separations
was estimated to be 4 0.02 eV, and measurements of core
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F1G. 2. Representative binding energy XPS spectra for (a) Si (100) sam-
ples, (b) Ge (100) samples, and (¢) Si/Ge (100) superlattices. The discon-
tinuities in the spectra in {a) and (b) are due to longer sampling times used
in the vicinity of the valence bands. The valence band spectra are also shown
on enlarged intensity scales, as indicated in the figures.
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level energy separations were typically reproducible to bet-
ter than + 0.01 eV. The position of the valence band edge in
each XPS spectrum was determined using the precision
analysis technique of Kraut et ¢/.,'* modified to include ef-
fects due to strain on the valence band density of states. In
this approach, the XPS spectrum near the valence band is
modeled as a convolution of a theoretical valence band den-
sity of states with an experimentally determined XPS instru-
mental resolution function. This model function is then fit-
ted to the experimental data to give the position of the
valence band edge. The valence band densities of states for Si
and Ge were calculated using the empirical pseudopotential
method;'* spin-orbit interactions'® and a nonlocal electron
effective mass parameter'® were included in these calcula-
tions. Strain effects were incorporated in the densities of
states by performing a Pikus-Bir transformation on the
Hamiltonian,'” and fitting the resulting splitting of the va-
lence bands to known deformation potentials for Si and
Ge."® Typical XPS valence band spectra, model curves fitted
to the data, and calculated valence band densities of states
for unstrained Si and Ge are shown in Figs. 3(a) and 3(b),
respectively. The uncertainty in core level to valence band
edge binding energies was taken tobe 4 0.04 eV; for a given
sample, however, measurements were typically reproducible
to better than 4 0.01 eV.

X-ray rocking curve measurements were performed on
the strained Siand Ge samples using a Blake Industries high-
resolution spectrometer equipped with a Philips four-crystal
monochromator. Rocking curve measurements were ob-
tained for the (422) reflection, allowing both the growth-
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FIG. 3. Typical XPS valence band spectra and model functions fitted to the
experimental data for (a) unstrained Si and (b) unstrained Ge. The theo-
retical valence band densities of states used to construct the model functions
are shown in the insets to each figure.
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direction and in-plane lattice constants of the relaxed alloy
layers and the strained Si and Ge layers to be determined.
The x-ray diffraction spectra indicated that the alloy layers
were always nearly fully relaxed, and that, on average, ap-
proximately 81% of the lattice mismatch between the pure
Si or Ge layers and the underlying alloy was accommodated
by strain.

The strain configurations in the superlattice samples were
determined from @ /26 x-ray diffraction measurements. The
diffraction spectra contained (400)-like superlattice peaks,
from which the superlattice period and average composition
were deduced. This information, combined with known
growth rates for the individual Si and Ge layers in the super-
lattice, was consistent with the superlattices being coherent-
ly strained to the underlying alloy layers.

Si 2p core level binding energies, Ge 3d core level binding
energies, and Si 2p to Ge 3d core level energy separations as
functions of the in-plane lattice constant a; have been plot-
ted in Figs. 4(a)-4(c), respectively. The lines in each figure
were obtained from least-squares fits to the plotted data
points. The core level binding energies and core level energy
separations were found to be

E$,, —E¥ =98.95+ 1.96(a, — 5.431), (2a)
sy — E9°=29.41 — 1.24(a, — 5.658), (2b)
ES,, —ES,, =70.09 4+ 0.526(a, — 5.431), (2¢)

where energies are in electron volts and g is in angstroms.
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FIG. 4. Core level to valence band edge binding energy differences as a
function of the in-plane lattice constant for (a) the Si2p core level in
strained Si (100), and (b) the Ge 3d core level in strained Ge (100). The
Si 2p to Ge 3d core level energy separation as a function of the in-plane
lattice constant in Si/Ge (100) superlattices is shown in (c). The valence
band offset in strained Si/Ge (100) heterojunctions is obtained from these
three parameters.
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For the strained Si and Ge films, q; was determined directly
from x-ray diffraction measurements; the superlattices were
assumed to be coherently strained to the alloy layers, in ac-
cord with the 8 /28 diffraction measurements previously de-
scribed. Combining these results, we obtain valence band
offsets of 0.83 4+ 0.11 eV and 0.22 4 0.13 eV for Ge on Si
(100) (@, = 5.431 A) and Si on Ge (100) (a, = 5.658 &),
respectively. If we assume that the offset between the weight-
ed averages of the light-hole, heavy-hole, and spin-orbit va-
lence bands in Si and Ge is independent of strain,” we obtain
a discontinuity in the average valence band edge of
0.49 + 0.13 eV. Uncertainties in the strain-dependent core
level binding energies and core level energy separations were
determined in the fitting procedure, assuming uncertainties
of 4 0.02 eV in binding energy measurements between sam-
ples, and an uncertainty of approximately + 0.01 Ain a, for
each sample. An additional uncertainty of + 0.04 eV was
estimated for the core level to valence band edge binding
energies, independent of strain. These uncertainties were
added in quadrature to obtain the total uncertainty in the
valence band offsets.

The values obtained for the valence band offset are in fair-
ly good agreement with the calculations of Van de Walle and
Martin,” who report values of 0.84 eV for Ge on Si (100),
and 0.31 eV for Si on Ge (100). In a recent XPS experiment,
Schwartz eral.* calculated strain shifts in the core level bind-
ing energies and measured core level energy separations in
strained Ge on Si (100) and Si on Ge (100), obtaining va-
lence band offsets of 0.74 +0.13 eV and 0.17 4+ 0.13 eV for
the two cases, respectively. The strain dependence of their
band offsets agrees well with our observations, although the
actual band offset values are shifted by ~0.1 eV. Several
experiments have also been performed to measure band off-
sets for heterojunctions in which the strain configuration
was unknown, and in which a substantial number of disloca-
tions may have been present. Kuech et al.'® obtained
AE, =0.39 4+ 0.04 eV for Ge on Si (100) from reverse-bias
capacitance measurements; using photoemission spectros-
copy, Margaritondo e al.?® obtained AE, = 0.2 eV for Ge
on Si (111), and Mahowald et al?' obtained
AE, =0.4+40.1eV for Sion Ge (111).

Attempts have also been made to observe modulation
doping in Si/Si, _ ,Ge, heterostructures, and the results of
these experiments provide qualitative information on band
offsets for these heterojunctions. People et al.** have ob-
served modulation doping effects for holes in Si/Si, s Geg
heterojunctions coherently strained to Si (100); their experi-
ments suggest that the valence band edge in the alloy is sig-
nificantly higher in energy than that in the Si layer, allowing
holes to be confined in the alloy layer. Using the interpola-
tion scheme of Van de Walle and Martin to obtain band
offsets for heterojunctions involving SiGe alloys in interme-
diate strain configurations, we find that our measurements
correspond to AE, = 0.16 eV and AE, = — 0.02 eV; these
values are consistent with People’s results. Abstreiter et al.?>
observed enhanced electron mobilities in Si/Si, ;Gey s su-
perlattices coherently strained to a Sig ;s Ge,5 buffer layer
when the Si; s Ge, 5 superlattice layers were doped. For this
heterojunction system, our measurements correspond to a
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valence band offset of 0.28 ¢V and a conduction band offset
of 0.14 eV, consistent with Abstreiter’s results.

lll. AISb/ZnTe (100) VALENCE BAND OFFSET

A schematic energy band diagram for the AlSb/ZnTe he-
terojunction is shown in Fig. 5. Strain-induced effects on the
electronic structure of the two materials are neglected due to
the small lattice mismatch (0.55%) between AISb and
ZnTe. Asshown in the figure, the valence band offset is given
by

AE, = (E4%, — E0™) — (ELT — EZ"™)

—(EQ% —EZSD). (3)

The samples prepared for this study were grown by MBE
in two Perkin-Elmer 430P MBE systems; the AlSb layers
were grown in a chamber dedicated to the growth of III-V
semiconductors, and the ZnTe layers were grown in a
chamber devoted to II-VI semiconductor growth. All sam-
ples were grown on p-type (p~1Xx 10" cm ~*) GaSb (100)
substrates. Following oxide desorption at 530 °C, a GaSb
buffer layer was grown at 100 A/min, with the substrate at
475 °C. AlISb layers were grown at 62.5 A/min and with a
substrate temperature of 530°C; for the ZnTe layers, a
growth rate of 50 A/min and a substrate temperature of
270 °C were used.

Al2p core level to valence band edge binding energies
were measured in two 5000 A AISb layers grown on the
GaSb buffers. Both AlSb films displayed very good (1x3)
reflection high energy electron diffraction (RHEED) pat-
terns. To measure the Al 2p to Zn 3d core level energy sepa-
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FIG. 5. A schematic energy band diagram for the AlSb/ZnTe heterojunc-
tion. The band gap in AISb is indirect, as indicated by the dashed line
representing the AlSb conduction band edge.
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ration, two samples were grown. Each consisted of over 5000
A of AISb grown on the GaSb buffer layer, followed by ~25
A of ZnTe. Streaky RHEED patterns were observed 5 to 10s
(~3t09 A) after the ZnTe growths were begun, indicating
that growth was two dimensional. For the Zn 3d core level
binding energy measurement, an additional 250 A layer of
ZnTe was grown on each AlSb/ZnTe heterojunction sample
after the XPS core level energy separation measurements
had been made. The heterojunction samples showed rela-
tively little sign of surface deterioration following the XPS
measurements, and streaky ZnTe RHEED patterns were ob-
served almost immediately after growth of ZnTe com-
menced. The final ZnTe surfaces all yielded good (2x1)
RHEED patterns. Growth of the bulk ZnTe and
AlSb/ZnTe heterojunction samples required the use of both
growth chambers, with the samples being transported
between the two systems under UHV conditions. Immedi-
ately following all growths, the samples were transported
under UHV conditions to the XPS chamber for analysis.
Sample XPS spectra for bulk AlSb, bulk ZnTe, and
AlSb/ZnTe heterojunctions are shown in Figs. 6(a)-6(c),
respectively. The valence band spectra for the bulk A1Sb and
ZnTesamples are also shown on enlarged scales, as indicated
in the figure. The Al 2p and Zn 34 bulk core level positions
and the AISb and ZnTe valence band edge positions were
determined using the methods described in Sec. I1. The posi-
tions of the spin-orbit resolved Sb 4d and Te 4d peaks were
determined by fitting the core level spectra, following back-
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F1G. 6. Representative binding energy XPS spectra for (a) AlSb (100), (b)
ZnTe (100}, and (c) an AlSb/ZnTe (100) heterojunction. The AlSb and
ZnTe valence band spectra in (a) and (b), respectively, are also shown on
enlarged intensity scales, as indicated in the figures.
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ground subtraction, to characteristic peak shape functions
consisting of two identically shaped Voigt functions separat-
ed by a fixed spin-orbit splitting, whose relative heights
scaled as (27 + 1).

Measurements obtained from the bulk AlSb samples
yielded an Al 2p core level to valence band edge binding
energy of 72.92 4+ 0.04 eV. Our measurement is in good
agreement with a previously reported value®* of 72.96 eV.
The separation between the Al 2p and Sb 4d;,, core levels in
AlSb was found to be 41.72 4+ 0.02 eV; comparison of the
Al 2p to Sb 4d;,, core level energy separation in bulk and
heterojunction samples provides one way to confirm that
core level binding energies are indeed bulk properties, and
are not significantly influenced by the presence of the inter-
face in a heterojunction sample.

For the bulk ZnTe samples, we obtained values of
9.42 + 0.04 eV and 30.02 + 0.02 eV for the Zn 3d core level
to valence band edge binding energy and the Te 44;,, to
Zn 3d core level energy separation, respectively. Reported
values®® for the Zn 3d core level to valence band edge bind-
ing energy range from 9.1 to 9.84 eV. Figures 7(a) and 7(b)
show the valence band spectra, model functions fitted to the
XPS data, and calculated valence band densities of states for
AlSb and ZnTe, respectively.

Determination of the Al 2p to Zn 3d core level energy sep-
aration in the AlSb/ZnTe heterojunctions was complicated
by the apparent formation of a reacted layer at the
AlSb/ZnTe interface. Evidence of this reaction can be seen
in the spectra for the Al 2p, Sb 4d, and Te 4d core levels.
Figures 8(a) and 8(b) show Sb 4d core level spectra for bulk
AlSb and an AlSb/ZnTe heterojunction, respectively. The
bulk AISb spectrum contains a small component at higher
binding energy compared to the main peak; an analogy with
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F1G. 7. Typical XPS valence band spectra and model functions fitted to the
experimental data for (a) AlSb and (b) ZnTe. The theoretical valence band
densities of states used to construct the model functions are shown in the
insets to each figure.
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FiG. 8. Sb4d core level XPS spectra from (a) bulk AlSb and (b) a
ZnTe/AlSb heterojunction. In (a), the small peak shifted to higher binding
energy with respect to the bulk peak is thought to be due to excess Sb on the
AlSb surface. In (b), the peak shifted to higher binding energy was found to
originate from Sb at the sample surface, i.e., on top of the ZnTe layer.

observed surface core level shifts in the As-rich ¢(4 X 4) re-
construction of GaAs®® suggests that this component may
be due to excess Sb on the AlSb surface. The spectrum re-
corded from the heterojunction sample clearly shows a peak
shifted to higher binding energy relative to the main peak
structure. By varying the electron take-off angle from the
sample, and therefore the effective electron escape depth, we
were able to determine that the smaller, shifted peak was due
to Sb on the surface of the sample, i.e., on top of the thin
ZnTe layer. This conclusion is also supported by the pres-
ence of a small but detectable Sb 4d core level peak even for
samples with 275 A ZnTe deposited on AlSb.

The Al 2p core level spectrum from an AlISb/ZnTe heter-
ojunction, shown in Fig. 9(b), also exhibits a peak shifted to
higher binding energy; the shifted peak is not present in the
spectrum shown in Fig. 9(a), obtained from bulk AlSb.
Electronegativity arguments would suggest that Al in the
reacted layer forms bonds with Te, in which case a peak
shifted to lower binding energy should appear in the Te 44
spectrum from an AlSb/ZnTe heterojunction. Figures
10(a) and 10(b) show Te 4d core level spectra from bulk
ZnTe and an AISb/ZnTe heterojunction, respectively, and a
peak shifted to lower binding energy does indeed appear in
the heterojunction spectrum. The Te 4d spectra also contain
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F1G. 9. Al 2p core level XPS spectra from (a) bulk AlSb and (b) a
ZnTe/AlSb heterojunction. The bulk AlSb peak in (a) does not contain any
chemically shifted components. The heterojunction spectrum in (b) clearly
contains a component shifted to higher binding energy, indicating that Al
bonding to Te is present in the reacted layer at the AISb/ZnTe interface.

very small peaks shifted to higher binding energy; as with the
bulk AlSb spectra, these peaks may be due to excess Te on
the ZnTe surface. The compound most likely to be forming
at the interface is Al, Te,.

The chemical behavior at the AlSb/ZnTe interface thus
appears to be very similar to that observed in GaSb/ZnTe
heterojunctions, in which a reacted layer containing Ga and
Te is formed at the GaSb/ZnTe interface. A layer of Ga, Se,
in the wurtzite phase has also been observed to form at the
GaAs/ZnSe (110) interface.”” The effect of the reacted lay-
er on the electronic structure of the interface is unknown but
may be significant, and deserves further study. The presence
of the reacted layer may also have implications for the struc-
tural properties, such as strain configuration, of the hetero-
junction.

The presence of a large shifted peak in the Al 2p core level
spectrum complicates the determination of the Al2p to
Zn 3d core level energy separation. To ensure that the posi-
tion assigned to the Al 2p core level corresponded to that in
bulk AlSb and was not affected by the presence of the chemi-
cally shifted component in the spectrum, we checked the
energy separation between the Al 2p core level peak compo-
nents and the Sb 44 peak components. By requiring this en-
ergy separation to be equal in the bulk AlISb and heterojunc-
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FI1G. 10. Te 4d core level XPS spectra from (a) bulk ZnTe and (b) a
ZnTe/AlISb heterojunction. Both spectra contain a small peak shifted 1o
higher binding energy with respect to the main peak; this peak may origi-
nate from excess Te at the surface. The heterojunction spectrum also con-
tains a peak shifted to lower binding energy, indicating that Te bonding to
Al is present in the reacted layer at the AlSb/ZnTe interface.

tion samples, we were able to identify unambiguously the
peak components corresponding to the pure AISb layer in
the heterojunction. The Zn 3d core level spectrum did not
appear to contain a significant chemically shifted compo-
nent; the Zn 3d core level position was therefore determined
using the simple method of Sec. I1, and the Zn 3d to Te 44d;,,
core level energy separation was confirmed to be the same as
that in bulk ZnTe.

We obtained a value of 63.08 + 0.04 eV for the Al 2p to
Zn 3d core level energy separation; the uncertainty in this
measurement was due largely to the presence of the chemi-
cally shifted component in the Al 2p core level spectrum.
Combining this with the measurements of the Al2p and
Zn 3d core level to valence band edge binding energies,
we obtain a valence band offset AFE, (AlSb/ZnTe)
= —0.42 4 0.07 V. The corresponding conduction band
offsetis AE, = 0.21 + 0.07 ¢V. The band alignment is there-
fore type I, as shown schematically in Fig. 5. Theoretically
predicted values for this band offset encompass a wide range
of values. Tersoff®® predicts AE, = 0.39 eV, and the electron
affinity rule” yields AE, = 0.48 eV, However, Harrison’s
linear combination of atomic orbitals (LCAQ) theory™
gives AE, = 0.83 eV, and Harrison and Tersoff*! obtain
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AE, = 1.17eV. Theserious discrepancies among these theo-
ries attest to the need for reliable experimental measure-
ments of band offsets in A1Sb/ZnTe and other novel hetero-
junction systems.

Our measurement also has implications for the viability of

n-AlSb/p-ZnTe light emitting devices. In their original pro-

posal, McCaldin and McGill'! argue that efficient electron
injection from AISb into ZnTe will be difficult to achieve if
the conduction band offset is too large; high doping levels in
the AISb layers are also required, unless the conduction band
offset is small, e.g., AE, <0.2 eV. Recent efforts** to dope
AlSb using PbTe have resulted in #-type AlISb with carrier
concentrations up to ~9x 10" ¢cm ~3. A conduction band
offset of 0.21 eV therefore indicates that reasonably efficient
electron injection from AlISbinto ZnTe may be possible, pro-
vided that the AISb layers are heavily doped.

IV. CONCLUSIONS

We have measured the valence band offset in coherently
strained Si/Ge (100) heterojunctions as a function of strain,
and in AISb/ZnTe (100) heterojunctions. Our measure-
ments for the Si/Ge system include the first experimental
determination of strain-induced shifts in atomic core level to
valence band edge binding energies. The values we obtain for
the Si/Ge (100) valence band offset are in reasonable agree-
ment with theoretical predictions in which the effects of
strain are explicitly incorporated, and are not inconsistent
with the postulate that the discontinuity in the weighted
average of the strain-split valence bands is independent of
strain. Our values are also consistent with experiments in
which modulation doping effects were observed in
Si/Si, _ . Ge, heterostructures.

For the AlSb/ZnTe (100) heterojunction system, our
measurements yield a valence band offset of — 0.42 + 0.07
eV and a conduction band offset of 0.21 4+ 0.07 eV. These
values are compatible with reasonably efficient electron in-
jection from heavily doped AlSb into ZnTe. Our results also
show that a reacted layer containing Al and Te appears to
form at the AISb/ZnTe interface; similar effects have been
observed in the GaSb/ZnTe and GaAs/ZnSe heterojunction
systems. The effects of this reacted layer on the electronic
and structural properties of the interface are unknown but
may be important, and are deserving of further study.
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