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Photoemission study of the formation of SrF2/GaAs(100) and BaF2/GaAs(100) interfaces
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Thin films of SrF2 and BaF2 grown on clean GaAs(100) surfaces have been studied by high-resolution
photoemisison spectroscopy. Similar to the previously studied CaF2/GaAs(100) interface, there is evi-
dence of cation-substrate bonding after annealing at temperatures near 600'C. For BaF2, Ba was found
to react with As at the interface with an associated loss of Ga and F. For SrF2, the Sr 3d core-level shift
also suggests cation-substrate bonding. The valence-band maxima for GaAs and the respective alkaline-
earth Auorides (CaF2, SrF2, BaF,) were measured directly by linear extrapolation of the high-kinetic-
energy edge of the respective valence bands. The resulting valence-band offsets were found to follow the
same trend for coverages up to 2—4 monolayers.

I. INTRODUCTION

Epitaxial growth of the alkaline-earth fluorides on ele-
mental' and compound semiconductors has attract-
ed attention recently because of possible applications in
some technologically important areas. Such insulator-
on-semiconductor structures are potentially useful in
multilevel-integrated-device structures and in optoelec-
tronics. The three alkaline-earth fluorides CaFz, SrFz,
BaFz, and their alloys can be lattice matched to a broad
range of III-V compounds including GaAs, InP, and
InAs. The electronic and thermal stability of these inter-
faces are crucial in determining the suitability of these
heterostructures for device applications. Together with
CaFz on Si, CaFz on GaAs has been a useful model sys-
tem for studying these ionic-covalent interfaces.

The interfaces of CaFz and SrFz with Si have been
studied with a variety of techniques including ultraviolet
photoemission spectroscopy, ' medium-energy ion
scattering, ' and transmission electron microscopy. "
Film morphology and crystallinity, interface bonding,
and electronic properties such as the Fermi-level pinning
and valence-band offset have been determined for these
interfaces. Several discussions of the CaFz/Si(111) struc-
ture assumed that the CaFz molecule remained intact at
the interface with a Si-(F-Ca-F)„ layer sequence. Howev-
er, there is now general agreement that the high-
temperature-growth interface is not stoichiometric, but
rather consists of direct Si-Ca bonds. ' The valence-band
offsets for these interfaces ranged between 7.3 and 8.3 eV
as determined from valence-band photoemission spectra.

Epitaxial growth of CaFz has been achieved on
GaAs. Recently, the CaF2/GaAs(110) and
SrFz/GaAs(110) interfaces, fortned by deposition of
amorphous 61ms at room temperature on cleaved
GaAs(110) surfaces, have been studied by photoemission
spectroscopy. Core-level measurements indicated that no

reaction or decomposition of the MFz molecule takes
place at the interface. Contrary to the CaFz/Si case, no
measurable Ca-substrate bonding is observed, but the
data suggest the presence of an interface F component.
The band offsets were found to be in qualitative agree-
ment with those expected from the fluoride-Si data.

A systematic photoemission study of the effects of
thermal annealing on the interfacial composition and
bonding for CaF2 deposited on GaAs(100) at room tem-
perature has also been reported. The CaFz thin films

were deposited in ultrahigh vacuum by evaporation on
clean GaAs(100), and subsequently annealed in steps up
to 590'C. By 550'C, a monolayer of Ca was found to
react with As at the interface with an associated loss of
approximately one Ga and one F by evaporation per for-
mula unit of CaFz. The thickness of the interfacial layer
was found to terminate at one monolayer for the given
range of annealing conditions. Contrary to the
CaFz/GaAs(110) interfaces formed at room tempera-
ture, in our studies of the CaF2/GaAs(100) interface no
evidence for F-substrate bonding was observed. The in-

terfacial valence-band offset was found to be 8.5 eV and
the Fermi level approached the GaAs valence-band edge
with increasing CaFz overlayer thickness.

In this paper we report results of a similar systematic
high-resolution photoemission study of the effects of
thermal annealing on the interfacial composition and
bonding, and the valence-band offset, for SrFz and BaFz
deposited on GaAs(100) at room temperature and subse-
quently annealed. The data for the SrFz/GaAs and
BaFz/GaAs systems are more difticult to interpret be-
cause of the relatively sma11 cross sections of the Sr- and
Ba-related spectral features as compared to Ca, and be-
cause of their overlap with the spectra1 features of the
GaAs substrate. However, from our understanding of
the CaFz/GaAs interface, certain similarities in these sys-
tems can be identified, and thus, conclusions can be
drawn concerning the interface formation.
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II. EXPERIMENT

The experiments were carried out at the U1 beamline'
at the National Synchrotron Light Source, Brookhaven
National Laboratory. Samples of semi-insulating liquid-
encapsulated-Czochralski-type GaAs(100) wafer s were
mounted in Ta-foil baskets spot welded to Ta wires,
which could be heated resistively. The sample and/or
basket temperature was measured with an infrared py-
rometer that had been previously calibrated. Prior to
fluoride deposition, the GaAs surfaces were cleaned by
heating to desorb the surface oxides followed by soft Ar+
sputtering (500 eV) and annealing (550'C) cycles until no
residual carbon was detectable in photoemission.
Preparation of GaAs(100) surfaces in this fashion are
known' to give low-energy electron diffraction patterns
showing a sharp, low-background 4 X 2 reconstruction
and corresponds to that of a well-ordered Ga-terminated
surface. We also found no changes in the Ga 3d —to-As
3d photoemission intensity ratio or in the Ga 3d and As
3d chemical shifts during the sputter and/or anneal pro-
cess, confirming that the surfaces are stoichiometric. A
small amount of excess Ga is easily detected in photo-
emission by the characteristic chemical shift in the Ga 31
core level corresponding to Ga-Ga bonding.

The clean substrates were transferred under ultrahigh
vacuum to a separate chamber, where powders of the
alkaline-earth fluorides were evaporated at rates of
0.2 —0.6 A/s from Ta boats in a background pressure of
~ 6 X 10 mbar. These group-II fluorides sublime
without dissociation of the lMF2 molecule leading to de-
posited films that are stoichiometric. A quartz-crystal
thickness monitor was used for relative thickness mea-
surements during deposition. After deposition, the
fluoride films were annealed at progressively higher tem-

peratures for 1 min intervals in a range from 370'C to
630'C.

The thickness of the deposited films was estimated
from the ratio of the integrated intensity of the respective
cation (Sr 4p and Ba 5p) and F 2p photoemission peaks to
the intensity of the Ga 3d peak from the underlying sub-
strate, as described previously. Assuming that the
fluoride overlayer has thickness d and is laterally homo-
geneous, the ratio of the intensity of an overlayer core
level to the Ga 3d substrate core level is

e
—d/A,

R =E.
e

where K is a constant expressing the relative cross sec-
tions of the overlayer and substrate photoemission peaks
and A, is the escape depth of the photoelectrons in the
alkaline-earth fiuorides. In this analysis we assume the
escape depth for 50-100 eV photoelectrons in the
fiuorides to be 6 A. For CaFz, the constant K in Eq. (1)
was determined from the absolute-peak intensities for
clean GaAs substrates and thick CaF2 overlayers. For
SrF2 and BaF2, the constants K were scaled in accor-
dance with the photoionization cross sections as deter-
mined by Yeh and Lindau' for photon energies in the
80-90 eV range. The resulting values of K for the three
alkaline-earth fluorides and the photoionization cross sec-
tions are summarized in Table I. These values of K, to-
gether with the measured peak intensity ratio 8 and the
assumed value of A„were then used to determine the
fluoride-film thickness d from Eq. (1). The experimental
uncertainty in the determination of K contributes a 20%
uncertainty to the film thickness. One monolayer (ML)
of 1MFz on GaAs(100) is defined as one MF2 molecule per
surface atom and these values are also shown in Table I.

TABLE I. Lattice constants, lattice mismatch, energy gap, photoionization cross sections, and E
values for the alkaline-earth fluorides and GaAs.

0
Lattice constant a (A)'
Lattice mismatch (%)
1 ML (A)

CaF2

5.451
—3.6
315

SrF2

5.784
2.3

3.34'

BaF2

6.187
9.4

3.58'

GaAs

5.6537

Ca 3p F2p Sr 4p F2p Ba Sp F2p Ga 3d As 3d

Photoionization cross
sections (Mb)
(hv=83. 6 eV)

1.5 34 0.4 34 0.37 3.4 8.5 5.5

Ca/Ga F/Ga Sr/Ga F/Ga Ba/Ga F/Ga

K values 1.17 4.66 0.31 4.66 0.29 4.66

Energy gap E~ (eV)' 12.1 11.25 11.0 1.42

'Reference 20.
Value from Ref. 3.

'Value scaled with lattice constant from Ref. 3.
Reference 15.

'Reference 21.
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III. RESULTS AND DISCUSSION

A. BaF,

Figure 1 shows photoelectron spectra measured with a
photon energy of 83.6 eV for a series of anneals of 3.8
ML of BaF2 deposited at room temperature on
GaAs(100) showing the As 3d, Ba Ss, F 2s, Ga 3d, Ba 5p,
and F 2p photoemission features. The Ba NVV Auger
peak also contributes to the broad spectral feature in the
45-50 eV kinetic-energy range of these spectra. It is ap-
parent that the photoemission features of the substrate
are clearly enhanced relative to those of the BaF2 over-
layer at higher annealing temperatures. This indicates a
decrease in the overlayer thickness with increasing an-
nealing temperature, possibly due to the decomposition
of BaFz at the interface. Alternatively, high-temperature
annealing may cause the BaF2 film to nucleate and form
three-dimensional islands on the semiconductor surface.
For CaFz, this latter explanation was shown not to be the
case, as an exponential decrease in the ratio of the Ga
31—to —F Zp photoemission peak area was observed, con-
sistent with the formation of uniform CaFz films. Be-
cause of the larger lattice mismatch between GaAs and
BaFz, compared to CaFz, it is possible that the BaFz films

form islands on the substrate surface.
The Ga 3d and Ba Sp core levels from the spectra in

Fig. 1 were Stted in order to determine the nature of the
chemical bonding at the interface, and the results of these
fits are shown in Fig. 2. The Ga 3d core level was fit with
a 0.45-eV spin-orbit split doublet and a branching ratio of
1.6 as determined previously by Ludeke, Chiang, and
Eastman. ' The Ba Sp core level was similarly fit with
doublets spin-orbit split by 2.06 eV and a branching ratio
of 2.5. These values were experimentally determined by

~ I '
/

~ ( ~ 1
I 1 ~ ( ~

hv=83. 6 eVGa 3d

fitting the Ba 5p core level for a thick BaF2 film. The
value for the spin-orbit splitting agrees well with previous
values for elemental Ba.' The variation of the branching
ratio for the Ba 5p and La 5p core levels has been previ-
ously studied by Ichikawa et al. ,

' and our value of 2.5 at
a photon energy of 83.6 eV is in agreement with their re-
sults. The deviation of the branching ratio from the sta-
tistical value of 2 has been attributed to a difference in
the relative strength of the coupling between the Sp&&2
and Spitz hole states with the d-like electron wave of the
photoemission final state. This p-d coupling results from
the nonradiative (participator' ) decay of 4d 4f ' excited
states of the cations which are excited in the 80-100-eV
photon-energy range, where a 4d hole and excited elec-
tron recombine directly, whereby the energy is
transferred to a Ss or Sp electron of the cation. '

The peaks were fitted using Lorentzian line shapes con-
voluted with Gaussians of 0.3 eV width modeling the ex-
perimental resolution. The fitting parameters were the
Lorentzian peak widths, positions, and intensities. From
Fig. 2, we see that the Ba Sp/Ga 3d photoemission inten-
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FIG. 1. Photoemission spectra for 3.8 ML of BaF2 on GaAs
for a series of annealing temperatures from 470'C to 620'C
measured with a photon energy of 83.6 eV.

FIG. 2. Fitted photoemission spectra of the Ga 3d and Ba 5p
region of the core level for the series of annealing temperatures
for the sample of Fig. 1.
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FIG. 3. Fitted photoemission spectra of the Ba 4d and As 3d
core level for a series of annealing temperatures for the sample
of Fig. 1. The Ba 4d core level was measured with a photon en-
ergy of 160.9 eV.

sity ratio decreases by almost a factor of 5. This is
thought to be partially due to the formation of islands on
the substrate surface, but at the higher annealing temper-
atures is attributed to BaF2 decomposition. Also, at the
highest annealing temperature, a chemically shifted com-
ponent of the Ba Sp core level is observed. This shift is

1.5 eV towards lower binding energy. We interpret the
major Ba 5p component to be the ionic Ba + species in

bulk BaFz. This means the chemically shifted component
of the Ba 5p core level in the bottommost spectrum is due
to Ba ions that are in a lower-nominal-oxidation state
than the Ba + ions in BaF2. In analogy with the
CaF2/GaAs system, where a comparable 1.8-eV chemi-

cally shifted component was observed at higher annealing
temperatures, we attribute this relatively large chemically
shifted component to Ba at the interface. In contrast, the
Ga 3d core level exhibits no visible chemical shift, in fact
the peak width remains constant within the uncertainty
of the fitting procedure.

The relatively strong Ba 4d core level was also mea-
sured for this sample at a photon energy of 160.9 eV.
This choice in photon energy resulted in kinetic energies
for the emitted electrons of approximately 60 eV, similar
to those found for the Ba 5p core levels in the 83.6-eV
photon-energy spectra. This ensured a similar degree of
surface sensitivity for the Ba Sp and Ba 4d core-level
spectra. The fitted Ba 4d core level as well as the As 3d
core level are shown in Fig. 3. From a thick BaF2 sam-

ple, the spin-orbit splitting of the Ba 4d core level was

determined to be 2.68 eV with a branching ratio of 1.2.
The value for the spin-orbit splitting compares well with

previous values, ' and the deviation of the branching ra-

tio from the statistical value of 1.5 is partially attributed
to the steep decrease in the photoionization cross section
of the 41 core level in the 100—170-eV photon-energy
range. ' Two spin-orbit doublets with these experimen-
tally determined parameters were then used to fit the Ba
4d core levels. At 620'C, a chemical shift of approxi-
mately 1.3 eV toward lower binding energy is observed,
similar to the one observed for the Ba 5p core level and
thus we interpret it as the Ba species at the interface.
Furthermore, the photoemission intensity ratios for the
Ba interface peak to the bulk peak are equal in both cases
to within experimental uncertainty, namely, 1.2+0.2.

The thickness of the BaF2 film at the highest annealing
temperature was determined from the Ba Sp/Ga 3d and
F 2p/Ga 3d photoemission intensity ratios to be 1.8 and
1.1 ML, respectively. This discrepancy is attributed to
the loss of F relative to Ba resulting from BaFz decompo-
sition. Based on the relative photoemission intensity ra-
tio of the Ba 4d interface component to the bulk com-
ponent, it is evident that even at the highest annealing
temperature, the interface does not uniformly consist of
the Ba interface component. It is possible that 620'C is
not hot enough to allow complete formation of the Ba in-
terface component; however, it is also possible that the
BaF2 film has formed islands on the semiconductor sur-
face. Furthermore, and in analogy to the CaF2/GaAs
system, we observe a decrease in both the F 2p/Ba 5p and
the Ga 3d/As 3d intensity ratios and attribute these rela-
tive losses of Ga and F to the decomposition of BaF2 at
the interface, followed by the possible formation of a
volatile GaF, compound, which is lost by evaporation.

To further investigate the chemical bonding at the in-
terface and to better understand the observed chemical
shifts in the Ba core levels, the As 3d core levels from the
spectra in Fig. 1 were also fitted and are shown in Fig. 3.
The values of Ludeke, Chiang, and Eastman, ' namely, a
spin-orbit splitting of 0.69 eV and a branching ratio of
1.53, were used for the As 3d core level. In both spectra
in Fig. 3, the fitted component of the As 3d core level at
higher binding energy corresponds to As in bulk GaAs.
The component at lower binding energy corresponds to
As at the interface. After annealing at 600'C, the inter-
face As peak is broad and shifted by only 0.2 eV, similar
to the surface core-level shift observed for clean
GaAs(100), ' which is also slightly shifted to lower bind-
ing energy relative to the bulk peak. At 620'C, this corn-
ponent becomes much stronger and shifts to 0.4 eV lower
binding energy relative to the bulk peak. We attribute
this chemical shift to As chemically bonded to Ba at the
interface.

Similar to the CaFz/GaAs system, the cation (Ba)
causes a shift to lower binding energy because it donates
more charge to the adjacent As atoms than the Ga does,
due to the lower electronegativity of Ba relative to Ga. A
related chemical shift would be expected for the Ba 4d
and 5p core levels due to the lower electronegativity of
As relative to F. As shown in Figs. 2 and 3, these chemi-
cal shifts are observed and, together with the apparent
loss of Ga and F at higher annealing temperatures, natu-
rally lead to an interpretation of Ba-As bonding at the in-
terface.
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FIG. 4. Photoemission spectra for 2.5 ML of SrF2 on
GaAs(100) for a series of annealing temperatures from 370 C to
610 C measured with a photon energy of 83.6 eV.

B. SrF2

Figure 4 shows photoelectron spectra measured at a
photon energy of 83.6 eV for a series of anneals for 2.5
ML of SrF2 deposited at room temperature on GaAs(100)
showing the As 3d, Sr 4s, F 2s, Sr 4p, Ga 3d, and F 2p
photoemission features. Unlike the CaFz/GaAs system
and the BaF2/GaAs system discussed above, the cation
core levels from SrFz, namely, the Sr 4p and Sr 4s levels,
partially overlap with the strong photoemission features
from the Ga 3d and As 3d core levels. From the results
of the other two alkaline-earth fluorides studied, we ex-
pect chemically shifted components of the As 3d core lev-
el and the Sr core levels towards lower binding energy.
Such results are difticult to interpret because of the over-
lap with the Sr 4s and Ga 3d core levels, respectively.
Furthermore, as shown in Table I, the photoionization
cross sections for the Sr 4p and Sr 4s core levels are weak
compared to those of the Ca 3p, Ga 3d, or As 3d core lev-
els. From Fig. 4, however, it is evident that at the higher
annealing temperatures the spectral features associated
with the GaAs substrate are clearly enhanced relative to
those of the SrF2 overlayer. Similar to the BaF2/GaAs
system, this indicates a decrease in the overlayer thick-
ness with annealing temperature, possibly due to SrFz
decomposition at the interface. One would expect that
because of the smaller lattice mismatch with GaAs of
SrFz compared to either CaFz or BaFz, that the forma-
tion of three-dimensional islands at higher annealing tem-
peratures would be unlikely, however this possibility can-
not be ruled out.

As mentioned, the Sr 4s and 4p core levels contain little
information concerning possible chemical shifts. There-
fore, the relatively strong Sr 3d core level was also mea-
sured. Figure 5 shows the Sr 3d core level measured for
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FIG. 5. Fitted photoemission spectra of the Sr 3d core level
for a series of annealing temperatures for the sample of Fig. 4
measured with a photon energy of 172.7 eV.

several annealing steps of the sample of Fig. 4 at 172.7-eV
photon energy. This choice of photon energy gives elec-
tron kinetic energies for the Sr 3d core level in the 30-40
eV range, thus ensuring similar surface sensitivities for
both the Sr 3d and As 3d core levels. The Sr 3d core-
level spectra were fitted with a 1.72 eV spin-orbit split
doublet with a branching ratio of 2.1, as determined from
a thick, bulklike SrFz film. The value for the spin-orbit
splitting compares well with previous values. ' The devi-
ation of the branching ratio from the statistical value of
1.5 is partially attributed to the steep increase in photo-
ionization cross section of the 3d core level in the
140—180 eV photon-energy range. ' The Lorentzian
peaks with the above parameters were convoluted with a
Gaussian 0.8-eV wide, which took into account the
overall experimental resolution of the monochromator
and energy analyzer in this photon-energy range. We in-
terpret the larger component at higher binding energy in
these fits as Sr + cations from bulk SrFz. At the higher
annealing temperatures, the Sr 3d core level exhibits a
second component, shifted by approximately 1.1 eV to-
wards lo~er binding energy. After annealing at 610'C,
this shifted component becomes approximately equal in
intensity with the bulk component. In analogy with the
CaFz and BaF2 systems, we interpret this as Sr at the in-

terface, which is in a different chemical environment than
in bulk SrFz.

Again no chemical shift was observed in the Ga 3d
photoemission peak. For the As 3d core level, however, a
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chemical shift appears to be present at approximately
590'C, although this shift would be in exactly the position
of the Sr 4s core level making a conclusive interpretation
difficult. The trend in the ratios of the area of the F
2p/Sr 4p and Ga 3d/As 3d photoemission peaks is also
difficult to determine because of the overlapping core lev-

els, however qualitatively, the Ga/As ratio decreases in a
similar way as previously observed for the CaF2 and BaF2
systems. As a result, the data presented in Figs. 4 and 5
are consistent with the bonding model for the
CaF2/GaAs system and the BaF2/GaAs system dis-

cussed above.

C. Valence-band ofFsets

Figure 6 shows the valence-band offset as a function of
overlayer thickness for SrF2 and BaF2 together with ear-
lier results for CaFz. The valence-band maxima for
GaAs and the respective alkaline-earth fluoride over-
layers are measured directly by linear extrapolation of the
sharp edges on the high-kinetic-energy side of the respec-
tive valence bands. This procedure is straightforward
due to the large energy separation of the two valence-
band edges. All the data points in Fig. 6 are from inter-
faces that had been annealed to at least 400'C and some
as high as 600'C. For CaF2 overlayers, the valence-band
offset b,E„decreases by more than 1.5 eV as the thickness
of the CaF2 is reduced. For SrF2 and BaF2 overlayers,
the thickness dependence of EE„ is consistent with the
CaF2 results over the thickness range where the data
overlap. However, the data on SrF2 and BaF2 in Fig. 6
are less extensive than for CaFz and we are unable to
show that the thickness dependence is the same over the
entire, larger thickness range, explored for CaF2.

As shown in Table I, the band gaps of SrF2 and BaF2
are slightly smaller than the CaF2 band gap. Similarly,
for a given film thickness, the band offsets for SrF2 and

BaF2 also appear to be smaller by approximately the
same amount. This result holds true for coverages up to
2-4 monolayers. Although, due to quantum size effects,
it is not correct to equate band gaps of the bulk material
to the band gaps of monolayer thicknesses, these mea-
sured valence-band offsets lead to conduction-band offsets
which, to within the uncertainty of these measurements,
are equal for the three alkaline-earth Auorides.

The scatter in the band offsets in Fig. 6 is not associat-
ed with the annealing temperature. For example, if the
band offsets for the nine SrFz samples near two mono-
layers in thickness in Fig. 6 are plotted as a function of
the annealing temperature, there is no correlation with
the annealing temperature, as shown in Fig. 7. The
scatter is consistent with the measurement uncertainty.
The lack of dependence on annealing temperature is not
an obvious result in view of the interfacial compound for-
mation, which takes place with annealing as discussed
above. Two physical mechanisms could contribute to the
observed change in the band offset with thickness for
CaF2. The first is a strain-induced change in the band
offset resulting from a possible structural evolution as the
overlayer thickness increases through the first few mono-
layers due to the 3.6% lattice mismatch between GaAs
and CaFx. Although difficult to quantify without more
detailed structural information of the overlayer as a func-
tion of thickness, a similar mechanism could apply for
SrF2 (2.3%%uo mismatch) and BaF2 (9A% mismatch).

The second effect that would cause the measured ap-
parent band offset to change with thickness is changes in
the energy band structure of the alkaline-earth fluorides
as the layer thickness approaches a single monolayer. In-
teractions with the semiconductor could also modify the
energy-level structure of a monolayer thick film. In any
case, these results are consistent with the valence-band
offsets of 7.7+0.3 and 7.6+0.3 eV reported earlier for
1-2 ML of CaF2 and SrF2 deposited at room temperature
on GaAs(110), respectively.
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IV. SUMMARY AND CONCLUSIONS

The interfacial bonding and energy-band alignments
have been measured for the SrF2 and BaF2 interface with
GaAs(100) as a function of annealing temperature by
high-resolution photoemission spectroscopy. Similar to
the previously studied CaF2/GaAs(100) interface, there is

evidence of cation-substrate bonding at temperatures
near 600'C. For the BaFz/GaAs(100) interface, Ba was

found to react with As at the interface with an associated
loss of Ga and F. For SrF2, the Sr 3d core-level shift also
suggested cation-substrate bonding; however, due to the
overlap in energy position of substrate and overlayer core
levels a more conclusive interpretation for this system is
difficult. In any case, given that the three alkaline-earth
Auorides have very similar chemical and electronic prop-

erties, it is not surprising that their interfaces with
GaAs(100) display similar interfacial bonding properties.
The valence-band maxima for GaAs(100) and the respec-
tive alkaline-earth Auorides (CaF2, SrFz, BaFz) were mea-
sured directly by linear extrapolation of the high-kinetic-
energy edge of the respective valence bands. The result-
ing valence-band offsets were found to follow the same
trend for coverages up to 2 —4 monolayers.
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