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The evolution of the Schottky barrier between Au and Ag metal films and(ZZ@B has been
studied using photoemission. Clean and well-ordered (Zb@ surfaces were prepared by
molecular beam epitaxy on cleaved G&AR)) surfaces. Chemical reaction and/or intermixing
between the metal and substrate were not observed upon room temperature deposition. Substrate Zn
3d attenuation plots indicate that an initial layer-by-layer growth is followed by island growth at
higher depositions. The Schottky barrier heights were found tepgfe=2.19 and¢59=1.81eV,
indicating a considerable dependence on metal work function. This observation agrees well with
predictions of Schottky barrier heights based on the concept of metal-induced gap states and the
influence of charge transfer based on electronegativities, and discussed in the light of current
concepts of Schottky barrier characteristics. 2600 American Institute of Physics.
[S0021-897€00)00908-1

I. INTRODUCTION films of ZnS can be prepared in this wa§ Another aspect

A studv of th . ¢ | ide b dof metal-semiconductor formation also merits attention:
study of the properties of metal contacts to wide bandn, i contact formation. In 11—V compound semiconduc-

gap semiconductors serves a dual purpose. On the one ha ts ohmic contact formation is based on transition metal

data are provided to investigate whether the concept o e i . 8 i
metal-induced gap statébIGS)L-3 which provides a satis- alloy diffusion into thep-type film surface’® This forms a

factory description for barrier height data of metals on 11—V thin, highly doped region near the interface which overcomes
semiconductors, can be extended to semiconductors which < fundamental property that all metals on materials such as

have a fundamental band gap so large that the density ?(aAs lead tq a ra_th_er high Schottky barrier_ heia.
MIGS is too low to play an important role in pinning the nowledge of intermixing effects and the formation of alloys

Fermi level. On the other hand, contacts to wide band gapétween the metal and the [I-V1 is thus crucial in under-
semiconductors such as 11-VI compounds or the group (1 Standing factors important in contact formation. In studies of
nitrides are of central importance to the application of theséoble metals on Zns€,the most commonly used met@u)
materials in optoelectronic and other devices. In spite of thi§1as been shown to form abrupt interfaces even after anneal-
interest, only a few studies of metal deposition on wide bandng. Interfaces formed by the deposition of several metals on
gap semiconductors under clean and atomically well-orderednS were studied by Brillsdh and showed that most of the
conditions exist, and the evolution of the Fermi level frominterfaces are not abrupt. In addition, several investigations
the first atomic layer onwards has been investigated in few dhiave shown that the Schottky barrier height for different
these, in stark contrast to the hundreds of studies on lll-vmetals on wide-band gap ionic semiconductors such as
materials® ZnSeCand zn$? appears to benoredependent on the metal
Here we report on a photoemission study of Au and Agwork function than for more covalent semiconductors such
films on Zn$110 which, with its wide fundamental band as GaAs or GaP. In order to investigate effects such as in-
gap of 3.68 eV can be regarded as a model for the class aérface abruptness, the formation of alloys, the interdiffusion
wide band gap lll-V semiconductors. In order to avoid theof metal and 11-VI species, the stability of the metal layer,
problem of charging when applying electron spectroscopiesleposition studies of gold and silver onto ZnS, and annealing
to this material for which conducting samples are not readilyexperiments were carried out.
available, we have deposited epitaxial films of ZnS on  |n all experiments, severe surface photovoltage effécts
cleaved GaR110 surfaces, where charging can be avoidedyere found even at room temperature. However, the equi-
by tunnelling through the film. This cubic system exhibits ajihrjium Fermi level position could still be extracted from
lattice mismatch of only about 0.7%, and we have shown inyata where the overlayer exhibits metallic character, i.e., a
two previous studies that well-ordered and stoichiometricyiear Fermi edge, and meaningful bond bending data are

accessible even in the presence of a strong surface photo-
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Au/ZnS(110) at 300 K hv = 43 eV
Zn 3d
w
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FIG. 1. LEED pattern of a clean ZABL0) film of 85 A thickness, deposited % annealing
onto cleaved GaR10), recorded at an electron energy of 75 eV. S Ee (Au)
E l deposition
25 l
11
IIl. EXPERIMENTAL PROCEDURE s
4
The photoemission experiments were carried out on sta- )
tion TGM4 at BESSY (Berliner Elektronen-Speicherring- 2
Gesellschaft fuSynchrotronstrahlung mhHThe Zn 3, Au 1
5d, and Ag 4 levels were accessible using the available 06
photon energy range and the photoemission spectra for thes L=l ~oec ZnS surface
levels were taken at normal emission using a photon energy 3p 34 38 42 46
of 43 V. The spectral resolution was approximately 110 kinetic energy (eV)

meV; from statistical considerations it is important to stress
2. (bottom: Photoelectron spectra recorded at a photon energy of 43

th_e fact that peak and b_and Edg_e positions _are determmé;ff.or the Zn$110) surface as a function of gold coverage as shown on the
with a spectral resolution which we estimate to beright hand side in angstroms. The appearance of a Fermi level at 2 A indi-
(110/4/n) meV, wheren is the number of points utilized to cates the evolving metallic nature of the overlayer. The Arbalk compo-

B _ ; nent is shown for the clean ZBLO) surface (bottom spectrum, short
measure spectral fe?tur%’ls 0.n the order Qf . 30. in the dashed ling The SPV breakdown appears between 11 and 17tdf):
present case. In addition, relative changes in Fermi level angpecira from Au/znd10) as a function of annealing temperature. Up to
band edge positions could be monitored by recording vai20 °C annealing temperature the Zd Rvel intensity increases gradually
lence level emission spectra for the samples and a referenéé regions of the substrate are uncovered. Above this temperature the in-

crease becomes much stronger and reaches a more constant value above
metal surface. 150 °C.

All experiments were performed in an UHV chamber

equipped with low-energy electron diffractiqdhEED) op-
tics, a tool to cleave the G&PLO) crystals(MCP Ltd., UK;
Np=4x10cm™3), a temperature-controlled manipulator,
ZnS and metal evaporation cells, and a high-resolutiorA. Au on ZnS (110)
angle-resolving electron energy analyddA 50, VSW Ltd., The characterization of overlayer growth mode and in-
UK). After cleaving the Gaf10 crystals using a douobI.e terface reactions through photoemission is generally based
wedge technique, a thin ZnS lay€ZnS-purity 99.999%; on an examination of core-level line intensities and peak
crystal GmbH, Berlin, Germanywas grown at a substrate shapes. In the present system, and under our experimental
temperature of 150°C as measured by a chromel-alum&londitions, this is hampered by the fact that the sulphur core
thermocouple fixed onto the sample holder. The ZnS mateeye| was outside the range of photon energies provided by
rial was evaporated from a water-cooled compound Knudsethe monochromator. We thus had to rely on the Zhl@vel,
cell at 685 °C cell temperature, giving a growth rate-c A ~ which has some valence character, and exhibits evidence for
per minute measured by a quartz crystal thickness monitosubtle dispersion effectsHowever, these are small enough
This growth procedure gave rise to distinct features in thehat the Zn @l intensities can still be used for a determina-
valence band photoelectron spectrum, and sharp LEED spoti&n of the growth mode.
as shown by the diffraction pattern depicted in Fig. 1. Gold  Figure 2 shows a set of spectra covering an energy range
and silver were evaporated from water-cooled Knudsen cellsyhich includes substrate Znd3and overlayer Au 8 levels
and were deposited at rates between 0.9 and 1.6 A pers well as the remaining valence band region. The bottom
minute, onto samples held at room temperature. spectrum corresponds to an 80-A-thick ZnS layer deposited

Ill. RESULTS AND DISCUSSION
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onto cleaved GaR10 surface(clean Zn3. A wide energy metal deposition on o ZnS(110)

range spectrum did not show any Ga &mission intensity at 0 - R . Agd4d
this coverage, indicating that the GaR0 substrate was . _— /‘ Au 5d
completely buried by ZnS. The GaiZore level attenuation - A/‘

confirms layerwise growth.The LEED pattern showed the = l -

expected(1X1) reconstruction with sharp spots and low @ ~o a.)
background which confirmed the high quality of the grown £ -1 T~

Zns layer(Fig. 1). The Zn 3 emission peak in Fig. 2 could T 2n 3d
be fitted using a single pedkhort dashed ling which does 2 4 L e (for Ag film
not gain any extra components during exposure of the sur- 4% \.\

face to Au at 300 K. This suggests that the Au film does not 4 *~—__ Znad
severely disrupt the ZnS surface, although it is fair to say Yor Ag film
that this information cannot be incorporated into the analysis 0 10 20 30 40

of the line shape since it contains band-like featdresch metal coverage (A )

that this line cannot be modeled by an analytical line shape

as in the case of a deeper core level. In the absence of furthe__ annealing experiment  a,,

accessible core levels, this could not be confirmed from theg 1 . o

photoelectron specti@ES, although similar behavior is re- € 1.2 = P

ported for Au on ZnSe, where the absence of interface reac® - i %

tion has been confirmed by high-resolution transmissionN 0.8 / /’ b

electron microscopy® % ¢ o )
The decrease of the Znd3level intensity and the in- = 1 / ¢

crease of the Au 8 level intensity with increasing Au thick- = 0.4 = /

ness can clearly be seen in Fig. 2. The attenuation of the Zr§ -

3d level intensity and the increase of the Ad Bitensity as € 0.0 o —

a function of increasing metal coverage are shown in Fig. L G LN A B

3(a). The shape of the ZndBlevel attenuation curve changes 0 100 200 300 400

considerably 83 A Au coverage. This indicates that after annealing temp. (°C)

approximately 2 ML, the growth mode changes from a lay-ric. 3. (a) Relative changes in the intensities of the Za fRvel, Au 5,
erwise to an island-type growth, thus a coverage of 25 A @nd Ag 4 levels as a function of metal deposition, indicating layerwise
small Zn peak is still visible(Fig. 2. The increasingly growth up to a bou3 A andisland growth at higher depositiongh) Zn

. o . 3d/metald intensity ratio as a function of annealing temperature.
metallic nature of the film is reflected in the appearance of a
Fermi level emissiof Ex(Au)] between 2 and 3 A. This
broad edge sharpens as the coverage is increased, and is fully

developed at 4 A, suggesting that the layer has metallic char- In order to investigate the stap|llty of the grown Au
. . : . . . _layer, the sample was annealed at different temperatures. The
acter at this point. There is a slight shift of all spectra during

o ; .. “corresponding spectra are shown in the top part of Fig. 2. For
the initial stage of growth urlti3 A coverage, which is each step, the sample was kept for 5 min at the temperature

caused by band bending. Beyond this coverage, the pOSitiqlﬂdicated. At 50 °C, an increase in the Zd 8mission inten-

of the Zn 3j level does no_t change until .at a coverage of 1_7sity is already noticeable. At higher annealing temperatures
A the entire spectrum shifts to lower binding energy. Th|s(up to 120 °G, the Zn 3 level intensity increases gradually,
shift is .caused by the reduction of the surface ph°t°V°|ta9§uggesting that regions of the substrate are uncovered.
(SPV), induced by the photon beam, a phenomenon that ifqye this temperature, the Znd3ntensity increases dra-
well known in  photoemission studies from metal- patically as shown in the plot of Fig(l. Above 180 °C the
semiconductor interfaces, particularly in wide band gapzn 3d to Au 5d intensity ratio does not vary as rapidly. This
semiconductors™** The reduction in SPV observed be- can be interpreted in several ways. The reappearance of the
tween about 11 and 25 eV is caused by the surface beingpstrate emission peaks can be due to overlayer desorption,
short circuited through a contiguous metallic fitf',which  clustering, or indiffusion. Since the latter is likely to involve
manifests itself as an apparent step-like change in the Fernghanges in the substrate core level binding energies, this is
level position:* Due to the high film resistivity and Au clus- believed unlikely. Desorption is also unlikely at these rela-
tering, this photovoltage breakdown occurs at 17 A, which isjvely low temperatures, and thus we infer that the increased
significantly higher than the coverage for which the Au film zn 3d signals is a result of Au clustering.

appears metallic. It is interesting that this short circuiting is ~ The reduced conductivity of the metal film at higher
not brought about by the first monolayer which, from thetemperatures is reflected in the shift to higher binding energy
attenuation plot in Fig. @) grows in a layerwise mode. That of the whole spectrum, indicating a re-establishment of the
this first layer actually has a different structure than bulk AuSPV. This also coincides with the maximum increase in Zn
is in fact also evident from the shape of the Adi€ore level, intensity. The difference of thEg(Au) position between 120
which only develops its characteristic structure beyond 4 Aand 150 °C amounts to 0.4 eV. The value is equal to that
deposition(Fig. 2). obtained for the SPV in the set of spectra taken in the Au
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tween 2 and 3 A. This behavior is similar to that obtained for

Ag/ZnS(1 10) at 300 K hv =43 eV silver on ZnSé The following coverages lead to a decrease
7n 3d Ag 4d of the Zn 3 intensity and an increase of the Agl dntensity

as expected. The line shape of both the dna®d the Ag 4

level did not change. The SPV breakdown was obtained fol-

lowing a total coverage of 20 A which is similar to Ag

grown on ZnS&01). The amount of the SPV evaluated for

silver was higher than that for the gold. Even after a cover-

age of 37 A, the Zn @ level is not buried which suggests a
240 °C higher degree of islanding for silver.

The intensity of the Zn 8 and Ag 4 as a function of
110°C Ag layer thickness is shown in a semilogarithmic plot in Fig.
90 °C

60 °C '

annealing

3(a) and clearly shows a change of the growth mode at about
3 A (~2 ML) from a layerwise to an island growth mode.
Compared with Au/Zn&.10) it appears that the attenuation
of the Zn 3 signal as a function of Ag deposition is much
x 2 Er (Ag) slower, while at the same time the Ag signal saturates much

X 2 j deposition faster. This can be explained by a formation of Ag clusters
37 which are much larger in diameter than those from Au, since
20 l due to the small electron mean free path at the photon energy

-/U\/\L- employed, the Ag signal will saturate faster while larger ar-

8
5 eas of the substrate are free of metal. The clustering observed
3 at elevated temperatures as discussed later, also occurs at
2 room temperature, as evident from our experiment in which
1 a Ag layer of 20 A deposition was left at room temperature
for 240 min. This lead to a doubling of intensity of the Zd 3
ZnS surface line, and the reappearance of valence band features, com-

intensity (arb. units)

IR B S R N BN M UL (NN BB bined with an increase of SPV.
30 34 38 42 46 The rearrangement in the Ag layer upon annealing can
kinetic energy (eV) be identified on the basis of the spectra in the upper part of

FIG. 4. (bottom): Spectra taken at a photon energy of 43 eV for the Fig. 4. Anneal!ng up .tO (,30 C leads to a S,hlf_t of the entire
ZnS(110 surface as a function of silver coverage as shown in angstromsSPECtrum to higher binding energy. This indicates that the
The surface Fermi level appears affeA coverage indicating the metallic SPV reappearance has already happened at this relatively
character of the growing layer. The bottom spectrum shows thedZinutk low annealing temperature, in agreement with the change of
component of the clean ZABLO surface(short dashed line The SPV . AT . .
breakdown appears between 12 and 20(thp): PES taken at a photon the line shape atRT, |nd|cat|ng a m(_)re I_OO,Sely bonded silver
energy of 43 eV for the Ag/Zn@10) interface as a function of annealing |a}’er on the ZnS substrate which is similar to _results ob-
temperature. The absolute intensity ratio Zeh & Ag 4d is represented as  tained for Ag growth on Zn3601).2 Further annealing up to
plot in the inset as a function of annealing temperature. 240 °C did not show any significant changes in the line
shape, except the clear formation of the ZnS valence band

d ition thick At higher t t tﬁceature'
eposition thickness sequence. Igher temperatures, e r,q intensity ratio Zn @ to Ag 4d as a function of

stable Au-ZnS surface exhibits a sh&tx 1) LEED pattern annealing temperature is represented in Figp).3The line

with IOV\.’ ba?"g“’“”d_s”.“""?“ to the one for the cle_an SurfaCeshape looks similar to that obtained for gold until 190 °C, but
shown in Fig. 1. This indicates that the annealing proces

Above this temperature the Zm 3ntensity increases signifi-
does not disrupt the ZnS surface. cantly P y 9

B. Ag on ZnS (110) C. Fermi level shift and determination of Schottky

The results for Ag deposition onto clean Za$0) give a barrier height

generally similar picture compared to Au/Zi30). A set of The data for metal deposition onto Z130) in Figs. 2
spectra including the Zn@level, the Ag 4l level, and the and 4 can be used to determine the position of the Fermi
ZnS valence band region is shown as a function of silvetevel in ZnS110), which is plotted in Fig. 5 as a function of
layer thickness in Fig. 4. The Znd3level of the clean ZnS metal deposition. Open symbols represent data uncorrected
surface(bottom spectrum; ZnS layer thicknes87 A) and  for SPV, while full symbols show corrected data; these latter
the Zn 3 levels after Ag deposition were fitted using a were derived from film thicknesses where a clear Fermi edge
single Gaussian pealshort dashed line After the first Ag  was present in the spectra. There is a difference in initial
deposition of 0.5 A the spectrum shifted about 0.2 eV toFermi level pinning on the clean ZfBL0) surface for the
higher binding energy due to band bending. At a coverage dfwo sets of data shown here. Little is known about surface
2 A the line shape of the Agdican be seen. The surface states on the clean ZABLO) surface, but in line with the
Fermi levelE-(Ag) of the growing silver layer appears be- other zinc-blende-type compound semiconductors, one
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band bending and surface photovoltage ¢$s(Au)=2.19+0.10 and ¢g(Ag)=1.81+0.10eV. These
in Ag and Au on ZnS(110) values are slightly higher than those from the literatre

[¢g(Au)=2.00, and¢pg(Ag)=1.65€eV], based on transport
2.8 = —o— q,BA“ =219eV measurements. The differences of about 0.18 eV are most
Ag likely caused by the use of different methodse.,

-0 ¢g =1.81eV I-V,C-V) to determinegg, and different surface prepara-
tion techniques(e.g., surface etching, cleavingrior to
metal growth. Similar differenceg-0.30 e\j between pub-
lished data andbg values were found for gold as well as
silver grown on ZnS@01).2 An influence of lateral barrier
height inhomogeneity can also not be ruled But.

The influence of those properties of the semiconductor
and metal which determine the Schottky barrier heights are
well understood by nowsee Ref. 21 and references thejein
The metal wave functions in the energy range of the semi-
conductor band gap tail into the latter, creating what has
been namedMIGS).2 These states are derived from the con-

T T T T tinuum of evanescent gap states, and their character changes
0 10 20 30 40 from donor-like near the top of the valence band, to
coverage (A) acceptor-like near the bottom of the conduction band. The
energy level at which their dominant character changes is
FIG. 5. Movement of the apparent surface Fermi ldeglen symbolsand — qj1aq the branch point, and it represents the reference level
after correction for surface photovolta¢fédled symbols. Also indicated are . . .
the final barrier heights. for the alignment of the Fermi level. The net charge in these
interface states is positivenegative if the branch point is
above (below) the Fermi level. The interface state concept
would expect that the bond-angle rotation relaxation sweepthus also accommodates the effect of charge transfer in the
surface states out of the fundamental band gap. Thus, it ishemical bond between metal and semiconductor at the in-
likely that the observed differences in initial pinning are terface, which may be described in an overall manner by the
caused by slight differences in stoichiometry, surface ordeelectronegativity difference of the elements involved on ei-
in these molecular beam epitax¥BE)-grown samples, or ther side of the interface. Thus, (aypothetical nonpolar
even the density of steps in the underlying GaP substrate. bonding situation at the interface would give rise to a
would, however, be interesting to investigate whether an unSchottky barrier height which arises from an alignment of
occupied surface state is responsible for Fermi level pinningthe Fermi level with the branch point of the metal-induced
as in the case of G&P10).18 The different initial pinning had gap states, i.e., its energy distance from the conduction band
no influence on the measured ZnS/GaP valence band offsahinimum for n-type material. The influence of charge trans-
nor on the final Fermi level position and Schottky barrierfer causes the Schottky barrier heights to be sméiéegen
height. For both metals silver and gold band bending is seeifi the electronegativity difference between metal and semi-
up to a coverage of about 3 and 5 A, respectively. Above thigonductor is negativépositive. These general ideas have
coverage the Fermi level remains constant up to approxibeen put on a quantitative basis by a consideration of data for
mately 10 A. Between 10 and 20 A the Fermi level shows ara wide range of barrier heights measured on contacts pre-
apparent shift, indicating the breakdown of the SPV. Finally,pared under well-defined conditions as reported in the litera-
the Fermi level reaches a stable position which is equal to thaure, by Mach?® He also showed that details of the inter-
reference Fermi level. The general change of the surfactace, such as the formation of dipole layers through specific
Fermi level position for both metals is similar to that ob- surface structures, e.g., the stacking fault in thélLBi)-
tained for the growth of Au on Zn$%@01l) and Ag on (7X7) surface, can be understood. This “MIGS plus elec-
ZnS€001).2° In spite of these similarities there are slight tronegativity” interpretation, which has been supported by
differences, e.g., in the extent of band bending as a functioan analysis of a large body of experimental datdviously
of metal coverage in particular. For Ag as well as Au grownrules out a concept of two different classes of metal-
on ZnS110 the SPV breakdown is completely finished at semiconductor interfaces, i.e., “covalent” versus “ionic,”
about 20 A metal coverage, whereas a higher coverage isith a sharp transitions between the two, such as put forward
necessary for both metals grown on Zf(B¥). by Kurtin et al?

In order to determine the amount of surface photovolt-  Returning to analysis of Schottky barrier heights for
age, the positions of the Zrd3evel, the valence band maxi- metals on ZnS, we note that our present data are a useful test
mum for the clean ZnS surface and the reference Fermi levebr the predictions of the MIGS plus electronegativity model
were used. Thus, the energy between Zha®d Fermi level since they represent a case in which charge transfer is ex-
was known. Using the shift of the Znd3 the corrected pected to be more important than in semiconductors with a
points (solid symbol$ could be calculated. smaller gap. The density of interface statedGS), and thus

The Schottky barrier heightgg evaluated from these their ability to dominate the alignment of the branch point
data are indicated in Fig. 5 for each metal. We findwith the Fermi level, against the influence of charge transfer

OeV

2.4 =

SPV correction

2.0

Er position (eV), VBM

1.6
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TABLE I. Work function, Schottky barrier heights, and metal electronega-mental value, and clearly in the range where the work func-
tivities for Ag and Au on ZnS. The Schottky barrier heights were derived tion or electronegativity differences of the metal have a size-
form photoemission on Zr($10) (this work), and by transport measure- . . . . .
ments(see Ref. 19 able influence on the Schottky barrier height. Barrier heights
may then be calculated from E@l) on the basis of the

Work  ®g (metal/Zn§  ®g (metal/ZnS X predicted S parameter, which yieldspg(Au)=2.22 and
Metal function (eV) (this work  (eV) (from Ref. 19 (Pauling’s $s(Ag)=1.93 eV, i.e., again quite close to the experimental
Au 5.10 219 2.00 24 values. This good agreement lends support to the predictive
Ag 4.41 1.81 1.65 1.9 character of the model based on the density of interface

states and the influence of charge transfer across the interface
on the magnitude of the Schottky barrier.

between metal and semiconductor, is much lower than in It is fortunate that self-consistent pseudopotential calcu-

semiconductors with a smaller gap. Since the work function%at'onS of .mdetal m;er:zcn_on WI'EQ _trt;]e IZ(\SLO)l sun;face have
of metals as well as the dielectric work functions of semi- €€ carried out by Loulet al. eir results offer an in-

conductors vary linearly as a function of the correspondingtub't've ezp!anatlon fordthetdlfferetrrllczifm Fetrm|| Ietvel _plnr;mg
electronegativities, it is not surprising that there is a work2P>€fVed In semiconductors with ditierent electronic: struc-

function dependence of the barrier height. While for a hight!'® and magnitudes of the fundamental band gap. These
authors studied the interface between alumingmodelled

density of MIGS, their infl ill dominate, a low densit o
enstty o eir infiuence Wi cominate, a 'ow aensity Qy jellium) and the(110) surfaces of GaAs ZnSe, and ZnS.

and thus the work function difference. This relation can beIn their calculetions of the interface densi_ty of states in the
written as band gap region, they find that the density of these metal-
induced gap states is quite low for ZnS, being much higher

Dgp= Pyt S(Xm—Xy), (1) for Si, GaAs and ZnSe. Moreover, the penetration of these

where®g, is the Schottky barrier height for mtype semi- states into the semiconductor falls from 3.0 A for Si and 1.9

conductor®y, is the energy of the MIGS branch point, and A for ZnSe to only 0.9 A for ZnS. The authors used these
X, and X, are the metal and semiconductor eIectronegativi-reSUltS tq calculate the Schottky barrier heights. They. also
ties, respectivelyS, is the so-called slope parameter, which USed & simple model to relate the MIGS surface density of
describes the dependence of the barrier height on metal eleg@t€s and the penetration depth to the dipole potential at the
tronegativity (and thus work function It is related to the Surface. For ZnS they find a8 parameter 05~0.7, quite
density of MIGS, the thickness of the dipole layer at theClose to our data from photoemission measurements above.
interface, and an appropriate interface dielectric condght. While the calculations of Louieet al. are for “jellium-

The slope parameter thus describes the relative importance Bteta!, they lend themselves to a comparison with our data of
the charge transfer and the MIGS. the noble metals, with their purely-p density of states at

Comparisons of this type for ZnS have so far beenEr - We thus conclude that our photoemission data from
based onl—V or C—V measurements in which the stoichi- metal deposition onto clean, well-defined Zb80) surfaces
ometry, order and cleanliness of the semiconductor surfacgerformed under UHV conditions strongly support the notion
prior to metal deposition was not well defin&Hence, it that the low density of metal-induced gap states in ZnS lead
is interesting to derive the value of ti& parameter from toa strong dependence of Sc_hottky barrier heights on metal
our present data, even though we only cover a limitedVOrK function, in agreement with th(ezgg?eral concepts based
range of metal work function. For the values in Table |, we®n €lectronegativity consideratioité)****and the theoreti-
derive a value for th&, parameteS,=d®g, /dX, of 0.76, Ccal description of the metal-ZnS borfid.
using Pauling’s electronegativitiesX{?=1.9 and X}
=2.4). We cover a considerable range of work functionsSACKNOWLEDGMENTS
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