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Electrical study of Schottky-barrier heights on atomically clean p-type InP(11Q) surfaces
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We report here a systematic study of the electrical properties of a large number of metal (Ag, Cr,
Cu, Au, Pd, Mn, Al, Ni) on p-type InP diodes. Schottky-barrier diodes were fabricated by in situ
metal deposition on atomically clean InP(110) surfaces in ultrahigh vacuum. Schottky-barrier
heights were determined from current-voltage (I- V) and capacitance-voltage (C- V) measurements.
A small, but finite, range in barrier heights (0.76—0.98 eV) is found for the metal —p-type InP sys-
tems investigated. When a comparison is made to our earlier work on n-type surfaces, we find that
the interface Fermi level of n-type and p-type samples pins at the same position within the band gap
for each of the metal InP systems studied. Our experimental results indicate that models that use
metal-independent surface states (energy and density) and potential normalization conditions (i.e.,
natural band lineups) can predict the general trends in the interface Fermi-level pinning behavior.
They cannot, however, successfully predict the details of this behavior to within measurement error.
A theoretical method to determine the natural band lineups at the interface (using a scheme
developed by Anderson) is presented within this context. Also investigated was the effect of air ex-
posure on the electrical characteristics of diodes. For in situ I- Vmeasurements, the metal sernicon-
ductor systems were characterized by a near-unity (1.03—1.10) ideality factor n. Upon exposure to
air, a large increase in the current and ideality factor n was found for several (Cu, Au, Pd, Mn, Ni)
metal —p-type InP systems at all measured biases. A detailed investigation of the Pd —p-type InP
system indicated that the "excess" current pathway which results from exposure to air is at the peri-
phery and can be eliminated by mesa etching.

I. INTRODUCTION

Despite the extensive number of studies which have
characterized the structural, chemical, and electronic na-
ture of the metal-semiconductor junction, the physical
mechanism responsible for the formation of the Schottky
barrier has not been confidently established. Recently, ex-
perimental methods have been developed which allow in-
vestigators to study properties of metal-semiconductor
systems while the Schottky barrier is actually being
formed. In the late 1970's it was demonstrated that for
clean cleaved GaAs(110) and InP(110) surfaces, there are
no intrinsic surface states within the band gap. ' This
discovery has allowed investigators to study the properties
of the system before any band bending has occurred (on
the freshly cleaved surface), during the formation of the
Schottky barrier (once submonolayer to several mono-
layers of metal has been deposited on the surface), and
after the Schottky barrier has been completely established
(for thick metal coverages; typically 1000 A). '

While a tremendous number of studies within the last
'10 years have investigated clean cleaved GaAs(110) and
InP(110) systems for submonolayer to several monolayer
coverages of metals, only a small number have investigat-
ed the properties of systems prepared on these surfaces for
thick metal coverages. We have recently determined bar-
rier heights from electrical device measurements for
thick-metal coverages on n-type GaAs(110) (Ref. 3) and
n-type InP(110) (Ref. 4) surfaces. Very good agreement
(i.e., within experimental error) is found when these values
for thick metal coverages are compared to the Schottky-

barrier height of submonolayer to several monolayer met-
al coverages (as determined by photoemission spectros-
copy). This data indicates that the Schottky-barrier
height is almost entirely established for submonolayer
coverage, suggesting that the same mechanism is respon-
sible for pinning the Fermi level for ultrathin and thick-
metal coverages on n-type surfaces.

To date, no sample preparation technique (e.g. , heat
cleaning, sputtering, molecular beam epitaxy (MBE), and
chemical preparation) except cleaving produces surfaces
in which the Fermi level is unpinned (i.e., no band bend-
ing). For this reason, it has only been possible to study
the properties of metal-semiconductor systems while the
Schottky barrier is being formed on the cleavage face [i.e.,
(110) face]. However, the Schottky-barrier height of
metal —n-type InP and metal —n-type GaAs diodes on
clean cleaved (110) surfaces consistently agrees with those
formed on heat cleaned (100) and air-exposed chemically
prepared surfaces. This suggests that the mechanism
responsible for pinning the Fermi level on the clean
cleaved (110) surface may be important in the more gen-
eral case of contacts prepared on other crystal faces using
other sample preparation techniques.

Because almost all of the barrier height determinations
for diodes formed on clean p-type GaAs(110) and
InP(110) surfaces have been measured at submonolayer to
several monolayer coverages, a number of questions have
arisen. For example, what is the relationship between the
pinning position for thin and thick metal coverages on p-
type samples? And is there a difference between the pin-
ning position for n-type and p-type samples? In earlier
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compilations based on a limited amount of data, it ap-
peared that the pinning positions of n-type and p-type
samples in the thin-film regime were typically separated
by approximately 0.25 eV. Recently, more data has been
obtained and this separation appears to be unique to met-
als with intermediate electronegativity (i.e., 1.5—1.7; e.g. ,
Al, Ga, In) on GaAs. In their paper, Zur, McGill, and
Smith focused attention on this and showed that when
charge exchange between a bulk metal and semiconductor
was included, such separation is unlikely for thick metals.
Spicer et al. later pointed out that this can depend on the
assumptions used (location of defects; model of screening
near the interface), and that there can be a significant
difference in the pinning position for n-type and p-type
samples in certain circumstances. This study was initiat-
ed to investigate the Fermi level pinning behavior of thick
metal Schottky diodes formed on clean cleaved p-type
InP(110) surfaces in UHV so that these comparisons can
be made.
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II. EXPERIMENT

Metal-InP(110) diodes were fabricated by in si tu deposi-
tion on clean p-type InP(110) surfaces prepared by
cleavage in UHV (base pressure 2 && 10 ' —6 && 10
Torr). The samples used were from the same ingot
which was Zn doped to 2X 10' /cm as specified by the
manufacturer and confirmed by ourselves using the
capacitance-voltage ( C- V) method. Diodes of —500 pm
in diameter were defined by a stainless-steel shadow mask
placed just in front of the samples. Approximately 1000
A of the metal were deposited. To avoid excessive heating
or contamination and to insure that the initial rate of
deposition was the same as used in the studies utilizing
surface sensitive techniques, the metal deposition was per-
formed in roughly 27 evaporation steps (typically 9 steps
each of 1, 10, and 100 A) with 20—120 s in between. The
thickness of metal coverage was determined using a
quartz thickness monitor placed in close proximity to the
GaAs sample. Average pressures were kept below 10
Torr during the initial stages of Schottky-barrier forma-
tion ( & —100 A).

After fabricating the diodes, current-voltage ( I V) mea--
surements were performed in situ at pressures of
-2&(10 ' —6&10 ' Torr. After the diodes were re-
moved from the UHV chamber, I- V and C- V measure-
ments were also performed in atmospheric conditions.
The electrical measurements were made using a computer
controlled system which included a Hewlett-Packard
HP4140B picoameter and a Hewlett-Packard HP4277A
capacitance meter. Further details of the experimental
methods used in fabricating and measuring the diodes can
be found in Refs. 3 and 4.

III. RESULTS

Typical I- V data for the diodes measured in UHV are
presented in Fig. 1. Note the linear logI versus voltage re-
lationship over almost 4 orders of magnitude for all of the
systems studied. The thermionic emission equation can be
used to determine the effective I- V barrier height from
the current-voltage measurements'

FIG. 1. An assortment of typical I- V data from thick-metal
diodes which were fabricated on clean cleaved p-type InP(110)
surfaces and measured in situ. The barrier height, Nb and ideal-
ity factor, n are determined from Eq. (1).

Pd/p-type InP(110)
Diode

2

E
O

LA

C)

. 4'b=

0
-1

Vd

a& a a I a a ~ a I a a

0 1

~ . I. . . . I

2 3
V(V)

FIG. 2. Typical C- V data encountered in this study are
shown. The data pictured here is from a planar Pd —p-type InP
diode which was fabricated on a clean cleaved (110) surface.
Electrical measurements using the C- V measurement technique
were performed in atmospheric conditions at room temperature.
The barrier height, Nb, is determined by adding the diffusion
potential, Vd, to the difference between the Fermi level and the
valence band maximum in the bulk 6 (0.15 eV). Note that the
intercept of the voltage axis is essentially identical for all of the
frequencies studied. The change in slope of the curve as a func-
tion of measurement frequency can be attributed to traps within
the depletion layer (estimated to be on the order of 10' /cm )

which cannot follow the higher measurement frequencies (see
Ref. 10).
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TABLE I. Metal-semiconductor Schottky barrier diodes fabricated on p-type InP.

Metal Ag Cr CU Au Pd Al Ni

I- V Nb'
(eV) (+0.02)
n, ideality factor'
C- V Nb'
(eV) (+0.05)

e+b p-type+ +b n-type

(eV) (+0.04)
PES Nbg

for ultrathin metal
coverages (eV) (+0.1)

0.76

1.04
0.77

1.35

1.04
0.74—0.82

1.04
0.86 0.86

1.03
0.87

1.32 1.37

0.95

1.30'
(+0.07)

0.85

1.33

0.8

Diodes formed on clean cleaved (110)
0.82 090 b 0.87 0.94

1.05
0.95

1.34

0.98

1.08
0.97—1.00

1.355

1.0

0.93
+0.03

1.10
0.96

1.30
( +0.05)

0.9

I- V Nb (eV)
C- V 4b" (eV)

0.79
0.86

Diodes formed on chemically prepared (100)
0.79 0.82
0.93 0.90

0.89
1.12

0.90
1.14

Pauling
electronegativity'
Work function"
(eV)
Internal potential"
(eV)

1.9

4.26

—2.53

1.6

4.5

—0.84

1.9

4.65

—1.97

2.4

5.1

—2.25

2.2

5.12

—2.75

1.5

4.1

—1.62

1.5

4.28

—0.90

1.8

5.15

—2.04

'Effective barrier heights and ideality factors from the I- V data reported in this study as deduced using thermionic emission theory
[Eq. (I)].
The I Vcharacter-istics of the Au —p-type InP could not be accurately modeled using Eq. (1), and therefore an accurate I- V barrier

height could not be determined for the Au —p-type InP system.
'Barrier heights as measured in this study using the C- V technique. The C- V characteristics were measured at several frequencies (10
kHz, 50 kHz, 100 kHz, 500 kHz, 1 MHz) and the barrier height of all the systems were found to be independent of frequency (+ 0.01
eV). The C- V barrier heights have not been corrected for the Gummel-Scharfetter factor. In order that this data can be compared to
other data which includes this correction, 0.025 eV should be subtracted from 4b c & in the above table.
For the Al —p-type InP diodes, the C vs V characteristics were only found to be linear for the lowest (10 KHz) and highest fre-

quency (1 MHz) measured.
'In order that this column can be compared to the band gap of InP (1.35 eV), sum of the I- V barrier heights includes a correction for
image force lowering of 0.05 eV ( n-type 0.02 eV; p-type 0.03 eV) (Ref. 12). Barrier height determinations for dioded formed on clean
cleaved n-type InP(110) are from Ref. 4.
Because an accurate I- Vbarrier height determination was not possible, the C- Vbarrier height was used instead.
Barrier heights as determined by photoemission spectroscopy (PES) for submonolayer to several monolayer metal coverages. The

source of the data is Ref. 4.
"E.Hokelek and C. Y. Robinson, Appl. Phys. Lett. 40, 427 (1982).
'L. Pauling, The Xature of the Chemical Bond (Cornell University Press, Ithaca, 1960), p. 93.
"H. B. Michaelson, J. Appl. Phys. 48, 4729 (1977).
"Internal potential of metals with respect to the Fermi level. The internal potentials of the GaAs and InP valence band maximum are
—1.19 and —2.09 eV respectively. The source of calculations is given in Refs. 15 and 19.

(V IR)/nV —{ V-IR)/V&-

—~bO~~i .
where Io ——SA*T e ' ' is the saturation current.
is the Richardson constant modified for the effective mass
of a hole in InP (48 AK cm ). @so, S, T, V„R, and
n are the I- V barrier height, area, temperature, thermal
voltage (0.0256 eV at 25 C), series resistance, and ideality
factor, respectively. The series resistance R is due to bulk
and contact resistances. Table I summarizes the results of
our data analysis. Note the consistent and near-unity
ideality factors for the Schottky diodes.

After the diodes were removed from the chamber, I- V
and C- V measurements were performed in atmospheric

conditions. Typical C- V data are presented in Fig. 2.
The diffusion patential, Vd, of the Schottky diode was
determined from the intercept of the C versus voltage
curve for frequencies of 10 kHz, 50 kHz, 100 kHz, 500
kHz, and 1 MHz. A linear relationship was found be-
tween C versus voltage for all of the systems measured
and a linear least-squares fit was used over the voltage
range of 0 to 2 V reverse bias. The barrier height was
then inferred by adding the difference between the Fermi
level and the valence band maximum in the bulk, 5 (0.15
eV for these diodes), to the diffusion potential. Table I
summarizes the results of our data analysis.

Upon air exposure, a large increase in the current was
found for all measured biases for the Cu, Au, Pd, Mn, and
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FIG. 3. I- V data for the thick-film Pd —p-type InP are
shown. The electrical characteristics for diodes measured in situ
in UHV {crosses), for diodes measured ex situ after exposure to
air {triangles) and for diodes measured ex situ after exposure to
air, then subsequently mesa-etched {squares). After mesa-
etching, almost all of the "excess current" was removed. This
clearly demonstrates that the pathway for this "excess current"
in the Pd —p-type InP diodes is at the periphery.

IV. DISCUSSION

Table I shows that consistent agreement is found be-
tween the barrier height of thick-metal diodes formed on
clean cleaved p-type InP(110) surfaces (as determined in
this study), the barrier height of submonolayer to several
monolayer metal coverages on clean cleaved p-type

Ni diodes. To determine the origin of this "excess
current, " a detailed investigation was performed on the
Pd —p-type InP system. The diodes were mesa etched us-
ing a wet chemical etch (H2SO4. HzOz. H20 in a ratio of
2:1:20 for 25 min) to selectively remove the periphery of
the device. Figure 3 shows that almost all of the "excess
current" was removed by this treatment, demonstrating
that the pathway for this "excess current" in the Pd —p-
type InP diodes lies at the periphery. The removal of "ex-
cess current" at the periphery using this chemical treat-
ment has also been found for diodes prepared on n-type
GaAs substrates. Also note in Fig. 3, the current which
occurs at significant forward bias (for biases & —0.2 V),
and is associated with the central portion of the device, is
essentially identical for the diodes measured in situ and
after mesa etching. Using the method described in Ref. 3,
no significant error in the C- V barrier height determina-
tions is expected from leakage current of this magnitude.
To experimentally verify this, the C- V characteristics of
the Pd —p-type InP diodes were measured before and after
the peripheral leakage current was removed, and the bar-
rier heights for these measurements were found to be con-
sistent.

InP(110) surfaces and the barrier height of thick-metal
diodes formed on air-exposed chemically prepared p-type
InP(100) surfaces. This was also found for diodes formed
on n-type InP and n-type GaAs substrates. This is
strong evidence that the same mechanism is responsible
for pinning the Fermi level for ultrathin and thick-metal
coverages for diodes prepared using a wide range of semi-
conductor surface preparations. This is in agreement with
the results and conclusions from the studies on the n-type
substrates; see Ref. 5 for a more complete discussion.

As can be seen in Table I, a small, but finite, range in
barrier heights (0.76 to 0.98 eV) is found for diodes
formed on the elean cleaved p-type InP surface. As was
suggested by Zur, McGill, and Smith, this can be under-
stood by including charge exchange between the metal and
semiconductor within the context of the unified-defect
model. It is hypothesized in the unified defect model that
the barrier height of metal —group III-V semiconductor
systems is established by the energy levels of native point
defects formed near the surface during metal deposition.
For GaAs and InP, the association of an acceptor level
approximately 0.25 eV above a donor level for these de-
fects was found to be most consistent with the available
experimental data. For metals with large work functions,
a large negative charge will be transferred to the metal
which will be compensated and pinned by the donor level.
Similarly, for metals with small work functions, a large
positive charge will be transferred to the metal which will
be compensated and pinned by the acceptor level. Most
metals lie somewhere between these extremes and the pin-
ning position should fall within this range. Note that this
is consistent with the results summarized in Table I; met-
als with small work functions tend to pin higher in the
band gap, while metals with large work functions tend to
pin lower in the band gap.

Although the models of Zur, McGill, and Smith and
Spicer et al. were formulated in the context of the uni-
fied defect model, the arguments and conclusions dis-
cussed here can be directly applied to any model which in-
corporates metal-independent surface states. For exam-
ple, Tersoff proposed that the potential normalization
conditions at the interface can be incorporated in the
metal-induced gap state (MICrS) model by screening po-
tential differences in the natural band lineups by a frac-
tion (estimated to be ——, ) of the optical dielectric con-
stant of the semiconductor. "

Also note in Table I that the barrier heights of diodes
formed on n-type and p-type samples, when corrected for
the image force, ' sum within experimental error to the
band gap of InP (1.35 eV). This indicates that the inter-
face Fermi level pinning position for n-type and p-type
samples are essentially identical for each of the metal-InP
systems studied. This shows that the charge exchange be-
tween the metal and semiconductor is significantly greater
than the charge in the depletion region, as Zur, McGill,
and Smith found.

We have seen that the model of Zur, McGill, and Smith
can account for several experimentally observed phenome-
na. Before proceeding we should note that this, or any
other model which uses only the bulk metallic properties
of the overlayer, cannot account for the range in pinning
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positions for systems with ultrathin (submonolayer to
several monolayer) metal coverages as summarized in
Table I. At these coverages, the bulk metallic properties
of the metal have not yet formed. As pointed out by
Spicer et al. , one can include the charge transfer due to
the polarizability of the bonds near the interface to ex-
plain the range of pinning positions in the thin-film re-
gime.

We now ask the question, can a model which accurately
models the screening and polarizability at the interface
completely account for the experimentally measured bar-
rier heights of metal-GaAs and metal-InP systems using
the properties of the overlayer as the only independent pa-
rameter?

Because work function and electronegativity do not ac-
curately describe absolute energy scales within solids, we
cannot expect to use these values to quantitatively predict
the charge transfer at the interface. ' Instead of using
these values when modeling charge exchange between the
metal and semiconductor, as is conventionally done, it is

necessary to develop a more relevant set of parameters.
As was suggested by Bardeen, ' the space-averaged poten-
tial in an infinite crystal in 1947 can be used to define an
absolute energy scale within solids. ' By referencing all
band calculations with respect to this potential, the
"natural" (i.e., Schottky) lineup of metal Fermi levels can
be determined within the semiconductor bands. An ex-
perimental method to directly measure potential has not
been developed.

Recently ab i'nitio electronic structure calculations have
been able to make accurate predictions of the band struc-
ture, ' lattice constant, ' cohesive energy, ' elastic bulk
modulus, ' and work functions. ' However, the deter-
mination of this potential (with respect to the Fermi level
in the bulk) generally eludes these calculations because
this potential, since it is obtained from integration of the
charge density, is undetermined to within an arbitrary
constant. Recently, Anderson' has suggested a means to
obtain a constant analogous to that suggested by Bardeen
using linear muffin-tin orbital (LMTO) theory, and there-
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FIG. 4. The interface Fermi-level pinning position, Ef;, is plotted vs the internal potential for diodes formed on a InP(110) and (b)
GaAs(110) substrates. The interface Fermi level pinning position, Ef;, is inferred from I- V electrical characteristics of thick-metal
films deposited on clean cleaved substrates. The values for n-type GaAs are from our earlier work (Ref. 12). The internal potential is
calculated using a scheme due to Anderson (Refs. 15 and 19). The solid lines in (a) and (b) are included to illustrate the results of the
simple electrostatic model, seen in (c), which uses internal potentials to determine potential normalization conditions. Note the mono-
tonic behavior of the solid lines with internal potential. The effective (electronic) spacing between the metal and semiconductor (0.5
0
A) is denoted by d. l~ is the distance from the semiconductor surface to the defects. The defects are assumed to be located in a plane0
5 A from the semiconductor surface. I. is the width of the depletion layer in the semiconductor.
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fore a scheme by which the metal Fermi levels and semi-
conductor bands can be compared on a common scale.
This calculated value will be referred to as the internal po-
tential henceforth. In LMTO theory within the atomic-
spheres approximation (ASA), the Wigner-Seitz cell is re-
placed with a sphere of equal volume. In the ASA, the
Hartree potential is equal to the Madelung potential at the
atomic sphere radius when the vacuum is defined at zero
potential. This reference potential depends only on the
ASA and multiple corrections due to nonspherical densi-
ties within the spheres. Since standard LMTO programs
use this potential as a reference, we use data from existing
calculations. ' The internal potentials with respect to the
Fermi level (for metals) and the valence band maximum
(for semiconductors) are shown in Table I.

As can be seen in Fig. 4, with the exception of Cr on
InP, metals with internal potentials which are large in
magnitude tend to pin lower in the band gap, while metals
with internal potentials which are small in magnitude
tend to pin higher in the bandgap for both GaAs and InP.
As discussed earlier, this trend can be understood by in-
cluding charge exchange between the metal and semicon-
ductor. To illustrate this, we have included the results of
a simple electrostatic model which uses internal potentials
to determine potential normalization conditions. The
model is a self-consistent solution using net charge neu-
trality and the alignment of Fermi levels. A continuous
distribution of localized states (density of 5X10' cm
per eV) located in a plane 5 A ( ls) from the semiconduc-
tor surface is assumed. The interface Fermi level of the
semiconductor is calculated at this plane. A neutral level
Eo (0.7 and 0.35 eV below the conduction-band minimum
for GaAs and InP, respectively) is defined at which there
is no net charge in the surface states when the interface
Fermi level coincides with it. States above and below the
neutral level are assumed to be acceptors and donors,
respectively. For simplicity, the levels in this model are
assumed to be completely filled if the level is below the
Fermi level and completely empty if the level is above the
Fermi level (i.e., thermal energies with a temperature ap-
proaching 0). The effective (electronic) separation be-
tween the metal and the semiconductor surface, d was
modeled using the Thomas Fermi screening distance of a
metal (0.5 A) because over this distance electronic screen-
ing by the conduction electrons of the metal will be inef-
fective. For this reason, a dielectric constant of 1 (i.e., no
polarizability) is expected to be appropriate in this
volume; while in all other sections of the semiconductor,
including the volume between the defects and the semi-
conductor surface, the static dielectric constant was used
(GaAs, 13.1; InP, 12.4). For simplicity, the shallow levels
responsible for doping the semiconductor were assumed to
coincide with the conduction-band minimum and the
valence-band maximum for n-type and p-type semicon-
ductors, respectively.

Although the important physical parameters for the
model (e.g., location and number of localized states, distri-
bution of energy levels, etc.) have not been well established
and the model is clearly oversimplified (e.g. , oversimpli-
fied description of screening and polarization, etc.), it
qualitatively can illustrate the results of a model which is

based entirely on metal-independent surface states and
internal potentials. Note the interface Fermi level posi-
tion decreases monotonically with internal potential for
the solid line in Fig. 4. These models therefore predict
that the relative positions between metals will be con-
sistent for diodes formed on different substrates (e.g. , Pd
should always pin lower in the band gap than Mn, al-
though the magnitude will vary depending on the physical
parameters used in the model).

As can be seen in Fig. 4, a model which uses metal-
independent surface states and natural band lineups can
predict the general trend that metals with internal poten-
tials that are large (small) in magnitude tend to pin lower
(higher) in the band gap. It cannot, however, explain
several important points. The fact that Cr pins highest
within the band gap of all nine metals on GaAs and pins
lower in the band gap than all of the metals on InP (ex-
cept Ag) is clearly inconsistent with a model which is
based on internal potentials as the only independent pa-
rameter to predict the relative pinning positions of the
metal overlayers. We can also not explain why Ag pins
lower in the band gap than any other metal on InP by a
significant amount (-0.09 and -0.06 eV for n-type and
p-type, respectively), while on GaAs it does not. We con-
clude that although these models can successfully predict
the general trends, the above observations indicate that de-
tails other than considerations due to natural band lineups
are also important in determining the pinning positions
for metal —group III-V semiconductor Schottky barriers.
To date, the other relevant physical parameters have not
been isolated, although the number, location, and energy
level of defects, the detailed chemical environment, and
the detailed electronic structure of the interface are likely
candidates.

V. CONCLUSIONS

The barrier-height determinations for the thick-metal
devices as reported in this study were found to be essen-
tially identical to the barrier height of submonolayer to
several monolayer metal coverages on clean cleaved p-type
InP(110) surfaces and the barrier height of thick-metal
diodes formed on air-exposed chemically prepared p-type
InP(100) surfaces. This is strong evidence that the same
mechanism is responsible for pinning the Fermi level for
ultrathin and thick-metal coverages for diodes prepared
using a wide range of semiconductor surface preparations.
%'hen a comparison is made to our earlier work on n-type
surfaces, the interface Fermi level pinning position for n-
type and p-type samples is found to be essentially identi-
cal for each of the metal-InP systems studied. Our exper-
imental results indicate that models that use metal-
independent surface states (energy and density) and poten-
tial normalization conditions (i.e., natural band lineups)
can predict the general trends in the interface Fermi level
pinning behavior, but cannot successfully predict the de-
tails of this behavior to within measurement error.
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