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Approximately 100 or 1000 Å of AlN was deposited on the~0001!Si-face of on-axisn-type 6H–
SiC. The surfaces were examined by ultraviolet photoemission spectroscopy~UPS! utilizing the He
I a ~21.2 eV! and the He IIa ~40.8 eV! excitation. Experimental difficulties are discussed. Titanium
was deposited on the clean surface ofin situ grown AlN. The titanium–AlN interface was also
characterized with UPS. Two approaches are presented to identify the valence band maximum
~VBM ! and the electron affinityx of the clean surface of AlN was found to be either 0 to 1 eV
depending upon the position of the valence band edge. The same assumptions were applied to the
analysis of the Ti/AlN interface and, for the case ofx50 eV, the position of the valence band
maximum is 3.4 eV below the position of the Fermi level. For the case ofx51 eV, the position of
the valence band maximum is 4.4 eV below the position of the Fermi level. Therefore, thep-type
Schottky barrier height of titanium on AlN is measured to be 3.460.2 or 4.460.2 eV forx50 eV
andx51 eV, respectively. Independent of the selection of the valence band maximum, the observed
Schottky barrier differed from that predicted by the Schottky–Mott model by 1.560.2 eV. © 2000
American Vacuum Society.@S0734-211X~00!00104-9#
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I. INTRODUCTION

The III-nitride wide band gap semiconductors of AlN
GaN–InN have been considered for a wide range of e
tronic and optoelectronic applications. Of this group, A
exhibits the largest band gap with a value of 6.2 eV.1,2 Sev-
eral studies have suggested the materials exhibit a low
negative electron affinity.3–5 Given this small or negative
electron affinity of AlN, our interest in exploring th
Schottky barrier to AlN is twofold. The first is to explor
contacts that could supply electrons to the conduction ba
and the second is to determine if a thin metal layer on A
will result in an effective negative electron affinity as in th
case of diamond.6

Photoemission spectroscopy has proven to be an in
pensable technique in obtaining information about electro
structure. In particular, ultraviolet photoemission spectr
copy~UPS! is especially surface sensitive, making it possib
to determine the electron affinity and the surface Fermi le
as well as offering information about surface states. Th
material parameters will have a direct effect on the proper
of the interface formed between a metal and a semicond
tor. However, these are not the only effects that will det
mine the value of the Schottky barrier. The complex bond
at the interface contributes to the Schottky barrier throu
several different effects.

The Schottky barrier is often described in terms of tw
models. The Schottky–Mott model assumes that the ba
are aligned with respect to the vacuum level of the metal
the semiconductor. Then-type Schottky barrier is just the
difference between the metal work function and the semic
ductor electron affinity. The alternative model is the interfa
dipole model, where the structure of the interface cause

a!Electronic mail: robert_nemanich@ncsu.edu
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shift in the bands relative to the predictions of the Schottk
Mott model. This band shift may be interpreted as a cha
in the interface dipole due to the atomic bonding at the
terface.

In understanding the electronic structure of interfaces
wide band gap semiconductors, it is useful to have kno
edge of the electron affinity. The electron affinity of a sem
conductor is defined as the energy difference between
vacuum level and the conduction band minimum. The va
of the electron affinity at the surface of AlN has been t
subject of debate in the literature. For example, thin layers
AlN deposited on 6H–SiC by organometallic vapor pha
epitaxy ~OMVPE! or by gas source molecular beam epita
~GSMBE! resulted in a negative electron affinity.3,4 In an-
other study,7,8 AlN ~0.2 mm thick! films were deposited on
Si~111! by molecular beam epitaxy~MBE!. The results of
this study indicate a positive electron affinity of either 1
60.2 or 2.160.3 eV. In another study,9 an epitaxial structure
consisting of a 30 nm AlN~0001! layer on GaN on the~0001!
face of Al2O3 exhibited a positive electron affinity value o
3.2 eV. Another technique5 for depositing AlN involved first
depositing a thick layer~2.7 mm! of n-type silicon-doped
GaN and then depositing a thin Al layer via vapor depo
tion. This structure was then annealed in excess of 800
which is the temperature at which nitrogen was relea
from the underlying GaN. The nitrogen then combined w
the Al to form AlN as verified by x-ray photoemission spe
troscopy~XPS! and Auger electron spectroscopy~AES!. The
results indicate a positive electron affinity of 0.660.3 eV. A
more recent study10 of reactive magnetron sputtered AlN
preparedin situ with the analysis indicates that oxygen pla
a critical role in determining whether the value of the ele
tron affinity at the surface will be negative or positive.

This study explores the electron affinity of AlN and th
Schottky barrier with Ti. The metal Ti has a relatively lo
20820Õ18„4…Õ2082Õ6Õ$17.00 ©2000 American Vacuum Society
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2083 Ward et al. : Schottky barrier height and electron affinity of titanium 2083
work function with a reported polycrystalline value of 4
eV.11 Our previous studies of Ti on diamond have esta
lished that a thin layer of Ti results in an effective negat
electron affinity.6 The results established that with the thin
layer the vacuum level is at or below the conduction ba
minimum of the diamond, and thep-type Schottky barrier to
the diamond was;1.0 eV. While other surface layers suc
as Cs have been considered to induce an effective neg
electron affinity, Ti has a significant advantage in stabilit

Our study will first explore the experimental difficulties
determining the electron affinity of AlN, and then exami
the Schottky barrier of a thin layer of Ti on a clean Al
surface. Comparison of the results will allow the determin
tion of the effect of the interface bonding on the interfa
dipole layer.

II. EXPERIMENT

The films prepared for this study were 100 and 1000 Å
AlN deposited on the~0001! Si-face of on-axisn-type 6H–
SiC ~hereafter referred to as 6H–SiC! by ~GSMBE!. The
GSMBE is interconnected via a transfer tube with seve
analysis chambers@AES, low energy electron diffraction
~LEED!, and UPS# as well as an e-beam evaporation syste
The base pressure of the entire system is;1.0E209 Torr.
AES and LEED were employed before and after each p
cess step in order to monitor any contamination that mi
result from transfer.

The SiC was received with a thermally grown oxide pr
tective coating. This oxide can be removed with a 10:1 bu
ered HF dip for 10 min. Once the oxide is removed, a th
layer of tungsten is sputtered onto the backside of the wa
This is necessary for the radiative heating of the SiC. Af
the tungsten deposition, the SiC is cleaned with solve
~trichloroethylene, acetone, and methanol!, mounted to a mo-
lybdenum sample holder with Ta wire, and loaded into
GSMBE for the AlN film growth. The particulars of th
GSMBE can be found elsewhere,12 but certain aspects of th
growth will be highlighted here. Once the SiC is loaded in
the GSMBE, a final cleaning procedure for the SiC is e
ployed. Each SiC wafer is annealed for 11 min at 1250 °C
a flux of SiH4.The pressure in the chamber never excee
3.0E205 Torr during this procedure. For the AlN growt
the samples were annealed to 1250 °C. Once this temper
is achieved, the sample is exposed to Al from a Knudsen
and NH3 through a leak valve. The temperature of the
Knudsen cell was 1250 °C. A sustained growth rate
;1000 Å/h was achieved with a NH3 leak rate that corre-
sponded to a chamber pressure of;1.0E205 Torr. The AlN
film was exposed to a constant flow of NH3 until the sample
cooled to a temperature of 600–700 °C.

After the growth process, the sample was transferred
the AES and LEED chamber, and then into the UPS cha
ber. For the AES measurements, a PHI model 10-155 si
pass cylindrical-mirror analyzer was employed to study
chemical composition of the surface of the samples. For
AES measurements, a beam energy of 3 kV was emplo
for the incident electrons. The AES is operated in the pu
JVST B - Microelectronics and Nanometer Structures
-

d

ive

-

f

l

.

-
t

-
-
k
r.
r
ts

e

-
n
d

ure
ll

l
f

to
-
le
e
e

ed
-

count,N(E), mode. For the LEED images, a Princeton R
search Instruments model RVL 6-120 was employed to
age the surface of the samples. For the LEED images
accelerating potential of 80 V was utilized.

The UPS technique utilizes an Omicron HIS13 noble-g
discharge lamp. Both the He Ia ~21.2 eV! and the He IIa
~40.8 eV! light are accessible with this excitation source. T
He II a excitation is particularly useful because of the He Ib
~23.1 eV! line which can sometimes complicate the determ
nation of the valence band maximum~VBM !. The photoex-
cited electrons were collected by an energy analyzer wh
was positioned at surface normal. The 50 mm radius he
spherical electron analyzer has an energy resolution of 0
eV and a 2° angular resolution. The sample stage is ele
cally isolated from the rest of the chamber and was biased
up to 6 V. In order for the low-energy electrons to overcom
the work function of the analyzer, which is 4.5 eV, a 3–4
bias is necessary to realize the full width of the spectra. T
reason for the higher bias value of 6 V is that, for AlN films,
charging effects which will distort the UPS spectra and sh
the spectra toward higher binding energies are often enco
tered. However, if a somewhat higher bias~6 V! is applied to
the sample, the full width of the spectra can be realized
pending upon the amount of charging. Unfortunately, in
case of charging, the peak positions will be shifted towa
higher binding energies, and it is generally impossible
accurately determine the surface Fermi level relative to
valence band maximum~VBM !.

Once UPS spectra have been collected from the cl
surface of AlN, the sample is transferred to the e-be
evaporation system for titanium deposition. Data are p
sented for a metal film thickness of 2 Å. The sample is
turned to the UPS chamber for further characterization.

III. RESULTS AND DISCUSSION

The results of AES and LEED indicate a clean, 131 sur-
face. The carbon signal was at or below the detection li
while there is a small peak due to the presence of oxyge
indicated in Fig. 1.

Photoemission spectra for clean AlN having thicknes
of 100 and 1000 Å are shown in Fig. 2. Since both film
were prepared identically, it is unlikely that there is a fund
mental difference in the surface Fermi level position. T
spectrum of the 1000 Å film is significantly shifted to high
binding energies, and the spectrum is distorted. These eff
are attributed to charging of the highly insulating AlN film

In order to determine the position of the VBM, and hen
determine the electron affinity of the sample, it is necess
to find bulk AlN features in the spectra to which all valu
can be referenced. We consider now the spectra of the 10
AlN layer where charging effects are not directly evide
There are three identifiable bulk features in the spectr
shown in Fig. 2~a!. The first and most dominant feature
located at;6.1 eV below the Fermi level. The second fe
ture is located at;9.3 eV below the Fermi level. The 9.3 eV
feature is more evident when the 40.8 eV excitation is e
ployed as indicated in Fig. 3. The third feature, which a
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2084 Ward et al. : Schottky barrier height and electron affinity of titanium 2084
pears as a shoulder to the secondary electron peak, is loc
at ;13 eV below the Fermi level.

In one study,13 these features are located at 6 and 8.5
below the Fermi level. The AlN samples in that study we
prepared by N2

1 ion beam bombardment of high-purity poly
crystalline Al. In a similar study on samples prepared in
same manner by the same authors,14 these peaks are reporte
to be located at 5 and 8.5 eV below the Fermi level. Th
peak positions were located at 5.8 and 8 eV below the Fe
level for samples consisting of 1000 Å of Al deposited
~100! Si and subsequently bombarded by N2

1 ions.15 In an-
other study,16 XPS results of AlN prepared by N1 ion bom-
bardment of monocrystalline~111! aluminum indicates tha
these peaks are located at 5 and 9 eV. The XPS results
in excellent agreement with the UPS results in that stu
These values were also obtained by Bermudezet al.5

FIG. 1. AES survey spectra of~a! 100 Å AlN on 6H–SiC and~b! 1000 Å
AlN on 6H–SiC. The spectra are normalized such that the absolute heig
the dominant AlKLL peak is one. The peak due to carbon is at or below
detection limit while there is a small peak due to the presence of oxyg

FIG. 2. UPS spectra of~a! 100 Å AlN on 6H–SiC and~b! 1000 Å AlN on
6H–SiC. In~b!, the peak positions clearly indicate the presence of charg
which will shift the spectrum to higher binding energies.
J. Vac. Sci. Technol. B, Vol. 18, No. 4, Jul ÕAug 2000
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In addition to surface charging there are several other
fects that could lead to shifts in the spectra, which would
reflected as changes in the binding energy. These inc
band bending due to surface states, a different bulk Fe
level, polarization fields, and nonequilibrium processes s
as surface photovoltage.

We note that the spectra plotted in Fig. 2~a! may also
exhibit the characteristics of charging or one of the oth
above mentioned effects since the values for the peak p
tions disagree with the other reported values by as much
eV. Given the obvious charging effect displayed in Fig. 2~b!,
it seems likely that surface charging may explain the sma
shifts observed in Fig. 2~a!.

Another set of studies7,8 has focused on the electron a
finity and electronic structure of AlN~0.2 mm thick! films
deposited on Si~111! by MBE. Their results indicate spectra
peaks located at;7 and ;11 eV below the Fermi level.
Comparing their spectra to those presented here and to
prior reports may suggest that the spectra are shifted;2 eV
accordingly to higher binding energies. After shifting th
spectra, the peak positions of the 7 eV peak and the 11
peak should then be 5 and 9 eV. We note this differen
since this study7,8 had noted a significantly larger electro
affinity than prior studies from our laboratory and from oth
reports.3–5

We continue to explore effects in our spectra that
apparently related to charging. Even if the spectrum in F
2~a! is shifted to higher binding energies due to charging,
expect the width~W! of the spectrum to be the same as lo
as there is enough bias applied to be able to discern the e
spectrum. For Fig. 2~a!, a series of scans were collected
different applied sample bias. The spectra were biased u
5 V in increments of 0.5 V. At a bias value of 3.5 V, th
width of the spectra stopped increasing. The spectra
sented in Fig. 2~a! were obtained with a bias value of 4 V
and the full width is discernible.

of
e
.

g

FIG. 3. UPS spectra of 100 Å AlN on 6H–SiC when~a! 40.8 eV excitation
and~b! 21.2 eV excitation is incident upon the sample. For~a!, the spectrum
is multiplied by 45. The vertical lines are located at 9.3 eV below the Fe
level and 6.1 eV below the Fermi level. The peak at 9.3 eV below the Fe
level is enhanced by the 40.8 eV excitation.
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2085 Ward et al. : Schottky barrier height and electron affinity of titanium 2085
Charging in itself does not necessarily affect the width
the spectra unless not enough bias is applied to discern
entire width of the spectra. For example, in Fig. 2~b!, a bias
of 6 V was applied to the sample, and the full width of t
spectra is still not discernible because the spectrum is sh
to higher binding energies by as much as 6 V~the peak that
should be located 5 eV below the Fermi level is located at
eV below the Fermi level!. Therefore, if we were to deter
mine the electron affinity from the spectrum presented
Fig. 2~b!, we would erroneously come to the conclusion th
the surface has a positive electron affinity of 4.5 eV.

The electron affinity as determined by photoemission
the following relationship:

x5hn2Eg2W, ~1!

wherex is the electron infinity,hn is the energy of the ex
citation source,Eg is the band gap of the material, andW is
the measured width of the spectra from the position of
onset of the emission to the position of the low energy end
the spectra. In all calculations in this study, a value of 6.2
is used for the band gap of AlN. Note that this relationsh
does not apply to the case of a negative electron affinity
that case, the low energy end of the spectrum defines
position of the conduction band minimum and not the po
tion of the vacuum level. If a surface exhibits a negat
electron affinity, this analysis would yield a value ofx50.
Therefore, the value of an electron affinity which is less th
zero cannot be determined from photoemission without o
supporting measurements.

We now consider one of the critical aspects in determ
ing the electron affinity from photoemission, namely the d
termination of the width of the spectrum. In Fig. 4~a!, we
present the results for the clean surface of AlN~100 Å thick-
ness! deposited on 6H–SiC and in Fig. 5~a! we present an
expanded view of the same spectrum. Examination of

FIG. 4. UPS spectra of~a! AlN ~100 Å thickness! deposited on 6H–SiC and
~b! 2 Å Ti deposited on 1000 Å AlN deposited on 6H–SiC. Note that a
result of the Ti deposition, the charging effects that were evident in Fig.~b!
appear to be reduced.
JVST B - Microelectronics and Nanometer Structures
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spectra shows a strong feature at 6.1 eV with scattering
tending up to;3 eV. We have compared this spectrum to
spectrum from a clean Ni film. In this comparison it is ev
dent that the scattering extending above the 6 eV pea
indeed real and attributable to electronic states of the sam
This scattering is neither broadening due to the instrum
nor spectral features associated with the weak 23.1 eV Heb
radiation. This additional scattering may or may not be re
resentative of the bulk states of the AlN. We therefore co
sider two different methods to define the VBM. In the fir
method, we ignore the additional scattering and line fit
leading edge of the 6.1 eV feature. The extrapolation of t
line fit will give the VBM with this approach. The dashe
line extrapolated to 4.4 eV below the Fermi level is the res
of this analysis.

In the second approach we consider that the scatte
extending above the 6.1 eV feature is due to bulk state
the AlN. Rather than a spectral analysis of this feature,
have instead drawn a vertical line on the graph that wo
indicate the position of the VBM if the surface had a neg
tive electron affinity. This line is drawn at 15.0 eV from th
low energy cutoff@as predicted from Eq.~1!#. Visual inspec-
tion indicates that this is a reasonable extrapolation under
assumption that these are indeed bulk states.

Wu and Kahn have proposed that this feature is due
contamination related states, particularly oxygen contam
tion in excess of a few percent as determined by XPS,
their samples.7,17 However, many of the spectra presented
the literature contain this feature.5,13–16,18,19In one study,20

this feature is attributed to the He Ib ~23.1 eV! radiation.
However, if it were the 23.1 eV radiation, this feature shou
mimic the corresponding part of the spectra that is lower
energy by 1.9 eV. Indeed, the origin of this feature is dif
cult to understand.

FIG. 5. Expanded view of the spectra shown in Fig. 4~a! AlN ~100 Å thick-
ness! deposited on 6H–SiC and~b! 2 Å Ti deposited on 1000 Å AlN de-
posited on 6H–SiC. They axis of ~b! is scaled with respect to~a! so that the
features of the clean surface and the features of the titanium-covered su
can be compared. The dashed lines represent the models utilized in d
mining the VBM.
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Given that the low energy cutoff is well defined at 18
eV below the Fermi level as indicated in Fig. 5~a!, the width
of the spectrum can now be determined for these two p
sible assumptions. We findx51 eV for case 1 where the
leading edge of the 6.1 eV feature is extrapolated to z
intensity, and we findx50 eV for the second case where w
consider the weak emission extending up to 3 eV.

We note that independent of our assumptions of
VBM, our data yield a larger spectral width and cons
quently a smaller electron affinity than those reported by
et al.7,8 One possibility that may account for this differen
is that the polarity of the films is different~Al or N face!, and
the different surfaces may have a correspondingly differ
electron affinity. It remains for future work to determine
the different orientations of AlN exhibit different values o
the electron affinity.

The Schottky barrier height~SBH! (Fb) can be measured
from the photoemission spectra by locating the valence b
edge (Ev) of the semiconductor and the Fermi level (EF) of
the metal. The position of the valence band edge is de
mined as described above. Thep-type SBH is defined as th
energy difference between the Fermi level and the VBM
the interface between the metal and the semiconductor u
equilibrium conditions. In the photoemission spectra, this
the value that can be directly measured. The value of
n-type SBH can be determined with a knowledge of the ba
gap. In order to determine the SBH with UPS, it is necess
to deposit an appropriate thickness of metal such that
tures of the underlying semiconductor are evident in
spectra. It is also extremely difficult to discern the position
the valence band maximum for a metal layer deposited o
semiconductor. Thus, it is necessary to obtain at least
spectra; one spectra obtained from the clean surface o
semiconductor and another spectra obtained from the s
conductor with a thin layer of metal deposited.

In Figs. 4~b! and 5~b!, we present the results for the 2
Ti deposited on 1000 Å AlN deposited on 6H–SiC. Note th
as a result of the Ti deposition, the charging effects that w
evident in Fig. 2~b! appear to be reduced. Comparing Fig
5~a! and 5~b!, only the AlN feature located at 6 eV below th
Fermi level can be discerned in both spectra.

We consider now the Schottky barrier determined fro
the spectra presented in Figs. 4 and 5. The width of
combined spectrum now extends from the Fermi level to
low energy cutoff at 17.2 eV. The vacuum level is then d
termined to be 4.0 eV above the Fermi level~i.e., Evac

521.2 eV 217.2 eV!. To complete a picture of the ban
alignments, it is necessary to determine the position of
VBM. Here again we will consider both possibilities noted
the discussion above. The band relations for the two ca
for x50 and x51, are illustrated in Figs. 6~a! and 6~b!,
respectively. In constructing this picture, we have also use
value of 4.3 eV for the work function of Ti.

The first aspect to note is that the surface has an incr
in the effective electron affinity rather than the hoped
decrease. Here again we note that we define the effec
electron affinity as the relationship between the semicond
J. Vac. Sci. Technol. B, Vol. 18, No. 4, Jul ÕAug 2000
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tor conduction band minimum~CBM! and the vacuum leve
with the metallic overlayer. Thus, depending upon the de
mination of the VBM, the effective electron affinity after T
deposition is 1.5 or 2.5 eV. In contrast, to the effect of Ti
diamond, which lowers the effective electron affinity, Ti o
AlN results in an increase in the electron affinity.

An indication that the deposition of a metal overlayer m
result in a reduction of the effective electron affinity can
obtained with a comparison of the electronegativity valu
for the atoms. The electronegativity is defined as the t
dency of an atom to attract bonding electrons. Therefore,
difference between the values of the electronegativity for t
atoms can provide a useful indicator of the polarity of t
resulting dipole that is formed.11 For an adsorbate atom tha
has a lower electronegativity value than the surface atom
the semiconductor, the resulting dipole field that is form
will be directed outward from the semiconductor. Thus, t
effective electron affinity would be reduced. In the case
AlN, Ti has a lower electronegativity than either Al or N
~1.54 eV for Ti as compared to 1.61 eV for Al and 3.04 e
for N!.11 This is the reason that it was proposed that
deposition of Ti would result in a reduction of the effectiv
electron affinity. This trend was not observed in this expe
ment.

Independent of the choice of the VBM, the amount
shift in the bands due to the interface dipole~D! is 1.560.2
eV. This shift then represents the change in the band al
ment due to the interface dipole. This change in band ali
ment is the difference between our measured results
those predicted from the Schottky–Mott model of the barri
There is a slight discrepancy~almost within the experimenta
uncertainty! between this analysis shown in Fig. 6 and t
amount of shift in the low energy end of the UPS spec

FIG. 6. Schematic of the band relations of the Ti/AlN interface. The t
schematics were obtained from different approaches for the analysis o
VBM of the AlN spectrum:~a! is obtained from the analysis yieldingx of 0
eV, and~b! is obtained from the analysis assumingx is 1 eV. The work
function of titanium (FTi) is 4.1 eV. Thep-type Schottky barrier height
(Fb) is 3.460.2 and 4.460.2 eV in~a! and~b!, respectively. The amount o
band shifting~D! is independent of the choice of VBM and is determined
be 1.560.2 eV.
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2087 Ward et al. : Schottky barrier height and electron affinity of titanium 2087
between the clean and titanium-covered surface which is
dicated in Fig. 5. From Fig. 5, the amount of shift in the lo
kinetic energy end of the spectra is 1.260.2 eV toward lower
binding energies. One possible explanation for this discr
ancy is that if we were to use a lower value for the wo
function of titanium, we would obtain a corresponding
lower value for the interface dipole in the calculation illu
trated in Fig. 6. The justification for using a lower value f
the work function of titanium could be reactive bonding
titanium with nitrogen from the AlN. Another possible ex
planation results from a closer examination of Fig. 5~b!. In
Fig. 5~b!, the spectrum extends to the Fermi level of t
system. In fact, the turn-on for the spectrum in Fig. 5~b! is
located;0.2 eV below the Fermi level. The spectrum cou
be shifted toward higher binding energies by 0.2 eV due
the presence of charging. If this is the case, then the shi
the low kinetic energy end of the spectra should be 1.460.2
instead of the observed 1.260.2 eV. Both of these explana
tions would result in values that are in closer agreement w
each other.

IV. CONCLUSIONS

We have explored the experimental aspects of photoe
sion measurements of epitaxial AlN films grown on 6H–S
Significant surface charging was observed for 1000 Å film
The choice of the position of the VBM was complicated
the presence of weak scattering that extends beyond the
eV feature. We have explored two possible methods to a
lyze the spectra, and we find a value for the VBM that diffe
by 1 eV depending upon the assumptions. Based on
analysis, we conclude that 100 Å of AlN grown on 6H–S
has an electron affinity value of either 0 or 1 eV depend
upon the choice of the position of the VBM.

Titanium was deposited on the clean surface ofin situ
grown AlN, and was characterized with UPS. For the case
x50 eV, the position of the VBM is 3.4 eV below the po
sition of the Fermi level. For the case ofx51 eV, the posi-
tion of the valence band maximum is 4.4 eV below the p
sition of the Fermi level. Therefore, thep-type Schottky
barrier height of titanium on AlN is measured to be 3.460.2
or 4.460.2 eV forx50 andx51 eV, respectively. Indepen
JVST B - Microelectronics and Nanometer Structures
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dent of the selection of the VBM, the observed Schott
barrier differed from that predicted by the Schottky–Mo
model by 1.560.2 eV. This value of the interface dipole
independent of the choice of the VBM.
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