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X-ray photoelectron~XPS!, ultraviolet photoelectron~UPS!, and Auger electron spectroscopy
~AES! spectra are presented from epitaxial, single-crystal transition-metal~TM! nitride ~ScN, TiN,
VN, and CrN! layers, that were grownin situ in an ultrahigh-vacuum~UHV! magnetron sputter
deposition system attached to the analysis chambers. The samples are near-stoichiometric with
N/Me ratios determined by Rutherford backscattering spectroscopy~RBS!, and contain no bulk or
surface impurities detectable by XPS, AES, or RBS. The spectra therefore represent reliable
reference data. We also present XPS and AES data from sputter-etched samples in order to
quantitatively determine the effect of preferential sputtering of nitrogen in TM nitrides. The sputter
etching was performed under conditions typical for sputter cleaning of air-exposed samples until a
steady state N/Me ratio is reached. ©2000 American Vacuum Society.
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Transition metal~TM! nitrides are well known for their
remarkable physical properties including high hardne
physical strength, chemical inertness, and high tempera
stability. As a result, they have become technologically i
portant for applications such as hard wear-resistant c
ings, diffusion barriers, and optical coatings. NaCl-struct
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TM nitrides exhibit large single-phase fields, i.e., they c
sustain large vacancy concentrations on both cation
anion sublattices and are stable in the NaCl structure ov
large composition range. TiN, for example, is stable
N/Ti ratios ranging from 0.6 to 1.2. Thus, a common ch
lenge when depositing and analyzing these functional
TABLE I. Peak positions obtained from in situ XPS analyses „Mg Ka excitation … of as-deposited epitaxial ScN,
TiN, VN, and CrN layers. The spectra were fit with Doniach–Sunjic „2p… and Voight „N 1s… functions. N Õmetal
ratios before and after Ar ion sputtering, as determined by XPS using sensitivity factors from Ref. 2, are com-
pared with bulk data obtained by RBS.

XPS analysis ScN TiN VN CrN

Metal 2p3/2
Major peak 400.4 455.1 513.2 574.4

Binding energy Satellitea 457.9 515.5 575.5

~eV!
Metal 2p1/2

Major peak 404.9 461.0 520.7 584.0

Satellitea 463.8 523.0 585.1

N s 396.1 397.3 397.0 396.7

Composition As-deposited 1.13 1.00 1.02 0.73b

~N/metal ratio! After ion bombardment 0.99 0.73 0.46 0.55b

Bulk value from RBS 1.1160.03 1.0260.02 1.0660.02 1.0460.02

aThe satellite is due to a transition into a relaxed final state.
bThe composition determination of the CrN layers by fitting XPS peaks is less reliable because the commonly used Shirley method for background
subtraction does not accurately describe the experimental data. This may be related to an additional feature observed at 579 eV (for details see
spectrum) and/or a Cr 2p3/2 plasmon-loss peak.
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TABLE II. Peak positions obtained from in situ AES analyses „3 keV electron beam excitation … of as-deposited
epitaxial ScN, TiN, VN, and CrN layers. N Õmetal peak intensity ratios „Ig ÕIa ,b) before and after Ar ion sputtering,
as determined from differentiated AES data, are compared with bulk composition data obtained by RBS.

AES analysis ScN TiN VN CrN

Peak energy
Metal L3M 2,3M 2,3 ~a! 337.0 384.2 435.4 486.8

~eV!
Metal L3M 2,3M 4,5 ~b! 367.2 417.4 472.0 527.8

N KL2,3L2,3 ~g! 382.2a •••b 382.4 381.6

As-deposited I g/I a 1.00 •••b 1.95 1.69

I g/I b 2.00 2.52b 1.43 1.30

Intensity After ion I g/I a 1.01 •••b 1.54 1.14

bombardent I g/I b 1.82 2.10b 1.01 0.94

Bulk composition from RBS 1.0660.03 1.0260.02 1.0460.02 1.0260.02

aThe N KL2,3L2,3 peak overlaps with the weak Sc L3M4,5M4,5 peak (see spectra). The latter peak is ;6% of the Sc L3M2,3M2,3 in the pure metal
spectrum.
bFor the TiN AES spectrum, the N KL2,3L2,3 and the Ti L3M2,3M2,3 exhibit severe overlap (see spectra). Therefore, the peak position of
N KL2,3L2,3 is omitted in the table and the listed peak intensity ratio corresponds to the sum of N KL2,3L2,3 and Ti L3M2,3M2,3 divided by
Ti L3M2,3M4,5 (i.e., Ia1g /Ib).
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nitride coatings is the determination of composition, sin
the film properties are known to be strongly dependent
the anion-to-cation ratios~Ref. 1!.

Two commonly used techniques for determining t
nitrogen-to-metal ratio N/Me of TM nitride thin films ar
x-ray photoelectron spectroscopy~XPS! and Auger electron
spectroscopy~AES!. Obtaining reliable quantitative analy
sis is difficult, however, due to the following problems.~1!
Reference spectra from samples with known composi
are unavailable and~2! TM nitride layers are typically de-
posited by chemical or physical vapor deposition syste
e.g., reactive magnetron sputtering, which do not havein
situ analytical facilities. Thus, the samples are air-expo
prior to XPS and/or AES analyses. This, in turn, leads to
problem of deconvoluting preferential N sputtering effe
during ‘‘sputter cleaning’’ prior to chemical analysis.

The present investigation attempts to resolve both
the above listed impediments to quantitative analysis of
nitride thin films. We present the first XPS, ultraviolet ph
toelectron spectroscopy~UPS!, and AES data from clean
epitaxial, single-crystal TM nitride layers that were grow
in situ in an ultrahigh-vacuum~UHV! magnetron sputte
deposition system attached to the analysis chambers.
samples are near-stoichiometric with known N/Me rat
determined by Rutherford backscattering spectroscopy,
contain no bulk or surface impurities detectable by XP
AES, or RBS. The spectra therefore represent reliable
erence data which can be used in future investigation
TM nitride film properties vs N/Me ratio. In addition, hig
resolution XPS results provide insight into the ionicity
chemical bonding in these TM nitrides. Reference peak
sitions can be used to study local chemical environment
N and Me atoms in more complex compounds includ
168 Surface Science Spectra, Vol. 7, No. 3, 2000
off-stoichiometric nitrides, alloys, and nanocrystalline m
terials.

We also present XPS, UPS, and AES data from sput
etched samples in order to quantitatively determine the
fect of preferential sputtering in TM nitrides. The clea
surfaces of our epitaxial TM nitrides are sputter-etched
der conditions typical for sputter cleaning of air-expos
samples until a steady state N/Me ratio is reached. As
pected, strong preferential N sputtering was observed in
samples as shown in Tables I and II. The combination oin
situ spectra from as-deposited and sputter-etched epita
TM nitrides allow researchers to obtain much more relia
analyses from air-exposed samples.
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