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Multilayer Ti(B-N) layers have been sandwiched between a TiN coating on treated AISI H11 steel and an outermost TiB2

coating. The films were deposited with plasma-assisted chemical vapour deposition (PACVD) and have been characterized
using electron spectroscopy techniques. The thickness of the total coating is 1.6 µm and comprised 21 layers. Earlier studies of
such coatings using X-ray diffraction (XRD), energy dispersive spectroscopy (EDS), and wavelength dispersive spectroscopy
(WDS) suffer from their relatively large analysis depths. In this work, Field-emission Auger electron spectroscopy (FE-AES)
was used to examine the composition of the multilayered films since it has a smaller analysis depth. AES line-scans across
cross-sectioned samples and AES depth profiling were used and are shown to be well suited for characterizing these
multilayered coatings. These results are compared with combined Field-emission scanning electron microscopy (FE-SEM) and
wavelength dispersive spectroscopy (WDS) measurements of the cross-sectioned samples.

Key words: plasma-assisted chemical vapour deposition (PACVD), hard TiN/Ti(B-N) coating, AISI H11 tool steel, Auger
electron spectroscopy (AES), Field-emission SEM, wavelength-dispersive spectroscopy (WDS)

Ve~plastne Ti(B-N) plasti so vrinjene med TiN prevleko jekla AISI H11 in zunanjo TiB2 plast. Plasti so bile nanesene po
postopku kemijske parne faze ob pomo~i plazme (PACVD), raziskali smo jih z razli~nimi tehnikami osnovanimi na elektronski
spektroskopiji. Debelina celotne prevleke iz 21 plasti je 1.6 µm. Prej{nje raziskave tovrstnih prevlek z rentgensko difrakcijo
(XRD), energijsko disperzijsko spektroskopijo (EDS), valovno disperzijsko spektroskopijo (WDS) niso dovolj natan~ne zaradi
relativno velike analizne globine. V ~lanku predstavljamo uporabo Augerjeve elektronske spektroskopije s FEG izvorom
elektronov (FE-AES) za raziskavo sestave posameznih plasti v ve~plastni prevleki. AES linijska analiza preko preseka vzorca in
AES globinski profil se je pokazala za zelo primerno za karakterizacijo tovrstnih ve~plastnih prevlek. Rezultate smo primerjali z
meritvami z vrsti~no elektronsko mikroskopijo s FEG izvorom elektronov (FE-SEM) in valovno disperzijsko spektroskopijo
(WDS) na pre~no prerezanih vzorcih

Klju~ne besede: s plazmo podprt nanos preko kemijske parne faze (PACVD), trde TiN/Ti(B-N) prevleke, AISI H11 orodno
jeklo, Augerjeva elektronska spektroskopija (AES) vrsti~no elektronska mikroskopija s FEG izvorom elektronov (FE-SEM),
valovno disperzijska spektroskopija (WDS)

1 INTRODUCTION

Hard thin films, such as Ti(B-N), are well known for
providing surfaces with a high hardness, and good
corrosion and wear resistance, giving them a wide range
of industrial applications 1–15. Duplex treatments con-
sisting of plasma nitriding the steel surface first and then
using plasma-assisted chemical vapour deposition
(PACVD) to deposit the hard coating has proven
successful in improving the wear, fatigue and corrosion
resistance, as well as the load-carrying capability, of
steel substrates 16–21. The increasing industrial demand
for improved hard coatings with tailored properties for
die casting and forging tools requires the development of
multi-element and/or multi-phase hard films, as well as a
better understanding of their composition.

Most of the published studies of Ti(B-N) film com-
positions use scanning electron microscopy (SEM),
wavelength-dispersive electron-probe microanalysis
(EPMA) 7,8,10,12, Rutherford backscattering spectroscopy
(RBS) 5, Bragg-Brentano X-ray diffraction (XRD)
2,4,7,8,9,10,12 and in some cases transmission electron
microscopy (TEM) 4,6. These techniques suffer from
their relatively large analysis depths or lack of depth re-
solution. In this investigation we have studied PACVD-
deposited thin films using Auger electron spectroscopy,
which is better suited for Ti(B-N) multilayer characte-
rization We demonstrate that a combination of tech-
niques such as AES depth profiling and FE-SEM give a
better insight into the chemistry and structure of
multilayered Ti(B-N) thin films. WDS measurements
were made on the same multilayered structure for com-
parison.
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2 EXPERIMENTAL

2.1 Deposition of the multilayered coating

The base material used for the substrate was AISI
H11 tool steel with the chemical composition (all in mas
%): Fe, 0.39 C, 0.34 Mn, 1.07 Si, 4.93 Cr, 1.26 Mo, 0.35
V, 0.011 Ti, 0.013 P and 0.0004 S. The samples were
vacuum heat treated with the same procedure used for
forging dies and then plasma nitrided in a Metaplas
Ionon HZIW system. The conventional and plasma
heating to the working temperature took 3 hours and the
nitriding lasted for 24 hours. After nitriding, the samples
were polished and sputter cleaned before the multi-
layered PACVD films were deposited.

The PACVD deposition on the prepared steel was
carried out using the standard TiN/Ti(B-N) process
developed by Rübig GMBH 22 in a bipolar-pulsed glow
discharge at a constant temperature of 530 °C, a pressure
of 200 Pa and a bias voltage of –500 V. The deposition
process was as follows: 1 hour of TiN, 8 hours of alter-
nating low and high boron-content Ti(B-N) multilayers
with the high boron content continuously increasing and,
finally, 1 hour of TiB2. The TiN films were grown using
N2 and TiCl4, Ar and H2 gasses, and for the Ti(B-N)
layers, BCl3 was also added to the deposition chamber.
The purity of all the gasses used was 99.9%. The coating
had a total of 19 alternating Ti(B-N) layers between TiN
and TiB2 resulting in a total layer thickness of 1.6 µm.
The multilayer arrangement started with a TiN layer on
the steel sample, and finished with a TiB2 layer as the
surface layer. The boron-containing coating was chosen
due to its small grain size, typically 5–7 nm, resulting in
an increased resistance to plastic deformation and
abrasion when compared to TiN 16,20,21.

2.2 AES line scan and AES depth-profile analysis

The AES instrument used was a Thermo Scientific
VG Microlab 310-F composed of two ultra-high-vacuum
chambers, one for sample insertion and one for the
analysis. The electron gun has a thermally assisted
Schottky field-emission source that provides a stable
electron beam in the range of 0.5 to 25 keV. The electron
energy analyzer is of the double-focusing spherical
sector type with an electrostatic input lens and can
provide an energy resolution of between 0.02% and 2%.
The spectrometer has five electron detectors and spectra
were acquired with a constant retard ratio (CRR) of 4,
which provides an energy resolution that is 0.5% of the
pass energy. For the cross-section studies, samples were
cross-sectioned using a JEOL Cross Section Polisher,
Model SM-09010, and analyzed using an AES linescan
at 10 keV beam energy. AES depth profiles of the hard
coatings were also measured with a 10 keV electron
beam and the sample was sputtered with a 1.2 nA current
of Ar ions at 3 keV. The AES data were acquired using
Eclipse V2.1 ver07 software and processed using
CasaXPS software.

2.3 WDS analysis

A metallographic cross-section of the multilayered
TiN/Ti(B-N)/TiB2 sample was prepared using a classic
metallographic procedure with a Gatan PECS 682 ion
polisher.

Secondary-electron images and back-scattered
electron images were obtained with a JEOL JSM 6500F
FE-SEM, with a working distance of 7.1 mm, an accele-
rating voltage of 8 kV and a beam current of 0.08 nA. By
reducing the accelerating voltage to 8 kV, the area of the
emitted backscattered electrons was reduced to a level
that enabled the separate layers to be imaged. The WDS
line scans were obtained in the FE-SEM using the
following standards: pure boron for boron analysis,
stoichiometric TiN for nitrogen analysis and pure
titanium for titanium analysis. The TiN standard was
made with thin film deposition, using a Balzers Plasma
Sputron; the TiN stoichiometry was confirmed by XRD
15. The WDS analysis was performed at 5 kV and 10 kV
accelerating voltages at currents of 5.0 nA and 9.2 nA,
respectively, using an Oxford Instruments INCA WAVE
700.

3 RESULTS AND DISCUSSION

3.1 AES line-scan analysis

Figure 1(a) shows an SEM image of the cross-
sectioned, multilayered TiN/Ti(B-N)/TiB2 hard coating,
together with the position where the AES line-scan was
made across the sample. Figure 1(b) shows the elemen-
tal concentrations determined from the AES line scan.
The N Auger peak overlaps a Ti Auger peak at 420 eV
and the N concentration was calculated by comparing the
overlapping peak with the 420 eV Ti Auger peak and
applying the following relationships:

I S Sc c385 385 385≈ +α α
N TiN Ti (1)

I Sc420 4≈ α
Ti Ti 20 (2)
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where I385 and I420 are the peak-to-peak intensities of
the overlapping Ti and N peaks at approximately 385
eV and the Ti peak at 420 eV respectively, the S are
sensitivity factors for N and Ti peaks at the indicated
energies, and the c are the indicated N and Ti concen-
trations. The combined N and Ti profile were calculated
first, then decoupled using the Ti profile from the Ti
peak at 420 eV. Note that B decreases while the N
increases with distance from the surface, although the
undulations of eight of the boron-depleted regions and
eight of the boron-rich regions can be seen in the Auger
linescan. There also appears to be a relatively flat region
in N concentration near the interface with the steel
substrate (corresponding to the TiN layer).
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