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For the determination of x and y of TiN, and TiB̂ N coatings two Auger methods are presented, 
one circumventing and the other minimising the difficulties arising from the overlap of the KL23L23 
and L3M23M23 peaks of N and Ti, respectively. The first method, developed for TiNx coatings, is 
based on the L3M23M45 valence band peak of Ti which develops a distinct second peak on 
nitridation, 3.9 eV below the main peak, labelled the L3M23Hybrid peak. After a simple Shirley 
background correction, a linear dependence of the L3M23Hybrid/L3M23M45 peak height ratio on 
the N/Ti ratio was found. This allows the determination of the N content of a TiNx compound. For 
TiBxNy coatings, a more complex shape of the L3M23M45 peak is obtained due to the presence of 
more than one phase, rendering this peak unusable for quantification. Therefore the N/Ti ratio is 
obtained from the L3M23M23/L3M23M4, peak intensity ratio for Ti. To minimise influences of the 
fine structure and improve the accuracy of the method, the negative peak excursions were artificially 
broadened. The N/Ti ratio so obtained is used in combination with the B concentration determined 
from the KL23L23 peak of B to yield the Ti-B-N composition.
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Introduction

There is a technological drive to develop materials 
with improved wear and corrosion properties. In the 
field of wear resistant coatings, the parameters of 
prime importance are hardness, toughness and corro­
sion resistance, which are all strongly dependent on 
the chemical composition. Titanium nitride is re­
garded at present as one of the most important techni­
cal coatings. It exhibits exceptional wear and corro­
sion resistance properties, has good electrical 
conductivity, a high melting point, and an attractive 
golden colour. The coating has many applications, 
primarily as a wear/corrosion resistant layer on cut­
ting tools, but also as a diffusion barrier in semicon­
ductor devices and as decorative coating. Titanium 
boron nitride is a coating in the development stage, 
offering very high hardness in combination with very 
low friction. Investigation of the chemical composi­
tion and microstructure yielding the best properties is 
the subject of the present research. Much work has 
of been undertaken to establish a simple and accurate 
method for the determination of the composition of 
TiNx Films. Many techniques, principally Auger Elec­
tron Spectroscopy (AES), X-ray Photoelectron Spec­
troscopy (XPS), Rutherford Backscattering Spectros­
copy (RBS) and Energy Dispersive X-ray Analysis 
(EDX) have been considered [1-8]. None of the tech-
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niques is ideally suited. The low Rutherford scattering 
cross-section of N and the lowering of the signal/noise 
ratio with decreasing film thickness limits the accu­
racy of the RBS technique. EDX also has a large 
escape depth and this, combined with the overlap of 
the Ti LI and N Ka lines and the low probability of the 
N Ka emission causes difficulties with quantification. 
The more surface sensitive electron spectroscopic 
techniques are normally prefered for thin film analysis, 
but for TiNx problems of peak overlap and peak fit­
ting in AES and XPS, respectively, have resulted in 
many different approaches [1, 2, 5, 6, 8]. For XPS, the 
unusual structure in the Ti 2p region between the 
Ti 2p1/2 and Ti 2p3/2 lines has been ascribed to satel­
lite structure or the presence of oxygen which varies as 
a function of N concentration, causing uncertainties in 
the peak area measurements [1, 6-8]. Different back­
ground subtraction methods and peak fitting ap­
proaches have been applied in an attempt to circum­
vent this problem.

In AES, the overlap between the N -K L23L23 and 
the T i-L3M23M23 peaks necessitates an appropriate 
subtraction method with a secondary Ti peak in order 
to obtain the N -K L 23L23 peak intensity. However, 
the T i-L3M23M45 peak, not interfering with N, has 
been observed to undergo substantial peak shape 
changes on nitridation and oxidation [9, 10]. In this 
paper these peak shape changes are investigated in 
detail for a range of TiNx compositions. The electronic
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structure modification causing the observed peak 
shape changes will be interpreted, and a new method 
for the determination of the N/Ti ratio using the 
L3M23M45 peak shape changes will be presented. As 
none of the analytical methods is ideally suited for the 
determination of the N content, the Ti/N ratio of the 
sample set obtained previously in this laboratory by 
XPS will be taken as reference.

For the ternary T i-B -N  system, the complexity of 
the T i-L3M23M45 peak shape changes precludes the 
use of this peak for quantification. The N/Ti ratio must 
be extracted from the overlapping T i-L 3M23M23 and 
N -K L23L23 peaks. In a report of a "round robin" 
study, Perry et al. have summarised 4 different meth­
ods which have been used by authors in an attempt to 
correctly determine the N/Ti ratio from spectra ac­
quired in the derivative mode [2], Some of these meth­
ods make the assumption that peak shape changes 
arising from differing TiN ratios do not affect the 
positive or negative excursions used for quantifica­
tion. Palmer has suggested that smoothing of high 
energy resolution data is a useful method to reduce the 
errors induced by lineshape distortions [4], This tech­
nique will be considered for the determination of 
the N/Ti ratio of T i-B -N  samples. Quantification of 
all three elements can then be performed using the 
B-KL23L23 peak in conjunction with the obtained 
N/Ti ratio.

Experimental

TiN;,. samples of varying stoichiometry were grown 
by reactive ion beam sputtering. Films with a thick­
ness of 300-500 nm were deposited onto glass sub­
strates. The preparation conditions have been de­
scribed in detail in [11], and we have used samples and 
results described in that paper. The N/Ti ratio was 
evaluated there by XPS from the ratio of the areas 
under the N Is and Ti 2p peaks, and the results were 
calibrated against a stoichiometry reference sample.

A novel method was used in the preparation of the 
sputter deposited T i-B -N  films, enabling a variation 
of the Ti/B ratio within the sample set. Onto a BN 
target, 0.7 x 0.7 mm titanium pieces were mounted at 
regular spacings. To produce a range of T i-B -N  com­
positions, the ratio of Ti/BN coverage was progres­
sively increased by reducing the spacing.

Auger analysis was performed on a Riber Nanoscan 
50 spectrometer. An incident beam voltage of 5 keV 
and current of 80-120 nA was employed. Measure-
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Fig. 1. Oxygen peak intensity as function of Ar ion etch time 
(energy 3 keV; 0.2 pA).

ments were taken with the MAC2 analyser operating 
at constant analyser energy (CAE mode). For the 
TiNx samples, a high energy resolution of 0.5 eV and 
step width of 0.1 eV was employed to obtain well re­
solved spectra of the T i-L 3M23M45 peak region. An 
energy resolution of 3 eV and step width of 0.5 eV was 
used to obtain the T i-B -N  wide scan spectra. The 
spectrometer was calibrated with an Al X-ray source 
and the Cu 2p3/2 and Cu 3p peaks referenced to the 
Fermi level at 932.67 and 75.14 eV, respectively [12]. 
Prior to analysis, the samples were sputtered using an 
argon ion gun rastered over an area of 0.7 mm2, oper­
ating at an incident beam voltage of 3 keV and 0.2 pA. 
The Auger analysis was taken with a rastered beam 
from the central region of the crater, over an area of 
<0.1 mm2. In order to study the Ti peak shape in 
detail it is particularly important to completely re­
move the native oxide by etching. Figure 1 shows the 
reduction of the oxygen peak intensity on the surface 
of Ti and TiNj 06 as a function of etch time. After an 
etch of 150 seconds, the oxide from both samples has 
been removed and a bulk signal is obtained. For uni­
formity and possible preferential sputtering effects, an 
etch time of 150 seconds, prior to analysis, was em­
ployed for all samples examined.

Results

1. TiNx Samples

Figure 2 shows changes in the T i-L 3M23M45 spec­
tral region with increasing N concentration. The 
L3M23M45 peak present in the pure Ti spectrum de-
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Fig. 2. Ti-L3M23M45 direct mode high resolution raw spec­
tra for various N concentrations from 0 to 1.06.

creased in amplitude, with no substantial change in 
peak position as the N content increased. As a conse­
quence of Ti-N bond formation a second peak 
emerges about 4 eV below the main peak, which 
grows with increasing N concentration. A description 
and interpretation of these peak shape changes on 
nitridation has not been reported in the literature and 
so will be considered in the following section.

1.1 In te rp re ta tio n  of the Ti LMM
peak shape changes on n itr id a tio n

The M23 level for Ti has a binding energy of 34.6 eV 
[13] and exhibits properties of a core level, whereas 
the M45 level refers to the 3d valence band. The 
L3M23M45 transition for Ti reflects the Ti partial 
density of states in the valence band, and changes in 
this peak should be relatable to valence band calcula­
tions for Ti in different environments. The d-band 
DOS calculations for Ti and TiN have been reported 
by Hygh and Welch [14] and Neckel et al. [15], respec­
tively, and the latter are shown in Figure 3. The calcu­
lations of Hygh and Welch indicate the presence of a 
single peak in the DOS within 1.5 eV from E{.

In the L3M23M45 spectrum recorded here for Ti 
there is a single peak at 419.2 eV. For Ti in TiN, the 
DOS calculated by Neckel et al. show that the pres­
ence of N has caused a substantial rearrangement of 
the d state density (Ti 3d partial DOS), with a consid­
erable number of electrons being drawn to a higher 
binding energy, the maximum lying very close to 5 eV. 
This new electron density maximum should be evident 
in the T i-L 3M23M45 spectral region for TiN and is 
clearly the origin of the secondary peak at lower ki­
netic energy in Figure 2. This transition has been as­
signed as the L3M23Hybrid peak and occurs in the 
raw data at 3.9 eV below the L3M23M45 valence band 
peak. (The L3M23 M 45 peak position shifts to 
419.5 eV on nitridation and for the TiNx 06 spectrum 
after an approximate peak overlap deconvolution, the
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Fig. 3. DOS calculation for TiN (taken from Neckel et al. 
[15]). For the Auger Ti-L3M23M45 peak only the Ti 3d 
partial DOS has to be considered.
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peak separation increases to 4.25 eV, in excellent 
agreement with the calculated data.) It can be seen 
from the predicted DOS and the XPS/UPS measure­
ments of Porte et al. [16] and Johansson et al. [17] that 
the electrons at higher binding energy combine with 
the N 2p electrons to form a strong hybrid orbital, 
which is the cause of many of the extraordinary prop­
erties of this material. However, the DOS calculation 
predicts that a significant fraction of the d electrons 
remains close to the Fermi level, giving rise to the 
excellent electrical conduction properties of the mate­
rial and explaining the continued presence of the 
L3M23M45 peak in the spectra for TiN.

1.2 D e te rm in a tio n  of the N /T i ra tio

The distinctive change in the structure around the 
LMM peak clearly provides a potential source of in­
formation from which the N/Ti ratio can be found. 
The determination of intensities is best performed by 
measurement of peak areas, but the complex peak 
structure and undetermined transition probabilities 
make this approach untenable. Consequently, quanti­
fication of intensity was performed by measuring peak 
heights after subtracting the background. The step 
like nature of the background in the Auger spectrum 
for the recorded peak set enables the use of a simple 
Shirley background subtraction. In order to have a 
direct relation of the measured raw data with the N 
content, the intensity at the position of the two peak 
centres was taken, and the L3M23Hybrid/L3M23M45 
peak height ratio (expressed as a percentage) as a 
function of the N/Ti ratio was plotted in Figure 4. The 
N/Ti ratio was previously determined using XPS [11]. 
It can clearly be seen that the peak height ratio de­
pends linearly on the N content. This has the interest­
ing implication that the number of d electrons ex­
tracted from the metallic bonding to be involved in the 
formation of the hybrid orbital varies linearly with N 
concentration. The offset at N/Ti = 0 is due to a con­
tribution from the peak tail of the pure Ti sample at 
the hybrid peak position.

2. T i-B -N  Samples

For the quantification of T i-B -N  samples, the Ti/N 
peak overlap remains problematic, and use of the 
T i-L3M23M45 peak is again attractive. However, the 
tertiary T i-B -N  system is more complex with the 
possible presence of many different phases [18]. The
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N/Ti ratio
Fig. 4. Peak height ratio after a Shirley background correc­
tion of the Auger raw data peaks (LjM^Hybrid/LjM^M^ 
in %) as function of the N/Ti ratio determined by XPS [11]. 
The offset at N/Ti = 0 is due to the long tail of the pure Ti 
line.

Fig. 5. The Auger Ti-L3M23M45 peak for TiB2, TiNt ( 
and Ti.

predominant phases for T i-B -N  compositions show­
ing good mechanical properties are TiN and TiB2 [19]. 
Figure 5 shows standard spectra taken of Ti, TiNx 06, 
and TiB2. From these spectra it can be seen that, 
when both TiN and TiB2 are present in the same 
material, a more complex peak shape will be obtained 
with no clear separation of the peak components,
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Fig. 6. Differentiated spectra for Ti, TiN and TiB2.

making the use of the T i-L 3M23M45 peak shape 
changes untenable as a simple quantification method.

Many other methods have been suggested for deter­
mining the Ti/N ratio from the Ti-LMM peak set 
recorded for TiNx samples. Palmer has reviewed 
many of these methods and mentioned the important 
point that the lineshape of the three peaks in the Ti- 
L3MM triplet are affected by changes in chemical 
state, making the use of spectral subtraction as a 
means of extracting one peak from two overlapping 
peaks, potentially erroneous [4]. Differentiated spectra 
for Ti, TiN and TiB2 are shown in Figure 6. There is

a stronger positive excursion of the T i-L 3M23M23 
peak for TiB2 compared with Ti, and the peak-to- 
peak ratio of the L3M23M23/L3M23M45 peaks is sub­
stantially different between the two materials. TiN, as 
seen in the previous section, has a strongly modified 
L3M23M45 positive excursion. Degrading the energy 
resolution of the spectrum by smoothing can reduce 
the effect of line shape changes on quantification, as 
the contribution from the fine structure becomes 
folded into a standardised lineshape, the peak-to-peak 
measurement then being again proportional to the 
peak area. This method is described in detail by 
Palmer [4], Consequently, for potential use in quanti­
fication of T i-B -N  spectra, this procedure was tested 
for smoothing wide scan spectra of TiN,,. samples of 
varying stoichiometry, many of which were used in the 
TiNx study described in Section 1. A combination of 
a 25 point smooth and 25 point differentiation was 
found to remove the fine structure.

For determination of the Ti/N ratio, Palmer used 
the ratio of the T i-L 3M23M23+ N -K L23L23 (nega­
tive excursion)/Ti—L3M23 M 45 (peak-to-peak). How­
ever, for the samples examined here, a slightly better 
fit to a linear function was obtained for the ratio 
T i-L3M23M23 + N -K L23L23 (negative excursion)/ 
T i-L3M23M45 (negative excursion). The results and 
calibration curve are shown in Figure 7. With the cal­
ibration curve, it is now a simple procedure to obtain 
the N/Ti ratio. The B-KL23L23/T i-L 3M23M45 sen­
sitivity factor was determined from a TiB2 standard, 
and using this factor, the stoichiometric TiBxNy com­
position can then be calculated.

N/Ti Ratio
Fig. 7. Plot of the Ti-L3M23M23/L3M23M45 peak intensity 
ratio (negative excursions) as a function of N/Ti ratio deter­
mined by XPS [11].
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Discussion

The new Ti-L3M23Hybrid/L3M23M45 peak height 
ratio method described for TiNx stoichiometric deter­
mination has the following advantages:

(i) only a single peak need be recorded;
(ii) little data processing is required;
(iii) after simple determination of the peak height ra­

tio, the Ti/N ratio can be immediately read from 
the calibration curve;

(iv) information regarding the bonding of Ti can be 
extracted from each data set;

(v) inherent errors in T i-L 3M23M23/L3M23M45 
peak subtraction/ratio methods due to peak 
shape changes are avoided.

For Ti-B -N , the situation is more difficult as the 
N/Ti peak overlap problem is unavoidable. Employ­
ment of any Ti-L3M23M23/L3M23M45 peak inten­
sity ratio method to obtain the Ti/N ratio from 
Ti-B -N  samples is potentially erroneous, as it as­
sumes that the presence of TiB2 in addition to TiN 
does not change the Ti peak intensity ratio. However, 
use of the smoothed negative excursions to establish 
the N/Ti ratio for T i-B -N  samples does have two 
advantages. Firstly, theL3M23M45 positive excursion 
and its substantial peak shape changes are avoided 
which, even after smoothing, probably show a non­
linear variation through the range of TiNx composi­
tions. Secondly, the presence of TiB2 in addition to 
TiN leads to an increase in the positive excursion of 
the T i-L 3M23M23 peak. If the peak-to-peak instead 
of the negative excursion had been used for construc­
tion of the calibration curve, then in the presence of 
TiB2, the N/Ti value read from the curve would be 
underestimated.

The scatter of results from the T i-L 3M23M23/ 
L3M23M45 peak ratio calibration curve is larger than 
those obtained from the high energy resolution 
L3M23Hybrid/L3M23M45 peak-height ratio method. 
Consequently, the peak-height ratio method should 
be used for accurate TiNx composition determination. 
The difficulties with quantifying Auger spectra for 
T i-B -N  combined with the larger uncertainty in the 
accuracy of the result would favour the consideration 
of other analytical methods for simple composition 
determination, in spite of the rapid acquisition time

for AES. For depth profiling studies, where substan­
tial variations in the elemental composition with 
depth (and not the absolute composition) is the most 
important parameter to be studied, the method de­
scribed above is recommendable. We have found XPS 
to give reliable composition values and important ex­
tra chemical state information regarding Ti-B -N  
films [20].

Conclusions

The quantification of Auger spectra for the impor­
tant thin film materials TiNx and TiBxNy has been 
considered. For TiNx, high energy resolution Auger 
spectra of the L3M23M45 region have shown the 
growth with nitridation of a clearly resolvable sec­
ondary peak at approximately 4 eV below the main 
peak. The observed peak structure changes have been 
compared with theoretical valence band calculations, 
enabling an interpretation and discussion of the origin 
of the secondary peak and its assignation as an 
L3M23Hybrid transition. A plot of the L3M23Hybrid/ 

23M45 peak height ratio as a function of N con­
tent shows a linear dependence. It is proposed that the 
substantial changes in T i-L 3M23M45 valence band 
peak on nitridation of Ti be used as a new method of 
calculating the Ti/N ratio for TiN* samples of un­
known stoichiometry.

T i-B -N  films exhibit at least two phases. TiN and 
TiB2 are predominant in compositions showing inter­
esting wear and corrosion resistant properties. The 
presence of these two phases produces a more convo­
luted T i-L 3M23M45 peak shape than for TiNx, pre­
cluding its use for quantification. The overlapping 
T i-L3M23M23 and N -K L 23L23 peaks must be used 
for quantification. After smoothing the data to remove 
the peak fine structure, a plot of the T i-L 3M23M23/ 

23M45 peak ratio (negative excursions) against 
the N/Ti ratio provides a calibration curve from 
which the N/Ti ratio can be determined. This method 
of N/Ti ratio determination was found to be less accu­
rate than the L3M23Hybrid/L3M23M45 peak height 
ratio method. For accurate absolute T i-B -N  compo­
sition determination, AES is not recommended, but is 
advisable for following substantial composition varia­
tions in depth profiling studies.
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