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Abstract

AIN (Er) thin films were deposited by sputtering on M2 st€alSIl) and Si substrates with different thickness of ar{&)
interlayer. No significant variations were observed in the chemical composition and structure of #tnAfiNins. The films in
all cases presented excess nitrogen in relation to AIN stoichiometry. The diffraction peaks were strongly shifted to lower angles
due to the presence of Er. The hardness of the films is approximately 32 GPa and does not change with the thickness of th
Al(Ep) interlayer. The cohesion and adhesion of the @HN films were improved with the inclusion of the &tr) interlayer;
the cohesive and adhesive critical load values increased from 7 and 17 N to 15 and 27 N, respec®@€lg. Elsevier Science
B.V. All rights reserved.
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1. Introduction The use of thin metal interlayers to promote the
adhesion of thin films is well documented in the litera-

In recent years, AIN thin films have been successfully ture [11]. The aim of this work is to study the influence

deposited by sputtering, with scope for their possible of an AI(Er) interlayer on the mechanical properties of

applications in many fields of industry, such as electron- a AIN(Er) film deposited on M2 stee(AISI) and Si

ics, optics and acoustidd—7]. Moreover, owing to its  substrates. The thickness of the interlayer was varied in

high hardness associated with high thermal and chemicalthe range 0-0.7um and the structure, hardness and

stability, AIN is an excellent alternative for the protec- scratch-test behaviour of the samples coated were

tion of materials against wear and corrosion; a good studied.

example is the study carried out by Miao et |] for

the protection of organic photoconduct@®PC) mate- 2. Experimental details

rials. The doping of AIN with erbium allows for pho-

toluminescence in the visible range, which makes it an

interesting opt!on for use as seng[@]. Previously,. AIN sputtering from a 99.99% pure Al targét00 mm in
films doped with Er were deposited by sputterifid] giameter, 6 mm thick as reported in a previous paper
to try to produce a hard coating with luminescent 110 silicon ([100-oriented and heat-treated M2 steel
properties for use as a sensor to evaluate the wear angyere ysed as substrates. Before the start of each depo-
corrosion in coated mechanical components. BeSidessition, both the target and the substrates were pre-
obtaining luminescence, one very interesting result Was s ttered in a high-purity argof99.99% atmosphere

that the Er doping led to an important increase _in the 4t 0.75 Pa for 20 min. A shutter was placed between
hardness of AIN films[10]. Unfortunately, the coatings  the two electrodes to avoid cross-contamination. The

have only critical loads of 7 and 17 N for cohesive and jncorporation of Er in the AN films was achieved by
adhesive failure, respectivelp0], which makes them partially covering the aluminium target with 2 erbium
inappropriate for severe mechanical applications. pieces (10 mm in diametex All depositions were

The films were deposited by RF reactive magnetron

* Corresponding author. Tel.+351-239-790745; fax#+ 351-239- achieved with a discharge power of 600 W"z/Ptot:
790701. 0.5and a total pressure of 0.74 Pa.
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Table 1 y . Oxygen contamination of approximately 4 at.% is
Chemical composition of AIREr) sputtered films usually found in sputtered films, originating from the
Sample M2 substrate(at.%) Si substratdat.% residual atmosphere, particularly when elements with

great affinity for O (as is the case for Alare being
deposited without substrate bias. The/Bl ratio is
Al(Er) 928 - 63 09 - - - - higher in the non-reactive film than in Al¥r) coatings
:\\:HEEB - 1%-59 5512§ 113 ig il tie 1e a5 Crable D. Although no substrate bias was used during
AIN(ED 6 min 403 537 L7 43 418 524 16 42 deposition, the_ growing film is _bombarded by A_r neu-
AIN(EN 9 min 391 538 2.0 51 392 536 10 53 trals reflected in the target. This bombardment induces
a resputtering effect on the growing film, with species
of lower atomic weight(in this case the Al being

by glancing-angle X-ray diffraction using a Philips preferentially ejected12]. When the films are deposited
diffractometer with C6Ka) radiation. A Cameca SX in areactive atmosphere, strong Al-N bonds are formed,
50 electron probe microanalysiEPMA) instrument  making the preferential resputtering of the Al atoms
was used to determine the chemical composition of the more difficult. Thus, in a comparison between(E&f)
coatings. The mechanical properties of as-depositedand AIN(Er) systems, a higher Al resputtering effect is
coatings were studied by ultramicrohardness and scratchexpected in A[Er) films, which can explain their higher
tests. The hardness measurements were performed b¥er/Al ratio.

the depth-sensing indentation technique using a Fisch- All the films present a very compact cross-section
erscope H100. Each hardness value is the result of atmorphology, with no changes observed for the deposi-
least 10 indentation tests. The scratch tests were pertion of the interlayelFig. 1a—d. The interlayer is also
formed in a CSEM-Revetest fitted with an acoustic very compact, which contrasts with the columnar fea-
detector. A total of 10 scratches were made on eachtures observed in single Al filméFig. 1e,.

sample, measuring the load that gave rise to the first The presence of Er, probably replacing Al atoms in
cohesive failureL.;, and the load that was responsible its lattice, leads to strong distortions of the lattice,
for the first adhesive failureL., for each scratch. inducing compressive stresses in the films. These stress-
Further details on the characterisation techniques can bess contribute to close the open morphology of Al films,

Al N Er O Al N Er O

found elsewherg10]. making them more compact. This suggestion seems to
be confirmed by the X-ray diffraction resul(fig. 2).
3. Results and discussion Firstly, AI(Er) films show a clear shift of the peaks

position of the f.c.c. Al phase in relation to ICDD
standard(card 85-132Y and to Al films. The shift to

Table 1 presents the EPMA results for the . ) L
P A lower angles results from dilatation of the lattiCleigh

films deposited with and without an &r) interlayer _ _ )
on Si and M2 substrates. The chemical composition of Ntérplanar distancesinduced by the presence of the

the non-reactive AEr) interlayer deposited is also higher atomic-radius Er atoms. The high energetic_nature
shown. No significant variations are detected, either Of the sputtering process allows the incorporation of
among the Al-N films deposited on the same substrate,&f0mMs into solid solution, even if this process is ther—
or the same film deposited on different substrates. Modynamically unfavourable. However, the distortion
Excess N is detected in all the films as a consequencelNduced in the lattice leads to its mechanically instability,
of too high a N partial pressure used in the deposition. With the consequent tendency for the formation of an
For a similar gas-phase composition, Raveh et[@ll. amorphous structure. As can be observed in Fig. 2b, the
found only a very small excess in nitrogen in their Al- broad diffraction peakd(in comparison to single Al

N films, but working with higher deposition rates. On Sputtered film suggest a very low grain size. Higher
the contrary, other authorf2—5 have found that for ~ contents in Er could lead to complete amorphisation of
N, partial pressures above a threshold value, the Nthe films, as was previously observed in ARY) sput-
content in the films was independent of the gas phasetered films[10].

composition and the films were sub-stoichiometric in N The X-ray diffractograms of the AIREr) films depos-
(=AINgg). A possible explanation for the discrepancies ited on Si and steel substrates are shown in Fig. 3a,b,
in these values is the type of analytical technique usedrespectively. Only small changes are detected, either
for evaluation of the chemical composition. In the between the films deposited on different substrates, or
present work and that by Raveh et ], EPMA and among the films deposited on the same substrate. It was
Auger electron spectroscop¢AES) techniques were not possible to detect any systematic variation in the
used, respectively, whereas in the other works, X-ray peak positions among all the films tested, regardless of
photoelectron spectroscop¢XPS) was used as the the substrate or thickness of the interlayer used in the
analytical technique. deposition. Taking into account the similar chemical
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composition of the films, no changes in their residual

stresses should be expected. =
The films generally present a preferential growth §

orientation, as demonstrated by the much higher inten- <

sity of the (002 diffraction line in relation to(100)

and (10D, in contradiction to the ICDD standard for

the close-packed hexagonal AIN phasard 25-1133.

For Al-N sputtered films deposited without substrate

bias, the change in the orientation of theaxis from

perpendicular to parallel to the substrate is reported for J

W%uﬂ\&k

Intensity (a. u.)

discharge pressures over 1 P3. Thus, it would be
expected that a preferential orientation following the a)
[001] direction exists in the Al-KEr) films. All the N '
i ! ey . 35 40 45 50 55 60

peaks are positioned with a strong shift in relation to 20 degrees

the ICDD standard values, which was attributed to the

presence of Er substitutions for Al in the AIN lattice. Fig. 2. X-Ray diffractograms ofa) Al and (b) Al(Er) sputtered films.
Although there are almost no references in the literature

for the formation of the cubic AIN phasdCDD card

a) 1hm b) 1em

R

i3

Fig. 1. SEM images of the cross-section morphology of sputtered films(EdN(a) without; (b) with 3-min; (c) with 6-min; and(d) with 9-
min AI(Er) interlayer;(e) Al and (f) AI(Er) films.
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Fig. 3. X-Ray diffractograms of AIKEr) sputtered films deposited of@) Si and(b) M2 substrates.

87-1053 [1], in all the spectra, the shoulder on the left ples. Tensile cracking and interfacial, shell-shaped spal-
of the (002 peak is close to th€111) peak of this lation are congruent to the failures previously observed
phase. Vestiges of th€l1l) peak for the A(Er) inter- for this type of coating[10]. Two distinct effects were
layer can be detected in the X-ray diffractograms, detected when an AEr) interlayer was incorporated
particularly in the coated Si samples. Finally, it should into the film: for the cohesive critical load, a great
be remarked that in spite of the glancing angle of increase in its value was observed. However, the thick-
incidence, diffraction peaks of the M2 substrate can be ness of the interlayer has no influence on the values of
observed. As would be expected, their intensity is lower the critical load. It seems that the more compliant&x)
for thicker AI(Er) interlayers. layer allows a more efficient adaptation of the defor-
In agreement with the similar characteristics for films mation induced by the indenter, retarding the cracking
deposited with and without an &Er) interlayer, no of the AIN(Er) film.
significant changes were observed in the hardness values On the other hand, a progressive increase in the
(Table 2. adhesive critical load is registered with increasing
Lee et al.[7] found a decrease in the hardness of Al(Er) thickness. This effect can arise either from the
their AIN films when deposited on a Al interlayer. improvement of the adhesion forces between the
However, this decrease was attributed to the influence AIN (Er) film and the interlayeKsimilar to the improve-
of the soft Al layer. In fact, the comparison was carried ment in adhesion that Lee et dlZ] obtained for AY
out between a 200-nm-thick AIN film and a ALO0  AIN films), or to the increase in the global thickness of
nm)+AIN (100 nm film. For other type of fims(e.g.  the coating. For the same external applied load, the
TiC [13]), a significant increase in hardness was meas-shear stress at the interface fillsubstrate decreases
ured when a Ti or Cr interlayer was used in the TiC with increasing thickness. Thus, to reach the critical
deposition. However, no explanations were presentedstress for adhesive failure, a higher external applied load
for this effect. In comparison to the literature values for jg necessary in thicker films. The adhesive failure seems
AIN films [6,7], the hardness of AIREN) films is to occur at the interface between the ABY) film and
significantly higher, a fact attributed to the distortion the interlayer, as shown in Fig. 1d. The interlayer is
effect of Er in the AIN lattice[10].
Fig. 4 presents the cohesive and adhesive critical

loads determined by scratch-testing for the coated sam- 30 N N
254
Table 2 A
Hardness of AINEr) sputtered films z 207 a
- A

Sample Hardness § 157 v v v

(GP3 104
Al 1.740.1 v s Lo2
Al(Er) 4.6+0.3 51 v Lt
AIN (EP) 33.1+2.1 : 7 ; : : T
ﬁ:m EE"; 2 m?n gj%;—é Al(Er) Interlayer deposition time (min)

r 6 min 2+2.

AIN (Er) 6min (Si 33.0+1.8
AINEEr; 9 nl1in( ) 328120 Fig. 4. Critical loads determined by scratch-testing for 88 sput-

tered coatings.
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