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Report

AiMm:

The M+1AX, phases (n=1, 2 or 3, MAX) are a class of ternaryotaminates, consisting of a transition metal
M, an A-group element A and either nitrogen andémbon as X. They are subject of scientific intedes to
their unusual combination of both metallic and hpghtformance ceramic properties [1]. Over the Ya&strs
MAX phases have also been investigated in thin fimm, and their synthesis by DC magnetron spugeri
has been demonstrated for several carbide systemnghe nitrides, however, to date only theAIN phase
was synthesized, e.g. using reactive sputtering fedher a compound 2Ti:Al target [2] or elemerfaknd

Al targets [3,4]. Basal-plane oriented,AIN(0001) films are usually achieved by epitaxi@pdsition onto
lattice-matched MgO(111) or AD3(0001), with a required deposition temperature taeast 675 °C [4]. It
was previously demonstrated that this temperatorachieve basal-plane oriented epitaxiaglATN(0001)
films can be lowered down to 500 °C by making uksatid-state-reaction between already c-axis oe@n
AIN(0001)/Ti(0001) multilayer templates that werepdsited at 200 °C and later on annealed [5]. Sinee
material properties of FAIN are highly anisotropic, and single-crystal swates pose a high cost factor, the
aim of the current experiment is to investigate fbssibility of basal-plane oriented,AIN(0001) formation
by solid-state-reaction from self-organized ep#ii/AIN layers deposited onto amorphous SiO

EXPERIMENTAL:

8 samples were deposited onto Si(001) with a 1 lpiok amorphous Si©capping layer, using reactive and
non-reactive magnetron sputtering from Ti and Abéss at temperatures between 200 and 375 °C. The T
metal layers were deposited at a target power aiv4&nd with an Ar flux of 3.4 sccm at a working gsare

of 0.5 Pa, leading to a deposition rate of 0.59 Afe deposition parameters for the AIN layers veetarget
power 27 W, at Ar/Nfluxes of 2.16/0.66 sccm and a working pressur@. &b Pa, leading to a deposition rate
of 0.25 A/s. After each sequential deposition sthp, films were characterized by specular x-rajeogivity
(XRR) for thickness and roughness, symmetric xddfyaction (XRD) for phase determination and leti
parameters, as well as rocking curves and poledggto check for eventual preferred out-of-planertation
and texture. During each deposition, the time-reblspecular reflectivity was measured at fixedesof
0/26=1.4°/2.8°, to monitor each layer's growth modeb&quent to deposition, some layers were annegled u
to 600°C to check for FAIN formation. The incident x rays were monochroized toA=1.053 A.

RESULTS
Fig. 1 shows theén situ data obtained for a AIN/Ti stack deposited atlastnate temperature of 275 °C.
The XRD data in Fig. 1(a) show that a sequentipbd&ion of Ti and AIN onto Si@at Ts=275 °C
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Fig. 1: In situ results of an AIN/Ti stack: (a) sequential XRD idgrdeposition, (b) XRD during annealing, (c)
time-resolved XRR for each deposition step (d,ekirg curves (f,g,) pole figures for as-deposiaed annealed films.

(TJTu=0.28) yields a smooth Ti nucleation layer with referred low surface energy (0001) out-of-plane
orientation. This basal plane orientation is mangd for subsequent AIN and Ti layers, with a fiG&02
peak rocking curve full width at half maximum (FWHMf ~5.7° as shown in Fig. 1(d). The substantial
rocking cuve broadening for the Ti 0004 peak poittwards mosaicity rather than a limited in-plane
coherence length as reason for the rather large MWAITI deposition at 200°C leads to a rough naxtiesd

Ti nucleation layer due to insufficient adatom nmibp(T s/Tyw=0.24) with competitive growth, despite the ion
bombardment from the unbalanced magnetron. At asigpn temperature of 350°C Ty = 0.32), Ti-SiQ
interfacial reactions are induced, as demonstrayeek situ Rutherford backscattering spectroscopy (RBS),
which result in a comparably non-textured Ti nutttealayer, and hence a non-textured AIN/Ti statke
time-resolved XRR data in Fig. 1(c) display decgyand increasing oscillation amplitudes for Ti axidll
deposition, respectively. In contrast to previonpeziments [5], the Ti deposition rate was doulledhe
present case, leading to a more pronounced rougend hence faster amplitude decay during Ti depos
During annealing, shown in Fig. 1(b), at 375°C fingt stage of AIN/Ti interfacial reaction seemshe AIN
decomposition and nitrogen diffusion into Ti torfom TiN, compound, as can be deduced from the shifting
Ti peaks. Annealing to 500°C yields diffusion oftbb@eleased Al and N into the Ti, with consecutprease
transformation into BAIN with lattice-matching 111 orientation. When ieasing the temperature to 600°C,
already after the ramping period of approx. 5 mesutbAIN formation is evident by a JAIN 0002 peak.
Accordingly, the Ti 0002 intensity vanishes afteh@ding time of 60 minutes. The AIN 0002 peak tifl s
discernible due to AIN residuals, whereas all Ts lleeen transformed into ;AIN, exept a thin Ti-SiQ
interfacial layer as proven bgx situ RBS. Both, the BAIN and the residual AIN exhibit a narrow
out-of-plane orientation distribution, with a roogi curve FWHM of 2.5° and 5.3°, respectively [Fig)l.

Pole figures on Ti{101} and ThAIN{1013}, displayed in Fig. 1 (f,g), show, however, thamly the
out-of-plane Ti and BAIN orientation has a preferred and narrow distiidoy while the in-plane distribution
is fully random, as can be expected from the sginized pseudo-epitaxial growth of the Ti nucleatayer.
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