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Report
AIM:

The meta-stable nitride TJAIxN finds widespread use as wear-protective hardirapah metal forming
industries. Previous studies comprised the infleent growth rate, temperature and Al-content on the
development of hiAlxN preferred orientation for deposition on amorphsulstrates [1, 2], which crucially
effects the coating’s performance. Also the hetgitagial M,.1AX,, phase TJAIN growth on a TggAl 03N
seed layer on MgO single crystal substrates attsaibstemperatures of ~700°C was reported [3]. The
epitaxial TRAIN growth mode and hence its microstructure wastbto depend on the substrate temperature.
To conclude for the role of the seed layer, duthmg present experiment we investigated the growdderof
Ti1xAlxN on MgO, varying its orientation as wells as tHecAntentx, and substrate temperature.

EXPERIMENTAL:

A total of six Ti;«AlxN samples were deposited onto single crystal MgO(111) and K§O0) substrates by
reactive magnetrooo-sputtering from Ti and Al targets in an Ar/N, atmosphere at substrate temperatures of
300 and 700°C. Prior to deposition, all substratese degassed and reconstructed by holding 700°Gri®
hour. All samples were deposited at a working pressf 0.35Pa with Ar and N fluxes of 2.76 and 1.38
sccm, respectively. To keep the deposition ratesteon at ~0.4\V/s, the total output of the Ti plus Al
magnetrons were kept at 85 W, with the Ti/Al powatios changing from 80/5 W to 60/28, in order to
change the Al concentration from=0.05 to 0.37. The total film thickness of up to 400 was achieved in
four to five deposition steps of approximately 100 each. Each sequential deposition step was ¢harasd

in two different scattering geometries: (1) low Engpecular reflectivity (XRR), either time-resalvat a
fixed angle to monitor each layer's growth mode thg corresponding x-ray intensity oscillations, or
angle-resolved for thickness and roughness detatiom (2) Large angle x-ray diffraction (XRD) to
determine phase formation and off-plane latticeapeters. The energy of the incident x-rays was
monochromatized th = 0.961 A.

THEORY:

The x-ray intensity oscillations observed duringvgth are associated with diffraction from alterngti
monolayer coverage§,, running from 0 to 1, wittg1 < 6. The intensity for an ideal layer-by-layer growth
of n monolayers, disregarding absorption, roughenind, substrate, can be written as (F [Zene“qd”)z,

with F being thestructure amplitudeg the momentum transfer during measurement,catine layer spacing.
Roughness can be included by interlayer diffusaigg or Gaussian height distributions.etal. [4] demon-
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Fig. 1. In situ growth oscillation results with fittings for (JdsAlo37)N deposited onto (a) MgO(100) and (b)
MgO(111). (c) shows the individual fit paramterstptd over the ratio of theoretical and measuredlges.

-strated that in case of roughening the intengitywe can be parameterized by a combination of lasaily
and exponential decay terms.

RESULTS:

Figure 1 shows exemplary results and fittingsntsitu data with the above parameterization, as displayed
the legends of Figs 1(a) and 1(b), with the indinadfitting parameters highlighted. The data webtamed
during the growth of TisaAlosN films, deposited at 300°C onto (a) MgO(100) arfgj MgO(111),
respectively. The measured data are plotted over miominal additional TissAlo3N(100) and
Tioe3Alo3N(111) monolayers, calculated from XRR thicknesaed XRD lattice constants obtained after
each of the four sequential deposition steps.

In general, oscillation measurements are carrigdabthe anti-Bragg “2*gposition, withd being the film
lattice spacing along the <hkl> direction of theamgred crystal truncation rod. This means evemsnsity
oscillation represents the completion of anothenofayer. However, when substantial surface rougtteis
involved only very few oscillations can usually bleserved under these conditions. Therefore, all Hate
were taken at a.@, value off the anti-Bragg position, at correspondincidence angles where the initial
intensity is high enough to detect several osailies during growth. Hence, at a constant growtle tae
number of oscillations per completed monolayer gearfor each measurement, as can be seen in B)g. 1(
Yet, the ratio between fitted and measured q vajue plotted over the ratio between theoretical and
measured g valuewgo/q Yield a straight line, as illustrated in the tgyer of Fig. 1(c). Therefore, also
measurements at differenggvalues can still be fitted with the same singietaby-layer growth model.
Furthermore, the decay of the oscillation amplitugheFigs 1(a) and 1(b) clearly indicate surfaaggiening,
which are accounted for by exponential attenuatibrthe sinusoidal oscillation and the overall irsiéy
whose factors are shown in the middle and bottgmraof Fig. 1(c). Following Let al. [4] these can also be
deduced back to any g value position, with a g%dépnce as illustrated by the fitted curves. Comgahe
different attenuation factors, theyF#Al o 3N surface roughening is by far more pronouncedherMgO(111)
than for the MgO(100). Data for low Al-contento$sAlgodN not shown here reveals an even more
pronounced difference in roughening. This can bdetstood by the difference in Ti adatom bindingrgiss

on the TiN surface being 10.09 eV for (111) and 8/3for (100), respectively. The difference in anat
mobilities is attenuated at a deposition tempeeatdir700°C. Hence the exponential decay for (1) (@00)
orientation is of the same low order, as has bbhews also in previous experiments [3].
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