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Mechanical Properties of Ta/TaN Multilayer
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Abstract The Ta/TaN multilayer structure with repeating layers of a poly-crystalline Ta layer of high ductility and a
TaN layer of high hardness is expected to exhibit toughness. This paper reports the results on the hardness and the
adhesion strength of Ta/TaN multilayers and compositional gradient Ta~ TaNlayers deposited on the high speed steel
substrate by reactive sputtering as a function of annealing temperature.

The TaN film deposited with the N,/ Ar ratio of 0.4 in the reactive sputtering process exhibits the highest crystallini-
ty, and the highest hardness and the results of scratch test of the Ta/TaN multilayers. The hardness and adhesion
strength of the Ta/TaN multilayers becomes deteriorated with increasing the annealing temperature in the heat treat-
ment right after depositing the layers. Therefore, post-annealing treatments are not desirable in the case of the Ta/
TaN multilayers from the standpoint of mechanical properties. Also the hardness of Ta/TaN multilayers increases
with decreasing the compositional modulation wavelength, but the adhesion property of the layers is nearly indepen-
dent of the wavelength. On the other hand, the compositional gradient Ta-TaN film exhibits the highest hardness and
the value of scratch test for the post-annealing temperatures of 200°C and 400°C, respectively. This tendency of the
compositional gradient Ta- TaN films differs from that of the Ta/TaN multilayers.
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Table 1. Chemical composition of SKH 9.

(wt. %)
SKH 9 C Si Mn P S Cr Mo w \%
0.80/0.90 <04 <04 <0.03 <0.03 3.80/4.50 | 4.50/5.50 | 5.50/6.70 | 1.60/2.20
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Fig. 1. Microhardness of the Ta/TaN composite multilayer as a
function of (a) N,/Ar flow ratio, (b) post-annealing tempera-
ture, and (c) compositional modulation wavelength of (Ta+
TaN).
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Fig. 2. XRD spectra for the TaN film as a function of N»/Ar
ratio.
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Fig. 3. XRD spectra for the Ta/TaN composite multilayer as a
function of post-annealing temperature.
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Fig. 4. Auger depth profiles of the Ta/TaN composite multilay-
er for various post-annealing temperatures : (a) as-deposited,
(b) 600°C, and (c) 800C
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Fig. 5. Adhesion strength of the Ta/TaN composite multilayer
as a function of (a) N,/ Ar flow ratio, (b) post- annealing temper-
ature, and (c) compositional modulation wavelength of (Ta/
TaN).
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Fig. 6. Microhardness of the compositionally gradient Ta- TaN
film as a function of post-annealing temperature.
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Fig. 7. Auger depth profiles of the compositionally gradient Ta
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