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Ion-beam mixing induced quasicrystalline phases were studied predominantly in binary systems, such as 

Al-Mn [1, 2], Co-Cu [3], Fe-Cu [4] and Al-Fe [5], in multilayer structures composed of alternating layers 

of the constituting elements. In this work we focus on the formation and evolution of the d-AlCoCu 

quasicrystalline phase [6] in a ternary multilayer structure subjected to MeV heavy ion-beam irradiation at 

different temperatures. The samples were prepared using magnetron sputtering deposition of 26 

alternating layers of Al, Co and Cu, with the overall chemical composition Al64Co16Cu20, onto 

a monocrystalline Si (100) substrate, with Al always being the interlayer between Co and Cu as well as the 

bottom and the top layer. These were then subjected to 30 MeV Cu5+ ion irradiation with fluences from 

11013 to 51014 ions.cm-2 at 300°C, 400°C and 500°C. The samples were analyzed by scanning electron 

microscopy (SEM), x-ray diffraction (XRD) and energy-dispersive x-ray spectrometry (EDS). Ion 

irradiation at fluences above 11014 ions.cm-1 caused mixing of Al with Co and Cu and dissolving the 

initial multilayer structure at 300°C. At 400°C and 500°C, however, an interface sharpening at the Co 

layers was observed, whereby this effect is more pronounced at higher temperature. The Al and Cu layers 

mixed well in any case. A possible explanation for this behavior is the evolution of the Al2Cu phase with 

increasing temperature, which probably slows down Co diffusion into adjacent layers. Presence of the     

d-AlCoCu phase was confirmed by XRD in all samples irradiated with 51014 ions.cm-2 fluence. XRD 

peak heights and number of crystallographic orientations is increasing with temperature, which might 

indicate that increasing irradiation fluence and temperature could lead to a quasicrystalline film. 

1. D. A. Lilienfeld, M. Nastasi, H. H. Johnson, D. G. Ast, J. W. Mayer, Phys. Rev. Lett., 55, (1985), 1587. 

2. J. A. Knapp, D. M. Follstaedt, Nucl. Instrum. Meth. Phys. Res. B, 19/20, (1987), 611. 

3. Z. F. Li, B. X. Liu, Nucl. Instrum. Meth. Phys. Res. B, 178, (2001), 224. 

4. G. W. Yang, W. S. Lai, C. Lin, B. X. Liu, Appl. Phys. Lett, 74, (1999), 3305. 

5. A. Traverse, E. Belin-Ferré, Z. Dankázi, L. Mendoza-Zélis, O. Laborde, R. Portier, J. Phys. Condens. Matter, 8, 

(1996), 3843. 

6. P. Priputen, T.Y. Liu, I. Černičková, D. Janičkovič, V. Kolesár, J. Janovec, J. Phase Equilib. Diff., 34, (2013), 

1547. 

This work was supported by the European Regional Development Fund, Research and Development 

Operational Programme under contracts ITMS:26220120048 and ITMS:2622022079, the Slovak 

Research and Development Agency under contract No. APVV-15-0049, the Grant Agency VEGA under 

contracts No. 1/0018/15, 1/0219/16 and 1/0330/18. 

https://maps.google.com/?q=J%C3%A1na+Bottu+25&entry=gmail&source=g
mailto:pavol.noga@stuba.sk

	
	d-AlCoCu phase formation in alternating Al-Co-Al-Cu multilayers due to ion irradiation
	Pavol Noga
	Ivona Černičková
	Juraj Halanda
	Pavol Priputen
	Jozef Janovec

	tmp.1524837108.pdf.oPkxC

