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Size-dependent yield strength and hardness of
Cu-Cr nanostructured metallic multilayers
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Abstract: Polyimide-supported and silicon-supported Cu-Cr nanostructured metallic multilayers with constant
modulation ratio (1) and constant modulation period (1) were respectively synthesized by means of direct current (DC)
magnetron sputtering. The size-dependent yield strength and hardness of Cu-Cr multilayers were respectively
investigated by uniaxial tensile test and nanoindentation test. It is revealed from the microstructure analysis that the
substrates have no influence on the microstructure of Cu-Cr multilayers, and that the layers are textured in the growth
direction with the Kurdjumov-Sachs orientation relationship, i.e., {111}Cu/{110}Cr and (110)Cw/(111)Cr. The
mechanical test results show that both the yield strength and hardness of Cu-Cr multilayers with constant # increase with
reducing 4, while those of the ones with constant 4 increase with increasing #. The deformation mechanism of Cu-Cr
nanostructured metallic multilayers transit from the slide of single dislocation confined to individual Cu layers to the load
bearing effect at a critical modulation period 4°(=25 nm) or a critical modulation ratio 7°(=1).
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Fig.1 Typical stress—strain curves of Cu-Cr nanostructured
multilayers with modulation period (4) of 50 and 100 nm on
polyimide substrate (a) and typical load—depth curves of
Cu-Cr nanostructured multilayers with modulation period 4 of
50 and 100 nm on Si substrate (b)
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Fig.2 XRD patterns of Cu-Cr nanostructured multilayers at
modulation ratio of #=1 in different modulation modulation

periods (1)
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Fig.3 Bright field TEM images showing cross-section view

of microstructure of Cu-Cr nanostructured multilayers with
A=25 nm, n=1 (a) and #=0.33 (b) (Inserts are corresponding
selected area diffraction patterns (SADP))
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Fig.4 Yield strength (cp,) of Cu-Cr nanostructured multi-
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Fig.5 Hardness (H) of present Cu-Cr nanostructured multi-
layers as function of modulation period (1) at #=1 (a) and

modulation ratio (1) at A=25 nm (b)
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