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Nano-metallic multilayers are of interest both for their potential engineering applications and for the investigation of deformation mechanisms at the nano-scale.  

By combining layers of different metals it is possible to tailor the properties of the resultant material.  In this work a Ni/Cu/Nb trilayer system and a Ni-Cu/Nb 

bilayer system are compared with respect to their microstructure, mechanical properties and thermal stability.  It was previously found that the work-hardening 

coefficient of the trilayer system exceeded that of the bilayer (Schoeppner et al. 2015).  This property was attributed to the additional coherent interfaces in the 

trilayer system promoting confined layer slip in the Cu and Ni layers.  The presence of coherent interfaces were also expected to contribute to the thermal 

stability of the trilayer system; this stability could greatly enhance the engineering suitability of such multilayer systems.   

TEM of the trilayer system confirms the presence of many coherent 

interfaces between the Cu and Ni, as evidenced by continuous diffraction 

from the layers.  The presence of point contrast at many of these interfaces 

suggests the presence of misfit dislocations (2.9% lattice misfit) but further 

work is required to fully characterise the this.  Energy dispersive 

spectroscopy (EDS) was performed on the sample and no intermixing of Cu 

and Ni was detected in the as-deposited material. 
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Conclusions 

The presence of coherent interfaces in a Ni/Cu/Nb trilayer system is 

confirmed with TEM, confirming the validity of the confined layer slip model to 

this system.  Unfortunately, the hoped-for thermal stability of the system was 

not found.  The formation of a NiNb intermetallic at the incoherent interfaces 

led to considerable hardening of the system following annealing. 
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Figure 1: Bright field (l) and dark field (r) TEM of the Ni/Cu/Nb trilayer system. 

Instrumented indentation of trilayer and 

bilayer systems annealed to a range of 

different temperatures showed that the 

material was actually hardening.  This 

hardening effect was most pronounced 

after annealing to 500°C.  Further TEM 

samples were therefore made from this 

annealed material. 

HFCVD: 120 Jm-2 MWCVD: 55 Jm-2 

An indent in the trilayer material illustrates how the nano-metallic multilayer 

morphology forces all the layers to deform together.  This constraint means that 

the material can be as hard as the hardest component, Nb, rather than the 

softest, Cu.  Such uniform deformation may make the material suitable for 

energy-absorbing contact applications. 
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Figure 2: HAADF-STEM of an indent in the trilayer system 

HFCVD: 120 Jm-2

Figure 3: Variation of the hardness of the 

trilayer and bilayer systems as a function 

of temperature. 

Figure 4: Bright field TEM of the trilayer (l) and bilayer (r) material 

following a 500°C anneal.  

In figure 4, below, the presence of an additional phase on the Cu/Nb, 

Ni/Nb and Cu-Ni/Nb interfaces can clearly be observed.  EDS analysis 

found these layers to be composed of Ni and Nb in all cases, figure 5.  

There are several intermetallics to be found on the Ni-Nb phase diagram 

and it is not clear which one forms here, however, it is likely that this 

additional phase is responsible for the observed hardening of the 

material.  EDS of the trilayer system, figure 5, also found that 

considerable intermixing of the Cu and Ni has taken place following the 

500°C annealing process. 

Figure 5: Bright field TEM of the trilayer 

(top) and an EDS line profile across an 

Nb layer highlighting the presence of 

NiNb intermetallic at both interfaces. 
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