
THE POSSIBILITY OF UTILIZING MARTENSITIC PHASE 

TRANSFORMATION IN TRANSFERRING ELASTIC STRAIN TO THE 

DEPOSITED THIN FILMS 

F. Motazedian1
 

1 Department of Mechanical Engineering, School of Engineering, The University of Western Australia, 

Perth, Western Australia 6009, Australia 
 

ABSTRACT 

In this research, a new method to generate and maintain 

large elastic strain to thin films is presented. Taking 

advantage of unique thermo-mechanical behaviour of shape 

memory alloy, self-accommodated martensite NiTi is used 

as the substrate. Nb film with 100 nm thickness is deposited 

at room temperature on NiTi substrate. Crystal structure of 

as-deposited Nb thin film is examined by X-ray diffraction 

methods. To create the strain in Nb thin film, the NiTi 

substrate is uniaxially deformed. The deformation 

mechanism in the NiTi substrate is reorientation of 

martensitic variants that is uniformly distributed in the 

substrate and it is expected to be passed to the deposited Nb 

thin film on the substrate surface and induce tensile strain in 

the Nb thin film. Upon 6% tensile deformation and 

unloading, 5.3% tensile strain retained in the substrate. X-

ray diffraction analysis of the deformed Nb thin film 

revealed more than 1.5% d-spacing contraction in the out-

of-plane direction comparing with the as-deposited state. 

This suggests that the strain in the loading direction to Nb 

thin film is well above previous reports on elastically 

strained thin films. This discovery shows “elastic strain 

engineering” potential of NiTi substrates coupled with 

functional thin films and further enhancement of the thin 

film properties by inducing large elastic strains from a phase 

transforming substrate. 
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INTRODUCTION 

Creating elastic strain has become an emerging frontier 

science in materials engineering to enhance, tune or alter 

physical and chemical properties of thin film materials 

(Schlom, Chen et al. 2007, Li, Shan et al. 2014). 

Nanomaterials have been demonstrated to exhibit 

exceptionally large elastic strains (Yue, Liu et al. 2011, Qi, 

Qian et al. 2012, Yu, Feng et al. 2014, Zhang, Tersoff et al. 

2016). Thin films as two-dimensional materials are also 

able to withstand large strains before rupture, an 

opportunity for elastic strain engineering of thin films. 

However, creating maintainable and controllable elastic 

strain in thin films has been mostly limited to epitaxial 

growth of certain materials and limited applications. 

Generating strain using deformation of bulk conventional 

materials as the substrate has restricted elastic range of less 

than 0.5% due to plastic deformation and strain relaxation. 

Therefore, the true potential of elastic strain engineering of 

functional thin film materials has remained unrealized. 

NiTi alloys exhibit martensitic phase transformation, which 

can be described as uniform crystal lattice deformation at 

the atomic scale. Such lattice distortion is compatible with 

the elastic strains of nanomaterials, which is also uniform at 

the atomic scale, in contrast to the highly heterogeneous 

plastic deformation in conventional metals. Recently, this 

concept was realized in a breakthrough NiTi-Nb nanowire 

composite. It enables ultra large elastic strains to be induced 

in nanowires by a martensitic transformation matrix (Hao, 

Cui et al. 2016).  

Phase reorientation and transformation existing in NiTi, 

allows the material adjacent to it, i.e., the thin film, to be 

loaded for deformation at every atom uniformly, thus giving 

the possibility to achieve close to the intrinsic limits of the 

strength and strain of the film materials. 

EXPERIMENTAL PROCEDURE 

To study the possibility of inducing elastic strain from NiTi 

substrates, Nb was selected as the thin film material due to 

its proven ability to endure large elastic strains in the form 

of nanowires in the aforementioned NiTi-Nb composite. 

NiTi self-accommodated martensite phase selected as the 

substrate which can exhibit large and uniform strain up to 

6% via re-orientation of martensite variants under uniaxial 

tensile load. 

Nb thin film with 100 nm thickness was sputter deposited 

on NiTi shape memory substrate at room temperature. The 

structure, texture and morphology of the as-deposited Nb 

thin film were studied using out-of-plane x-ray diffraction. 

Tensile deformation of the NiTi substrate with Nb thin film 

was conducted using an Instron universal testing machine at 

room temperature at a strain rate of 3 × 10−4 𝑠−1. 

RESULTS 

Figure 1 shows the obtained out-of-plane XRD pattern 

taken of the as-deposited Nb film on NiTi substrate. 

Diffraction peaks of martensitic phase NiTi (labelled *) are 

as expected from the substrate and an additional strong peak 

(labelled #). This peak has been identified as Nb (110). The 

absence of Nb (200) and Nb (211) diffraction peaks 

indicates strong textured growth in the as-deposited Nb thin 

film.  
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Figure 1: out-of-plane XRD pattern of as-deposited Nb 

thin film on NiTi substrate 

 

Figure 2 shows XRD pattern of Nb film on NiTi after 

deformation and the tensile deformation behaviour of the 

NiTi substrate used in this study. As stated, the substrate 

was in self-accommodated martensite state at room 

temperature before deformation. Upon an axial deformation 

to 6%, the substrate retained 5.3% tensile strain once 

unloaded via martensitic reorientation (MR).  

As indicated (*) in Figure 2, NiTi peaks show reorientation 

of martensitic variants evident in the change of relative 

intensities of NiTi peaks comparing with the non-deformed 

sample in Figure 1. To investigate the induced strain, Table 

1 presents the measured Nb (110) d-spacings from the XRD 

peaks and the magnitude of the induced strain. 

 

Before deformation 

(d1) 

After deformation 

(d2) 

Strain 

𝜖𝑜 =
𝑑2−𝑑1

𝑑1
 

0.2458 nm 0.2419 nm -1.59 % 

Table 1: Nb (110) d-spacing changes 
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Figure 2: XRD pattern of deformed sample and tensile 

deformation of NiTi substrate with Nb thin film 

 

Since the performed XRD measures the out-of-plane d-

spacings, the calculated elastic strain 𝜖𝑜 in Table 1 is the 

contraction upon in-plane expansion of Nb (110) planes 

caused by the Poisson’s effect. Assuming Poisson’s ratio of 

Nb = 0.4, the induced strain in deformation direction can be 

estimated using (1): 

𝜖𝑖 =
𝜖𝑖

𝑣
≈ 4%   (1) 

CONCLUSION 

This article presents how martensitic re-orientation 

mechanism is able to induce and maintain elastic strain in a 

thin film material. The main findings are summarized 

below: 

1- Martensitic re-orientation of NiTi shape memory is 

capable of inducing elastic strain to the Nb thin film 

2- The out-of-plane elastic strain induced in the Nb thin 

film is more than 1.5%  

3- The in-plane strain in Nb thin film is estimated to be 

around 4% from 5.3% strain created by NiTi substrate 

This observation confirms that martensitic re-orientation in 

NiTi phase transforming alloy can be utilized in elastic 

strain engineering of thin films and opens an opportunity for 

larger elastic strain to be transferred to functional thin films 

deposited on NiTi substrate and greater enhancement or 

alternation of desirable properties. 
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