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Abstract. Fe75Zr25/Cu64Zr36 multilayers metallic glass thin films have been prepared by magnetron 

sputtering herein. The magnetic studies shown that the saturation magnetization of this alloys 

increase after annealing under glass transition temperature (Tg). The change of the magnetization 

might be  attribute to structural transformation triggered by diffusion. This work offers an avenue to 

modify the nanostructure of thin films, and further to manipulate the physical properties of metallic 

glasses. 

Introduction 

Metallic glasses (MGs), or amorphous metallic alloys, are the form of noncrystalline materials 

with absence of long-range atomic ordering and/or periodicity as they are generally formed by 

faster rate melt quenching for stable glassy state retention. MGs are non-equilibrium materials 

which have emerged as a promising candidate for the novel engineering applications owing to their 

superior properties such as soft magnetic, excellent mechanical properties (i.e. high specific 

strength, large elastic limits up to ~2%) and high wear and corrosion resistance [1,2,3,4,5]. 

However, MGs have some limitations such as the exhibit poor room temperature ductility (<2%) 

and small product size due to limited glass forming ability [6]. Recently, thin film metallic glasses 

(TFMGs) with the nanoscale structural morphology have attracted great attentions as they have 

flexibility in fabricating complicate shape samples and possesses improved mechanical properties 

(i.e., good ductility and fatigue resistance due to their low dimension, which offers new 

opportunities to use them in micro- and nanoscale electronic devices [1].Basically the reduced 

granular size directly effects the volume fraction of atoms located at the glass-glass interfaces which 

plays an important role in determining the performance of these TFMGs [2]. Similar to 

nanocrystalline materials, varying the granule size of the MNGs thereby modifies their properties. 

Multilayers thin films consist of alternate layers elements/alloys deposited on various substrates. 

Such type of multilayers nanostructures have many valuable applications (e.g. magnetic sensors in 

read/write heads and in memory devices).Interface is a common unit which exists in multilayers and 

it has played a very important role in the manipulating the structure related properties of material 

[7,8]. It is a well-known fact that any changes in the interfacial region between two layers in such 

nanostructures can greatly influence their physical properties [9]. The typical interface width in 

most of the multilayers ranges in the order of a few nanometer. Therefore; in this context, nanoscale 

diffusion across the interfaces have great influence on modifying their properties, thus it has 

acquired a great significance. In general, a system usually seeking for a lowest Gibbs free energy 

state and this state of energy can be achieved through atomic diffusion for which the presence of a 

driving force (e.g. a chemical driving force) is needed.  

Diffusion mechanisms in amorphous metallic alloys are not well understood. This is partly due to 

the difficulty in measuring the very small diffusion coefficients which are typical of metallic glasses 

below their crystallization temperatures. Understanding the diffusion in metallic glasses can 

demonstrate the theory of solid state reactions[10]. Furthermore; self-diffusion of the constituent 
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species in a thin film may also occur which is equally important. Such a diffusion is responsible for 

the structural transformations which ultimately affect all the physical properties of thin films [11]. 

We choose two amorphous systems, Fe75Zr25 and Cu64Zr36, which show high glass forming 

ability to construct metallic glass multilayers. ΔH for Fe-Zr is -25kJ/mol and ΔH for Cu-Zr is -

23kJ/mol, but ΔH for Fe-Cu is 13kJ/mol [12] Fe and Cu are commonly considered immiscible 

elements. In our system of FeZr/CuZr multilayers, Zr is the common constituent element in both of 

the layers, therefore; its interfacial diffusion or self-diffusion must be determined. Usually, the 

diffusion rely on the diffusion activation energy, which is related with chemical composition, 

structure, size of the atoms, etc. If it is possible to control the process of diffusion, then we can 

control the region of interface, and further manipulate the interface to realize the different properties 

(magnetic and mechanical properties). Chen et al[2] prepared different component of Fe90Sc10and 

Cu64Sc36 system, with effect of the interface, the magnetization of the (Fe90Sc10) 0.74 (Cu64Sc36) 0.26 

alloy is even better than the pure Fe90Sc10 metallic nanoglass. In Martina Ahlberg’ work[13] the 

interface have made critical temperature anomalous enhance when the thickness of the magnetic 

layer is decreased from 6 nm to 2 nm in the amorphous FeZr/AlZr multilayers. It will be anticipated 

for us to achieve some extraordinary properties with manipulating the interface.  

Experimental Procedure 

The multilayer thin films were deposited by using JGP650 dual chamber magnetron sputtering 

facility, which is equipped with computer controlled two separate vacuum chambers i.e. sample 

loading chamber and sputtering unit, in order to avoid any contamination and ensure high vacuum 

stability. All the sample were deposited on Si (111) substrates at room temperature. Before 

deposition, the chamber was pumped down with a turbo-molecular pump system allowing a base 

vacuum of ~ 10
-5 

Pa before refilling with argon at the desired pressure around ~ 0.5 Pa. we used two 

separate alloys targets, Fe75Zr25 (diameter Ф=50mm, thickness=3mm), and Cu64Zr36 targets 

(Ф=50mm, thickness=3mm), this composition was reported with high glass-forming ability [14,15]. 

30 W Direct current (DC) power was used. The argon flow rate set as 40 sccm for all the 

experiments. The films growth rate was measured using cross sectional SEM thickness 

measurement. With computer control systems, we can easily control the shutters and the sputtering 

time of each targets. With vacuum furnace inside the machine, we can anneal the sample up to 

threshold glass transition point in high vacuum, to reduce the oxidation.    

The crystallographic structure were explored by X-ray diffraction (XRD) using Brucker D8 

Advance system using Cu Kα radiation (λ=0.154 nm). The working voltage of the instrument was 

40 kV with a current of 40 mA. The model of SEM is the Quant 250 FEG, the magnification is 14 

to 1000,000X, and it clearly see the thickness of the film and the morphology. TEM samples were 

prepared by focused ions Beam (FIB), a powerful tool in the nanoscale and the Cross-Beam System 

inside combines the 3D imaging and analysis performance of the GEMINI e-Beam column with the 

ability of a FIB for material processing and sample preparation at nanoscale. The morphological 

and compositional characterization of samples were done with FEI Tecnai 20, which is the most 

powerful atomic resolution transmission electron microscope (TEM) with the large acceleration 

voltage range of 20 to 200 kV for morphological characterization and electron diffraction.The 

magnetic properties were performed under the physical property measurement system 

(PPMS).Themagnetic field can up to 9 T and the temperature can vary from 2 to 400K. Magnetic 

measurements for  this multilayers were conducted under 4K, with field from -2T to 2T. 

Results and Discussion 

Composition and Structural Characterization 

Cu64Zr36 and Fe75Zr25are usedas primary sources to prepare multilayers. As using alloy targets can 

effectively control the composition and avoid the oxidation. The multilayers of Fe75Zr25 and 

Cu64Zr36are proved to be amorphous with XRD. The XRD pattern is shown in Fig.1. 
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Fig.1.The XRD of FeZr/CuZr 

As shown in SEM picture (Fig. 2a), the surface of the sample has some cracks. This kind of 

structure can usually prepare by sputtering technique, in which column state are formed. And with 

cross section of SEM (Fig. 2b), the thickness of the film are measured. From the thickness the 

growth rate can be calculated easily, thus, it is convenient for us to prepare thin film with particular 

thickness. 

Fig.2 (a)The morphology of Multilayers and, (b) the cross-section of the film. 

Microstructure of Multilayers 

Microstructures of multilayers are analyzed by TEM micrographs. The amorphous structure is 

easily confirmed by HRTEM, as shown in Fig. 3a, the atoms are distributed disordered, no evidence 

of any crystallites in the morphology. The different contrast in the pattern, it is due to the different 

atomic number of our composition. The bigger the atomic number, the darker in the picture. And 

the interface between the two layers is rough. From the inserted selected area electron diffraction 

(SAED) pattern(Fig. 3b), two diffused rings are presented, they can be corresponding to the two 

different structures in the multilayers.  

Fig.3 (a) TEM of multilayers and (b)The SAED of multilayers. 
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Thermodynamic of Multilayer 

The thermodynamic properties of the sample were measured by DSC from room temperature to 

873K, with 20K/min scan rate. Andit clearly shows the transition from amorphous to crystalline. 

And the Tg can be deduced from the curve, the Tg of CuZr is 733K, the Tg of FeZr is 743K, as 

shown in Fig. 4. The results are similar with others. [16,17] 

Fig.4.The DSC curves of FeZr and CuZrmetallic glasses. 

Magnetic Properties of FeZr/CuZr Multilayers 

The magnetic moment of FeZr/CuZr was measured to get the relationship between structure and 

property. One sample (original sample) is the multilayer without any treatment, the other one 

(annealing sample) is under annealing in high vacuum in 573K (which is lower than Tg) for 1h. The 

results show that after annealing, the magnetic moment of multilayer show a large increase, from 

0.8μB to 1.5μB, which is correspondent with our hypothesis that annealing enlarge the diffusion in 

the multilayers, causing the transformation of the amorphous structure (Fig. 5). So It is meaningful 

for us that changing the structure of material, we can get the different properties. 

Fig.5. The magnetization plots of FeZr/CuZr multilayers before and after annealing. 

Conclusions 

Multilayers of amorphous FeZr/CuZr have been prepared with sputtering. The SEM results reveal 

the thickness of the layers and are helpful for us to control the  thickness of films. With XRD and 

TEM, the amorphous structure are easily confirmed.The Tg of the amorphous multilayers can be 

observed from DSC curve. The magnetic properties of multilayers can be tuned by structural 

transformation triggered by diffusion. It is obviously that the diffusion and  interface effects in the 

multilayers are very important for materials’ unique properties. 
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