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Structure and electronic properties of Fe–Ti thin films 
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Fe/Ti multilayers (MLs) were prepared on glass substrates using UHV RF/DC magnetron sputtering. 

The results showed a significant drop in coercivity measured for the Fe/Ti MLs with decreasing Fe layer 

thickness, typically from H
c
 ≈ 2.2 kA/m to H

c
 ≈ 0.2 kA/m, observed at a critical Fe thickness of  

dcrit ≈ 2.3 nm. Structural studies showed that the deposition of a 0.18 nm Fe/0.22 nm Ti ML at 285 K 

leads to the formation of a uniform amorphous Fe–Ti alloy thin film due to strong interdiffusion during 

growth. On the other hand, in situ annealing of this ML at 750 K for 2 h resulted in the creation of 

a nanocrystalline phase. Furthermore, in situ XPS studies showed that the valence band of the nanocrys-

talline Fe–Ti alloy film is broader than that measured for the amorphous phase with the same average 

composition. 
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1. Introduction 

Metallic multilayers (MLs) composed of alternating sublayers of ferromagnetic and 

non-magnetic metals exhibit interesting magnetic properties which can be tailored by 

varying the compositions and thicknesses of the sublayers. In previous papers [1–4], we 

have shown that below the critical Co or Fe thickness (dcrit), Co/Zr (dcrit ≈ 2.8 nm) [1], 

Co/Ti (dcrit ≈ 3 nm) [2, 3], and Fe/Zr (dcrit ≈ 2.3 nm) [4] MLs are magnetically soft and 

exhibit a saturation magnetisation higher than that observed in conventional soft mag-

netic films. It has been found that Co (Fe) sublayers grow in the soft magnetic 

nanocrystalline structure up to dcrit [1–4]. Above dcrit, Co (Fe) sublayers grow in the 

polycrystalline structure with an average grain size greater than the magnetic ex-

change length [5]. On the other hand, it is well known that a suitable annealing of 
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Fe/Ti MLs leads to the formation of an amorphous phase due to a solid-state reaction 

[6]. Therefore, the spontaneous formation of a quasi-amorphous or nanocrystalline 

interface Fe–Ti alloy layer is very likely to proceed during the deposition of the 

Fe/Ti/Fe trilayer and especially Fe/Ti MLs. This is also consistent with the results of 

our structural and magnetisation studies for very similar systems Co/Ti, Co/Zr, and 

Fe/Zr MLs [1–4]. In this paper, we study the stability range of the polycrystalline and 

soft magnetic nanocrystalline iron phase as a function of the sublayer thickness. Fur-

thermore, we study the valence band of in situ prepared amorphous and nanocrystal-

line Fe–Ti alloy thin films. 

2. Experimental 

Fe/Ti MLs were prepared on glass substrates at 285 K using computer-controlled 

ultra high vacuum (UHV) magnetron co-sputtering. Fe and Ti targets were sputtered 

using the DC and RF modes, respectively. The base pressure before deposition was 

lower than 5×10–10 mbar. The chemical composition and the purity of all layers was 

checked in situ, immediately after deposition, after transferring the samples to an 

UHV (4×10–11 mbar) analysis chamber equipped with X-ray photoelectron spectros-

copy (XPS). The XPS spectra were recorded with AlKα radiation (1486.6 eV) at room 

temperature using a SPECS EA 10 PLUS energy spectrometer. All emission spectra 

were recorded immediately after in situ sample transfer to a vacuum of 8x10-11 mbar. 

The deposition rates of Fe and Ti were checked individually with a quartz thickness 

monitor. The thicknesses of individual sublayers were controlled mainly by varying 

their deposition times. The number of repetitions was increased with decreasing Fe 

and Ti sublayer thicknesses, so as to keep the total thickness of the samples at about 

50 nm and 500 nm for magnetooptical measurements and X-ray diffraction studies, 

respectively.  

The Fe/Ti MLs were prepared with either wedged Fe or wedged Ti sublayers. 

Wedge-shaped Fe or Ti sublayers with a slope of 0.05–0.125 nm/mm were grown by 

moving a shutter linearly or step-wise in front of the substrate during deposition. The 

structures of the samples with step-like wedge forms (areas with Fe and Ti sublayers 

of constant thickness) were examined ex-situ by standard θ–2θ X-ray diffraction 

(XRD) using CuKα radiation. The modulation wavelength was determined from the 

spacing between satellite peaks in low-angle XRD patterns. The results were consis-

tent with the values obtained by dividing the total thickness by the number of repeti-

tions. The thicknesses of the individual Fe and Ti sublayers were also determined 

using X-ray fluorescence analysis (XRF). The magnetic characterisation of the 

wedged Fe/Ti MLs was carried out utilizing the magnetooptical Kerr effect at room 

temperature. The coercive fields (Hc) were determined from in-plane hysteresis loop 

measurements. 
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3. Results and discussion 

The composition modulation of Fe/Ti MLs was confirmed in low-angle XRD 

measurements. We have observed from two to six satellite peaks for MLs with the 

thinner and the thicker sublayers, respectively. The wavelengths of modulation calcu-

lated from these peaks were in agreement with values determined from XRF meas-

urements. Figure 1a shows an example of a low-angle XRD pattern for the 

1.8 nm Fe/2.2 nm Ti ML. The intense satellite peaks up to the 4th order revealed the 

good quality of the multilayered sample. For the Fe/Ti MLs with dFe > 2.3 nm and 

dTi > 2.3 nm, high-angle X-ray diffraction patterns show the (110) and (002) reflec-

tions of bcc Fe and hcp Ti, respectively. The average Fe and Ti crystallite sizes in 

directions perpendicular to the substrates, as determined from the Scherer equation, 

are comparable to their respective sublayer thicknesses. Only very weak and broad 

peaks related to Fe and Ti sublayers were observed for MLs with dFe < 2.3 nm and 

dTi = 2.2 nm, in agreement with the X-ray diffraction studies reported in Ref. [3]. We 

have previously observed a very similar growth mode for Co sublayers in Co/Zr MLs 

[1]. The very broad and weak Fe and Ti reflections observed for dFe < ~2.3 nm can be 

explained by the nanocrystalline growth of the sublayers (average grain size D 

<< 10 nm), similar to that observed earlier for Co [1–3] and Fe [4] sublayers.  

  

Fig. 1. Low-angle X-ray diffraction patterns (CuK
α
) for the 2.2 nm Ti/1.8 nm Fe 

 multilayer (a) and high-angle X-ray diffraction patterns (CuK
α
) for the as deposited  

and annealed 0.18 nm Fe/0.22 nm Ti multilayer (b) 

The above behaviour was revealed by UHV STM measurements of the average in-

plane grain sizes, similar to the effect observed earlier for Co/Ti MLs [3]. Further-

more, the deposition of a 0.18 nm Fe/0.22 nm Ti ML at 285 K leads to the formation 

of a uniform amorphous Fe–Ti alloy thin film due to strong interdiffusion during 

growth. On the other hand, in situ annealing of the 0.18 nm Fe/0.22 nm Ti ML at 

700 K for 1 h resulted in the creation of a nanocrystalline phase. The corresponding 

XRD patterns are shown in Fig. 1a. The average crystallite size of the FeTi alloy film, 
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as determined from the FWHM of the peak shown in Fig. 1b using the Scherer equa-

tion, was about 8 nm. 

  

Fig. 2. Coercive field (H
c
) as a function of the Fe sublayer thickness for wedged Fe/Ti  

multilayers with dTi = 2.2 nm (a) and XPS spectra of the as deposited (broken line) and in situ annealed,  

at 700 K for 1 h (solid line), 0.18 nm Fe/0.22 nm Ti multilayer (b) 

Figure 2a shows the Hc values measured at room temperature as function of Fe 

sublayer thickness for wedged Fe/Ti MLs with dTi = 2.2 nm. A significant drop in coerciv-

ity with decreasing Fe layer thickness – typically from Hc ≈ 2.2 kA/m to Hc ≈ 0.2 kA/m 

– can be observed at a critical Fe thickness of dcrit ≈ 2.3 nm. The behaviour of coerciv-

ity shown in Fig. 2a can be associated with structural properties of the Fe layer grown 

on Ti, similarly to the transition observed earlier for Co/Zr [2] and Co/Ti [3] MLs. 

According to the above interpretation, iron sublayers grow in the soft magnetic 

nanocrystalline phase (D << 10 nm) for thicknesses lower than the critical one. In this 

case, the average Fe grain size is significantly smaller than the magnetic exchange 

length [5] for the iron layer (Lex ≈ 15 nm) [5]. For thicknesses larger than dcrit, Fe 

sublayers undergo a structural transition to the polycrystalline phase with an average 

grains size D > 15 nm [5]. 

Figure 2b shows the XPS valence bands of the as prepared (amorphous phase) and 

annealed (nanocrystalline phase) 0.18 nm Fe/0.22 nm Ti MLs. XPS measurements 

were performed in situ on freshly prepared samples with thicknesses of about 500 nm. 

The results showed that the valence band of the “as prepared” amorphous Fe–Ti alloy 

film (broken line) is broader than that measured for the polycrystalline bulk material 

[7]. On the other hand, the valence band of the nanocrystalline Fe–Ti alloy (solid line) 

is even broader than the valence band of the amorphous alloy (broken line). This is 

probably due to a strong deformation of the nanocrystals. Normally, the interior of the 

nanocrystal is constrained and the distances between atoms located at grain bounda-

ries expanded [1, 7]. Strong modifications of the electronic structure of nanocrystal-

line Fe–Ti alloy films could also significantly influence their hydrogenation proper-

ties [7]. According to existing semi-empirical models [8, 9] which can explain the 
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maximum hydrogen absorption capacity of the metallic matrices, the significant 

broadening of their valence bands is a very important factor, leading to an increase in 

hydrogen absorption. Such behaviour has already been observed in the case of me-

chanically alloyed nanocrystalline FeTi- [7] and LaNi5-type[10] bulk alloys. 

In the XPS experiment, we have also studied the growth of a Fe layer on 

a 10 nm Ti underlayer and the growth of a Ti layer on a 10 nm Fe underlayer. The 

freshly deposited 10 nm Ti/d0 Fe or 10 nm Fe/d0 Ti bilayer was transferred in situ 

from the preparation chamber to the analysis chamber, where the XPS Fe-2p3/2 and Ti-

3d5/2 core level spectra were immediately recorded in a vacuum of 8×10–11 mbar. The 

bilayer was then transferred back to the preparation chamber and the deposition proc-

ess of the overlayer was continued. From the exponential variation of the XPS Fe-2p 

and Ti-3d integral intensities with increasing layer thickness, we conclude that the Fe 

and Ti sublayers grow homogeneously [11, 12]. 

In conclusion, the planar growth of Fe and Ti sublayers was confirmed in situ by 

XPS. Iron sublayers grow on sufficiently thick titanium sublayers in the soft magnetic 

nanocrystalline phase up to a critical thickness of dcrit ≈ 2.3 nm. In situ XPS studies 

showed that the valence band of the Fe–Ti alloy thin film strongly depends on its mi-

crostructure. 
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