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Abstract 

This work aims at studying the interaction between surface acoustic waves (SAW) and micro-

structured magnetostrictive layers under a magnetic field with a perspective to develop 

magnetic field sensors. The impact of the competition between the strong intrinsic magnetic 

anisotropy of the magnetic material and the shape anisotropy of the interdigitated transducer 

(IDT) fingers introduced by the micro-structuration is investigated. Therefore, the macroscopic 

and microscopic magnetic properties of the IDT and their influence on the magneto-acoustic 

response are studied. A SAW resonator with the IDTs made of the magnetostrictive thin film 

was elaborated and the magnetic surface acoustic wave (MSAW) response under a magnetic 

field was performed and discussed. Depending on the energy balance, the anisotropy gets 

modified and a correlation with the MSAW sensitivity to an externally applied magnetic field 

is made. 
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1. Introduction 

Magnetic sensors that are available in the market today are 

not only expensive, but also require external power supplies 

for operation. Some of these devices are also quite bulky and 

limited in terms of space and usability. Thus, Surface Acoustic 

Wave (SAW) sensors appear as reliable low profile, passive 

devices. The ease of coupling with antennas allows SAW 

devices to be interrogated wirelessly [1,2] while a 

multilayered structure allows packageless operation [3]. 

Temperature [4,5] strain [6], gas [7,8,9], humidity [10,11], 

pressure sensors [12,13,14] and even bio-sensing [15,16] have 

been the subject of many developments using SAW sensors 

showing that multisensory platforms can be developed. The 

implementation of magnetic materials in SAW sensors 

extended the measurement potential to magnetic fields 

through field-dependent strain induced by magnetization 

rotation in magnetostrictive materials [17,18,19]. The effect, 

referred to as the magnetoelectric delta-E effect, requires an 

accurate control of the easy axis of magnetization, both in 

direction and intensity. Studies conducted by Elhosni et al. 

[20] and Zhou et al. [21,22] have shown the possibility to 
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realize magnetic SAW (MSAW) sensors with a delay line 

configuration using a layered structure through a control of the 

easy axis of magnetization of the magnetic layer with respect 

to the acoustic wave propagation direction . Finite element 

based studies done by Elhosni et al. [23] also proved that high 

sensitivity may be achieved through proper selection of 

materials, especially the magnetic material, by decreasing the 

anisotropy field. SAW resonators with Ni interdigitated 

transducers (IDTs) were investigated by Kadota et al. [24]. 

Kadota et al. [24], Yamaguchi et al. [25] and Smole et al. [26] 

have also attempted to describe the physical phenomenon 

behind the sensor behaviour without any magnetic 

characterisation of the IDT. In our last report [27] we showed 

that the shape anisotropy induced in the magnetic IDT can 

reorient the easy axis of magnetization along the IDT length 

when the magnetic material is soft, limiting delta-E effects to 

geometries with applied fields along the acoustic wave 

propagation. By the use of 25×[TbCo2/FeCo] exchange 

coupled multilayers, a material known to have a high magnetic 

anisotropy induced by applying a magnetic field during 

deposition [21,22,28], we show that magnetic sensitivity can 

be kept with applied field along the IDT. The comparison 

between the macroscopic and microscopic magnetic 

properties of the IDT shows that a complex domain structure 

develops due to the competition between intrinsic and shape 

anisotropies but leading to MSAW response characteristic of 

a hard axis response.  So, we aim to explain the relation 

between the magnetic anisotropy of the sensitive IDTs and the 

MSAW response, and explore the implications regarding 

magnetic SAW sensors engineering. 

 

2. Experiments 

2.1 Fabrication 

200nm of [TbCo2(4nm)/FeCo(4nm)]×25 was deposited on 

a 128° Y-cut LiNbO3 (LN-128) substrate by RF sputtering 

using a Laybold Z550 frame. The layers are obtained by 

sputtering composite targets: one composed of Co with pellets 

of Tb for the TbCo2 layer and the other composed of an Fe 

target with Co pellets for the FeCo layer. The sputtering was 

carried out under a bias magnetic field of approximately 100 

Oe to induce a preferential magnetic anisotropy direction 

(Easy Axis or EA) parallel to the (X+90°) direction of the 

crystalline substrate (figure 1(a)). 

From the full film, synchronous single port SAW 

resonators were patterned using photolithography and dry Ar 

Ion Beam Etching (IBE) with a device wavelength (λ) of 

6.5µm (figure 1(b)). The SAW samples are labelled D (for 

Device). In order to measure the magnetic response of the 

IDTs, samples composed of only IDT fingers were also 

fabricated and are labelled V (for VSM). The devices were 

also fabricated with two different orientations of the wave 

propagation Q: (i) Q parallel and so IDT perpendicular to the 

EA of the full film (MSAW sample DIDT⊥EA and sample for 

magnetic characterization VIDT⊥EA) and (ii) Q perpendicular 

and so IDT parallel to the EA of the full film (MSAW sample 

DIDT//EA and sample for magnetic characterization VIDT//EA). 

Finally, since shape effects are linked to the width of the IDT 

fingers, 2 different metallization ratios (relative widths of the 

IDTs with respect to the device wavelength) have been tested 

(40% and 60%) for the magnetometry. The two metallization 

ratios allow us to monitor two different IDT widths. 

 

Figure 1: (a) Schematic of the sample configuration (full film) before lithography with the relevant directions. The inset 

shows the multi-layered structure of the film. (b) MSAW devices (100pairs of IDT and 200 reflectors on each side) and (c) 

the corresponding sample for magnetometry. The yellow arrow corresponds to the easy magnetization axis of the full film. 
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2.2 Magnetometry 

As a first step, vibrating sample magnetometer (VSM) 

measurements were carried out to determine the magnetic 

response of the full film. It presents a well-defined anisotropy 

along the (X+90°) direction and presents a hysteresis free 

reversal along X, the hard axis, with an anisotropy field close 

to 1690 Oe (green curves figure 2(a) and (b)) and a square 

hysteretic reversal when the field is applied along (X+90°) 

(green curves figure 2(c) and (d)). A saturation magnetization 

value of 497×103 A/m was thus extracted for the full film. 

In the second step, the full film was shaped into IDTs with 

the finger length along X+90°, i.e. parallel to the easy axis of 

the full film (sample VIDT//EA) and the VSM test repeated. As 

expected from a previous study [27] and micromagnetism 

theory, the easy axis of magnetization remains along X+90°.  

Sample VIDT⊥EA presents a hard axis response along X 

(black curves figure 2(a) and (b)) and a square hysteretic 

 

Figure 2: Normalized magnetization curves measured for the full film (green), for IDTs oriented parallel to the (X+90°) 

easy axis of the full film (black), and for IDTs oriented along X, perpendicular to the easy axis of the full film (red). 

Figures (a) and (c) report the measurements of IDTs with a metallization ratio of 60% ((b) and (d) those for 40%). Top 

figures (a) and (b) report measurements with the applied field along X and the bottom figures (c) and (d) report 

measurements with the applied field along X+90°. 

(e) MFM measurements on IDTs fabricated perpendicular to the anisotropy direction (Sample- VIDT⊥EA ). The dotted 

lines show the boundary of the IDT finger. (f) Domain structure calculated for a 12.5µm long and 200nm thick finger 

with: saturation magnetization of 500×103 A/m and finger width of 2µm. 
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reversal when the field is applied along (X+90°) (black curves 

figure 2(c) and (d)). The intrinsic anisotropy of the full film 

should thus be reinforced by the shape induced anisotropy. A 

rough estimation of the induced shape anisotropy field is 704 

Oe for the 1.29 µm wide fingers (40% of metallization) and 

204 Oe for the 1.95 µm wide fingers (60% of metallization). 

We can clearly see that the effective anisotropy field is higher 

but the reinforcement due to shape is not as high as expected. 

A measure of the saturation magnetization of the fingers, by 

taking the volume of the fingers into account (as measured 

through Atomic Force Microscopy) led to a value of 498×103 

A/m, close to the value obtained for the full film (505×103 

A/m). 

Subsequently, the full film was shaped into IDTs with the 

finger length oriented along X, i.e. perpendicular to the easy 

axis of the full film. This sample is referred to as VIDT⊥EA and 

its  

magnetic response is reported by red curves in figure 2. Even 

if a shape anisotropy that competes with the intrinsic 

anisotropy of the thin film is introduced here, the VIDT⊥EA 

sample still presents a hard axis response along X (red curves 

figure 2(a) and (b)). The magnetic response along X+90° 

shows an abnormal wavy response (red curves in figure 2(c) 

and (d)) with a magnetic remanence close to zero. Such kind 

of response is symptomatic of the creation of a domain 

structure at zero applied field. Therefore, magnetic force 

microscopy (MFM) has been performed and a zoom on one 

IDT is reported in figure 2(e).  A domain structure can be 

observed with alternating black and white contrast on the IDT 

finger border. In order to undoubtedly interpret the MFM 

contrast, micromagnetic calculations have been performed 

using the Mumax3 code [29]. The average parameters of the 

[TbCo2(4nm)/FeCo(4nm)]×25 multilayer have been used: 

saturation magnetization value of 500×103 A/m, exchange 

stiffness of 9×10-12 J/m and second order anisotropy of 

48.25×103 J/m3 orientated in plane and perpendicular to the 

finger length. The cell size has been fixed to 5nm. The 

configurations have been relaxed starting from the saturated 

state along the finger length. The micromagnetic 

configuration is reported in figure 2(f). Undoubtedly, the 

magnetization lies along the easy axis of the full film i.e. 

perpendicular to finger length. A domain configuration is 

stabilized in order to reduce the demagnetization energy as 

previously reported [30]. The surface charges are reduced by 

the creation of the red and blue flux closure domains. Those 

domains are at the origin of the hysteresis of the magnetic 

response observed when the field is applied along X (red 

curves figure 2(a) and (b)). When finger width decreases, the  

magnetization remains along the easy axis of magnetization of 

the full film but domain size decreases. As a result, a domain 

structure is stabilized in fingers with different metallization 

ratios tested in our study (40% and 60%). 

2.3 MSAW Measurement 

The resonant frequencies of the fabricated devices were 

determined from their S11 scattering parameters measured 

using a network analyser (Agilent PNA 5230A, Santa Clara) 

and RF probe station (PM5 Suss Micro-Tech). The MSAW 

measurements were made using a LakeShore cryogenic probe 

station (EMPX-HF) connected to a VNA (Rohde and 

Schwartz ZVA67) by a K-cable and GGB Picoprobes 

(40GHz). Since the magnetostriction-induced variation of the 

 

Figure 3: (A) Relative variation of the resonance frequency for device  DIDT//EA  (λ = 6.5um, η = 60%; EA // IDT) when a 

magnetic field is applied perpendicular to the easy axis. (B) Relative variation of the resonance frequency for device  DIDT⊥EA  

(λ = 6.5um, η = 60%, EA _|_ IDT) when a magnetic field is applied perpendicular to the easy axis. 
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resonator operating frequency is expected to be the strongest 

when the moments rotate towards the applied magnetic field, 

only the experiments with the field applied along the magnetic 

hard axis (X) are reported in the following. The variations of 

the resonance frequencies (relative shift) when a magnetic 

field is applied along X with maximum field value of 4 kOe 

are shown in figure 3. Device DIDT//EA, which has Rayleigh 

waves propagating along the X direction exhibits a frequency 

variation typically observed when the field is applied along a 

hard magnetization axis and shows a sensitivity of 2.38 

MHz/T in the [100 Oe - 950 Oe] range. Device DIDT⊥EA on the 

other hand shows a sensitivity of 0.247 MHz/T for the 

Rayleigh wave in the [380 Oe-1520 Oe] field range. There is 

an additional Shear-Horizontal component in this 

configuration (Device DIDT⊥EA). However, it is neglected from 

this study to focus exclusively on the Rayleigh wave. 

As far as the Rayleigh waves are concerned, the MSAW 

response depends on the relative orientations for wave 

propagation and magnetic anisotropy directions (figure 3 (a) 

& (b)). Since it has a direct dependency on the magnetization, 

it may also be noted that adjusting the width of the IDT will 

also lead to a control of the MSAW response. For this wave, 

the minimum frequency is expected at the point of maximum 

magneto-mechanical coupling (K2) that occurs when the angle 

between the applied field and the moment is 45° [31]. 

Assuming a magnetization rotation in a Stoner-Wohlfarth type 

when the field is applied along the hard axis, this happens 

when magnetization reaches 70% of the saturation 

magnetization. By the use of magnetic responses for the IDT 

given in figure 2(a) (red & black curves), those fields are 870 

Oe for VIDT⊥EA and 1340 Oe for VIDT//EA. Those values are in 

agreement with the measurements performed on the SAW 

devices (869 Oe for DIDT⊥EA and 1814 Oe for DIDT//EA). This 

difference in saturation fields partially explains the difference 

in magnetic sensitivity between DIDT⊥EA and DIDT//EA. Another 

difference is the SAW propagation direction, parallel to 

X+90° in DIDT⊥EA and parallel to X in DIDT//EA. 

3. Conclusion 

In conclusion, we have shown that the shape effects in 

magnetism do indeed play a crucial role in influencing the 

acoustic behaviour of a resonator type SAW sensor. This 

effect may be used in combination with appropriately selected 

materials, to engineer a sensor with a given sensitivity in a 

desired magnetic field range. This study also paves the way to 

future investigation of the intricate relations between magnetic 

anisotropy direction, SAW propagation direction and the 

nature of the substrate. 
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