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Enhanced Performance Love Wave Magnetic Field
Sensors with Temperature Compensation

Yang Yang, Harshad Mishra, Prince Mengue, Sami Hage-Ali, Member, IEEE, Sébastien Petit-Watelot, Daniel Lacour,
Michel Hehn, Hamid M’Jahed, Tao Han", Member, IEEE, and Omar Elmazria”, Senior Member, IEEE

Abstract — Temperature compensation is critical and
important for surface acoustic wave (SAW) magnetic field
sensors. In this study, a Love wave mode based SAW device is
investigated as a magnetic field sensor. The considered structure
is composed of a CoFeB magnetostrictive film as sensitive layer,
SiO2, and ZnO film as insulating and temperature compensation
layers and ST+90° -cut quartz as substrate. A theoretical model
is proposed to study the magnetic field sensitivity and
temperature coefficient of frequency (TCF) variations.
Optimized structures by calculation were fabricated and
characterized and obtained results show a good agreement
between experiments and our model simulation. We clearly
shown that signal performances as well as the flexibility of the
resonator design were improved by adding the isolating SiO2
layer. Thus, a sensor showing a near zero TCF (0.1 ppm/°C) and
a magnetic field sensitivity of -420 ppm/mT was achieved with
the structure CoFeB(100 nm)/SiO2(250 nm)/ZnO(300 nm)/
Quartz(ST-X+90°). This multi-layered structure is beneficial to
design reliable SAW magnetic field sensors.

Index Terms— Love wave resonator;
magnetic field sensor; temperature compensation;

magnetostriction;

l. INTRODUCTION

Magnetostrictive materials are widely applied in the areas
of sensors and actuators owing to their ability to transduce
between the magnetic and mechanical energy [1]-[3]. Surface
acoustic wave (SAW) devices based on magnetostrictive
films have been extensively studied for the development of
magnetic field sensors, current sensors, and tunable SAW
filters [4]-[9]. The frequency of the SAW resonator is
sensitive to the applied surface strain, stress, and the changes
of elastic constants. The magnetostriction effect and AE effect
are intrinsic properties of magnetostrictive materials. On the
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one hand, magnetostriction effect generates magnetostrictive
strain and stress when an external magnetic field is applied;
On the other hand, the elastic constants of magnetostrictive
materials change dependent on the applied magnetic field (AE
effect), thus affecting the resonance frequency. In previous
reported studies, a lot of efforts have been made towards the
development of reliable SAW based magnetic field sensors
with different magnetostrictive materials, such as Nickel (Ni),
Terbium-Iron (TbFey), Iron-Cobalt (FeCo), Galfenol (FeGa),
and Metglas (FeCoSiB) [10]-[15]. A magnetic field sensitivity
of 2.17 ppm/mT was obtained by Kadota et al. on a Ni/quartz
structure [10]. A SAW velocity change of -0.27% at the field
of 400 mT was achieved by Yamaguchi et al. in a delay line
consisting of an amorphous ThFe; film [11]. An FeCo coated
sensor with the sensitivity of 17.72 kHz/mT was developed at
300 MHz by Wang et al. [12]. Smole et al. obtained a
frequency variation of -1.21% for the magnetically tunable
SAW resonator at 1.2 GHz with the applied magnetic field
between 0 and 5 mT [13]. A maximum velocity change of
0.64% was obtained on a SAW delay line by Li et al. using a
500 nm thick FeGa thin film with the coercivity [14]. A
measured phase change of 300°is achieved from 0 to 2 mT on
a delay line structure with a 200 nm thick FeCoSiB film by
Kittmann et al. [15]. As noted in these research work, the
properties of magnetostrictive films play crucial roles.
Moreover, the environment temperature is a factor affecting
the performance of SAW sensors [16]. Thermal expansions
and material constants dependent on temperatures affect the
resonance frequency of SAW resonators. An unavoidable fact
is that the SAW magnetic field sensors without temperature
compensation are sensitive to both magnetic field and
temperature. The changes of temperature will cause the
frequency drifts of sensors [17]. Therefore, a SAW magnetic
field sensor with a high sensitivity and a zero temperature
coefficient of frequency (TCF) is essential for applications.
One-port Love wave mode resonators have the potential of
being wireless sensing platforms for measuring magnetic field.
On the one hand, the wave-guiding layer of a Love wave
mode resonator can protect the interdigital transducers (IDTs)
and reflector gratings naturally; On the other hand, the
magnetostrictive thin film is deposited directly on the wave-
guiding layer as sensitive medium that enhances the sensing
areas and thus improves the sensitivity to the magnetic field
[18]. However, the frequency variation of a Love wave



magnetic sensor caused by the environmental temperature is a
critical factor that affects the measurement accuracy. Thus,
temperature compensated structures for the zero TCF along
with a large magnetic field sensitivity attract much attention.

In this work, a theoretical model is proposed to study the
sensitivity of SAW resonance frequency to a magnetic field.
The model also describes the frequency-temperature
characteristics. The model is validated by the study of a
CoFeB/ZnO/quartz Love wave based structure. Thereafter, a
proposal is made to develop a new structure based on
CoFeB/SiO2/ZnO/quartz. This later structure allows more
flexibility of film thickness choice and is more suitable to
operate at high frequencies in MHz range. The ZnO and
CoFeB have negative temperature coefficients. However,
SiO; has positive temperature coefficients. The temperature
coefficient of frequency (TCF) of ST+90°-cut quartz is also
positive. Therefore, the temperature compensation is realized
due to the combination of ST+90°-cut quartz, ZnO, SiO,, and
CoFeB films. The Si1 response and magnetic field sensitivity
of the sensor are improved. Finally, the accuracy of the model
for the magnetic field sensitivity is validated by experiments.

The remaining of paper is as follows: In section II, a
model analysis for the SAW magnetic field devices in an
externally applied magnetic field is investigated. In section
III, the model is verified in experiments, and the magnetic
field sensitivities of the Love wave mode magnetic field
resonators are studied. Conclusions are discussed in section
V.

1. THEORETICAL MODEL

A three-dimensional model of a magnetostrictive
film/isolating layers/IDT/quartz multi-layered structure is
established in the finite element analysis. The magnetic field,
solid mechanical field, and static electric field are added into
the model. The magnetostrictive effect with geometry
deformation is considered with the coupling of the magnetic
field and the mechanical field. The magnetostrictive CoFeB
film converts the applied external magnetic field into
mechanical perturbations that disturbs the acoustic wave
velocity. The magnetic mechanical coupling model is based
on the perturbation theory and is expressed in Lagrange
description.

The deformation is related to the magnetization rotation
towards the direction of the applied magnetic field. During
this rotation, the magnetostrictive strain of the CoFeB film
due to the magnetostriction effect is defined as follows:
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where A0 and 4111 are magnetostrictive coefficients. For
CoFeB, 4100=139 ppm, 2111=22 ppm [19]. The 100 nm CoFeB
film deposited at a high sputtering power in experiments is
magnetic anisotropic and has a polycrystalline lattice structure.

Ms is the saturation magnetization. My, My, and M, are the
magnetization components along X, Y, and Z directions. When
a magnetic field is applied parallel to the hard axis, the
changes of elastic constant due to AE effect as a function of
the magnetic field are defined as follows [20]:
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where H is the external applied magnetic field. Hs is the
saturation field. Hme represents the magneto-elastic field. b is
the magneto-elastic coefficient. uo is a vacuum permeability.
It can be found that the changes of elastic constants are
dependent on the magneto-elastic coefficient and the
saturation magnetization. Rayleigh wave is mainly sensitive
to Ci1 of the magnetostrictive film. Love wave is mainly
sensitive to Ces Of the magnetostrictive film.

The magnetostrictive stresses and strains are superimposed
to the surface acoustic wave motion. The fundamental elastic
and piezoelectric constants are replaced by the effective
material constants dependent on the stress and strain biasing.
The third-order elastic constants are imported into the effective
material constants. Strain tensors and geometry deformation
are calculated at the applied magnetic field using the stationary
analysis. For the piezoelectric film and the substrate, the
effective elastic constants ci,u., piezoelectric constants ey,
dielectric constants v are defined as follows [21]:
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where ¢%,u, €%y, and &%wm are the fundamental elastic,
piezoelectric, and dielectric constants, respectively. TOm
denotes the stress generated by the magnetostrictive film. J,, is
a Kronecker delta. S°%g, E% and w,k are the initial strain,
electrical field and deformation gradient caused by the
magnetostriction  effect, respectively. Xuum, is  the
electrostrictive constant. Cryuae, €mzyas, and euvkare the third-
order elastic, piezoelectric, and dielectric constants,
respectively. In the analysis, the electrical boundary condition
for the ZnO and SiO; top surface is the charge conservation
condition. The wave propagation is solved based on the
simultaneous solution of the nonlinear constitutive equations
and the motion equation. The magnetic field sensitivity is
defined as follows:
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where f, is the resonance frequency at the zero magnetic field,
and Af is the frequency shift when the magnetic field changes
AH.

The frequency-temperature characteristic of the SAW
magnetic field sensor is calculated using the prestress analysis
based on the nonlinear thermomechanical coupling model
[18]. The effective material constants under a thermal biasing
field are defined by:
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where ciu. , € , and = are the first-order temperature

derivatives of the fundamental elastic constants, piezoelectric
constants, and dielectric constants, respectively. A® is the

changes of the temperature. S°, w°, and E are the thermal

strain, displacement gradient, and initial electrical field. The
temperature coefficient of frequency (TCF) is calculated as
follows:
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where fg, is the resonance frequency at the reference
temperature @y, and fe is the resonance frequency at the given
temperature ©.

I1l.  EXPERIMENTS AND DISCUSSION

A. Model validation with the CoFeB/ZnO/quartz structure

Using photolithography and a lift-off based fabrication
process, synchronous one-port Love wave mode resonators
were fabricated for ZnO/ST+90°-cut quartz structure.
Interdigital transducers (IDTs) were patterned in the interface
ZnO/quartz. The thickness of the Al electrode was 100 nm.
The wavelength was set to 10 pm and will be considered for
all devices studied in this paper. This value allows a direct
and simple calculation of velocity from frequency values that
are expressed in MHz. The metallization ratio is 0.5. Fig. 1
shows the variation of resonance frequency of the Love wave
mode in the ZnO/ST+90°-cut quartz resonator versus
temperatures and for various thicknesses of ZnO layers. The
dotted lines in Fig. 1 are the experimental data, and the solid
lines are the calculated results. The experimental results for
the 0 nm ZnO and 510 nm ZnO are adapted from Ref. [17].
Here, more samples with other thicknesses were measured
and calculated to verify the accuracy of the model. We can
note the good agreement obtained between experimentally
measured data and calculated ones using our numerical model.
Experimental and calculated TCF values were then
determined from theses curves and reported in Fig. 2, that
shows the evolution of TCF versus ZnO film thickness. The
ZnO0 thickness (hzno) is normalized by the wavelength value
(A=10 um). We can note that the zero TCF is obtained when
the ZnO thickness is around 500 nm. The TCF of the structure
is positive for ZnO thickness lower than 500 nm (+19.7
ppm/°C for 200 nm) and negative for thicker films (-4.89
ppm/°C for 600 nm). The device achieved with 510 nm thick

of ZnO shows a TCF value that is as expected close to zero
and could be adjusted by decreasing slightly the ZnO film
thickness. Note that the real value measured with a
profilometer on this device was 510 nm and not 500 nm. This
result is then consistent with measured TCF value.
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Fig. 1. The calculated and experimental frequency-temperature curves of
Love wave mode on ZnO/ST+90° -cut quartz as a function of ZnO
thicknesses. The wavelength is 10 um. The dotted lines are the experimental
data (exp), and the solid lines are the calculated data (cal).
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Fig. 2. The TCF variations of Love wave mode on ZnO/ST+90° -cut quartz

as a function of ZnO thicknesses (hzo) normalized by the wavelength. The
wavelength (1) is 10 um.

The magnetostrictive CoFeB thin film is used as the
sensitive medium for magnetic field sensing. Using
magnetron sputtering technology, one-port Love wave mode
resonators with CoFeB/ZnO/ST+90°-cut quartz structure were
fabricated, as shown in Fig. 3. 100 nm thick CoFeB was
deposited over ZnO/ST+90°-cut quartz by DC magnetron
sputtering at 300 W with 5x10°3 mbar pressure of argon (Ar).
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Fig. 3. The schematic of the CoFeB/ZnO/quartz multi-layered structure.

In the fabrication, a bias magnetic field was used to
control the easy and hard axes of the CoFeB film specifically
with respect to substrate coordinates. The easy axis is parallel
to the aperture direction and perpendicular to the Love wave
propagation. The hard axis is perpendicular to the aperture
direction and parallel to the Love wave propagation. Vibrating
sample magnetometer (VSM) measurements were performed
to get the magnetization of CoFeB thin films. Fig. 4 presents
the anisotropy axis magnetization measured on a 100 nm
CoFeB film and 200 nm CoFeB film at the room temperature.
The advantage of using CoFeB lies in its low saturation field
along the hard axis. The magnetostrictive layer with a higher
thickness has a larger mass. Love waves are sensitive to the
mass loading. When the thickness of the magnetostrictive film
increases, more energy of the Love wave mode is
concentrated in the magnetostrictive film according to the
displacement distributions. Therefore, it is understandable that
a higher thickness of the magnetostrictive layer would imply a
higher sensitivity. However, due to the thickness-driven spin-
reorientation transition [22], the magnetic properties of
CoFeB films are related to the thicknesses [23]. The 100 nm
thick CoFeB film exhibits in-plane magnetic anisotropy that
causes the magnetization to be parallel to the film plane. Our
experimental analysis revealed that increasing the thickness to
200 nm resulted in an in-plane isotropic magnetic behavior.
Upon increasing the thickness of a CoFeB film, the
redistribution of accumulated internal stress in the film
induced by the deposition increases the degree of local
disorder in the easy axis and increases the coercive field [23].
Furthermore, the coercive field is 0.18 mT along the hard axis
when the CoFeB film is 100 nm. Nevertheless, the coercive
field increases a lot to 3 mT along the hard axis when the
CoFeB film is 200 nm. Hence, in order to give our device a
good directionality and a low coercive field, we chose to work
with a thickness of 100 nm of the CoFeB layer.
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Fig. 4. The measured magnetizations of the 100 nm and 200 nm CoFeB films.

Fig. 5 illustrates the calculated frequency-temperature
characteristics of Love wave mode on CoFeB/ZnO/ST+90°-
cut quartz versus different ZnO thicknesses. CoFeB film
thickness is fixed to 100 nm. The dotted lines are the
experimental data adapted from Ref. [17]. It is found that the
CoFeB film has negative temperature coefficients. Indeed,
when the 100 nm CoFeB film is deposited on the 510 nm of
ZnO layer, the TCF value decreases to -14.6 ppm/°C. The
structure achieved with 200 nm of ZnO shows a near zero TCF
(+1.77 ppm/°C) and will be considered for next experiment.
According to the experimental frequency-temperature data, the
temperature coefficients of the CoFeB film are extracted as
follows: Tcu= -5.3 x10* /°C, Tci= -3.1x10* /°C, Tces= -
1.09x10* /°C. The solid lines are the calculated results. It can
be seen that the calculated results relatively agree with the
experimental data. Incertitude observed in experimental curves
is mainly due to the weak signal quality and especially for the
device with 200 nm ZnO. Thus, fitted parameters will be
considered in the next of this study to optimize high
performances sensor.

The TCF evolution with ZnO film thickness of Love wave
mode for CoFeB/ZnO/ST+90°-cut quartz is illustrated in Fig. 6.
The ZnO thickness (hzno) is normalized by the wavelength
value (A=10 pum). Additional points are added in simulation
using extracted parameters from experimental characterization.
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Fig.5. The calculated and experimental dependence of frequency on
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Fig. 6. The calculated and experimental TCF variations of Love wave mode
on CoFeB/ZnO/ST+90° -cut quartz as a function of ZnO thicknesses (hzno)
normalized by the wavelength. The wavelength (1) is 10 um.

In order to maintain a near zero TCF characteristic, the 100
nm thick CoFeB film and 200 nm ZnO film are selected for
the Love wave sensor in measurements under the magnetic
field. The measured S;; of the resonators at the room
temperature is shown in Fig. 7. The Love wave mode on
ZnO/ST+90°-cut quartz operates at 460 MHz. After depositing
100 nm thick CoFeB, the resonance frequency declines to 430
MHz that was our target to operate in 433 MHz ISM band.
However, we can notice a strong degradation of the signal, as
shown in Fig. 7(b) [17]. The base line of Si: signal is around
-2.85 dB and the amplitude decreases a lot due to the power
loss. This is due to the equivalent capacitance between the
ZnO and CoFeB layers. Indeed, CoFeB is conductive, and
hence capacitive and inductive losses are very high when the
CoFeB is very close to the IDTs. The performance of the
device therefore is affected. A part of the current flows to the
CoFeB film due to the low thickness of the insulator layer
(ZnO). When the thickness of ZnO is set to 600 nm, the
amplitude of Si; signal is improved as it can be shown in Fig.
7(c) [17]. However, for this structure, the TCF is not
compensated and is equal to -16.9 ppm/°C.
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Fig. 7. (a) The measured S;; of ZnO/ST+90° -cut quartz. The thickness of
ZnO is 200 nm. (b) The measured S;; of CoFeB/ZnO/ST+90° -cut quartz. The
thickness of CoFeB is 100 nm, and the thickness of ZnO is 200 nm. (c) The
measured S;; of CoFeB/ZnO/ST+90° -cut quartz. The thickness of CoFeB is
100 nm, and the thickness of ZnO is 600 nm.

Fig. 8 illustrates the displacement distributions for the
Love wave mode at the resonance frequency on ZnO/ST+90°-
cut quartz and CoFeB/ZnO/ST+90°-cut quartz structures. The
thicknesses of the ZnO films are both fixed at 200 nm. The
energy of the Love wave mode is mostly concentrated in the



top surface, and this concentration is improved by presence of
the CoFeB layer.
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Fig. 8. (a) The displacement distribution of Love wave mode along the depth
of ZnO/ST+90° -cut quartz at the resonance frequency. (b) The displacement
distribution of Love wave mode along the depth of CoFeB/ZnO/ST+90° -cut
quartz.

Although the signal amplitude is weak on the 100 nm
CoFeB/200 nm ZnO/quartz resonator, the temperature
compensation is obtained. The magnetic field sensitivity of
this resonator was characterized under an applied magnetic
field. Fig. 9 illustrates the simulation and experimental
frequency variations of the Love wave mode as a function of
the applied magnetic field that is parallel to the hard axis at
the room temperature. The constants of CoFeB are as follows:
Young’s modulus= 160 GPa, Poisson’s ratio= 0.37, b= -3x10°
JIm3, M= 954.9 KA/m, A100= 139 ppm, A111= 22 ppm [19]. The
solid line in Fig. 9 is the simulation result, and the dotted lines
are experimental results [17]. The arrows indicate the
magnetic field directions. The simulation results match well
with the experimental data. The relative variation of the
resonance frequency decreases to the minimum of -541 ppm
when the magnetic field increases from 0 to 27 mT. The
magnetic field sensitivity is -20 ppm/mT in this range.
Subsequently, the frequency increases when the magnetic
field is above 27 mT.

100

-100

T -200

o

&

«= -300

5 calculation
-400 + --e--experiment |
-500 - -

[ ]
-600 1 I L I
0 20 40 60 80 100

Magnetic field (mT)

Fig. 9. The calculated and experimental relative frequency shifts of Love
wave mode on CoFeB/ZnO/ST+90° -cut quartz as a function of an applied
external magnetic field along the hard axis.

B. CoFeB/SiOz/ZnO/quartz structure

Our study showed that a zero TCF magnetic field sensor
could be achieved with CoFeB/ZnO/quartz structure. Our
numerical model was validated in comparison with
experimental results and will be then used to optimize
magnetic field sensors with less thermal drift and with an
enhanced magnetic field sensitivity. To improve the signal
performance of the sensor and to simultaneously realize a
temperature compensation, a CoFeB/SiO2/ZnO/ST+90°-cut
quartz multi-layered structure is proposed, as shown in Fig. 10.
Because the SiO, has a positive TCF, it can be easily
compensated for the negative TCF of the ZnO and CoFeB
layers. Additionally, because of adding SiO,, we expect to
have a higher thickness of ZnO for a compensated structure
with less parasitic capacitance. The SiO; has a more excellent
electrical insulation characteristic than the 2ZnO. The
combination of this structure, therefore would lead to better
electrical insulation of the electrodes from the metallic CoFeB
layer and thus a stronger response from the device. The SiO;
layer is proposed to be deposited as an insulating layer
between the CoFeB and the ZnO layers.

CoFeB film

Si0, layer

ZnO layer
B clectrode

‘ quartz

Fig. 10. The schematic of the CoFeB/SiO,/ZnO/quartz multi-layered structure.

The first-order TCF variation of the Love wave mode on
the CoFeB/SiO,/ZnO/ST+90°-cut quartz is illustrated in Fig.
11 where TCF is calculated versus SiO; thickness for two thick
ZnO layer (300 nm and 400 nm). The wavelength is 10 um.



The thickness of the CoFeB film is 100 nm. As illustrated in
Fig. 11, the near zero TCF is obtained for two combinations of
ZnO and SiO; thicknesses: hz,0=300 nm; hsj0,=250 nm and
hzn0=400 nm; hsio,=400 nm. The couple of hznoand hsio, will
be chosen depending on aimed application. Note that for
additional ZnO thicknesses, new couples of hzio and hsioz
leading to achieve zero TCF could be obtained. This enable
more flexibility to design SAW device when operating
frequency is fixed by application aimed. Moreover, in the both
cases, the total thickness (hziot hsio) are respectively 550 nm
and 800 nm. This total thickness is enough to ensure a good
electrical isolation between IDTs and the CoFeB layer. Note
that thicknesses leading to achieve zero TCF SAW device are
proportional to considered wavelength. Thus operating at high
frequency will requires thinner film. The combination of SiO;
and ZnO will be also the choice solution for higher frequency
bands.

TCF (ppm/°C)
Y

—a—7Zn0 300 nm
——2Zn0 400 nm

100 200 300 400 500 600
SiQ, thickness (nm)

Fig. 11. The TCF variations of Love wave mode on CoFeB/SiO,/ZnO/ST+90°
-cut quartz as a function of SiO, thicknesses.

One-port CoFeB/SiO2/ZnO/ST+90° -cut quartz resonators
were fabricated using lithography and lift-off process. The 300
nm ZnO layer was deposited by RF sputtering at 150 W with
3x10° mbar and 8 cm®min flow rate of both argon (Ar) and
oxygen (O2). Then, 250 nm SiO, was deposited on the ZnO
layer by RF sputtering at 100 W with 4x10° mbar and 8
cm®/min flow rate of Ar. The 100 nm thick CoFeB film was
deposited on the top surface of the SiO, layer by DC
magnetron sputtering of a 2-inch target at 300 W with 5x103
mbar pressure of Ar. The used apparatus is an ultra-high
vacuum equipment “DP 850 from Alliance Concept, Annecy,
France. Fig. 12 illustrates the measured frequency-temperature
characteristics of Love wave mode on
CoFeB/SiO»/Zn0O/ST+90° -cut quartz and SiO,/ ZnO/ ST+90°-
cut quartz. The measured TCF value of CoFeB/SiO./
ZnO/ST+90° -cut quartz is 0.1 ppm/°C. The temperature
compensation is achieved well. The measured Si1 of the
CoFeB/SiO»/Zn0O/ST+90° -cut quartz resonator is shown in
Fig. 13. The Love wave mode on CoFeB/SiO»/ZnO/ST+90°-
cut quartz operates at 409.63 MHz. It can be seen that there is
little frequency change at 25 °C and 60 °C. The base line of the
S11 signal is around -2.6 dB. The Sy; signal quality is improved

and more reliable than those in Fig. 7 (b) and (c) due to the
SiO; layer with a good electrical isolation.
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Fig. 12. The measured frequency-temperature characteristics of Love wave

mode on CoFeB/SiO,/ZnO/ST+90° -cut quartz and SiO,/ZnO/ST+90° -cut
quartz.
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Fig. 13. The measured S;; of CoFeB/SiO,/ZnO/ST+90° -cut quartz.

The displacement distribution for the Love wave mode at
the resonance frequency on CoFeB/SiO./ZnO/ST+90° -cut
quartz is shown in Fig. 14. The ZnO thickness is 300 nm, and
SiO; thickness is 250 nm. It is found that the most of the
energy of the SH component is concentrated in the top surface,
and the concentration is improved by adding SiO. layer
compared to the displacement distribution in Fig. 8(b).
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Fig. 14. The displacement distribution of Love wave mode along the depth of
CoFeB/SiO,/ZnO/ST+90° -cut quartz.



Fig. 15 illustrates the frequency variations of the Love
wave mode on CoFeB/SiO»/ZnO/ST+90° -cut quartz as a
function of the applied magnetic field along the hard axis at
the room temperature. The ZnO thickness is 300 nm, and SiO»
thickness is 250 nm. The hard axis is parallel to the wave
propagation. There is little hysteresis when the magnetic field
sweeps from the negative value to the positive value. This
hysteresis is probably due to the nature of magnetostrictive
layer. Indeed, as shown in Fig. 4, the measured magnetization
of 100 nm CoFeB shows a weak hysteresis that could be
canceled by a micro-structuration of this layer. The relative
frequency decreases to -1597 ppm when the applied magnetic
field increases from 0 to 3.8 mT. The magnetic field sensitivity
of the sensor is -420 ppm/mT, namely -172 Hz/uT. It achieves
an enhanced magnetic field sensitivity that is more than three
times sensitivity of 100 nm CoFeB/200 nm ZnO/ST+90° -cut
quartz.
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Fig. 15. The relative frequency shifts of Love wave mode on

CoFeB/SiO,/ZnO/ST+90° -cut quartz as a function of an applied external
magnetic field along the hard axis.

Fig. 16 illustrates the Q variations of the Love wave mode
versus the applied magnetic field along the hard axis. Strong
variations were recorded between -10 mT and 10 mT.
However, the Q factor is almost constant when the magnetic
field magnitude is over 20 mT.
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Fig. 16. The measured Q factor of the Love wave mode on
CoFeB/SiO/ZnO/ST+90° -cut quartz as a function of an applied external
magnetic field along the hard axis.

IV. CONCLUSION

In this study, we developed a numerical model to
successfully determine the response of multilayered SAW
devices to both temperature as well as magnetic field. The
simulated responses were also successfully validated by
experimental results.

A Love wave mode on the CoFeB/SiO2/ZnO/quartz
structure with a zero TCF is also discussed as an improvement
over the CoFeB/ZnO/quartz device with respect to an
enhanced magnetic field sensitivity and Si; response. The
sensor response is improved by adding the SiO; layer. The
addition of SiO; layer brings a new degree of liberty leading to
achieve zero TCF devices with various combinations of ZnO
and SiO; thicknesses. More flexibility is then allowed to
further design reliable and high performance magnetic field
SAW sensors including in Giga Hertz frequency bands.
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