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Single layer magnetoresistive sensors were designed in a Wheatstone bridge configuration using La;,3Sr;,3sMnO3 ferromagnetic
oxide thin film. Uniaxial anisotropy was induced by performing epitaxial deposition of the films on top of vicinal SrTiOs substrate.
X-ray scan confirms high crystalline quality of the films and the magnetic anisotropy was checked by Magneto-optical Kerr Effect
measurements. Thanks to the anisotropic magnetoresistive effect and the very low noise measured in the devices, sub-nT resolution

was achieved above 100 Hz at 310 K.

Index Terms—magnetic sensor, anisotropic magnetoresistance, uniaxial anisotropy, planar Hall effect bridge sensor, functional

oxide, Lay,3Sr;,3sMnO;3 thin film

I. INTRODUCTION

UE to low cost, small size and increased performance

of magnetoresistive sensors, they can be used in a wide
range of applications such as biomedical, flexible electronics,
position sensing, human-computer interaction, non-destructive
evaluation and monitoring, navigation and transportation [[1]].
While giant magnetoresistance (GMR) [2] and tunneling mag-
netoresistance (TMR) [3] devices present electrical resistance
variations due to the relative magnetization directions between
two separate layers of ferromagnetic material, anisotropic
magnetoresistance (AMR) devices have a resistance variation
as function of the angle between magnetization and current
density directions in the same layer. GMR and TMR thus
required the stacking of different material layers, with a high
precision on thickness and composition. Variations at buffer
layer level provoke changes in sensor performance [4]-[7]. In
the present work we fabricated AMR sensors made of a single
layer of semi-metallic La;/3Sr;,3MnO3 (LSMO) thin film, an
oxide that is ferromagnetic up to 350 K [8] and presents
a very low instrinsic noise in low frequencies [9]. Thin
films were etched in Wheatstone bridge configuration, forming
a device known in literature as Planar Hall Effect Bridge
(PHEB) [10]-[12]. Usual PHEB sensors based on permalloy
use either exchange bias or shape anisotropy to induce a
magnetic easy axis. In this paper, such axis is obtained by
step-induced magnetic uniaxial anisotropy [13[]. To study the
viability for biomedical applications of our sensors, samples
were kept at 310 K temperature for magnetotransport and noise
characterization. A dedicated low noise amplifier was used to
qualify the resolution of the sensors which is in the sub-nT
range”.
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II. FILM AND SAMPLES CHARACTERISTICS

A Pulsed Laser Deposition system from TSST company
was used to grow epitaxial LSMO thin films on top of vicinal
SrTiO3 (STO) substrate. After thin film deposition, LSMO was
covered with gold for electrical contact, followed by standard
UV lithography. Gold pads for electrical contact were defined
with KI wet etching, and LSMO structure was obtained with
Ion Beam Etching. Two Wheatstone bridge geometries were
etched over each sample, as shown in Fig. [I] Wheatstone
bridges with arms either parallel or perpendicular to sample
easy axis are named 90WB sensor while Wheatstone bridges
with arms at 45° to easy axis are named 45WB. In both
geometries, each arm is 300 um long and 100 um large.
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Fig. 1: Easy axis, current density J, magnetization M, applied
magnetic field directions and PHEBs designs. 45SWB (left) and 90WB
(right) geometries.

The vicinal substrates present a surface miscut angle regard-
ing the crystallographic plane, forming steps in the crystalline
structure. This results in an easy magnetic axis parallel to
step edges and enhances AMR effect [14]]. In this paper we
focus on results obtained with 4° vicinal angle STO substrate
and LSMO film thicknesses of 30 nm and 60 nm. The rate
of film growth was calibrated following the Reflective High-
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Fig. 2: 26 XRD scan of 30 nm LSMO on 4° vicinal STO. Inset is
LSMO rocking curve with gaussian fit.

Energy Electron Diffraction signal using a flat STO substrate.
The exact thickness after deposition on vicinal STO was
not measured. During film deposition, the laser power was
kept at 1.7 J-cm™2, the fire rate fixed at 3 Hz and the
substrate temperature was kept at 730 °C. Structural analysis
of LSMO over 4° vicinal STO was performed with 6-20 X-
ray diffraction (XRD) technique, as shown in Fig. 2] Peak
signals for STO and LSMO were obtained at an offset w
angle of 4.74°. Deviation around the expected 4° angle are
within accepted values due to substrate fabrication process and
alignment in XRD sample holder. Rocking curve for LSMO
with a Full Width at Half Maximum of 0.17° indicates high
crystalline quality.

Uniaxial magnetic anisotropy in the etched PHEBs was
verified with magnetization loops obtained using a lab-made
longitudinal Magneto Optical Kerr Effect (MOKE) imaging
setup. Local magnetization was deduced by averaging the
MOKE intensity over the arms of the Wheatstone bridge [/15]].
As exhibited in Fig. |3} a hysteretic behavior typical of easy
axis occurs when magnetic field is parallel to step edges while
a linear dependence is observed when sample is rotated by
90°, indicating a hard axis magnetization along a direction
perpendicular to step edges.

III. AMR CURVES AND DETECTIVITY OF SENSORS

For MR and noise characterization, samples were loaded
into a chamber with independent temperature and magnetic
field control and equipped with four probes for electrical
contact. MR curves were obtained with an amplitude sweep
for magnetic field applied along hard axis, from one saturation
state to the other and back. Noise measurements were carried
out in environmental magnetic field, we did not make use of
any magnetic shielded room. Taking advantage of the fact that
a balanced Wheatstone bridge reject common-mode signals
and noise, a commercial DC voltage source could be used to
bias the samples. For signal amplification, we built a low-
noise amplifier based on commercially available AD8421.
Noise characteristics of this amplifier ensure that it is lower
than the noise source of the Wheatstone bridge sensor, with
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Fig. 3: Magnetization loops at room temperature of 60 nm thick

LSMO thin film. Easy axis (e.a.) and hard axis (h.a.) along directions
parallel and perpendicular to step edges, respectively.

a measured 3.6 nV-Hz~'/? broadband voltage noise and a

negligible current noise in the resistance range of our samples:
6.1 kQ resistance for 30 nm thick Wheatstone bridge and
2.5 k€2 for 60 nm sample. Figure ] presents the measured noise
of the 60 nm thick sample compared to the amplifier voltage
noise, obtained at grounded inputs. Curve at 0 V bias includes
the contribution from the amplifier voltage and current noises
and from the sample thermal noise. As can be seen in the noise
curve at 20 V bias, contribution from sample itself dominates
the total noise. Both MR and noise were measured for different
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—— Sample at 20 V bias
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Fig. 4: Noise from 60 nm 45WB sample at 310 K and amplifier at
room temperature.

voltage bias. Magnetoresistance curves for each geometry and
for both samples are presented in Fig. [5} Both geometries
present the expected MR curve for PHEB sensors. 45WB
presents a linear response and a best sensitivity around zero
applied field [10] while 90WB requires a DC magnetic bias
to operate in a linear mode and at best sensitivity [16]], around
half of the maximum of the voltage output. The sensitivity
S is deduced from MR measurements in the linear operating
mode of the sensors by

8Vvout
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It increases with higher MR ratio and lower anisotropy field
[11]. The detectivity at a given bias, which is expressed in
T-Hz /2, is given by

D— owe @

Sensitivity

and calculated using experimental noise and sensitivity data.
Better sensor performance means lower detectivity, therefore
lower noise, higher MR ratio and lower anisotropy field.
We observed that the thicker sample presents a higher MR

(mv)

out

\Y

(b)

Fig. 5: AMR curves at 310 K sample temperature and 10 V bridge
bias. (a) 45WB bridge design. (b) 9OWB design.

ratio, while 30 nm sample has lower anisotropy field. It was
reported that film thickness does affect step-induced magnetic
anisotropy [13]] but a complete theory for the magnetotransport
in LSMO thin films at low field is not fully developed.
Obtained sensitivity values are 58 %-T~! (122 %-T~!) for
45WB (90WB) structure in 60 nm sample, and 82 %-T~!
(125 %-T~1) for 45WB (90WB) design with 30 nm LSMO.
While the value of V,,..s derivative was obtained at zero
applied field for 45WB structure, in 90WB bridges an absolute
value for bias field of 0.4 mT and 0.2 mT was considered
for 60 nm and 30 nm samples, respectively. Ultimately, the
thinner sample presents higher sensitivity value and thicker
sample yielded a lower noise overall since its resistance is

lower. Following (2), we plotted detectivity curves for both
samples and both geometries, as shown in Fig. [f] Due to lower
MR ratio presented in 45SWB geometry, we had to increase the
voltage bias of the bridge. In the four cases, we are able to
reach sub-nT detectivities above 100 Hz. Even though 30 nm
thick sample has higher sensitivity, a better performance is
achieved with 60 nm thick sample thanks to lower intrinsic
noise.
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Fig. 6: (a) Detectivity of 45SWB PHEB design at 20 V bias. (b)
Detectivity of 90WB PHEB design at 10 V bias.

In the low frequency noise domain, a squared dependence
of low-frequency noise on bridge voltage bias was obtained.
This indicates that our sensor dominates the noise signal
and presents a 1/f noise that can be modeled after Hooge’s
empirical equation [17] :

ag 1
Sy = THE bzias
where Sy is the spectral noise density expressed in V2-Hz ™ *,
Q is the volume of the Wheatstone bridge and n is the charge
carrier density. In Fig. [7] we plot Sy x f for different voltage
bias. A linear fit with a fixed slope of 2 shows that the
squared dependence is verified. The Sy /V? versus f slope
can be used as a comparison parameter between sensors. The
lower this value, the better. For the 60 nm thick sample, it is
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calculated equal to 4.3-10717. This value is a few orders of
magnitude smaller that the one obtained in magnetic tunnel
junctions and TMR sensors [18]], [[19], which explains why
the Wheatstone bridge sensors presented in this paper achieve
a good detectivity in the low frequency region albeit much
lower sensitivity values than TMR sensors.
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Fig. 7: Each Sy x f point is the average value from 1 to 10 Hz,
error bars correspond to two standard deviations.

IV. CONCLUSION

By employing vicinal STO substrates and performing epi-
taxial LSMO deposition, we fabricated single layer AMR
sensors without relying on exchange bias interaction or shape
anisotropy. This is the first report on the realization of an actual
Wheatstone bridge sensor based on manganite oxide and with
a sub-nT resolution. 8-20 XRD scan and LSMO rocking curve
shows a high crystalline quality for the ferromagnetic oxide
and a epitaxial growth along the slightly tilted axis of the
vicinal substrates. Magnetization curves obtained on etched
sample confirms uniaxial magnetic anisotropy, and outputs of
the two presented PHEBs geometries are as expected, with
the 45WB geometry being linear around zero field and the
90WB geometry needing a DC bias magnetic field. Noise
measurements were carried out with a dedicated lab-made low-
noise amplifier. Experimental data show that sub-nanotesla
detectivity values is reached above 100 Hz at 310 K for both
geometries. Despite its slighty poorer detectivity, the 45WB
is preferable since it operates at zero field with a linear range
adapted to its detectivity. The performance of the sensors may
be improved with the addition of flux concentrators [20]], by
the use of modulation techniques [21] and with further studies
on how tuning fabrication for a better detectivity.
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