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Abstract

This work focus on the development of a high sensitivity magnetoresistive sensor with a sub-100µm

footprint towards high spatial resolution surface scanning applications. Nanometric spin valve sensors

with synthetic ferrimagnet free layer centered in sub-2µm gaps of magnetic flux concentrators were

fabricated. Spin valves with synthetic antiferromagnet pinned layer and synthetic ferrimagnet free

layer displayed sensitivities 2x (200 nm sensor) up to 4.5x (500 nm sensor) higher than simple top

pinned or synthetic antiferromagnet spin valve structures. Magnetic flux concentrators with an area

of 100x100 µm2 composed of a CoZrNb single layer were patterned by electron beam lithography

and gap widths below 2 µm were achieved. The magnetic and morphology profiles of the magnetic

flux concentrators were characterized. 500 nm spin valves placed in the gap of the magnetic flux

concentrators demonstrated sensitivities of ∼0.37 %/Oe (1.8 µm gap) and ∼0.46 %/Oe (1.65 µm gap )

corresponding to maximum gains of 21x and 23x, respectively, when compared to isolated sensors. The

average gain values experimentally obtained were in agreement with 3D FEM simulations performed.

These devices may be incorporated in a XY scanning system to perform magnetic field mapping with

a spatial resolution dependent on the device footprint.

Keywords: Magnetic Flux Concentrator, Nanometric Sensors, Sensitivity, Spin Valve, Syn-

thetic Ferrimagnet

1. Introduction

Spin valve (SV) magnetoresistive (MR) sensors are

extensively used nowadays for a wide range of sens-

ing applications from recording/read heads [1] to

magnetic imaging [2]. When combined with mag-

netic flux concentrators (MFCs), these sensors may

provide the desired features for room temperature

detection of low magnetic fields below nanoTesla

range [3][4]. Furthermore, particular applications,

such as detection of magnetic single nanoparticles

[5], also demand high spatial resolution, which in

the case of magnetoresistive sensors is dependent
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on their size. To fulfill such requirements one solu-

tion relies on the miniaturization of the magnetore-

sistive sensors down to sub-micrometric or nano-

metric dimensions, depending on the desired res-

olution. However, a reduction in the sensor size

leads to a significant increase in the SVs demag-

netizing effects. Most importantly, for linear SV

sensors such decrease in size translates into higher

saturation fields (Hsat), which in turn lead to a de-

crease in sensitivity (S ) [6].

Therefore one can resort to engineered SV stacks

where a synthetic-ferrimagnet (SF) free layer com-

posed of ferromagnetic/spacer/ferromagnetic struc-

ture is used. In a SF the two ferromagnets are

coupled (almost) antiferromagnetically through the

thin spacer with a reduced effective magnetic thick-

ness (teff) [7] and effective saturation magnetization

(MSF
eff ). Since MSF

eff is small, a decrease in the stray

fields created by the free-layer occurs. Hsat is thus

lowered and the sensors linear operation range can

be tuned.

The main purpose of the MFCs is to increase

the magnetic flux density within the gap where the

sensor is placed. This increase is measured by a

factor G which is the MFC gain, corresponding

to the ratio of the effective magnetic field at the

sensor region (Hgap) and the external applied field

(Hexternal). Experimentally, the gain is obtained

from the transfer curve of the MR sensor by com-

paring the field sensitivity S = ∆MR/∆H of a de-

vice with MFC (Sw) and the same sensor without

MFC (Swo):

G =
Hgap

Hexternal
=

Sw
Swo

. (1)

In addition, G is also a geometric effect, and it in-

creases linearly with the dimension of the flux con-

centrators, and decreases with the separation (gap)

between MFCs, G ≈ 1/gap.

In this work nanometric SV sensors with an opti-

mized SF free layer and target heights below 500 nm

were fabricated. 3D simulations were performed to

predict the gains obtained by the incorporation of

MFCs. The materials used for the MFCs were opti-

mized and their morphology and magnetics charac-

terized. The gain in sensitivity of nano SV sensors

in sub-2µm gaps of MFCs was determined.

2. Experimental Details

All the SVs used in this work were deposited by ion

beam deposition using a Nordiko 3000 system. The

reference structure is a bottom pinned SV with a

synthetic antiferromagnet (SAF) pinned layer and

SF free layer with the following structure: Ta 20/

Ni80Fe20 30/ Mn75Ir25 80/ Co80Fe20 33/ Ru 8/

Co80Fe20 33/ Cu 25/ Co80Fe20 20/ Ni80Fe20 20/ Ru

12/ Ni80Fe20 25/ Ta 100 (thickness in Å and alloy

composition in %). Unpatterned structures exhib-

ited a magnetoresistance (MR) of 6.7 %, an offset

field of Ho ≈ 14 Oe and a coercivity of Hc ≈ 2

Oe. The Ru thickness of the SF free-layer was

optimized to ensure a smaller MSF
eff . The sample

were patterned into rectangular stripes by electron

beam lithography (EBL) and ion milling etch with

a length of l = 13µm and height (h) ranging from 2

µm down to 90 nm. In this case, and to decrease the

effects of contact resistance as h decreases, triangu-

lar shaped ends were included to provide a larger

area of contact with the SV. l was kept the longest

possible (high aspect ratio l/h) to ensure a well-

defined magnetic behavior. The magnetizations of

the pinned and free-layers were set orthogonally by

shape anisotropy to provide a linear transfer curve.

To provide a good electrical contact , with a crit-

ical alignment, a first set of contacts leads with a

metallic layer of 400 Å Ru and 3000 Å AlSiCu pro-

tected with a 150 Å layer of TiWN2 were defined

by EBL and lift-off. Then the sensor was annealed

for 15 min at 250 ◦C and cooled under an external

magnetic field of 10 kOe to set the magnetization

direction of the pinned layer.

The sensors were then incorporated in the gap
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of two MFCs patterned by EBL. The electron

beam resist consisted in a poly(methyl Methacry-

late) (PMMA) tri-layer optimized to ensure an un-

dercut profile for clean lift-off without residues and

with a sufficiently high resolution ∼1 µm in order

to achieve gap widths below 2 µm. A single layer of

5000 Å of an amorphous alloy of Co93.5Zr2.8Nb3.7

(CZN) was deposited by DC Magnetron Sputtering

with an uniaxial anisotropy parallel to the gap, in-

duced by applying a magnetic field in plane. The

concentrators were designed with an entrance width

of 100 µm, a pole width of 2.5 µm and a total length

of 50 µm. Gaps down to ∼1.65 µm were achieved

(Fig.1(b)). A scanning electron microscope (SEM)

image of the full device is exhibited in Fig.1(a).

(a)

(b)

Figure 1: Top-view SEM images of (a) the entire

device comprising the MFCs and the small electrical

contacts to the sensor and (b) a detailed view of a

500 nm sensor in the smallest gap fabricated.

Scanning Electron Microscope (SEM) images

were obtained with a Raith 150 system. The

magnetic characterizations [M(H)] were performed

by a KLA Tencor vibrating sample magnetome-

ter (VSM) and the device’s transfer curves were

measured with a dc two-point probe method.

Atomic/Magnetic Force Microscopy (AFM/MFM)

measurements were performed in a Bruker Dimen-

sion Icon AFM at International Iberian Nanotech-

nology Laboratory (INL) and in a Digital Instru-

ments Dimension 3000 AFM system at the Physics

Department of Instituto Superior Técnico (IST).

3. Sensitivity Enhanced Spin Valves for
Nanometric Sensors

In this section we studied the magnetic and mag-

netotransport properties of optimized SAF-SF SVs

[8] in comparison to top-pinned and bottom pinned

SAF SV structures, targeting applications within

the nanoscale, where the demagnetizing effects usu-

ally dominate the magnetic properties. Figure

2(a) shows representative transfer curves for se-

lected h of a bottom pinned SAF-SF SV. Over-

all a linear non-hysteretic behavior is observed for

all sizes around H = 0. Also an increase in

Hsat with decreasing h is clear due to freelayer’s

self-demagnetizing field (HFL
dem) enhancement for

smaller sizes. In fact, Hsat can be approximated

by HFL
dem:

Hsat ≈ HFL
dem = 4πMFL

sat

tFL

h
, (2)

where MFL
sat is the saturation magnetization of the

free layer and tFL is the thickness of the ferromag-

netic layers from the free layer. Figure 2(b) displays

the MR(h) dependence, with a visible decrease in

the MR value with decreasing h, being more noto-

rious for h < 200 nm. Such reduction can be firstly

attributed to an increase in contact resistance (Rc).

Rc is defined as

Rc = Rlow −
l

h
Rsheet −Rlead, (3)
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(a)

(b)

Figure 2: (a) Transfer curves of bottom-pinned
SAF-SF SV for selected sizes (h) measured with
fixed Vbias = 0.45V. (b) MR dependence on h for
the bottom-pinned SAF-SF SV; the open dots cor-
respond to the MR values obtained after removing
the contribution from Rc. The inset shows the cor-
responding Rc dependence on 1/h

where Rlow is the resistance of the SV in a parallel

magnetization state, l the active length of the SV,

Rsheet the sheet resistance of the sensor (∼ 17 Ω/�)

measured by four-point probe method in unpat-

terned samples and Rlead the resistance of the elec-

trical contacts (∼ 4 Ω). Still, using Rc to calculate

MR leads to a value close to the intrinsic one, ex-

cept for h < 200nm, where a considerable difference

is still visible, not solely accounted by Rc. Simi-

lar results were obtained by Riedmüller et al.[9] in

nanometric spin valves defined by focus ion beam.

In fact, for lateral sizes smaller than 200 nm, pre-

vious works have reported a significant decrease in

the exchange bias field [10] and weakened thermal

stability due to edge roughness. Both effects can

contribute to an overall reduction of the pinning

strength, which together with a significant increase

in the local stray field effects as h decreases, may

lead to deviations from fully crossed magnetic con-

figuration between pinned (reference) and free layer

magnetizations, translating into smaller MR. More-

over, an increase in Ho with h reduction was ob-

served for all SVs. However, SAF-SF structures

presented the lowest values for the same h. These

results are mostly related to Ho dependence on

1/teff of the free layer [7] (for a SAF-SF the free

layer thickness is reduced from tmag = 65 Å to

teff = 38 Å).

Figure 3(a) displays the impact of h in the sensor

sensitivity, showing an overall decrease for smaller

h values, consequence of larger Hsat. Also, and for

h > 1000 nm the top-pinned SV exhibits a S (h) be-

havior similar to the SAF SV, being consistent with

their identical free-layer structures. On the other

hand, a major increase in S is observed for SAF-SF

SVs, obtaining for h = 500 nm a S ≈ 0.09 %/Oe,

while S ≈ 0.02 %/Oe for a corresponding SAF

SV. Figure 3(b) summarizes the gain in sensitivity

(SSAF−SF /SSAF ) achieved by a employing SAF-SF

when compared to SAF structures. The increase

in S goes from 1.4 for h = 90 nm up to 4.5 for

h = 500 nm. A dependence of the gain in h is clear,

which is most probably related with the decrease in

MR with size.

4. 3D Simulations of Magnetic Flux Concen-
trators

A study of the MFCs gain as function of per-

meability (CZN and CoFeB/Ru SAF multilayers),

shape, gap width and the inclusion of a spin valve

sensor in the center of the gap was made us-

ing a finite element method software (COMSOL

Mutliphysics R©). The 3D flux concentrators were

designed in AutoCAD R© and imported to COM-

SOL. First of all, an air box with dimensions 155

x 155 x 20 µm3 was created. A magnetic scalar

potential (ψ0) of 1.17 A was applied in one of the

walls and a null potential on the wall across to gen-
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Figure 3: (a) Sensitivity dependence on h for differ-
ent SVs. Inset shows the linear dependence of 1/S
with 1/h for h > 200 nm highlighting its expected
linear dependence, where no significant decrease in
MR occurs. (b) Gain in SV sensitivity for SAF-
SF compared to a SAF highlighting sizes below 500
nm. Lines are a guide to the eye.

erate an homogeneous magnetic field of H = 95 Oe,

in the entire volume, according to H = −∇ψ. The

impact of these parameters on the gain factor was

investigated to assess which is the appropriate MFC

geometry and to estimate and further compare with

the gains of the fabricated devices. The gain was

calculated according to Eq.1. Hexternal = 95 Oe is

the aforementioned homogeneous magnetic field in-

side the air box where the MFCs are placed. The

Hgap was measured doing an average of the mag-

netic field in a rectangular area centered in the gap

parallel to the poles.

A study was performed to five different MFC

shapes. The gain in-gap was measured for two dif-

ferent types of materials, which possess different

relative magnetic permeabilities (µr). The materi-

als chosen were a CZN single layer with a thick-

ness of 3000 Å and CoFeB/Ru SAF multilayers

(ML) (stack (Å): Ta 30/ Ru 20/ [CoFeB 50/ Ru

22]59/ CoFeB 50/ Ru 50) with a magnetic thick-

ness (equivalent to the thickness of CoFeB layers)

of 3000 Å. As CZN is magnetically softer it presents

a higher unpatterned permeability, µr = 715 than

the SAF multilayers, µr = 82. The MFC dimen-

sions are referred in section 2 and the gap width is 2

µm. Table 1 compiles the best results of the shape

study. Shape 2 exhibits the higher gain factors.

Table 1: The three shapes with the highets gains
for both CZN and CoFeB/Ru SAF ML

Shape
Gain

CZN SAF ML

15.3 5.5

18.3 8.2

15.4 5.5

However, the exposure of this shape by EBL is not

possible since the exposure conditions have not yet

been optimized using the thick PMMA tri-layers.

In addition, the magnetic domain structure at the

pole may not be easily controlled causing a dipolar

coupling between the poles and the sensor. Shapes

1 and 3 were selected for the next simulations and

for fabrication. A study of the gap width on gain

was also performed. The gap widths varied from 9

µm down to 1 µm. For both shapes and materials,

it was observed a decreasing trend on gain with gap

enlargement. The magnetic field in the gap follows

the same trend, B ∝ 1/r, in which r is the dis-

tance between the MFC pole and the center of the

gap. In fact, the gain factor has the same propor-

tionality relation with the gap G ∝ 1/gap = 1/2r.

Another part of the simulations consisted on spin

valve-like elements with varying heights (h) placed

in the gap of the MFCs. This situation is a bet-

ter approach to reality since in the experiments the
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gain is measured by the ratio of sensitivities of the

SVs with and without MFCs present. Nevertheless,

the previously used relative permeabilities are for

bulk materials and give rise to higher gains than in

reality because µr decreases for patterned elements

[11]. Patterning films introduce additional shape

anisotropy due to the demagnetization effects. The

effective magnetic anisotropy (Heff
k ) of patterned

films is given by

Heff
k = Hku + 4πεMsat, (4)

where Hku is the uniaxial anisotropy field of the un-

patterned film, ε is the demagnetization factor and

4πMsat is the saturation magnetization. For our

calculations, we consider a demagnetization factor

for an infinite stripe approximation, ε = t/L for the

MFC and ε = t/h for the SV, t is the thickness of the

film, L the length of the MFC and h the SV height.

Magnetic permeability for patterned elements (µp)

is given by [12]

µp ≈ 1 +
µb − 1

1 + ε(µb − 1)
. (5)

The patterned permeabilities are then µp(CZN) ≈
93 and µp(CoFeB/Ru SAF) ≈ 56. The gains for

shape 3, both patterned materials, gap widths of 1

µm and 2 µm and with SV heights from 100 nm to

1000 nm are represented in Table 2.

Table 2: Gains obtained in the simulations for MFC
with shape 3 and using µp as magnetic permeability
of the patterned structures.

MFC SV Gain
gap

(µm)
h

(nm)
CZN

CoFeB/Ru
SAF ML

2

no SV 7.9 5.9
200 9.3 6.7
500 10.4 7.5
1000 14.1 10.1

1

no SV 14.5 10.3
200 16.4 11.4
300 17.7 12.4
500 23.4 16.2

5. Final Device: SV Coupled to MFC

5.1. Magnetic Flux Concentrators

A method to obtain a linear and nonhysteretic en-

hanced magnetic field in the gap of the MFC con-

sists in integrating, lamination similar, synthetic-

antiferromagnetic (SAF) structures in which two

ferromagnetic layers are separated by a thin non-

magnetic spacer, providing a Ruderman-Kittel-

Kasuya-Yosida (RKKY) long range interlayer an-

tiferromagnetic (AFM) coupling between the two

ferromagnets. In a multilayer configuration these

SAF structures present a almost zero net rema-

nent magnetic moment (Mr) and the AFM cou-

pling helps stabilizing the single domain state in

each ferromagnetic layer [13]. (CoFeB/Ru)xn mul-

tilayer thin films were prepared by IBD in a Nordiko

3600 system, from a target with a composition of

(Co70Fe30)80at%B20at%. A Ru thickness of 22 Å and

a CoFeB thickness of 50 Å were selected profiting

from lower values of Hsat and a strong antiferromag-

netic coupling between ferromagnetic layers trans-

lated by a low remanent magnetization normalized

to saturation magnetization Mr/Msat < 0.05. For

MFC applications it is required that the product

n × tF × Msat > 20 memu/cm2 and Hsat < 50

Oe [13] aiming higher relative magnetic permeabil-

ities, therefore ML films with CoFeB layers need to

have, at least, a magnetic thickness of 1700 Å. The

deposited stack Ta 30Å/ Ru 20Å/(CoFeB 50/ Ru

22Å)59/ CoFeB 50Å/ Ru 50Å with n = 60 fero-

magnetic layers (tmag = 3000 Å) presented the low-

est value of Mr/Msat ≈ 0.016. Figure 4 exhibits the

easy and hard axis of the optimized stack as well as

some important magnetic properties. For a mag-

netic field applied along the easy axis the CoFeB

layers exhibit a stable antiparallel magnetic state

in the range of -20 Oe to 20 Oe and the hard axis

curve exhibits a good linearity. The antiferromag-

netic coupling field (HSAF ∼ 102 Oe) helps to min-

imize the effect of the internal demagnetizing fields
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(Hdem ∼ 103 Oe, at the MFC pole) arising from the

size reduction of patterned structures, specially at

the MFC poles.

Figure 4: Easy and hard axis magnetic responses
(M-H loop) for SAF multilayers with n = 60 CoFeB
layers.

5.2. MFC Characterization: Morphology and Mag-
netics

A clean lift-off profile, with almost no residues, was

observed in the vast majority of the inspected struc-

tures, as a result of the optimization of the PMMA

tri-layer. However, in Fig.5 it is possible to observe

that the vertexes of the rectangles are rounded and

that only areas A2 and A3 are clearly distinguish-

able. The critical regions with features below 2 µm

are the poles areas A4 to A6 and the gap. The

rounded features, particularly at the pole termina-

tion, may affect the magnetic domain arrangement

in the area jeopardizing the MFC operation. A dif-

ference of about 2 µm was found between nominal

and measured sizes of the MFC. This reduction was

attributed to the very small gap sizes, pushing the

limits of the PMMA resolution thus enhancing the

proximity effects.

Figures 6(a) and 6(b) show high resolution MFM

scans performed over the MFCs pole (single struc-

ture) and centered on the MFCs gap (paired struc-

tures) in the remanent state. The MFCs were com-

Figure 5: Gap and pole region of a MFC. Rectan-
gles A2 to A6 represent, in descending order of size,
different areas of the pole.

posed by a CZN single layer of 6000 Å. In both

cases one observes the presence of closure domains

(CDs). The orientation of the CDs is a consequence

of the anisotropy induced during growth under an

applied magnetic field, being reinforced by shape

anisotropy. A good agreement is visible between

measured and calculated domain sizes (d). Devia-

tions may occur due to stronger effects from shape

anisotropy. Although the domain width at the ter-

mination of the poles is difficult to measure, the

presence of closure domains in that region is essen-

tial to minimize dipolar coupling between MFCs.

The MFC shape selection in section 4 envisaged this

very purpose of the creation CDs at the pole. The

particular geometry of the pole has two main advan-

tages. The first is the squared geometry with sharp

vertexes which are points of low anisotropy poten-

tiating the formation of domains. The other advan-

tage is the rectangular shape setting the direction

of the shape anisotropy, arising from the demag-

netizing effects, with the direction of the uniaxial

anisotropy. The addition of the shape anisotropy

reinforces the uniaxial anisotropy and prevents the

rotation of the easy axis at pole.

5.3. Nano SV in sub-2µm gap MFC

The devices studied in this part are composed of

500 nm SAF-SF SV sensors placed in sub-2µm gaps
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(a)

(b)

Figure 6: MFM images of shape 3 CZN MFCs cor-
responding to (a) a single structure (scan sweep of
30 µm) and (b) to a paired structure (scan sweep
of 40 µm). d corresponds to the domain width.

of two patterned magnetic flux concentrators com-

posed of CZN with a nominal thickness of 5000 Å,

to study the enhancement in sensitivity produced

in the sensor by its inclusion in such small gaps.

Figure 7 shows the M-H loop for the unpatterned

CZN film. According to Eq.5 after patterning the

MFC µr decreases to µp ≈ 96.

MFCs with gap widths of ∼1.8 µm and ∼1.65

µm were achieved. Figures 8(a) and 8(b) show the

transfer curves [MR(H)] of SV sensors in two dif-

ferent gap widths of MFCs and their correspond-

ing isolated sensor (measured prior to MFC def-

inition). The selected curves display the maxi-

mum gain (Gmax) obtained. The gain is determined

through the ratio between the sensitivity of the sen-

sor with and without MFC (Eq. 1). For the MFC

with a gap ≈ 1.8 µm, a Gmax = 21.3 was obtained,

Figure 7: Easy and hard axes M-H loop obtained for
an unpatterned sample of the CZN film deposited.

with an average gain of 16.8 from a total of 18 mea-

sured devices. The sensitivity improved from 0.017

%/Oe to a maximum of 0.370 %/Oe. For the MFC

with a gap ≈ 1.65 µm, a Gmax = 23.4 was obtained,

with an average gain of 17.4 from a total of 16 mea-

sured devices. The sensitivity improved from 0.020

%/Oe to a maximum of 0.460 %/Oe. It was also

observed, among all the structures measured, a de-

crease in the offset field Ho from ∼70 Oe in the iso-

lated sensor to ∼4 Oe. Despite the small increase

in Hc of the sensor after the incorporation of MFCs

reported in previous works [4], in our case there was

no change in coercivity with the inclusion of the flux

concentrators.

Figure 9 compares the gains in sensitivity ob-

tained experimentally with the ones obtained by

FEM simulations of patterned MFCs with a 500

nm SV-like sensor in gap (see Table 2). The error

bars of the average gains correspond to the stan-

dard deviations. For devices with gaps of 1.8 µm

and 1.65 µm the average gains are very close to the

ones obtained by simulation. The slightly higher

gains demonstrated by the fabricated devices may

be due to the fact of not accounting for the 75◦

tapered profile MFC in the gap achieved experi-

mentally in the simulations where only steep profile

MFCs were used.
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(a)

(b)

Figure 8: Transfer curves (Ibias = 100 µA) for the
devices with MFC gap widths of (a) 1.79 µm and
(b) 1.67 µm exhibiting the maximum gain achieved.

Figure 9: Comparison between the experimental
gains in sensitivity with the ones obtained via 3D
simulations of MFC with a h = 500 nm SV-like
stripe element centered in the gap.

6. Conclusions

This work aimed the development of a high sensitiv-

ity device with a reduced footprint towards high res-

olution and low field detection applications, namely

magnetic field mapping. To fulfill these require-

ments the following structures were fabricated: (i)

magnetic flux concentrators with a reduced area

(100 x 100 µm2) and sub-2µm gap and (ii) nano-

metric spin valve sensors with synthetic ferrimagnet

free layer and target heights below 500 nm to fit in

the sub-2µm gap of the magnetic flux concentrators.

The magnetic properties of top-pinned, bottom-

pinned SAF and bottom/top-pinned SAF-SF nano-

metric sized SVs were studied. SAF-SF SVs dis-

played the highest values in sensitivity, namely for

the target sizes below 500 nm. Gains in sensitiv-

ity from ∼1.4 (h = 90 nm) up to ∼4.5 (h = 500

nm) were obtained for SAF-SF SVs in compari-

son to bottom-pinned SAF and top-pinned SVs.

The use of SAF-SF structures helped to minimize

the losses in sensor sensitivity when patterning

SVs with nanometric lateral sizes (h < 500 nm).

The incorporation of these synthetic structures in

SVs stands as a strategy to achieve competitive

nanoscale sensors with high sensitivity and high

spatial resolution. 3D simulation of magnetic flux

concentrators were performed using FEM software

in order to study the effects of shape, gap width

and inclusion of a spin valve-like element in the gap

of MFCs in the amplification of the magnetic field

in gap. For a 1 µm gap, the obtained gains were

G (CZN) ∼ 15 and G (CoFeB/Ru SAF) ∼ 11 with

a 100 nm SV in gap up to G (CZN) ∼ 23 and G

(CoFeB/Ru SAF) ∼ 16 with 500 nm SV in gap.

The nanometric SV sensors (h = 500 nm) response

with and without CZN single-layer MFCs was stud-

ied. Maximum gains in sensitivity of 21.3 and 23.4

were achieved for devices in between MFCs with

gap widths of ∼1.8 µm and ∼1.65 µm, respectively.

The average gain values were in agreement with 3D

FEM simulations performed.
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Further work must be done to fully character-

ize the device and some modifications may be

attempted to optimize the device envisaging its

integration in an automatic magnetic field scan-

ning/imaging system.
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