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Abstract

Magnetic scanning has various uses in todays world, for example non-destructive testing and failure
analysis in microelectronic circuits. The use of Magnetic Tunnel Junction (MTJ) sensors for magnetic
scanning brings various advantages, mainly a very good sensibility to detect fields below 1 μT and
spatial resolution up to the nanometer scale.

In this thesis, I proceed with the characterization and the optimization of MTJ sensors produced
at INESC-MN, starting from the thin film deposition by magnetron sputtering and subsequent micro-
fabrication. Key steps are the optimization of the sensing layer to obtain a linear and hysteresis free
magnetic response, where sensors with a sensitivity S = 2.3 %/Oe with coercivity of Hc = 1 Oe
are obtained, and the oxide tunnel barrier quality (1.4 nm to 2.0 nm), obtaining a barrier height of
φeff = 2.14 ± 0.03 eV from R×A vs tMgO fit and φeff = 2.21 ± 0.16 eV from I-V characterization.
Sensors with magnetoresistance values up to 145% are obtained for controlled R×A values (from 5
kΩμm2 to 100 kΩμm2) with a small dispersion in a 1 inch substrate.

Two different sensor layouts are fabricated: one for a specific industrial application (position sensors
for a magnetic scales) and a prototype for a 2D sensor matrix layout with 3 sensor lines. The used
prototype packaging techniques is analyzed, obtaining misalignment between the sensor lines in the
order of 160 μm.
Keywords: Magnetic Tunnel Junction, Physical Vapor Deposition, Magnetic Scanning, Sensor Matrix

1. Introduction

The use of magnetic sensors for surface scan-
ning has various applications in today’s world, like
Non Destructive Testing (NDT) using eddy cur-
rent inspection, document validation using mag-
netic ink and biological applications like magneto-
encephalography [1, 2, 3].

Another very interesting application of magnetic
sensors is magnetic scanning, having the main ad-
vantage over optical imaging systems of being able
to operate in industrial environments. One applica-
tion example is for reading the magnetic scales com-
mercialized by Bogen for precision position sensing
[4].

For this applications Magnetic Tunnel Junction
sensors, a magnetoresistive sensor based on spin-
tronics, bring important advantages, due to having
a very good spatial resolution reaching values in the
nanometer scale [5] and reaching reported sensitiv-
ities as high as 7.7%/Oe [6] at room temperatures.

1.1. Magnetic Tunnel Junctions

The TMR effect occurs in multiple layered struc-
tures where the electrons tunnel across a thin (5 to

20 Å) insulating barrier sandwiched between two
FM layers, and the resistance of this structure will
depend on these layers magnetization. This effect
has been known since 1975, and is used in the mag-
netic tunnel junctions [7].

However only in the late 1990s significant values
of TMR were obtained. Two kinds of MTJ devices
are normally used, the ones with AlOx barrier and
with MgO barrier. The second case, where we have
coherent tunneling, has been showing bigger values
of TMR in the last few years, and in 2004 a TMR
of over 200% was reported using MgO Insulating
barrier [8]. Figure 1 shows this evolution in TMR
values for MTJ devices.

1.2. Objectives

The goal in this thesis is to obtain a sensor matrix
design to accelerate the magnetic scanning process.
To achieve this a prototype of a 2D sensor matrix
will be done, by using a multi-level structure where
each level contains 3 lines of MgO based MTJ sen-
sors, and the contact pads are done in different sides
of the sample as to not interfere with the previous
levels. For this prototype a spacial resolution in
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Figure 1: Evolution of TMR values at room tem-
perature for AlOx and MgO Barriers [9]

each line in the order of 100 μm, defined by the
distance between the sensors, is to be obtained. A
Scheme of the proposed prototype can be seen in
Figure 2

(a) Side view (b) Top view

Figure 2: Scheme of the proposed prototype.

To obtain sensors with a good magnetic re-
sponse the MTJ sensors will be deposited and
micro-fabricated at INESC-MN clean room facili-
ties. At INESC-MN, a vast knowledge of the fab-
ricating process for Magneto Resistive devices exist
[5, 6, 10]. MTJ samples will be deposited and char-
acterized, as to optimize the deposited MTJ stack
and obtain sensors with high sensitivity, linear re-
sponse, and low coercivity.

During this work, samples for an industrial appli-
cation (sensors for magnetic scale scanning), where
also fabricated and used for the characterization of
the fabricated MTJ samples.

2. Theoretical Background
2.1. TMR effect
The Tunnel Magnetoresistance (TMR) effect is ob-
served when two Ferromagnetic layers are separated
by a thin insulating layer (I) or Barrier (normally
AlOx or MgO is used in MTJ devices). When a
Voltage is applied between the two FM layers, the
electrons in the electric current can cross the In-
sulating layer by a quantum-mechanical tunneling
effect.

Figure 3: Schematic of the process of electron tun-
neling between two FM layers, in the parallel and
anti-parallel states. [11]

In the model proposed by Julliere in 1975 [7]
it’s assumed that the electron quantum numbers
are conserved during the tunneling process, which
means that electrons can only tunnel to states of
equal spin. Since the probability of an electron
tunneling is proportional to the product between
the density of states (DOS)of both ferromagnets,
we have the following equations for current density
in the case of parallel magnetization (JP ) and anti-
parallel magnetization (JAP ) (also represented in
Figure 3):

JP ∝ D1(↑)D2(↑) +D1(↓)D2(↓), (1)

JAP ∝ D1(↑)D2(↓) +D1(↓)D2(↑), (2)

Where Di(↑) and Di(↓) are respectively the spin-
up and spin-down DOS for FM layer i (i = 1, 2).
Considering that there is an imbalance in the DOS
at the Fermi level in FM materials, normally ex-
pressed as the spin polarization quantity:

P =
D(↑)−D(↓)
D(↑) +D(↓)

, (3)

we can observe that the current density will be
greater in the parallel state, hence the trilayer struc-
ture will have a lower resistance. The magnetore-
sistance (in this case called TMR) can then be ex-
pressed as:

TMR(%) =
Rmax −Rmin

Rmin
=

2P1P2

1− P1P2
. (4)

2.2. MTJ structure
In the basic MTJ structure we have two Ferromag-
netic layers separated by a thin oxide Insulator film,
normally either AlOx or MgO.

One of this FM layers, denominated pinned
layer, has a fixed magnetization resulting from an
exchange bias interaction with an adjacent anti-
ferromagnetic (AFM) layer. Only by applying a
large enough external field, above the exchange field
Hexch, can we observe the rotation of the pinned
layer.
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The direction of the exchange coupling and the
pinned layer magnetization is done through anneal-
ing in a uniform strong magnetic field (in the order
of the hundreds of Oe).

The other FM layer, denominated free layer, has
a magnetization that rotate to smaller external
fields (order of a few Oe). As a way to increase the
exchange field Hexch and make the MTJ more ther-
mally stable, synthetic anti-ferromagnetic struc-
tures is often adopted. In a SAF structure, instead
of having a single FM pinned layer we have two
FM layers separated by very thin Ru layer (around
8 Å). These two FM layers are anti-ferromagnetic
coupled as described by the RKKY theory [12, 13].
In this case the FM next to the anti-ferromagnet
is called pinned layer, and the other FM is called
reference layer.

In Figure 4 we can see the representation of a
MTJ structure with and without a SAF, with the
interactions between FM layers represented.

Figure 4: Stack of an MTJ structure with and with-
out a SAF. [14]

2.3. Linearization strategy
For sensor applications, the MTJ sensors must have
a linear and hysteresis free change in resistance.
Normally, in a MTJ structure we can have two
kinds of response to an external field: a square
response, where the MTJ is either in the parallel
or anti-parallel state (maximum or minimum resis-
tance states) and has hysteresis (Figure 5 (a)), and
a linear response, where the magnetization of the
free layer rotates coherently with the external field,
and we have a linear change in resistance (Figure
5 (b)). To obtain the linear response, we want to
have the free layer orthogonal to the pinned layer
in the absence of an external field.

Normally the easy axis of all the FM layers is de-
fined during its deposition by applying an magnetic
field, introducing an intrinsic anisotropy along it,
leading to parallel magnetization and a square re-
sponse. In this work two techniques are used: shape
anisotropy and superparamagnetic free layer.

Using rectangular shaped MTJ structure, its pos-
sible to use the self-demagnetizing fieldHd to obtain
the desired orthogonality between the reference and
free layers’ magnetization. This field will be larger
in the shortest direction of the rectangle, and from

(a) (b)

Figure 5: MTJ sensor response to an external field
with: (a) a square responde and (b) an hysteresis
free linear response. Adapted from [14].

[15] we know that it will depend on the aspect ratio,
that is the rate between the width and height in a
rectangular shape.

We can then increase the aspect ration to
counteract the intrinsic anisotropy. The higher
the aspect ratio, the more dominant the self-
demagnitizing field is, leading to an increase in the
linear range Hlin, but decreasing the sensor’s field
sensitivity S.

Another technique that can be used and
even combined with shape anisotropy is the use
of an ultra-thin free layer, normally used in
CoFeB/MgO/CoFeB MTJ structures. In this case,
reducing the free layer’s thickness below a threshold
thickness of tCoFeB = 15.5 Åleads to superparam-
agnetic behavior in the free layer, due to the forma-
tion of discontinuities in it, leading to a hysteresis
free linear response to an external field [6, 16].

When the thickness is decreased below the
threshold, a drastic decrease of the TMR of the de-
vice is obtained, as short channels that avoid the
free layer altogether are created due to the discon-
tinuities, which can be seen in Figure 6. This leads
to a decrease in sensitivity [3]. So for obtaining a
hysteresis free response with high sensitivity, a free
layer thickness as close as possible to the threshold
thickness is desired.

2.4. Simmons’ tunneling model (I-V relation)

Today the more generally adopted model for cur-
rent flow between metal electrodes separated by a
thin insulating film are the expressions developed
by Simmons [17, 18]. From an energy point of view
the insulator film forms a barrier to the current flow
φ1 and φ2 in each interface.

For intermediate applied bias Voltage V where
eV ≤ φ1,2, we have from the Simmons’ model the
following relation between Current and Voltage[17]:
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Figure 6: TMR as a function of tCoFeB for circular
MgO based MTJ devices, with 100 μm 2 of area [3].
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J0
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(
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)
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J0 =
e

2πh
,A =

4π
√

2me

h

where J is the current density, V the applied bias
voltage, t is the barrier thickness and φeff the aver-
age barrier height. This equation also contains the
constants for the electron charge e = 1.6×10−19 C,
electron mass me = 9.11 × 10−31 kg and Planck’s
constant h = 6.63× 10−34 Js.

When a very low bias voltage is applied, that is
, eV � φ1,2, we have approximate sensors have an
ohmic response. What is also interesting is that
for larger thicknesses we obtain V/J = R × A ∝
exp

(
At
√
φeff

)
, which means that the resistance of

a tunnel junction will depend exponentially on the
barrier thickness.

3. MTJ deposition and micro-fabrication

Throughout this work different fabrication pro-
cesses were used. For all samples the process starts
with the MTJ stack deposition, followed by the 1st
lithography for the bottom contacts definition, an
ion milling etch of the whole stack and a resist strip.
Then a second litography is performed to define the
pillars, a second etch is performed until the stack’s
AFM, 1400 Å of Al2O3 is deposited (to isolate the
bottom from top contacts) and a lift-off process is
done to remove the resist and unwanted oxide. Fi-
nally the 3rd Lithography step is done, followed by
the deposition of aluminium for the metal contacts,

Figure 7: Visualization of the fabrication steps used
during this work.

and a lift-off process to remove the unwanted alu-
minium. These steps can be visualized for a test
and scanner sensor in Figure 7.

For the magnetic scale scanner samples, a third
current path layer is needed. This is achieved by do-
ing an additional oxide deposition of Si3N4 (to iso-
late this new layer from the previous top layer), an
RIE etch of this oxide layer (for contact between the
two deposited metallic layers), followed by another
lithography, aluminium deposition and lift-off steps.
Finally for the sample protection a last lithography
and Al2O3 passivation can be done, leaving the con-
tact pads free of oxide with a final oxide lift-off.

4. MTJ sensors characterization and opti-
mization

4.1. Deposited samples

Throughout this work various samples
where deposited. The first 3 samples
(N2TJ1001/1003/1004) where deposited in a
glass substrate and used for test sensors with
various sizes (from 2 × 2 μm2 to 26 × 26 μm2).
The second set of samples N2TJ1017/1034 for
the magnetic scale scanner where deposited in
Si/SiO2 substrate and contain sets of 24 sensors
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in series, with and area of 20 × 2 μm2, and
finally samples N2TJ1050/1051 where done for
the prototype sensor matrix, also in Si/SiO2

substrate and containing sets of 2 sensor with
area 20 × 2 μm2, and some test samples with
different sizes. The test sensors have a single
Buffer with Ta(50)/Ru(180)/Ta(30) (thickness in
Å) and the other have a triple buffer with the
same composition. After that all samples contain
a an antiferromagnet (AFM) layer of MnPt(200),
a SAF of CoFe/Ru/CoFeB, barrier of MgO, free
layer of CoFeB and Cap layer with Ru(50)/Ta(100.
One important difference between the test samples
and the rest is that these contain a thick free layer
(30 Å) while the remaining samples contain a thin
(15.5 Å) to obtain superparamagnetic behavior.

4.2. SAF optimization
Between the deposition of the samples N2TJ1017
and N2TJ1034 various other samples where de-
posited for the measurement of the magnetic mo-
ment of the unpatterned stack, and to try to obtain
a better effective exchange bias in the pinned layer
(where both the exchange bias with the AFM and
the RKKY coupling with the reference layer con-
tribute). The rotation of the pinned layer can be
identified by its high hysteresis due to the interac-
tion with the ferromagnet [19].

Starting with a SAF composed by
CoFe(22)/Ru(8)/CoFeB(30) the Ru thickness
was changed to try and obtain a better effective
exchange bias He. It was observed mainly that
changing the spacer thickness (Ru) causes the
biggest shift in He: as we can see in Figure 8 (a)
we have an exchange bias He ∼ 750 Oe for a spacer
thickness tRu = 0.85 nm, and for a space thickness
of tRu = 0.7 we have He ∼ 1200 Oe nm and a
plateu until the 600 Oe. However, compared to
previous results obtained from MTJ deposited with
the same system this is a low value for exchange
field. In Figure 8 (b) we can observe the VSM
result from an older sample where the effective
exchange field is He ∼ 1800 Oe, and a very well
defined plateau until the 1000 Oe.

4.3. R×A results
In Figure 9 The TMR vs R×A (resistance mul-
tiplied by the area) of the samples used in this
work is shown (the sample N2TJ1045 has the same
MTJ stack as N2TJ1034). In this graph some of
the working sensor in the main cluster is shown.
All of the sensors where measure with low volt-
ages (V < 20 mV), as to have an Ohmic resistance.
We can immediately see that for the samples with
24 pillars in series, the dispersion in R×A is much
larger, where it’s logarithm’s dispersion varies be-
tween 0.32 and 0.4, while for the remaining samples
have dispersion between 0.07 to 0.18.

(a) CoFe(22)/Ru(X)/CoFeB(28)/MgO(20)/CoFeB(20)

(b) CoFe(22)/Ru(8.5)/CoFeB(30)/MgO(30)/CoFeB(25)

Figure 8: Magnetic response of various MTJ stacks.
Below each figure is the respective layers of the
SAF, MgO and free layers, with the thickness given
in Å.

Figure 9: RxA for the samples used in this work.
MgO in graph is for test samples, in Å.

Using the three first samples, a linear fit was
made to the logarithm of the R×A (Figure 10), ob-
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Figure 10: R×A vs Mgo thickness for samples
N2TJ1001, N2TJ1003 and N2TJ1004.

taining R×A (Ω μm2) ∝ e(1.06±0.01)t, with t be-
ing the thickness of MgO given in Å. According
to Equation 5 in the low voltage behavior, this is
equivalent to a effective barrier height of φeff =
( 1.06
0.723628 )2 = 2.14± 0.03 eV.
For these 3 samples, a dispersion map and his-

togram were also made, to visualize how the Re-
sistance and TMR of a sample changes within a 1
inch samples. In figure 11 we can see the histogram
for both RxA and TMR of these samples. In both
of these histograms it is possible to observe counts
of sensors with very low values of TMR and R×A.
This is due to re-deposition during the second Etch
step of the micro-fabrication process, that is, when
a metal deposits on the walls of the Insulating bar-
rier, creating an alternative path for the current
(like a parallel resistance) and reducing both the
resistance and TMR of the sensor.

4.4. Sensors magnetic response
For the first test samples, where we have a thicker
CoFeB free layer (20 Å), only the shape anisotropy
is being used as a method of sensor linearization.
In Figure 12 we can see a comparison from two sen-
sors, one with a low and another with a high shape
anisotropy (sensor areas of 14×14 and 2×20 μm2).

The squared shaped sensor has a squared mag-
netic response, with a high coercivity (Hc = 9.3
Oe) and very large sensitivity (the branch with the
largest linear range only has 5 Oe and sensitivity
of S = 10 %/Oe). When shape anisotropy is intro-
duced, a more linear response is obtained, with a
reduction of the coercivity to Hc = 5.7 Oe, an in-
crease in its linear range to twice the size (10 Oe),
and a decrease of its sensitivity to S = 5.5 %/Oe.

For samples N2TJ1017/1034, as an linear re-
sponse wasn’t immediately obtained, they where re-
annealed at 340 C. In Figure 13 we can observe the
transfer curve of a sensor in both samples.

(a)

(b)

Figure 11: Histogram of the (a) TMR and (b) R×A
(in logarithmic scale) the 3 test samples.

Figure 12: Magnetic transfer curve from single sen-
sors, rectangular shape with high aspect ratio, and
a square shaped one.

As we can observe the sensors from sample
N2TJ1017 have a very good sensitivity (S = 2.3 %
and S = 2.6 %). However the sensors from sample
N2TJ1017 have a very low coercive field (Hc = 1.2
Oe), while the sensors from sample N2TJ1034 con-
tain a somewhat high coercive field (Hc = 6.8 Oe),
around 5 times larger than the other sample.

Finally for samples N2TJ1050 and N2TJ1051,
the first anneal was done at 350C for 1.5h for both
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Figure 13: Magnetic transfer curve from 24 sensor
in series of sample N2TJ1017 and N2TJ1034.

samples. As a large coercivity was found, and sec-
ond anneal was done for both samples at 360C.
However for sample N2TJ1050 this was done for 3
hours while for sample N2TJ1051 it was done for 2
hours. In sample N2TJ1051 only a small reduction
in it’s coercivity was found, going from Hc = 5.0 to
Hc = 3.2. In figure 14 we can see the effect of the
anneal on the sensors from sample N2TJ1050.

Figure 14: Magnetic transfer curve from 2 sensor in
series of sample N2TJ1050

We immediately observe a drastic reduction in
the sample TMR, going from 110 % to 40 %. This
happens when the annealing is done at too high
temperature. Due to the diffusion in the free layer
interfaces, leading to a discontinuous free layer,
paths for the electrons to avoid going through the
free layer appear. This also leads however to super-
paramagnetism effect in the remaining discontinu-
ous clusters of the free layer, going from a coercivity
of Hc = 4.2 Oe in the first anneal to a hysteresis free
response, with practically zero coercivity (Hc = 0.3

Oe). As an effect of this loss in TMR and of a big-
ger linear range, the sensitivity is also significantly
reduced, going from S = 5.8 %/Oe in the most sen-
sitive branch to S = 0.26 %/Oe.

Using some of the test sensors in sample
N2TJ1051 (after the second anneal), A Study of the
I-V characteristics of the sensors, with no external
field, was done.

4.5. I-V Characterization
For this 7 sensors with different dimensions (2×20,
2.5× 20, 3.5× 20, 4× 20, 4.5× 20, 4× 4 and 6× 6)
were submitted to increasing current while the volt-
age was measured. Using the software Mathematica
Equation 5 was fitted to the experimental points.
The resulting curve with the experimental points
can be seen in Figure 15. As it is possible to observe
the experimental data corresponds almost perfectly
to the theoretical model proposed by Simmons.

Figure 15: Current as a function of Voltage for test
sensors in Sample N2TJ1051, with fitted curves.

From the average values of the fitted curves we
obtain and effective barrier thickness of teff =
10.9 ± 0.3 Å and an effective barrier height of
φeff = 2.21 ± 0.16 eV. The value obtained for the
barrier height is in accordance with the value ob-
tained from the linear fit of the barrier thickness
(φeff = 2.14 eV). However the value for the effec-
tive barrier thickness is much lower than the barrier
thickness obtained from the calibration, which can
be due to the interface diffusion and the existence
of pinholes in the MgO barrier.

5. 2D Prototype packaging
In the design used for the micro-fabrication each
chip contains 32 sensors in line, distanced from each
other by 112.5 μm. Each sensor is composed by
two pillars next to each other, with are 2× 20 μm2

separated by 10 μm, as can be seen in Figure 17. For
each group of 8 sensors corresponds 9 contact pads
with dimensions of 100×200 μm 2 (8 for each sensor
plus one ground pad) in two lines, as can be seen in
Figure 16. Depending on the chip, when the sensors
are at the bottom the contact pads may be on the
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top, left or right. The disposition is such that when
three chips with different contact pad locations are
on top of each other, with their sensors aligned, all
the pads are visible. In the end we obtain 3 lines
separated by 700 μm with 32 sensors separated by
112.5 μm each.

Figure 16: Contact pads present in the sensor ma-
trix design.

5.1. Mounting on the PCB

For this prototype three chips from from sample
N2TJ1050 were selected, giving preference to the
chips with a larger TMR, as it had been largely
reduced during its last annealing step. As all the
chips where diced at the same time, all chips have
the same distance to the dicing edge, which is 50
μm (Figure 17).

Figure 17: Sensors from 2D matrix design.

For the PCB an existing PCB for biosensors
present at INESC-MN was adapted. To mount the
chips on the PCB the first chip, one with the con-
tact pads on the left, was glued to it using regular
superglue. The second chip, with pads on the right
was then glued on top, and finally a third chip was
glued on top of the previous two. To guarantee that
the sensor lines where aligned an acrylic rectangu-
lar piece was used to align the dicing edges and the

PCB edge. However this method does not guaran-
tee the sensor alignment across the line direction,
which was done manually under a microscope.

5.2. Layers misalignment

Using microscope images the misalignment of the
sensors between the top layer and middle and bot-
tom layers was obtained. Using the last sensor in
the top layer, and the last sensor in the middle
layer, we can calculate the misalignment between
the top and middle layers, obtaining a misalignment
of ∼ 165 μm in the sensor line direction. The mis-
alignment perpendicular to the sensor line direction
it is hard to estimate we can majorate as being < 60
μm.

For the case of the bottom layer we obtain a mis-
alignment of 130 μm perpendicular to the sensor
line. In this case the missaligment along the sen-
sor line is much smaller, although it can be dif-
ficult do estimate. Using a rectangular aligment
mark present in the mask, this missaligment was
estimated to be ∼ 25 μm.

However it should be noted for all this mea-
surements that the uncertainty associated with this
measures is very large (10−20 μm) due to the diffi-
culty in defining the top layer edge with the micro-
scope focused on the middle and bottom layers.

5.3. Wire bonding

As the adapted PCB did not have enough copper
lines for all sensors, only the second group of 8 sen-
sors was wirebonded, as shown in Figure 19. The
main challenge found during this step was the wire
bonding of the middle layer. Because the second
line of contact pads where very close to the top
layer (around 200 μm of distance), the wire bonding
needle would collide with it and couldn’t reach the
pads. For that reason only half the sensors in the
middle layer where bonded. After the wire bond-
ing process the aluminum wires where protected by
covering them in silicon.

However due to the difficulty in the wire-bonding
process due to the contact pads proximity and the
multi-level structure, in the end only 6 sensors re-
mained working (5 on the top layer and 1 on the
middle layer), most likely due to shorting of the
contact pads from multiple wire bonding attempts.
Their transfer curve can be observed in Figure 18.

In the end we have 6 sensors with 10−11.5 kΩ, a
TMR of 55% with a sensitivity of around S = 0.55
%/Oe with a linear range from −30 to 30 Oe.

6. Conclusions

In the work developed for this thesis, various MTJ
sensors with an MgO barrier were deposited and
micro-fabricated, and a study of the sensor’s char-
acteristics was done. More specifically the sensors
R×A and TMR values as a function of the MgO
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Figure 18: Working sensors Resistance vs External
field.

Figure 19: Final device, as seen from a microscope.

barrier thickness, the resistance dispersion across a
1 inch sample, the magnetotransport characteristics
of the sensors and the I-V curve where obtained.

A maximum of 145 % TMR was obtained for the
fabricated sensors, with R×A values varying from
5 kΩμm 2 to 100 kΩμm 2. For the samples with
single and two sensor in series, a low dispersion was
obtained, varying for Log(R×A) from 0.07 to 0.18
μm2, and no significant relation was observed with
the location of the sensors in the sample and it’s
TMR and R×A, while from the samples with 24
sensor in series, this dispersion rises drastically ,
varying in this cases from 0.32 to 0.40 μm2.

Using two different methods, the effective bar-
rier height for the MgO was obtained. In the first
method, using the low voltage behaviour a linear
fit was made to R×A vs MgO thickness, obtaining
φeff = 2.14 ± 0.03 eV. Measuring the I-V curve
of various samples an effective barrier height of
φeff = 2.21± 0.16 eV was obtained.

Due to obtaining a low exchange in the pinned

layer for the first samples, a process of SAF opti-
mization was also done. In the end, the final stack
was left with a difference between the pinned and
reference layer’s magnetic moment. However by re-
ducing the spacer in the SAF to 0.7 nm an effective
exchange of the pinned layer of 1200 Oe, with a
plateu until the 600 Oe was obtained. This is a
continuous work, as this values are still low when
compared to previous results obtained at INESC,
where exchanges of 1800 Oe with a well defined
plateu until the 1000 Oe.

For the obtained transfer curves, the best sen-
sors obtained where from sample N2TJ1017, with
a TMR of 80%, sensitivity of 2.3%/Oe, a low co-
ercivity around 1%/Oe, and a linear range of 20
Oe. The effect of a high annealing temperature was
also observed when trying to eliminate a response
with hysteresis, observing that when a sample is an-
nealed for over 360 C for long enough (in this case
3h) we can obtain a hysteresis free response, but re-
ducing drastically the sample TMR and sensitivity.

Finally a prototype for a 2D sensor matrix scan-
ner was done by gluing three substrates with micro-
fabricated sensor on top of each, to create 3 lines of
sensors. An analysis was done of the manual mount-
ing process, obtaining a maximum misalignment of
∼ 165 μm along the sensor line direction and 130
μm perpendicular to the sensor line. Since the dis-
tance between sensors in a sensor line is 125.5 μm,
we can consider the sensors completely misaligned,
and an alternative method of alignment should be
found to reduce this problem.

Due to the complication that arise from a multi-
level structure, and having very close contact pads,
during the wire bonding process many of sensors
where short-circuited, and in the end only 6 sensors
out of 16 where left working, 5 on the top layer and
1 on the middle layer. To solve this problem the
mask designed can be modified, with more space
left between pads and to the next layer wall, to
facilitate the wire-bonding procedure.

For the built prototype, the obtained sensors still
need to be tested as a magnetic scanner, to charac-
terize its resolution.
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