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Objective

Objective:
Make a device that searches for microfissures in metallic samples,
based on magnetic excitation and detection.
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Operation Base Concepts

A source of strong magnetic field is used to excite the metallic
sample.

In the metallic sample, a electric field is generated by simple
Faraday induction:

∇× Ei = −
∂B

∂t
(1)

(this just means that a time varying magnetic field is a source
of circulation of a electric field).

Being metallic, the medium has a finite conductivity σc that
means that the induced electric field will create induced
currents in the material:

Ji = σcEi (2)
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Operation Base Concepts

Now neglecting displacement currents, we can see by other
Maxwell equation that the metal will respond with a generated
magnetic field:

∇× Hgen = Ji = σcEi (3)

The principle of operation is therefore very simple, if we have
any fissures in the sample, its conductivity will locally change
and the generated magnetic field will also change. This means
that detecting the generated magnetic field we can know, by
its non-uniformities, where are their fissures or other defects.
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Principles of detection - Spin Valves

Basic thin film structure

Figure: Basic spin-valve structure.
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Principles of detection - Spin Valves

The device consists in:

Two conducting magnetic materials (Pinned and Free Layer).
The two layers are made of two materials with different
magnetic coercivities.
Due to the different coercivities the free layer changes polarity
at small magnetic fields while the pinned layer changes polarity
at a higher magnetic field.
The anti-ferromagnetic acts as a pinning layer.
A metallic non-magnetic inter-layer.
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Principles of detection - Spin Valves

It works based on the so called Giant Magnetoresistive Effect.

The unpaired carrier electrons in the free layer align their spins
to the external magnetic field.
When a potential exists across a spin valve, the spin-polarized
electrons keep their spin alignment as they move through the
device.
If these electrons encounter a material with a magnetic field
pointing in the opposite direction, they have to flip spins to
find an empty energy state in the new material.
This flip requires extra energy which causes the device to have
a higher resistance than when the magnetic materials are
polarized in the same direction.
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Principles of detection - Spin Valves

Two different states:

Figure: A schematic diagram of a spin valve. When the magnetic layers
are anti parallel the resistance is higher than when they are aligned.
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Assembly

Figure: Mask and final assembly.
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Fabrication

Spin Valve Deposition

First of all we had to deposit the spin valves in a glass substrate.

SV deposition:
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Fabrication

Spin Valve Definition

This part has 3 steps: Lithography, Etching and Stripping.

Lithography:
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Fabrication

Spin Valve Definition

Etching:
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Fabrication

Spin Valve Definition

Stripping:



IMAGIC Spin Valve Process

Fabrication

Contacts

This part is done by lift-off and has 3 steps: Lithography,
Deposition and Lift-off.

Lithography:
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Fabrication

Contacts

Deposition:



IMAGIC Spin Valve Process

Fabrication

Contacts

Lift-off:
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Fabrication

Passivation

This part is also done by lift-off and has 3 steps: Lithography,
Deposition and Lift-off.

Lithography:
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Fabrication

Passivation

Deposition:
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Fabrication

Passivation

Lift-off:
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Fabrication

Sensor Transfer Curve

Fabrication over, now the task is to measure the transference
curve of the sensors.

Coils produce a computer controlled excitation magnetic field.

A constant current is imposed to the sensors.

Voltage at its terminals is measured and then the resistance of
the sensor is extrapolated.
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Fabrication

Sensor Transfer Curve

Results.

⇒ Not the expected. After a certain value of the field, the pinned
layer magnetization stops being fixed and starts rotating with
the free layer magnetization, reducing the resistance.
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Fabrication

Cutting and Wirebonding

Although the sensors are useless, the process proceeds to the
cutting.

1 Sample coating with PR to
avoid dust deposition.

2 Align sample in the diamond
saw.

3 Definition of the cutting
directions and dimensions.

4 Cutting.

5 Stripping.

Result:
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Fabrication

Cutting and Wirebonding

Final phase before testing is to pick one sensor array and the PCB
and do the wirebonding.

Connect the contacts of the
sensors to the copper lines
on the PCB.

The machine exerts a force
and ultrasounds on the
sample, and this is enough
to melt the aluminium and
connect the wire.

Lastly, silicon is applied
where the wirebonding was
done to protect the links.

Fabrication over.



IMAGIC Spin Valve Process

Assemble and Testing

Content

1 Objective

2 Operation Base Concepts

3 Principles of detection - Spin Valves

4 Assembly

5 Fabrication
Spin Valve Deposition
Spin Valve Definition
Contacts
Passivation
Sensor Transfer Curve
Cutting and Wirebonding

6 Assemble and Testing



IMAGIC Spin Valve Process

Assemble and Testing

After the fabrication and assemble of the chip we have to test the
device (actually other device (MR 5.8 %)) using some
metallic samples.

Experimental set-up:

Current line is
used to induce
current loops in
the metal.

Lock in reads the
output of the
sensor at the
frequency of 100
kHz.
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Assemble and Testing

Experimental set-up
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Assemble and Testing

Method:

1 First measurement is done away from the sample with and
without the DC power source, this measurement gives the
influence of the current line on the output of the sensor -
direct coupling.

2 Then the measurement over the metallic sample is done, again
with and without the DC power source, to subtract the direct
coupling.

When the probe is over a metallic sample, the induced currents on the

metal will generate a magnetic field that reduces the total field.

For each measurement the lock in gives both the real and imaginary

values of the sensor voltage, as it may have a certain phase.
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Assemble and Testing

Results:

V
uncoupled

real = V
withDC
real − V

withoutDC
real

V
uncoupled
imag = V

withDC
imag − V

withoutDC
imag

V
2
modulo = V

2
real + V

2
imag

phase = arctan
Vimag

Vreal

Var1 = 100 ×
|V outside

modulo − Vmodulo |

V outside
modulo

Var2 = 100 ×
|V normal

modulo − Vmodulo |

V normal
modulo
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Assemble and Testing

Discussion:

As predicted, the signal over the sample is lower than away
from the sample.

Fissures prevent induced currents to flow, then the response
field would be smaller and the measured field would be higher.
That kind of behaviour was observed:
(V normal

modulo < V
fissure
modulo < V

outside
modulo ).

The variation of the signal when go from normal surface to a
fissure (Var2 (%)) would be higher for deeper fissures and
smaller for superficial ones.

The measured variation come from the magnetic field variation
and not directly from magnetoresistance effects.
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