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1 Object

The object of the present document is to explain briefly the internship realized
at imec (Leuven, Belgium), giving further details about the technical aspects of
the realized project as well as the obtained results and the acquired knowledge.

In the following sections the work done will also be related to the skills
acquired during the Master’s, and a final valoration from both the useful ed-
ucative aspects and the possible lacks of knowledge to achieve the goals of the
stage.

1.1 How did I get here

The internship of the present document has ben realized between the 3rd
September 2018 and the 30th April 2019 at imec (Leuven, Belgium).

To have an international experience, I looked for different possibilities in
Europe to realize a stay abroad. My topic of interest was (and still is) acoustics,
specifically bioacustics and how technology can use sound in many fields. For
economical reasons, I needed a place which could offer me a scolarship to cover
the costs of living abroad. The open position closest to my interests that I
found was at imec.

At imec there are different open places to realize Master Thesis and intern-
ships projects for students, and when I saw one of them related to acoustis I
applied.

After several interviews, I was elected. As I had already finished all my
Masters subjects, and knowning that I was going to present my Master Thesis
(about bioacoustics) in October, I enroled all the credits ECTS I had available,
18.

At the beggining of the internship I had completed 106.50 ECTS, and I was
only missing 13.50 optative credits.

1.2 Objectives

The open position’s project was Ultrasound holography using tunable acoustic
lens.

Acoustic imaging relies on the production and detection of controlled acous-
tic wave fronts. Emergent acoustic technologies allow nowadays to define large
2D arrays of high frequency ultrasound transducers, enabling imaging quali-
ties never seen before. However, they rely on expensive and complex systems
still under development. Indeed, generating precise phase shifts for millions
of transducers is a task never encountered before. An alternative to beam
forming approaches is to use simple plane-wave source or detector and retrieve
to tunable lenses for wave front shaping. These lenses are reset through the
application of DC-signals and thus do not require the development of complex
circuitry.
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The project proposed by imec was, based on electromechanical and acous-
tic simulations, to find the acoustic beam-forming techniques and the acous-
tic/mechanical specification of the tunable lens and its cartesian set of acoustic
actuator pixels to efficiently focus the ultrasound signal on a specific location.

1.3 Working environment

Imec is a world-leading R&D and innovation hub in nanoelectronics and digital
technologies, where they combine longstanding leadership in microchip tech-
nology with in-depth expertise in software and ICT to lay the foundation of a
more personalized healthcare, smarter cities, cleaner energy and more efficient
mobility, logistics and manufacturing solutions.

Imec offers both R&D solutions to create new technologies as well as in-
novation services applicable to both products and services. They do big and
small projects, stand-alone or with multiple partners.

At imec, students work in an international environment with world-class
expertise and use state of the art facilities. Besides R&D with world-leading
companies, imec strongly invests in fundamental research. This long-term re-
search is key for imecs funnel.

Imec bridges the gap between universities and industry. Universities are
usually doing long term research with limited budgets, whereas industry is
focusing on shorter term applications with high investments. Novel ideas from
academic research can be pushed to higher technology readiness levels making
them suitable for industry. At the same time imec translates future technology
needs from industry into research at universities in order to keep them focused
on industry relevant topics.



2 Technical aspects

As the internship was focused on one single and independent project, this
section resumes its different parts, together with the different obstacles I have
faced during its development.

2.1 Lens theory

State of Art

Different approaches have been made to create pressure distributions using
sound (acoustic holograms). The principal ones are resumed in the following
sections.

Passive lenses

Using open / closed lens made of polymers Fresnel lenses have been
created using only 1/0 (open / closed) pixels [1], regarding both reflection and
phase delay of the wave at each pixel.

Figure 2.1: Fresnel acoustic tweezers design [7]

Monolithic 3D laser cutting The approach made by the Max Plank Insti-
tute for Intelligent Systems creates a lens based on the phase lag at each point
because of the time the wave takes to cross the lens at different thicknesses [3]
[6]. The phase delay needed at the source to create a certain acoustic pres-
sure map is calculated using the IASA (Iterative Angular Spectrum Approach)
algorithm, and the lens is constructed by laser cutting.

To do so, the wave at each point can be represented as a complex number
with a certain pressure and phase delay.

p(x, y, z) = p̂(x, y, z)ej∆φ(x,y,z) (2.1)
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From there it can be converted to the wave number domain (angular spectrum).

P (kx, ky, kz) = fft2(p(x, y, z)) (2.2)

Knowing the amplitude and phase lag of each point, a plane wave can be
propagated, and then the pressure at a distance z can be computed. From
the angular spectrum domain the wave can be converted back to time domain
(pressure, phase) using an inverted fft in 2d.

Active lenses

Using transducers Each transducer can modulate its source independently
with different amplitude, frequency and phase delay [2]. This makes a more
precise, dynamic and adaptable lens but also more expensive, complicated to
program and depending on the number of transducers. Even more, the res-
olution depends on the size of the transducers, which can not go as small as
desired.

Figure 2.2: Output of an array of transducers to generate acoustic holograms
[2]

Lenses calculation

The innovation part about the project is to reduce lenses to 1/0 acoustic pixels
(instead of different discrete phase delays, try to construct the same principle
explained at section 2.1 but with only two different pixel states: open and
closed. ”Open” is a pixel as acoustical transparent as possible. ”Closed” is a
pixel with the highest reflection coefficient so it doesn’t transmit the wave.

With this approach, it will make possible to implement a dynamic way
of opening and closing the pixels. Applying this principle, the passive lenses
will be tunable, getting the advantages of both the dynamic and the passive
lenses. To create the acoustic pixels the main idea is to use cMUT arrays [4].
When the membrane is not collapsed, the air cavity will reflect the wave due
to the high acoustic impedance mismatch (see Figure 2.3). If the membrane
is collapsed, the air cavity will be null, transmitting most of the wave (low
reflection coefficient).
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Figure 2.3: Displacement of the membrane, before membrane collapse (a),
when collapsed (b), and when the excitation voltage follows the 0 V - Vcollapse
Vsnapback - 0 V cycle (c) [5]

To collapse the membrane it is needed to apply a certain voltage. To cal-
culate it, different voltages are used to calculate membrane’s displacement by
iterating. The first voltage where the iterations do not converge is considered
the collapsing voltage.

Transmission approach

On an open pixel (relaxed membrane) the wave encounters 4 changes of ma-
terial (medium - support, support - plate, plate - membrane and membrane
- medium). If the membrane is collapsed, the changes of material are only 3
(medium - support, support - membrane, membrane - medium), therefore the
reflection coefficient is much lower (especially considering that air - polymer
acoustic impedance mismatch is much higher than water - polymer.

(a) Reflection of a collapsed mem-
brane

(b) Reflection of a cell with air
cavity

Figure 2.4: Transmission and reflection of the two different cell types

The phase of the open cells is considered 0. Then the phase delay of the
closed cells depends on its thickness.

Subindexs s, p,m,w, a stand for support, plate, membrane, water and air
layers.
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Reflection approach

Instead of transmission, reflection can also be used to create pressure patterns.
The working principle is resumed in 2.5. In the reflection approach the only
parameter which will be modified is the phase delay, as the reflection will be
the same in both open and closed pixels.

Figure 2.5: Cell reflection

As the only modified parameter is the phase delay, it is convenient to force
it to the maximum (π).

Technical restrictions

Depending on the frequency and the propagation medium, pixels’ size are re-
stricted to be able to apply IASA propagation. The number of pixels of the
projected image have to be smaller than the number of pixels of the source,
and the dimensions of the pixels are limited by the diffraction limit.

IASA

IASA algorithm is used to calculate a solution lens using iteration. In each
iteration the restrictions are imposed, and only 1 and 0 pixels are allowed. To
consider some of the non-linearities of the model, the pressure at the pressure
source is passed as a numpy array which is the known pressure distribution of
the source plane wave. If it is not available, constant pressure will be assumed.
The reflection and the absorption of every pixel is also computed at every
iteration and forced to discretize between open and closed pixels.

Code

The code to calculate the lenses has been done using Python, as it is the
language I am mo used to, together with the fact that it is easy to maintain
and upgrade if necessary. All the code has been updated to imec’s GitHub.

The python classes are designed so the plate’s thickness can be fixed, and the
source distribution can be passed to the algorithm as a numpy array of pressure
points. Using this two features, the designed lens will be more accurate for the
given conditions. If any thickness is available and one wants to get the optimum
thickness to have a delay of π, it can be computed.
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To calculate the source, ’pressure’ or ’phase’ can be selected to change which
of the two parameters IASA uses to discretize the pixels in each iteration.

The calculation of the lens distribution considers:

• Homogenous / heterogenous source

• Reflection and absorption coefficient of materials, real delay

• Reflection / transmission mode

• Pressure or phase as a guide to discretization on each iteration

• Lens efficiency: acoustic power of the hologram vs acoustic power gener-
ated

• Calculate optimal cavity thickness (pi delay)

• Calculate pull-in for the given materials (cMUT structure)

• Calculate sound speed of materials (specific data structure)

Lens efficiency is calculated as the total power on the image plane comparet
to the total power generated by the source, where the total power generated
by the source is the sum of the intensity of all the points just before reaching
the lens (1 for reflection mode).

Code Results

The results obtained by the designed code are can be seen in Figure 2.6

Figure 2.6: Results for one 2D image using the Python code. f=2.4 MHz,
c=1500 m/s, d=λ=0.625mm, L=40 mm, z=25 mm, grid=64x64 px

For different images in planes big separation needed to achieve resolution.
For a 3D shape abrupt changes in z plane cannot be achieved, as the wave
needs several wavelengths to form te desired pattern.
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Figure 2.7: Results for 3 different planes imaging using the Python code. f=2.4
MHz, c=1500 m/s, d=λ=0.625mm, L=40 mm, z=10 and 25 mm, grid=64x64
px

Reflection The code can also be used to calculate the lens for reflection
mode. Then ’reflection’ has to be specified, together with the angle of incidence.

Figure 2.8: Results for one 2D image using the Python code in reflection
mode. f=2.4 MHz, c=1500 m/s, d=λ=0.625mm, L=40 mm, z=10 and 25
mm, grid=64x64 px

Simulation

To prove the lens design, it has been simulated with Kwave and COMSOL.
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Kwave simulation

Kwave 1 is a Matlab tool that computes wave propagation in heterogeneous
media. A 3D grid is defined (pixel size, di, has to be smaller than λ/2) and
source and media are placed in it using Kwave procedures (see its documen-
tation for more information). The lenses simulations allow a plane source at
the bottom (piezo’s generated wave) and then a definition of which pixels are
medium (water), which ones support and which ones are closed and open pixels
(air or membrane’s material). Different lens approaches (see 2.2) are available
to choose by the user so they can be tested before building them.

For a first proof of concept, the simulation is just open/closed pixels defined
by a big acoustic impedance mismatch. Instead of low sound speed and low
density, the material has been chosen to be high speed and density to be able
to simulate it with bigger pixels (di) and reduce the computational time of the
simulation.

Figure 2.9: Results for one 2D image using the Kwave simulator. Left im-
age obtained with Kwave and right with Python. f=2.4 MHz, c=1500 m/s,
di=λ/2=0.3125mm, L=40 mm, z=25 mm, grid=128x128x128 px

The same has been done with multiple planes to create a 3D acoustic dis-
tribution, with satisfactory results as well.

COMSOL Simulation

Several models have been made in COMSOL to test the lenses. Some simplifi-
cations have been made to be able to run the model, as COMSOL’s 3D models
are highly consuming in terms of time and CPU. First simulations try to prove
the behaviour of the open/closed cells. Results can be seen in Figure 2.10.

1http://www.k-wave.org/
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(a) Open cell (b) Closed cell

Figure 2.10: COMSOL simulation of Sound Pressure Level (SPL) for one cMUT
cell. Support and plate: Si, membrane: Acrylic Plastic, cavity: Air, medium:
Water. PML to simulate infinite propagation medium.

(a) Acoustic Pressure (b) Sound Pressure Level

Figure 2.11: COMSOL simulation of for one air-gap open cell (see 2.2). Support
and plate: pmma, membrane: pmma, cavity: Air, medium: Water. PML to
simulate infinite propagation medium.

2.2 Lab work

Setup

To create an acoustic hologram and measure it, it is necessary to create the
planar wave, transmit it trough the lens and then measure the resulting acoutic
field. To do so, a specific environment is required.

At imec’s Lab there was one setup already prepared with Labview code
which could have been used with these purposes. After testing it, some bugs
where detected and solved, but the measuring for 3D was really slow.

For this reason, together with the fact that someone needed it to measure
full-time, a new setup has been designed with recicled and reused tools and
materials. The Labview license had given a lot of problems of compatibility
(imec’s license is from 2012), so to make it easy to upgrade Python has been
chosen as the main language for software, API and GUI developing.

The resulting setup can be seen in the Figures 2.12 and 2.13.



MUEI - UPC Curricular internship report

The following sections give more information about the tools and equipment
used.

Figure 2.12: Connections of the Homer setup

Figure 2.13: Homer Setup (Hydrophone and source not mounted)

Wave production

Wave Generator Keysight 33500B Series Trueform Wave generator
able to create arbitrary waves at the desired frequency and which can be inte-
grated to a software (API communication with computer).

Transducer A ceramic transducer glued to a brass plate to amplify the sig-
nal.
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Watertight case + Brass plate To improve the signal of the transducer,
a brass plate is glued to the piezo, which is driven with the other side (the one
not glued to the brass) on air. To do so, a watertight case is designed with this
purpose. It is designed with SolidWorks and 3d printed with clear resin. The
design can be found in the setup/source folder.

Figure 2.14: Watertight Case, with the rubber and the plastic screws used to
hold it tight

The brass plate available at imec were 1.9 mm thick, but the ISO brass
type was unknown, as well as its sound speed.

Other brass plates (ISO:C37700) could be purchased from different sup-
pliers, but only 1.0, 1.5 and 2 mm thick were available (without posterior
processing).

Amplifier Falco Systems DC - 5 MHz High Voltage Amplifier 50x
To drive the piezo at higher voltages, an amplifier capable to amplify signals
at the desired frequency is needed.

Measurement tools

Hydrophone (Mario) Hydrophone with enough sensibility to measure the
wave.

Oscilloscope Picoscope 4248 Oscilloscope with high enough sampling rate
to measure signals at the desired frequency and with an API to integrate it to
the software.

Environment

The setup also needs a water tank and supports for both the transmitter and the
receiver. The water tank is a plastic box and the supports are from Thorlabs.
To precisely move the hydrophone and collect the pressure distribution, a 3D
stage is used. For the present setup a self-made one has been used. The drivers
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box has been designed and assembled to drive the 3 step motors with 3 drivers
and an Arduino.

The stage is self-made (this is where its name comes from, Homer from
home-made). The drivers were recicled from an old setup and driven by an
Arduino Mega. All the interface computer-arduino-motors has been built from
scratch.

Software

To run the setup, homer software has been designed.
To leave better documentation about it, I created a User Manual where all

the software functionalities are explained, together with installation guide and
explanation of some un-solved bugs.

Figure 2.15: Software interface

To coordinate all the actions, threads are used. Only one thread can be
executed at a time (plus the current execution), so all the actions will be
synchronized. In the User Manual some bugs and possible improvements are
detailed and can be implemented at any time.

Construction problems

Driving the piezo

Holding the piezo Holding the piezo by clamping it changes the vibration
mode of the piezo. To solve it, a metal plate was added at the back by glueing
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it with double sided tape so it was the metal plate the one clamped and not
the piezo.

Signal received too weak The signal received by the hydrophone was too
weak to distinguish it clearly from the noise. To amplify it, an amplifier was
used after the Wave Generator. This leads to another problem, as the amplifier
has a 50 Ω resistance, which disturbed the signal sent to the piezo (see Figure
??). It should be a low impedance amplifier, but as imec didn’t have an
available one, impedance match was applied.

Figure 2.16: Disturbance of the signal generated by the connection of the
amplifier to the piezo. Blue channel: trigger, Red channel: output of the Wave
generator, Yellow channel: output of the amplifier

To set all the different electrical branches to the same impedance, impedance
matching using Smith Chart was calculated and applied. To do so, first is was
necessary to measure the impedance of the piezo plate (together with the metal
support), getting the results shown in the Figure 2.17 (Impedance Analyzer
Agilent 4294A used).
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Figure 2.17: Piezo Impedance Measured with the Impedance Analyzer. Blue
channel: trigger, Red channel: output of the Wave generator, Yellow channel:
output of the amplifier

The signal sent after adding the mentioned impedance, is plotted in the
Figure 2.18.

Figure 2.18: Signal after the impedance matching

The signal to noise ratio was still to low. To get a better signal some
processing was done: averaging and noise reduction. There were also electro-
magnetic interferences that had to be removed. Results can be seen in Figure
2.19.
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(a) Received signal with no pro-
cessing

(b) Received signal with removed
EMI and noise reduction

Figure 2.19: Post processing done to the signal

Wave not uniform The wave created by a square piezo is not uniform (see
Figure 2.20). To consider it in the calculation of the lens, it has been added to
the code the possibility to specify the source pressure and phase distribution.
Using this feature makes more precise lenses with better resulting holograms.
The disadvantage of it is that then each lens is made for a specific source and
shouldn’t be exchanged.

Figure 2.20: Pressure map of the square piezo at 5 mm distance in MPa

Brass sound speed calculation Brass sound speed can not be calculated
by measuring the time flight difference between water using the piezo as a
source because the reflection is too high to allow any signal at the other side of
the plate. Therefore another technique had to be used: two piezo plates have
been placed at both ends of a brass cylindrical prove (using acoustic gel for
better acoustic matching between the piezo and the prove). A signal is sent to
one of them and measured in the other. The time taken by the wave to travel
the whole brass prove can be used to calculate the sound speed.
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Figure 2.21: One of the measurements of time flight (represented in blue) of a
wave through the brass prove (f=1.5 MHz)

This calculation is done for several points and averaged, and using this
parameters, the thickness of the plate for a piezo of 1.5 MHz had to be 1.11
mm.

This could not be done at imec, and the piezo needed to drive a brass
plate of 1.9 mm thick was not available either. Another brass plate had to
be purchased (see 2.2). Its sound speed is unknown but can be calculated
theorically. Unfortunatelly, it arrived too late to test it, as my internship was
already over.

Final source Design

As seen in the theory, the image features must be larger than λ/2 (maximum
resolution), and the pixels larger than λ to diffract the wave. For this reason,
and regarding the following constraints:

• Available tools to create lenses (laser cutting and 3D printing).

• Available piezo ceramics

• Available brass plates thickness

And to solve the above mentioned problems, the source from ”Holograms
for Acoustics” [6] was reproduced.

The piezo transducer was fixed to a thin brass plate of a thickness of λ/2
and mounted in a watertight case so that the back side of the transducer was
open to air. A thin layer of vacuum grease between the brass plate and the
hologram provides good acoustic coupling and temporary mechanical fixing.

To calculate the λ of the brass plate is necessary to know its sound speed.
To do so, different measurements were performed. Considering the available
brass plate at imec, the speed of sound of Brass the minimum separation which
can be achieved by the laser cut machine, the piezo which could create an
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hologram with the maximum number of pixels, was selected, and with it the
working frequency.

The resonance frequency of the composite formed by the piezo and the brass
plate will be slightly different than the resonance frequency of the piezo alone,
and it was measured using the Impedance Analyzer

If the piezo is glued to the brass and the lens is glued to the brass plate,
then the first reflection is not piezo-water-lens but piezo-lens straight. This
reduces the reflection coefficient.

First lenses approaches

The last objective was to build a lens using a cMUT array. Anyway, to start
measuring and to be able to solve problems one by one, different approaches
have been tested.

The ideal lens would be vacuum where pixels have to be ”closed” and the
propagating medium where pixels have to be ”open”. As this is not possible
using the available technology, the proposed solutions try to get each time
closer to the cMUT array emulation.

Hole plates

Static lenses made out of only one material with some holes. The lens represents
a 2D array of holes. The ”closed” holes are not cut so the reflection of the
wave is higher and the phase delay is π/2, and the ”open” holes are cut so the
reflection is in-existent and the phase delay is 0.

In this case, ”closed” cells’ material is not air but the plate’s material, and
”open” cells are the same material than the propagation medium (water) (so
the opposite of the cmut approach). To make them, 2 different techniques have
been used: laser-cutting and 3D printing. The material should be suitable for
laser cut and have a high acoustic impedance mismatch with water.

Air Gap plates

Static lenses made of two materials: the plate material, which is an inverse of
the hole plates (cut where the pixels are ”closed” and not cut where the pixels
are ”open”) and then a tape covering the plate on both sides. The material of
the lens has to be with the lowest acoustic impedance mismatch possible with
water. Two different coverings are considered: tape and the same material
than the plate. With this approach, the closed pixels get more reflection as
there is an air cavity where the pixels are ”closed” and few reflection where
there is no air-cavity. The thickness of the plate should not be relevant, as the
reflection is close to 1 and therefore the wave emitted by the ”closed” pixels is
negligible. Anyway, if the r eflection of ”open” pixels has to be minimized, it
can be interesting to force the thickness of the plate to a λ/2 + nλ multiple,
as then the wave will reflect at the top part of the plate and then reflect back
upwards at the bottom of the plate. If this second reflection is in phase with
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the initial wave then it will add pressure to the wave and the total reflection
will decrease (even it can also be neglected).

Before creating them, Kwave has been used to simulate the air-gaps behav-
ior. As the pixel size has to be smaller due to the speed of sound in air, the
number of cells is reduced and therefore the resolution of the obtained image
is lower.

Figure 2.22: Kwave simulation with an air-gap configuration. 10x10 pixels, 1.5
MHz, 128x128x128 grid pixels

At imec’s laser cutting workshop pmma was available. It was not the ideal
thickness to have a phase delay of π, but the phase delay is not so important
compared to the reflection.

To take into account the width of the laser beam , the diameter of the holes
has been drawn smaller so the result is more accurate.

The laser cutter parameters have been adjusted to get the cleaner and
precise cut possible.

Figure 2.23: Laser cut lenses for 1.5 MHz. From left to right: Hole diameter
of 1.5, 1, 1 mm. Separation of 0.3, 0.3, 0.2 mm

2.3 Future work

The work done so far gives evidence to demonstrate that 3d holography can be
achieved by discrete 1/0 acoustic pixels.
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As the build lenses could not be tested and measured, the first future step
is to measure their output with a high power source.

After this, still some tricky things have to be solved to design the cMUT
structure:

• Pull in too high for current implementations. Thinner gap will lead to
smaller pull in

• How to release the collapsed cells

• Production process. Production size constraints: Thickness of plate and
membrane,xperience and knowledge acquired gap radius and separation

• Materials available and applicable to production

• How to distribute the electrodes to drive every pixel individually

• Copper produces high impedance mismatch. How to solve it? Small
electrodes? Conductive polymers?

Another approach: cMUT as a source

To solve all the problems related to the source, the cMUT array can be used as
a source itself. Using the same principle of collapsed-non collapsed membrane,
but with the difference that there is no source but the cMUT cells themselves.
If some voltage is applied to the cell, it vibrates at the resonance frequency.
The closed (0) pixels will be pixels with the membrane collapsed, which are
not vibrating. Open (1) pixels will be cells driven at the resonance frequency.

This approach solves all the problems related to the low intensity of the
source, and it improves the efficiency as there is no reflection and thus no lost
energy because of the source-lens interaction.

Even though the first approaches of the lenses do not follow the same princi-
ple and that the code is prepared for lenses transmitting/reflecting waves from
an external source, it can be used with no problem for this other approach.
Only specific things such as the lens efficiency calculation will not be useful.

If this approach is used, it can be specified in the python test.py script
(type ’cmut’) and then the reflection and the transmission parameters will be
calculated to simulate the cells working at different voltages.

Even this approach solves some of the problems, the production problems
of the cMUT are still the same, except the restrictions of the size of the pixels
due to the diffraction limit.



3 Experience and knowledge acquired

I have learned both human and professional skills.
Regarding human ones, I have learned how to work in an international

ambient and how to adapt to a different culture.
I have also learned the importance of keeping a clear and understandable

tracking of all the work done to make it easier to continue for the ones that
will come later.

The main problem I have faced is the availability of tools, instrumentation
and materials. At University we are taught to solve research and fabrication
problems considering infinite availability. At imec, as a represenation of the
industry, there are serious restrictions of materials and equipment. This has
taught me that sometimes restrictions have to be taken into account before
starting the preliminar design or at least with enough time and budget to
purchase all the things needed.

Regarding the professional ones, the following list resumes the skills I have
learned or improved:

• Theoretical Aspects

Acoustic holography’s principles

Acoustic propagation’s principles (fft)

cMUT and pMUT principle of work and applications

Piezo ceramics’ principles

• Software

Designer

QT5 and GUI (Python interface)

COMSOL

Labview

• Hardware and Tools

Work with Lab tools such as wave generator, oscilloscope, hydrophone...

3D printing

Laser cutting

• Other

Soldering electronics

Safety and regulations of working in a clean room

I have coded mainly in Python and Matlab, which are tools I was already
good at. Anyway, I have acquired fluency and some more advanced tools.

All the tasks I have developed at imec are straightly connected to the Master
and my specialization, Automatics and Robotics, specially the ones related to

23
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acoustic simulation and signal processing. As imec invests in research projects,
the project was not 100% oriented to industry and thus most of the developed
tasks were academic-oriented. All this has made my project to be easily related
to the studies (except the purchasing part).



4 Conclusions

The overall assessment is highly positive. I had the opportunity to work in a
big research company in a project I was really enthusiast about. I have learned
some new tools and skills and I have improved some of the ones I already had.
I have had the opportunity to work together with experts in different fields,
which has given me the opportunity to solve some of the problems I have faced
and to advance more reliably and faster. To be able to follow and support
my project, my supervisor and I have had two meetings per month, where we
have discussed different steps and possibilities. I also presented the project to
the Acoustics team once I had some ideas and design options, so they could
comment on it and contribute with their experience, specially regarding the
fabrication part.

My contrbution at imec has been valorated positively, with a proposition to
continue the project at imec as a PhD. I am leaving extensive documentation
of all the work I have done, and the code commented and uploaded to the
corporative GitHub. I have not achieved the final objective of the proposed
project, which was to build and test the tunable lenses, but considering all the
setbacks I have faced the work done so far is a good amount. The setup I built
to measure acoustic pressures from scratch and re-using most of the pieces will
be used by a lot of my collegues for scientific publications (one paper is already
on its way to be accepted).

I think my previous working experiences together with my academic studies
were good enough to develop the internship. Most of the skills I have needed
come from self teaching or other working experiences, not straight from Uni-
versity. I have also used some tools I had never used before, but I was not
expected to know them, so the learning process of new software was included
in the internship schedule and objectives. However, it is thanks to the academic
background that I could learn them, the same way that I have done with the
new commitments of this internship.
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