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The OMT program passed the 24 month landmark, and
the fellows have begun to reap the rewards of the long,
sleepless nights and occasional strokes of genius (usu-
ally at daytime). The excerpts below testify a good variety
of leitmotifs in the life of a scientist: some just managed
to fabricate the dream sample and are overflowing with
ideas about what to do with it, some managed to turn a
dataset just not significant enough into new theoretical
insight, some wrapped up a proof-of-principle demon-
stration and are carefully treading into more challeng-
ing experiments. Everyone is excited to share their ex-
perience and findings at the last and upcoming annual
meeting in Saanen, which has already become a classic
among OMT members (see our poster on the left designed
by ESR Simon from IBM).

Last but not least, we had the chance to welcome a
new fellow to the consortium: Charles joined the IBM Re-
search team in September 2019.

—Alberto Beccari

Irene Sanchez (ESR UKON)

Many things have happened over the past 6 months. We
have been able to fabricate and characterize our first
1550 nm fiber-based cavities and we are now trying to
study the optomechanical interaction of one of these new
cavities and a carbon nanotube. I can’t wait for the mo-
ment in which we see our first optomechanical results!
Since last spring, Ralf Messmer - a master student - has
joined my project and together we have developed and
optimized a new recipe to fabricate 2D resonators on top
of flat high-reflectivity mirrors. We have observed their
Brownian motion at room temperature and characterized
their mechanical response. With this, we are now ready
to implement a new cavity design: a single fiber and pla-
nar mirror cavity. This design will hopefully make the
alignment between cavity and resonator easier than with
the two-fiber based mirror cavity.

Bright field optical image of a fiber-based microcavity. Cour-
tesy of ESR Irene (UKON). The scale bar corresponds to
500 pm.

Paolo Piergentili (ESR UNICAM)

In the laboratory of quantum optics, optomechanics and
cryogenics at the University of Camerino I am imple-
menting an experiment on the synchronization of two
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Si3N4 membranes placed inside a high finesse Fabry-
Pérot cavity. In April and October, I also took part in two
OMT-workshops that I found really interesting. One year
after the workshop at IBM, I had the chance to visit the
Bosch company in Stuttgart and the research center imec
in Ghent.

Mohamed Ashour (ESR Bosch)

I have been mostly working on processing my samples.
After a lot of effort, there was some incremental success.
However, there is still a large room for improvement.
Moreover, I enjoyed joining my academic group at the
University of Konstanz for a week, where I used some of
the facilities available at the university’s Nanolab. The
figure below portrays some of the fabricated samples.
Another challenging new aspect of my PhD is drafting
proposals for publications. I try to critically judge my
methodology and my results while putting this in a useful
context, where others can understand it, replicate it and
build up on it. T also got the opportunity to present my
work at a national German conference (MST-Kongress)
in Berlin. It was really a very nice opportunity to meet
with other industry and academic groups that work in
the microsystems field at the national level.

An SEM closeup of the optomechanical phase-shifters ESR
Ashour (Bosch) works with.

Giuseppe Modica (ESR CNRS)

During the last few months here at C2N we started a col-
laboration with the Institut d'électronique, de microélec-
tronique et de nanotechnologie (IEMN) located in Lille
(France) in order to continue the fabrication of our sam-
ples. In fact, after last year’s big move, we faced some
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delays with the opening of the cleanroom at our new
campus. This new collaboration allowed me to expand
the already good network provided by the OMT program.

Charles Mohl (ESR IBM)

I have joined the OMT network as a fellow three months
ago in September 2019. I was very lucky to be able
to meet all fellows during the Science Communication
workshop this October, where we learned about our re-
sponsibility as researchers to communicate our work to
society. For me personally it was also very valuable to
discuss and learn about the research carried out across
the network. For my own project, I am working on in-
tegrated electro-optic modulators with the goal to create
coherent optical interconnects between superconducting
qubit chips. In the past three months I mostly spent plan-
ning future experiments and designing first devices in my
‘spare time’, while the largest part of the day is usually
devoted to acquiring processing skills in the cleanroom.
To that end, Simon and I recently finished a first electro-
optic chip, which is shown in the photo below

Close-up of a photonic cavity with an electro-optic modula-
tor. Courtesy of ESR Charles (IBM).

In the previous newsletter I was very optimistic about fi-
nally being able to state that the data I was studying
contained entanglement... Well, needless to say that it
was disappointing to realise that the error bars had to
be increased to the point that we could not make the
claim we intended. Trying to find solutions was a very
unpleasant experience: I feared to trick myself into the
desired conclusion, being biased by wanting to prove the
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existence of entanglement. We decided to summarise
our theoretical findings on stationary optomechanical
entanglement and gave it the form of a technical arti-
cle - I very much enjoyed the wrapping-up process. My
secondment in Erlangen (which started in August and
finished in November) was a perfect opportunity to start
a new side project on the description of levitated nano-
particle trapped in a quartic potential. The goal is to
try to generate and engineer a non-classical state of the
nano-particle’s motion. I hope to devise a model of the
system to establish what is feasible and indicate to the
experimentalists which parameters to optimise. Discus-
sions with several researchers in Erlangen opened very
interesting directions that I will pursue in the future.

Mohammad Bereyhi (ESR EPFL)

The last months were VERY busy but productive. 1
planned my upcoming secondment to improve my ad-
vances in the fabrication process of my project. The plan
is that I travel to the labs of other partners in the OMT
consortium, and meet with their experts to discuss about
best practices in cleanroom processing. This will very
much improve my advances in optimizing my fabrication
process flow and will be an overall great experience. In
addition, this will provide an opportunity for possible
collaborations with other groups outside the consortium
that will increase the impact of my secondment. During
the past moths, I attended the OMT-HOT network con-
ference in Monte Verita, Switzerland. I had the chance
to present a poster and engage in very useful and inter-
active discussions with other PIs and PhD students. This
conference was a great place to brainstorm a few ideas
and interesting directions to pursue in my future exper-
iments. I also had the opportunity to discuss with a few
professors the prospects of perusing an academic career
or turning towards industry. Personally, these discussions
were quite useful and interesting and certainly gave me
a better perspective for my future career. I also partic-
ipated in two OMT workshops during summer and fall
this year. They were held in Bosch and UGENT. I found
both workshops quite interesting from the perspective of
future directions, either in a corporate R&D like Bosch or
a more research inclined institute like imec. The work-
shop in UGENT also covered publication writing, science
communication and proposal writing. I found the publi-
cation writing quite useful in terms of materials that were
presented. My favorite part of this workshop was the pro-
posal writing sessions and science communication. Since
I am now looking into possible ideas of starting my own
career (either as a PI or starting a company), I was really
enthusiastic to talk to people with real proposal writing
experience and understand how the process works. I
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also have to admit that after participating in the science
communication session of the workshop, my negative
mindset of using social media to communicate my re-
search really changed. We were introduced to “Social
Media for academics” and how beneficial it can be.

Simon Honl (ESR IBM)

A lot has happened in my project since the release of our
last newsletter. I recently demonstrated that we can in-
tegrate our GaP photonic devices with superconducting
circuits and the preliminary results look quite promising.
I fabricated optomechanical devices on a Nb circuit and
so far at least the optical quality of the devices are out-
standing. I was able to test devices with an optical quality
factor > 105 and it seems that the goal of classical trans-
duction is finally within reach, but there is still a long
way to go. I think that the largest hurdle is behind me
but testing the system under conditions at which a super-
conducting qubit works is a whole different challenge by
itself. For me, time is starting to be a scarce commodity
but I am confident that with the platform that I devel-
oped, we will be able to boldly go where no one has gone
before.

Nb contact

X

Photonic crystal cavity

The optomechanical crystal cavity developed by ESR Si-
mon (IBM). The photonic cavity is embedded in an acoustic
shields, and the Nb electrodes enable piezoelectric transduc-
tion of mechanical motion.

Byoung-Moo Ann (ESR TU Delft)

I have established coherent qubit control in my experi-
ment since February. Since then, I have worked on the
controllable interaction between a transmon qubit and a
superconducting resonator. Between several approaches,
I chose to employ a two-photon sideband transition for
this purpose. One interesting phenomenon we could
explore with this system is Electromagnetically Induced
Transparency (EIT). The mechanical analogy of this phe-
nomenon (OMIT) is well known in the optomechanics
community. EIT appears as a sharp resonant feature in
the spectra of the resonator and of the qubit, as shown in
the picture below. The next step towards generation of
nonclassical microwave fields is to enable time-domain
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measurement of qubit-resonator dynamics. I am setting
up new electronics suitable to this goal and I am excited
to see the future developments.

1.305 GHz

1.307 GHz

4.07 GHz 4.09 GHz

Wp

Experimental observation of EIT, when the cavity has a
broader linewidth than the qubit. Courtesy of ESR Byound-
Moo (TU Delft)

Tirth Shah (ESR FAU)

OMT is a training network, and in the past few months, I
have significantly improved my understanding of Physics.
One of the primary reasons behind it is the amazing ex-
posure to different facets of the field, through several
OMT activities. OMT workshops have enabled me to
look at the field of Physics from a different perspec-
tive. The workshops at Bosch and Ghent helped me to
look at the field of Optomechanics from a technological
point of view. After the Bosch workshop, I no longer see
Bosch just as a consumer goods and household appliance
company. In the scientific communication workshop at
Ghent, I learnt several effective ways of writing a paper,
and disseminating my project results. At the HOT Net-
work conference in Switzerland, I got an opportunity to
interact with and learn new ideas from different scientists
around the world. After all, the first priority for me is to
obtain good results in my PhD project. I am working on
a new design proposal for optomechanical crystal, and
to test it in an experiment. It has been one and a half
years since I started working on this project, and now I
see light at the end of the tunnel. I am looking forward
to the last phase of OMT. There are lots of things to do —
PhD project, workshops, secondments, annual meeting,
outreach — and I am excited for each one of them.
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FEM model of the unit cell of ESR Tirth’s (FAU) optomechan-
ical crystal.

Alberto Beccari (ESR EPFL)

Work has been intense but mostly rewarding at EPFL. In
the last months I have split my efforts on two sides.
On the one hand, I have been fabricating Si;N, devices,
membranes and beams, for our "new" membrane-in-the-
middle optomechanical cavity. The goal of operating
in a backaction-dominated regime at room temperature
proves to be very ambitious with this system, as we dis-
covered a new kind of classical noise that we were not
anticipating. The devices we are working with, resonat-
ing at lower frequencies, should be barely good enough
for the task...but one never knows deeply enough the
physics of its system. The other project I have been work-
ing on is the manufacturing and characterization of crys-
talline strained resonators, employing strained silicon-
on-insulator (sSOI). The fabrication of millimeter-scale
nanostrings has proven to be ridiculously challenging,
for such a seemingly simple design, and still hides a few
mysteries to figure out! The few devices that make it to
the lab are starting to look interesting, though. Hopefully,
a secondment at IBM will help me shed light on some of
the properties of this material and how they are modified
during the manufacturing of the strings. We do not have
a complete idea about these points, yet. From a larger
perspective, I am very much enjoying the discourse and
mutual comparison of lab experience with OMT fellows
and with my fellow lab mates (with Mohammad belong-
ing to both categories). It’s infinitely more enriching than
just repeating sample preparation and measurements ad
libitum (which, however, is still bound to happen in an
experimental PhD!)

Optomechanical Technologies Newsletter
# omt-etn.net = lomt@epfl.ch

Page 4


http://omt-etn.net
mailto:omt@epfl.ch

OMT
e

OPTOMECHANICAL
TECHNOLOGIES

Raman scattering wavenumber [cm™!]

X [pm)]

Local stress changes the Raman scattering frequency from
crystalline Silicon samples. Courtesy of ESR Alberto (EPFL).

Khannan Rajendran (ESR UGENT)

Over the last couple of months, I have been developing
a soft-lithography transfer of 2 dimensional materials
(2DMs) onto photonic ICs. The transfer uses surface
functionalized PDMS and the temperature dependence
of adhesive forces between 2DMs and PDMS. I also car-
ried out a short visit to TU Delft as a part of my second-
ment to transfer graphene and hBN flakes onto silicon
photonic waveguides and resonators. The transfers were
successful as you can see from my AFM image of a sus-
pended graphene flake over slot waveguides. I'm looking
forward to measuring the mechanical motion in these
membranes.

0.65 pm

0.00 pm

AFM scan of a graphene sheet suspended on top of slot
waveguides. Courtesy of ESR Khannan (UGENT).

Edouard Ivanov (ESR Sorbonne)

The striving for a quantum electromechanical system
continues. As we acquire more patience and humility, we
find ourselves forced to redefine our goals. They used
to be: can we get bidirectional quantum transduction?
Well, let’s first see if we can get to the ground state!
To get there, we still use a silicon nitride membrane; it
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is versatile, proven to have some of the highest quality
factors, and allows for a modular design of our system.
Fabrication and technical challenges ensue, not the least
of which being that thermalizing a 1 MHz resonator is
a nightmare: in a 10 mK pulse tube dilution fridge, the
phonon population is 100-1000 times higher than what
it should be! This is a challenging, and infuriatingly not
fundamental hurdle, and we are doing our best to come
up with (we hope) creative ways to overcome it. Once
we do, I keep my hopes high to one day generate, as
illustrated, a mechanical Schrodinger kitten bound by a
phononic shield.

Artist’s portrayal of a Schrodinger cat state created in a
nanomechanical membrane oscillator. Courtesy of ESR
Edouard (Sorbonne)

Sampo Saarinen (ESR UCPH)

Since the last newsletter in March, quite a few and ex-
citing developments have happened in Copenhagen. We
have installed a dilution refrigerator that has been in
heavy use in both optical and electromechanical exper-
iments.We have also managed to detect an MRI signal
and generate an image in a clinical scanner using our
room temperature optomechanical transducer. This was
an important proof of principle demonstration. Despite
inherent advantages of optics - e.g. compactness, immu-
nity to magnetic fields or electric cross talk - the system
still needs refinement to perform comparatively to state
of the art electronic amplifiers. In the past months, how-
ever, my time has been mostly spent working on the fiber
cavity. While we have had a functioning optical fiber
mirror based cavity for some time, we have encountered
unseen problems with fully characterizing the mirror
noise of such cavity. At the end of October, I - like all
the other fellows - attended the science communication
workshop in Ghent. I believe the materials will be in
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