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EIPHI Graduate School
Engineering and Innovation through Physical sciences, High-technologies, and cross-dIsciplinary research
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Energy Computer 
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EIPHI GRADUATE SCHOOL
UBFC priority axis: Advanced materials, waves & smart systems

Engineering and Innovation through Physical Sciences High-technologies and cross-disciplinary research

• Physics, Maths and Applications
• Smart Systems and Structures
• Energy
• Computer Science
• Material Science

DOMAINS

• Carnot Pasteur & Doctoral 
• School of engineering sciences 

and microtechnics (SPIM)

DOCTORAL 
SCHOOLS

600 researchers

RESEARCH 
UNITS

>50% international 
students

MASTER 
STUDENTS

15 masters taught 
in English

MASTER 
PROGRAMS

>30% international 
students

PhD 
STUDENTS
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EIPHI GS research ecosystem from 2021 (85% of the UBFC priority axis 1)

D
Troyes

Dijon
Besançon

Belfort - Sevenans

Montbéliard

Chalon-sur-Sâone
Le Creusot

Auxerre

CNRS/UBFC
Joint labs

Associated 
labs

Main high-tech
platforms

Universities,
engineering schools 604 Researchers

462 D PhDs

> 350 M Master
students

§ Photonics / Nano-optics
§ Quantum control  & 
interactions / Nonlinear 
processes
§ Materials / Metallurgical 
processes / Energy 

§Nanosciences
§ Interfaces
§ Mechanical design, 
optimization & modelling

Dijon / Chalon-sur-Saône /
Le Creusot / Auxerre / 
Belfort - Sevenans

134

100 D

73 M

§ Geometry & Dynamical systems
§ Physics-Mathematics
§ Statistics, Probabilities, Optimization & Control

Dijon 53

21 D

36 M

7 CNRS labs, 
13 CNRS
Medals

7 IUF

7 ERC + 3 
PoCs

since 2012
3 from2019

26 EU 
running 
projects
(7 ITN)

> 25
Platforms,
Open Labs

HR excellence in 
research

85 % of Priority axis 
1 Advanced 

materials, waves & 
smart systems

Molecular chemistry, electrochemistry, 
organometallics, catalysis

24 15 DDijon

Imaging, vision, robotics, sensors, IA

28 43 DDijon / Le Creusot

Besançon 54

19 D

23 M§ Materials & surfaces physics & chemistry
§ Spectroscopy & astrophysics, planetology, atmospheres
§ Nanoparticles & membranes 

30 M

46 M

49

§ Algebra & number theory
§ Functional & numerical analysis, partial differential equations 
§ Probability & statistics

25 D

262Besançon / Montbéliard /
Belfort - Sevenans

239 D

126 M§ Micro-Nanosystems
§ Time-Frequency
§ Advanced control         
§ Mechatronics
§ Computer sciences
§ Optics & Photonics

§ Energy
§Materials & structures
§ Social and human sciences
§ Phononics & acoustics

Besançon
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EIPHI Worldwide environment … and impact

Internat. agreements
Internat. partners
Invited professors
Internat. mobilities

> 40%
papers

co-signed
with intl. 
partners

Ø >80 academic partners (MIT, Harvard, U. Maryland, GeorgiaTech, IBM Almaden, U. McGill, U. Melbourne, NTU 
Singapore, Caltech, U. Tokyo, U. Shanghai, ITMO, U. Oxford, U. Ghent …)

Ø >20 int. agreements with partner universities (double-diploma, student exchange, Erasmus+, cotutelles…)

Ø 24 currently running  H2020 projects (4 coord.) incl. 5 MSCA-ITN-ETN + 1 Erasmus Mundus
Ø 39 invited professors (2012-2021)
Ø >30 recruited nationalities - 94 incoming/outgoing Master-PhD mobilities from Sep. 2018
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Training



7

Strengthen the attractiveness and the Research-Education connection through the three 
priority areas of UBFC

Strategic EIPHI vision of Higher Education & Research

Attractiveness
§ Masters and doctoral programs compatible with international research universities
§ International environmement: european projects, international mobility, invited professor, …
§ Innovation: numerical and experimental education/research involving data center and technology platforms
§ Customised follow-up of students (M-D) through mentoring and tutoring
§ Networking: UBFC Alumni

Structuring
§ Implement a master's program, integrated with the doctoral schools
§ Co-construct the master's program with the engineering schools
§ A quality approach for all programs at the UBFC level

Professionalisation
§ Professionalise education from the licence to the doctorate degrees
§ Offering new horizons to socio-economic partners, via openlabs, entrepreneurship, work-study and lifelong learning



Physics, Maths
and Applications Material ScienceSmart Systems 

and Structures
Computer 
ScienceEnergy

}PPN*: Physics, 
photonics and 
nanotechnology

} QuanTEEM* : 
Quantum Technologies 
and Engineering –
Erasmus Mundus

}PICS*: Photonics, 
Micronanotechnology, 
Time-Frequency 
Metrology, and Complex 
Systems

}COMPUPHYS*: 
Physics and 
Computational Physics 

}MATH4PHYS*: 
Mathematical Physics

}Advanced 
Mathematics (*half)

}Smart Mechanics*

}SIS*: Smart Integrated 
Systems

}GreeM*: Control for 
Green Mechatronics

}VIBOT*: Vision and 
Robotics

} MAIA*: Medical 
Imaging and 
Applications Erasmus 
Mundus

}Electrical energy*

}Thermal energy*

} IoT*: Internet of 
Things

}CDM*: Control and 
Durability of Materials

}T2MC*: Transition 
Metals in Molecular 
Chemistry

Carnot Pasteur (CP) Doctoral School of engineering sciences and 
microtechnics (SPIM)

5 DOMAINS

16 MASTER 
PROGRAMS

2 DOCTORAL 
SCHOOLS

* Masters taught in English

EIPHI GRADUATE SCHOOL
8
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Master Training Organization*
Students are:
§ Immersed in the research labs from the first day
§ Totally integrated to the reseach teams through the PhD student advising program
§ Monitored throughout their training (Mentors) to develop their professional network, 
§ Supported for their Study Abroad project (internship, double diploma, etc…)
§ Ambassador of their training: tutors for Bachelor Students

Representative Master EIPHI schedule

* Also partly for CMI @ uFC
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PhD Organization in close coordination with the EDs
PhD students are:
§ Actors of an enhanced doctoral training course with an international focus 
§ Monitored throughout their training (Mentors) to develop their professional network, 
§ Supported for their Study Abroad project (internship, double diploma, etc…)
§ Ambassador of their training: tutors for Master Students

A typical 3 years PhD training at EIPHI
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In a given domain:

- The Skills
(CSTI, dissemination, tutoring, networking)

- The Level
(I attend, I present, I organize, I lead)

Open badges (skills recognition)
Bronze: 350 PTS

Silver: 500 PTS

Platinum: 800 PTS

Gold: 650 PTS
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Life @ EIPHI: Promoting a feeling of belonging to the GS

Multisite cross-disciplinary days: student working
group on the Climate Fresk and « safe and just 

space for humanity” concept

Students involvment in conferences & 
events (EIPHI booth @ GdR B2I Days

Dijon) 

Open Badge ceremony for skill recognition 
of EIPHI master & PhD students

« Best PhD 1st 
year Prize » 

contest
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EIPHI Scientific program
A systemic pluridisciplinary and transverse approach on Smart & Complex Systems,
optimally combining research, technology, industrial development, and societal impact
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Axis 1: Adaptive Architectures, Advanced Materials & Processes
Multiphysical, multiscale design & control of materials

and (micro-nano)structures for complex functions
(material science, chemistry, acoustics, mechanics, mechatronics …)

CHALLENGES

§ Adaptive metamaterials and structures

§ Active micro-nano-mechatronics and robotics

§ Numerical modelling and programmable matter

§ Reactive, bio-inspired/sourced and
multifunctional (nano)materials & surfaces

§ Sustainable processes and hybrid
(micro)manufacturing Elaboration poudres

Science Robotics 2021
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Axe 2: Monitoring & Prediction of complex systems

CHALLENGES

§ Prognostic & Structural health monitoring/management

§ Multifunctional nanoparticles, (bio)sensors
& (wireless) networks

§ Complex control and computing, 
modeling & security, imaging

§ Bioinformatics

§ Clean (Green) Hydrogen energy, 
safe and efficient energy & harvesting

Strategies for measurement, diagnosis, prognostic,
forecast of unpredictable & variable systems …

from human to industrial structures and environment
(signal processing, vision, control science, computer science, AI, nanosciences, thermal & electrical energy, appl. maths …)

PAC 

PHM

Condition 
Assessment

Diagnostic

Prognostics Condition 
Assessment

Condition 
Assessment

DiagnosticDiagnostic

PrognosticsPrognostics

Data 
Acquisition

Data 
Processing

Data 
Acquisition

Data 
Acquisition

Data 
Processing

Data 
Processing

Decision
Support

HMI and
Infor. Syst.

Decision
Support
Decision
Support

HMI and
Infor. Syst.
HMI and

Infor. Syst.
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February 18, 2014

C 2014 American Chemical Society

Atomically Thin Molybdenum
Disulfide Nanopores with High
Sensitivity for DNA Translocation
Ke Liu,† Jiandong Feng,† Andras Kis,‡ and Aleksandra Radenovic†,*

†Laboratory of Nanoscale Biology, Institute of Bioengineering, School of Engineering, EPFL, 1015 Lausanne, Switzerland, and ‡Laboratory of Nanoscale Electronics
and Structure, Institute of Electrical Engineering, School of Engineering, EPFL, 1015 Lausanne, Switzerland

S
olid-state nanopores exhibit relatively
lower single molecule detection sensi-
tivity compared to biopores due to

their intrinsic thickness and lack of control
over surface charge distribution. During a
typical translocation experiment in 30 nm
thick SiNx membranes, DNA regions ap-
proximately 30 nm long and containing
∼100 base pairs (bps) are residing within a
nanopore at any given time. Therefore,
single base resolution is not expected here.
Recently, thin membranes have been pro-
posed to extend the applications of solid-
state nanopore to, e.g., detection of short
DNA oligomers and differentiation of short
nucleotide homopolymers.1,2 The merits of
this novel approach are twofold. First, the
thin membrane can amplify both baseline

and signal amplitude without increas-
ing noise levels, resulting in a greatly en-
hanced signal-to-noise ratio (SNR). Further-
more, ultrasmall nanopores (1 to 2 nm) can
be further adapted to mimic biological
nanopores, where a narrow constriction
(1.2 nm forMspAand1.5nm forR-hemolysin)
and small sensing length (0.5 nm) could
facilitate single nucleotide identification
along DNA strands. This concept can be
exploited using the 2D material graphene,
a single atomic layer of carbon3 which can
extend over macroscopic scales in two di-
mensions (mm in size) while being atomically
thin (few Å) in the perpendicular dimension.
Several groups alreadydemonstrated the use
of graphene as a nanopore membrane for
detecting DNA translocation.4!7 With the

* Address correspondence to
aleksandra.radenovic@epfl.ch.

Received for review November 26, 2013
and accepted February 4, 2014.

Published online
10.1021/nn406102h

ABSTRACT

Atomically thin nanopore membranes are considered to be a promising approach to achieve single base resolution with the ultimate aim of rapid and cheap

DNA sequencing. Molybdenum disulfide (MoS2) is newly emerging as a material complementary to graphene due to its semiconductive nature and other

interesting physical properties that can enable a wide range of potential sensing and nanoelectronics applications. Here, we demonstrate that monolayer or

few-layer thick exfoliated MoS2 with subnanometer thickness can be transferred and suspended on a predesigned location on the 20 nm thick SiNxmembranes.

Nanopores in MoS2 are further sculpted with variable sizes using a transmission electron microscope (TEM) to drill through suspended portions of the MoS2
membrane. Various types of double-stranded (ds) DNA with different lengths and conformations are translocated through such a novel architecture, showing

improved sensitivity (signal-to-noise ratio >10) compared to the conventional silicon nitride (SiNx) nanopores with tens of nanometers thickness. Unlike

graphene nanopores, no special surface treatment is needed to avoid hydrophobic interaction between DNA and the surface. Our results imply that MoS2
membranes with nanopore can complement graphene nanopore membranes and offer potentially better performance in transverse detection.

KEYWORDS: nanopores . 2D materials . dichalcogenides . MoS2 . DNA . single molecules
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To gain more understanding on the interaction
between MoS2 and DNA, we translocated pNEB DNA
through a 5 nm diameter MoS2 pore. Representative
concatenated traces are shown in Figure S3awhere the
same experimental conditions were used except pore
diameter which was 5 nm. From the scatter plot in
Figure S3b, both mean current amplitude and mean
dwell time are larger for the 5 nmpore compared to the
20 nm pore, implying a local interaction between the
edge of the MoS2 pore and the DNA molecule. To
extend this statement, this interaction happens only
when DNA is sliding through the edge of pore with the
effect of retarding DNA translocation. For larger pores
(20 nm), translocations tend to occur in a frictionless
manner.
As first seen using solid-state nanopores, DNA con-

formations can be revealed using the quantization of
current blockage when DNA translocates through a
nanopore.31 Here, we used λ-DNA, which has a wealth
of secondary structures and conformations, to test the
performance of MoS2 pores in distinguishing between
them by ionic current measurements. Figure 4a shows
two typical current vs time traces for DNA translocation
through SiNx and MoS2 pores with similar sizes of
20 nm, where much bigger current dips are clearly
visible for MoS2 pores showing greater SNR. To facil-
itate comparison in conductance drops, we have cho-
sen relatively large diameter pores 20 nm in order to
minimize DNA!nanopore wall interactions that could

be different for MoS2 nanopores 0.7 nm thin compared
to 20 nm thick SiNx nanopores After careful inspection
of the events, we selected four events to illustrate
major conformations occurring during λ-DNA translo-
cation. Specifically, in Figure 4b, the event 1 has a
conductance drop of ∼5 nS, which is attributed to the
translocation in an unfolded or linear manner. It is
worth noting that a 5-fold enhancement in signal
amplitude is observed compared to the typical con-
ductance drop of∼1 nS in SiNx platforms. For the event
2, DNA enters the pore in a folded manner manifested
by a conductance drop of ∼10 nS and then translo-
cates in an unfolded manner with a conductance drop
of ∼5 nS. For the event 3, DNA is in a folded config-
uration during thewhole translocationmanifested by a
conductance drop of∼10 nS. Sometimes, we saw very
deep current dips in the very beginning of an event,
indicating a “bumping” of DNA onto the orifice of the
pore in a coiled form (event 4 in Figure 4b). After
entering the pore, the DNA molecule is stretched
under electric field and it results in a conductance drop
of ∼5 nS. The statistics of these events are presented
using a scatter plot in Figure 4c. Moreover, a mean dwell
time of∼1 ms can be obtained, which is larger than that
of shorter pNEB and is expected for longer λ-DNA.
The stability and durability of MoS2 nanopore mem-

branes are also tested. To maintain a good SNR in this
study, we apply voltages in the range from 200 to
400 mV. Although we observe translocation data at

Figure 3. (a) Concatenated events of pNEBplasmidDNA translocating a 20nmMoS2 nanopore in 2MKCl. Raw signal is in blue
and fits are shown in red. Fits are performed using a custom “OpenNanopore”Matlab code.27 (b) Normalized distribution of
current amplitudes at various voltages. (c) Scatter plots of 59, 1823, and 1642 events for 100, 200, and 300 mV, respectively.
Events at 400 mV are shown in the Supporting Information in comparison with a 5 nm nanopore in Supporting Information
Figure S3. Each event is represented by its dwell time and current drop. An electron charge deficit (ECD) method is used to fit
the area of individual events.
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Axis 3: Active and agile compact systems 

Miniaturized & integrated concepts and devices based on wave & quantum physics and matter-wave interaction
for information processing, (embedded) sensing, spectroscopy, TF metrology, material processing

(electromagnetism, optics & photonics, plasmonics, acoustics & phononics, maths …)

CHALLENGES

§ Integrated (micro-nano) -photonic and -phononic
components

§ Smart nonlinear and quantum systems at micro-
nano-scale

§ Ultrafast control

§ Photonic neuromorphic computing

§ Time-Frequency (micro)devices
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Thanks for your attention!!

UNIVERSITÉ BOURGOGNE FRANCHE-COMTÉ
32 avenue de l’Observatoire - 25 000 BESANCON

Tél. : 03 63 08 26 35 - secretariat@ubfc.fr -
www.ubfc.fr

Contacts :
Direction et direction adjointe : Hervé Maillotte / Gérard Colas des Francs 
herve.maillotte@ubfc.fr / gerard.colas-des-francs@ubfc.fr
Coordination scientifique : Bruno Domenichini / Ausrine Bartasyte
bruno.domenichini@ubfc.fr / ausrine.bartasyte@ubfc.fr
Coordination formation : Emeline Sadoulet-Reboul / Gilles Caboche
emeline.Sadoulet-Reboul@univ-fcomte.fr / caboche@ubfc.fr
Chef de projet, équipe opérationnelle : Fréderic Péneau, Olga Budker, Diana 
Mechaymech - eiphi@ubfc.fr
Pilotage-coordination UBFC / InteGrate : Julie Monnin / Maxime Jacquot 
julie.monnin@ubfc.fr / maxime.jacquot@ubfc.fr

https://gradschool.eiphi.ubfc.fr/
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