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Academic year 2020/2021
Proposal of an internship subject for Master students, level M2:

Study of embedded acquisition interface for magnetic microsensors for
the detection of biological agents

Internship place: Laboratory of Computer Science LIP6, Sorbonne Université
4, Jussieu square- 75252 Paris Cedex 05

Context. The detection of a biological entity and the determination of its concentration have become
essential in order to anticipate a possible health threat (epidemic as EVD from Ebola or pandemic as COVID-
19 from SARS-Cov-2), environmental threat or to fight against other contextual threats (bioterrorism,
chemical and biological weapons). In this area, one of the main objectives is to facilitate this detection with
a sensitive, reliable and portable system. To achieve this goal, it is then necessary to facilitate this detection
by designing a reliable and portable microsystem integrating innovative sensors with high sensitivity.

The use of multilayered planar magnetic sensors coupled with magnetic nanoparticles (MNP) [1-10]
makes it possible to obtain a high sensitivity method of detection, particularly promising for immunochemical
diagnosis and avoids conventional methods using enzymes, radioisotopes or fluorescent compounds. Thanks
to their extractability and sortability, MNP are suitable for the examination of biological samples, serving as
markers for biochemical reactions [2, 7-10]. This new magnetic detection technique, which can be
miniaturized, involves the specific binding of an antibody to its antigen (Fig. 1) with a magnetic marker. The
presence of MNP is then detected by the frequency mixing method which consists of using two distinct
frequencies of excitation fields and the reading and quantification of the mixed frequency signals which are
indicative of the magnetic non-linearity of the nanoparticles. This technique makes it possible to design a
method of rapid detection, requiring very small amount of biological sample, portable and at a lower cost
compared with other major detection techniques.
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Figure 1: Specific binding of an antibody to its Figure 2: Schematic representation of the
antigen with a magnetic marker. integration of magnetic microsensors associated to

a microfluidic device.

As part of a multidisciplinary and European collaboration with "Institute of Bioelectronics" in Juelich
(Germany), and the preliminary realizations, planar microcoil structures integrated into a multilayered PCB
and associated above and below a microfluidic structure have been designed (Fig. 2) and fabricated. An
electromagnetic test bench, controlled by LABVIEW, with a frequency mixing technique (Fig. 3) using
synchronous detection has been set up and it has been coupled with a microfluidic system.
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Master project objectives.

In presence of magnetic nanoparticles (MNP), the nonlinearity of the magnetization curve (fig. 3a)
submitted to an excitation magnetic signal composed of two sinusoids (fig. 3b), leads to non-linear reaction
signal of MNP (fig 3.c) and this results in an output with intermodulation harmonics (fig. 3d). The goal of the
measurement is to detect the presence or non-presence of these harmonics related to MNP, which serve as
marker for the presence of the virus in the sample (fig. 1). Presently, the analysis of the output of the
electromagnetic sensor is done with bulky laboratory equipment (network analyzer).

The goal of the project is to propose an embedded architecture of the measurement system able to
perform this measurement, the ultimate goal being an implementation of the architecture on an integrated
circuit (ASIC).

Master project program. The internship program comprises the following activities.

1. Knowledge of the existing experimental setup using laboratory equipment and understanding of an
electrical model of the sensor in a Spice environment.

2. Establishment of electrical specification for the embedded measurement system: functionality,
sensitivity, parameters of the signals to be detected

3. Incollaboration with the research team working on the project at GeePs laboratory, development of
an architecture of the embedded measurement and its system-level (behavioral) modeling in the
environment of design of integrated circuits (Cadence, Spice).
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Figure 3: Principle of magnetic nanoparticles detection by “frequency mixing technique” (a) The nonlinear
magnetization curve of magnetic nanoparticles, (b) excitation magnetic signal composed of two sinusoids,
(c) The resulting time-dependent magnetization curve, (d) Resulting frequency dependent magnetization
curve with intermodulation harmonics (fig. 3d). (e) The Fourier transform of magnetization response.

Required skills: With background in electrical engineering, computer science or neighboring disciplines,
candidate should have a good knowledge of electrical measurement techniques, of signal processing, and
have an experience with electronics CAD tools. A knowledge of sensors and instrumentations,
electromagnetism and electrical calculations will be appreciated. There is the possibility of pursuing a PhD
thesis on this subject.

People to contact with your CV and cover letter:
D. GALAYKO, Ass. Prof. Email: dimitri.galayko@sorbonne-universite.fr
H. KOKABI, Prof. Email: hamid.kokabi@sorbonne-universite.fr
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