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Welcome 

CEA is a French government-funded technological research organization. 
Drawing on its excellence in fundamental research, its activities cover three 
main areas: Energy, Information and Health Technologies, and Defense and 
Security. As a prominent player in the European Research Are, with an 
internationally acknowledged level of expertise in its core competencies, CEA is 
involved in setting up collaborative projects with many partners around the 
world. 
 
Within CEA Technological Research Division, three institutes lead 
researches in order to increase the industrial competitiveness through 
technological innovation and transfers: the CEA-LETI, focused on 
microelectronics, information & healthcare technologies, the CEA-LIST 
dedicated to technologies for digital systems, and the CEA-LITEN devoted to 
new energy technologies. 
 
The CEA-LETI is focused on micro and nanotechnologies and their applications 
from wireless devices and systems, to biology and healthcare or photonics. 
Nanoelectronics and Microsystems (MEMS) are at the core of its silicon 
activities. As a major player in the MINATEC innovation campus, CEA-LETI 
operates 8,000 m2 state-of-the-art clean rooms, on a 24/7 mode, on 200 mm 
and 300 mm wafer standards. With 1700 employees, CEA-LETI trains more 
than 240 Ph.D. students and hosts 200 assignees form partner companies. 
Strongly committed to the creation of value for the industry, CEA-LETI puts a 
strong emphasis on intellectual property and owns more than 1,880 patents 
families. For more information, visit http://www.leti.fr. 
 
Microtechnologies for Biology and Healthcare research activities are 
mainly dedicated to Medical Imaging, Security, In Vitro Diagnostic, 
Nanomedicine, Medical Devices, Biosensors and Environment Monitoring areas. 
These activities cover the design, integration and qualification of systems 
comprising sensors (for radiation, biochemical, neural activity or motion 
detection) or actuators, analog front end electronics, acquisition system, signal 
processing algorithms, data management and control software. This set of R&D 
works is achieved through strong partnerships with academic and industrial 
partners ranging from SMEs to large international companies. Bridging the gap 
between basic research and industrial developments, the collaborative projects 
have a main goal, to introduce science advancements into innovative and 
successful new products. 
 

http://www.leti.fr/
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Interview with… 

 Daniel Vellou, 
Head of Microtechnologies for Biology & Healthcare Division 
 
Dear reader, 
More than ten years ago, the CEA-LETI started to expand its activities in the field 
of medical technologies. Carried by the belief that advances in silicon technologies, 
with an increased capacity to integrate heterogeneous technologies, could make a 
difference in the medical arena, new subjects were pioneered. The DTBS division 
was created in this period to foster the emergence of new miniaturized medical 
devices and the improvement of large systems thanks to dedicated smart 
components. 
 

The Microtechnologies for Biology and Healthcare Division, located on the MINATEC 
Campus, proposes a wide spectrum of innovative technologies, processes, 
components and solutions to cover the requirements of our industrial and 
academics partners.   
 

Imaging technologies is one of the core competencies of the DTBS, with, notably, 
international recognition in X-rays and gamma rays technologies for medical 
imaging applications and for security. More recently, we developed expertise in the 
emerging and fast growing field of optical imaging. We adopted a comprehensive 
approach for imaging technologies, covering a broad range of know-hows, from 
biochemistry for fluorescent nanoparticles synthesis – key for the field of optical 
imaging – to optical design, signal processing and instrumentation. This 
comprehensive approach is a key strength to answer to the future challenges: 
miniaturization, integration, multimodality, ergonomics and cost reduction.  
 

The other core competency is the development of MEMS microfluidic devices, 
answering to the ultimate goal of In Vitro Diagnostic. Our Division has accumulated 
a significant expertise and possesses numerous skills ranging from the design and 
full-wafer fabrication of silicon microfluidic devices to surface chemistry, and from 
Lab On Chip using EWOD or LDEP technology to volumetric micropumps for drug 
delivery. These microfluidic technologies have found short-wins in environmental 
monitoring and quality control. 
 
 

Most of the countries will face population ageing in the near future and a lack of 
resources for supporting patient care. DTBS division will contribute to the 
development of miniaturized, reliable and low cost sensors and implantable devices 
dedicated to patient monitoring and care, enabling therefore the delocalization of 
patient management and the continuous monitoring of health, both essential to go 
towards personalized medicine. Such devices will have a positive impact both on 
health and on the reduction the healthcare system costs. 
 

Our scientific report, emphasis results obtained through collaborative research 
conducted with large and small sized companies as well as academic teams, part of 
the technologies behind these achievements will hopefully shift from the lab into 
daily practice for a more efficient healthcare support. 
 
Daniel Vellou 
 
 
 



 6 

 



 7 

 

 
 

35 Book Chapters & Journals 
47 Conferences & workshops 
 
 

 
 
Clean rooms dedicated to 
surface chemistry and 
biochemistry 
 
 
A dedicated chemistry platform 
for synthesis and formulation 
 

 
 
 
 
 
 

 
 
 

134 Permanent researchers 
 

35 PhDs and Post-docs 
 
 

 
 

43 Patents filed in 2011 
 

290 patents portfolio   
 
 
 

 
 
 
© CEA-Leti / G. Cottet 

 
 
 

2011 Key Figures 



 8 

 
 



 9 

 

1 Radiation Detection 

X ray Imaging 

Gamma Camera 

Positron Emission Tomography 

CdTe 



 10 

 

Large surface dynamic X-ray imaging with 
polycrystalline CdTe absorption layer 

Research topics: X-rays, fluoroscopy, CdTe 

M. Arques, S. Renet, A. Brambilla, G. Feuillet, A. Gasse, N. Billon Pierron, M. Jolliot, L. Mathieu, P.Rohr (Trixell) 
 

 
ABSTRACT: a 15mm x 15mm prototype of X ray detector using a polycristalline Cadmium 
Telluride (CdTe) absorption layer, coupled to a readout CMOS has been built and 
characterized. High signal / noise is obtained at video rate and low dose exposure. The 
studied technology can be extended to large surfaces (typ. 43cm x 43cm). 

Medical X-rays cannot be efficiently focused, and 
thus require large detectors (typically 20cm x 
20cm or more). Silicon CMOS circuits now offer 
this large surface together with high integration 
and processing performance, but have a poor X-
ray absorption. Coupling these CMOS circuits to a 
photoconductor which directly converts X-rays to 
electrical charges brings this high absorption and 
sensitivity, together with a high spatial resolution. 
Cadmium Telluride (CdTe) photoconductor is well 
known in high performance gamma ray detectors 
field, but it is then used in monocrystalline form, 
incompatible with large surface. 
At the other end, more than 1m² photovoltaic 
detectors are built with polycristalline CdTe, but 
layers are too thin (about 1µm) to give a good X-
ray absorption. 
This work aims to merge the two previous results, 
by growing thick CdTe layers (350µm) giving the 
right absorption (about 85%), with the 
polycristalline process compatible with the large 
surface. The present demonstrator is presented in 
Fig. 1 

.  

 Fig. 1: Cross section and view of the CdTe demonstrator 

Main characteristics and performances fulfill the 
requirements and are summarized in Table 1. 

Matrix 200 x 200 pixels 
75µm x 75µm 

Readout speed 16 frames / second 
CdTe polycristalline layer: 
    - Thickness 
    -  Resistivity @0.3V/µm 
    - Absorption @RQA5 
    - Sensitivity @RQA5 

 
350µm 

4 1010 Ohm.cm 
85% 

60-70 e/h pairs / keV 
Raw lag after 3µGy RQA5 

irradiation 
9% @ 132ms 

2% @1s 
Corrected lag after 3µGy 

RQA5 irradiation 
2% @ 132ms 

1% @1s 
MTF 0.7 @ 2lp/mm 

0.5 @ 4lp/mm 
DQE @600nGy, RQA5 0.5 @ f<1lp/mm 

> 0.2 @ 4lp/mm 
DQE @30nGy, RQA5 0.45 @ f<1lp/mm 

> 0.15 @ 4lp/mm 
Table 1: Demonstrator main characteristics and performances 
 
An example of a chicken bone image obtained with 
the demonstrator is given in Fig. 2 

 

Fig. 2: Example of image obtained with the demonstrator 

References: 
[1] M. Arques, S. Renet, A. Brambilla, G. Feuillet, A. Gasse, N. Billon-Pierron, M. Jolliot, L. Mathieu and P. Rohr, 
“Dynamic X-ray direct conversion detector using a CdTe polycrystalline layer coupled to a CMOS readout chip” 
Nucl.Instr.andMeth.A(2010),doi:10.1016/j.nima.2010.06.120. 
[2] M. Arques, S. Renet, A. Brambilla, G. Feuillet, A. Gasse, N. Billon-Pierron, M. Jolliot, L. Mathieu, P. Rohr, 
« Fluoroscopic x-ray demonstrator using a CdTe polycrystalline layer coupled to a CMOS readout chip », Proc. SPIE 
Vol. 7622, 76221K (Mar. 22, 2010) 
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Tomosynthesis system using a multiple X-ray 
source based on carbon nanotubes 

Research topics: X-ray imaging, tomosynthesis, security 

V. Moulin, V. Rebuffel, A. Frassati (INSA-CNDRI), P. Ponard (Thalès) 
 
ABSTRACT: A new concept of portable X-ray system for the inspection of abandoned 
luggage relies on a multiple X-ray source with carbon nanotubes photo-cathodes, and a 
tomosynthesis algorithm. This light system could provide 3D information on the examined 
object in a few minutes, and facilitate the contents identification 

Beams composed of carbon nanotubes photo-
cathodes controlled by laser diode offers several 
emission spots distributed over a large area. The 
X-ray multi-source design, under development at 
Thales, takes into account the portability 
constraints. The source spots can be switched 
almost instantaneously and without mechanical 
motion. 

With a thin detector placed behind the luggage, 
this system acquires one radiograph per spot. 
From these data, a tomosynthesis algorithm is able 
to provide reconstructed planes parallel to the 
detector one. The resolution is obviously poorer 
along the depth axis than on the other ones, but 
we can separate the structures of the different 
planes and identify the object contents more easily 
than on a radiograph. 

Multi X-Ray source (CNT) 
49 emission spots
500 x 500 mm²

Flat panel
(400 x 300 mm²)

 

Fig. 1: Acquisition geometry of the tomosynthesis system 

The CEA-LETI has designed and optimized the 
system geometry and developed a dedicated 
reconstruction algorithm by taking into 
consideration the constraints linked to the multi-
source capabilities, the system manufacturing and 
the application context [1]. Compromise was found 
between image quality, noise level and 
reconstruction time. The optimal system 

configuration is based on 36 to 49 emission spots 
regularly distributed in a source plane. We have 
implemented a multi-resolution framework to 
speed up the processing time. All these studies 
have been done with the help of the Sindbad 
simulation tool developed in our laboratory [2]. 

The LCPP (Central Laboratory of the Paris 
Prefecture) provided a fake explosive case for 
experimental evaluation. Fig.2 focuses on an 
overlap example: we can appreciate the 
tomosynthesis ability to separate the structures of 
the two batteries types; these structures are 
indistinguishable on the radiograph. 

The 3D imagery of the whole case needs an 
integration duration of 1min10s, plus 2min20s for 
the reconstruction time (data-processing structure 
not optimized). 

4 pencil-sized
batteries type AA

Below:
pocketable
battery 4.5V

Overlap :

 

Radiography :

Plan with
pencil-sized
batteries

Tomosynthesis views :

Plan with
pocketable
battery 4.5V

 

Fig.2: Experimental result obtained with a fake explosive case 

References: 
[1] A.Frassati, V.Rebuffel, V.Moulin “Design and optimization of a tomosynthesis system using a multiple X-ray 
source based on carbon nanotubes” – 10th ECNDT, Moscow 2010, 07 – 11 June 2010  
[2] J.Tabary, P.Hugonnard, F.Mathy, “SINDBAD: a realistic multi-purpose and scalable X-ray simulation tool for 
NDT application”, Proc. of DIR2007, Lyon, June 2007 
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Realistic X-Ray CT Simulation for medical 
imaging with SINDBAD 

  Research topics: Medical imaging simulation, X-ray CT, XCAT phantom 

J. Tabary, P. Hugonnard, S. Marache-Francisco (INSA), S. Valette (INSA), C. Lartizien (INSA) 
 
ABSTRACT: An efficient simulation toolkit is developed to generate realistic X-ray CT 
images, including a good modeling of physics and a very detailed anthropomorphic model in 
a reasonable computing time. This simulation tool consists in a coupling of the existing X-
ray radiographic simulation software SINDBAD with the well known XCAT phantom.  

Computer simulations are a valuable tool to 
help the design stage of radiographic systems 
or to evaluate the efficiency of image 
processing techniques in medical applications, 
such as X-ray CT. In order to generate 
simulated projection images of the human body 
comparable to those obtained by a real X-ray 
CT system, the LDET laboratory, in collaboration 
with INSA-Creatis, has combined their X-ray 
radiographic simulation software SINDBAD with 
the extended NURBS-Based Cardiac-Torso 
(XCAT) phantom which is a realistic model of 
the human anatomy and physiology. 

               
Fig.1: Slice of the 3D voxel matrix (left) and tessellated 
representation (right) of the XCAT phantom for modeling in 
SINDBAD. 

The main challenge was to adapt the 4D XCAT 
phantom (represented in NURBS) into formats 
usable in the SINDBAD simulator (Fig. 1). 
SINDBAD is able to calculate both direct and 
scattered contributions thanks to a combination 
process of analytical and Monte Carlo 
approaches. For the analytical computation of 
the direct image, the XCAT phantom was 
converted into a 3D voxel matrix to preserve 
the fine structures on the phantom in the 
projections. For the Monte Carlo computation of 
the scattered radiations, since scattering 
generally contributes only to the low frequency 

details of the image, the XCAT phantom was 
coarsely converted to triangle meshes.  
As an example of the use of SINDBAD with the 
adapted XCAT phantom, 360 projections of the 
thorax region were simulated in a simplified 
scanner model of the Philips Scanner (Philips 
MX8000). Fig. 2 shows the attenuation images 
simulated for one projection without and with 
the scattered component. Images are 
simulated in a reasonable computation time 
and are coherent with real radiographs. Fig. 3 
displays two transaxial slices of the volume 
reconstructed with a Feldkamp cone-beam 
reconstruction algorithm, without accounting 
scatter radiation.  

 
Fig.2: Simulated attenuation images of the XCAT phantom 
without (a) and with (b) the scatter component. 

 

 

Fig. 3: Transaxial reconstructed slices of the simulated chest x-
ray CT images of the XCAT (direct component only) 

Future work will include: 1) comparing 
simulated and clinical X-rays CT images 2) 
integrating this CT simulator in a whole Virtual 
Imaging Platform (VIP), including other medical 
imaging modalities such as Magnetic 
Resonance Imaging (MRI), ultrasound imaging 
and Positron Emission tomography (PET).    

 
References: 
[1] J. Tabary, S. Marache-Francisco, S. Valette, W. P. Segars, C. Lartizien, “Realistic X-Ray CT Simulation of the 
XCAT Phantom with SINDBAD”, in IEEE NSS and MIC Conference, pp. 3980–3983, October 2009.  
[2] J. Tabary, P. Hugonnard, F. Mathy, “SINDBAD : a realistic multi-purpose and scalable X-ray simulation tool for 
NDT applications”, Int. Symp. on DIR and CT, Lyon, June 2007. 
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3D Semiconductor radiation detectors  
for medical imaging 

Research topics: X-ray, 3D detector, GaAs, micro-structuring 

M. Ruat, E. Gros d’Aillon 
 
ABSTRACT: An alternative X-ray detector architecture is studied by numerical simulation.  
To overcome the compromise between X-ray absorption and charge carrier collection in 
conventional planar structures, the semi-conductor detector is micro-structured with an 
array of columnar electrodes.  

Medical X-rays could be detected using a semi-
conductor layer which directly converts X-rays to 
electrical charges. In conventional planar detection 
structures, the collecting electrodes which form the 
imager pixels are deposit on the layer surface. In 
such condition, the thickness of the detecting 
layer, which is typically in the 500µm-5mm range, 
is a tradeoff between the X-ray photon absorption 
efficiency, which requires a thick layer, and the 
charge carrier collection efficiency, which limits this 
thickness.  
To overcome this trade-off, alternative 3D detector 
architecture has been proposed, where the volume 
of the detecting layer is micro-structured with an 
array of columnar electrodes (alternatively anodes 
and cathodes) which penetrates through the whole 
bulk (Fig. 1).  In these conditions, charge carrier 
collection is realized perpendicularly to the 
absorption plane.  

 

Fig. 1 Cross-sectional representation of standard planar 
architecture (left) and a 3D novel detection architecture (right). 
 
Cadmium telluride is today the mainstream X-ray 
semi-conductor detector in counting mode. In this 
study, thick epitaxial GaAs is the challenger. Its 
benefice is lower cost, lower toxicity (RoHS) and 
better maturity. Based on this geometry, CdZnTe, 
CdTe:Cl and GaAs  detectors have been simulated 
[1], thanks to a complete model, coupling Monte 
Carlo modelling of  X-rays interaction with matter 
and computation of charge collection efficiency 
with finite element method [2]. The detector 

response homogeneity of a 3D GaAs detector can 
be seen Fig. 2. Yellow lines for which charge 
collection is weaker is due to the weaker electric 
field between electrode of the same family. 3D 
geometry enhances the spectrometric 
performances of a semi-conductor material which 
does not have a good performance in planar 
structure as can be seen Fig. 3 for the simulated 
GaAs, which reaches the performances of CdTe. 
Constraints on the detector materials are released 
by putting pressure on technology. The overall 
performance is limited by the charge carrier 
(electrons or holes) with the worst transport 
properties. 

  

Fig. 2 Charge induction efficiency for a planar (left) and a 3D 
(right) GaAs detector. Anodes and cathodes are respectively 
represented by white discs and black discs. 

 

Fig. 3 3D structures spectral response to a 60keV irradiation for 
three electrodes pitch (L) and diameter (D) compared to a 
standard planar structure.  
An experimental validation is underway.  

References: 
[1] 3D Semiconductor radiation detectors for medical imaging: simulation and design, M. Ruat, E. Gros d’Aillon, L. 
Verger, Nuclear Science Symposium Conference Record, 2008 pp 434-439 
[2] A three-dimensional model of CdZnTe gamma-ray detector and its experimental validation, F. Mathy, A. Glière, 
E. Gros d'Aillon, P. Masse, M. Picone, J. Tabary, L. Verger, Vol. 51,  5, 2004 pp 2419–2426 
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An optimized CZT gamma-camera 
architecture for scintimammography 

  Research topics: Gamma-camera, scintimammography, collimation, CZT 

C. Robert, G. Montémont, V. Rebuffel, L. Verger, I. Buvat (IMNC,CNRS) 
 
ABSTRACT: based on using a CdZnTe semiconductor detector virtual pixelization, HiSens 
architecture enables a 3x gain in sensitivity without any loss in spatial resolution when 
compared to conventional gamma-cameras. The collimation, optimized for breast imaging, 
was further improved by shifting collimator from detector for a better image quality.  

Scintimammography is a functional imaging 
method that detects the uptake of a radiotracer 
in the breast, traditionally using NaI(Tl)-based 
Anger gamma-cameras. Recently emerged 
CdZnTe (CZT) detectors operating at room 
temperature offer a higher intrinsic spatial 
resolution, a better energy resolution, and more 
compactness. However, CZT gamma imagers are 
often associated with high spatial resolution 
collimators, which greatly limits potential 
detection efficiency. 
Our laboratory has proposed an innovative 
architecture known as HiSens, based on a 
pixelated CZT detector and a large aperture 
collimator to improve system sensitivity. To 
maintain a decent spatial resolution, a collimator 
response deconvolution is performed, thanks to 
the accurate 3D positioning of the photon 
interactions inside the CZT detector obtained 
using virtual voxelization by the electronics [1]. 
The HiSens geometry and associated algorithms 
have been validated in planar and SPECT modes 
[2]. Fig. 1 illustrates how the resampling reduces 
the back-projection cones compared to a 
conventional architecture.  

CZT detector

Physical
pixel

Virtual
pixels

Physical pixels

(16 virtual pixels 
per collimator hole)

HiSens

 

Fig. 1: Four virtual pixels per collimator hole. Left: standard 
configuration. Right: Hisens. Notice the reduced backprojection 
cone (in green) . 

A Detective Quantum Efficiency (DQE) computation 
method has been developed and used to optimize 
the dimensioning of a parallel hole collimator 

dedicated to scintimammography. DQE curves 
characterize the effective sensitivity for each 
spatial frequency. The collimator-to-detector 
distance has also been considered. The 
introduction of this gap has been proved useful to 
modulate DQE curve shape.  
We have optimized the configuration for a 50 mm 
lesion-collimator distance, a virtual pixel size of 
0.2 mm and 1.6 mm collimator hole. Using 17 mm 
septa height (29 mm for standard), and a 5 mm 
gap, allow a 3.3 times gain in sensitivity while 
maintaining or improving the spatial resolution of 
a reference collimator [3]. This suggests that 
acquisition duration or injected activity could be 
significantly reduced if this HiSens architecture is 
used. The combination of data acquired using 
different gaps can further improve restoration of 
the frequency content of the images, resulting in a 
better image contrast. 
These results have been validated using Monte-
Carlo simulations of a Derenzo phantom 
presenting convenient lesion sizes (Fig. 2).  

73.6 mm 

73
.6

 m
m

 

Hot rods size:
1.6 to 8mm diameters

Hot-to-background activity 
ratio 6:1 

Activity ~ 0.5 mCi

Derenzo phantom

a) Standard configuration b) HiSens architecture  

Acquisition time 
10 mn

Acquisition time 
3 mn

 

Fig. 2: Cylindrical Derenzo phantom and simulation: a) standard 
case with 10 mn acquisition time, b) HiSens, 3 mn. Image 
quality of b) is similar to a) with an acquisition time divided by 
3.3. The counts number is the same (106) for both images. 

An experimental validation has been performed to 
validate part of the results, proving that a virtual 
pixel size smaller than 0.4 mm for a 1.6 mm pixel 
is achievable. 

 

References: 
[1] G. Montemont, T. Bordy, V. Rebuffel, C. Robert and L. Verger, “CZT pixel detectors for improved SPECT 
imaging”, IEEE RTSD Conf. Rec., 84-89 (2008).  
[2] C. Robert, G. Montémont, V. Rebuffel, I. Buvat, L.Guérin, L.Verger “Simulation-based evaluation and 
optimization of a new CdZnTe gamma-camera architecture (HiSens)”, Phys. Med. Biol. 55 (2010) 2709–2726. 
[3] C. Robert, G. Montémont, V. Rebuffel, L.Verger, I. Buvat “Optimization of a parallel hole collimator / CdZnTe 
gamma-camera architecture for scintimammography”, Med.Phys. 38 (4), April 2011. 
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How to rethink PET imaging thanks to 
semiconductor detectors 

Research topics: PET imaging, ASICs, CdTe detectors. 

G. Montémont, F. Mathy, O. Monnet, J.P Rostaing, L. Verger,  
C. Comtat, S. Jan, R. Trebossen (CEA-SHFJ), P. Descourt, D. Visvikis (LaTIM), M. Leabad, S. 
Maîtrejean (BiospaceLab), H. Mathieu (Inserm), J.P. Richer, O. Rossetto (LPSC). 

ABSTRACT:  We present the feasibility study of a semiconductor based PET imaging system. 
This project has pursued three main goals: dimensioning  a CdTe-based imager by 
simulation, developing technological bricks needed to build such a system and 
demonstrating experimentally the potential of the technology with a small scale mock-up. 
 
 Positron Emission Tomography is an essential tool 

in preclinical and clinical imaging. It is used for 3D 
mapping of the distribution of a positron emitting 
radiopharmaceutical. 
Conventional PET systems are based on a static 
scintillation detector ring architecture and have at 
best spatial resolutions of around 1.5mm and 
sensitivities of 4%. CdTe-based detectors enable to 
change this. They can be segmented into 
elementary detection voxels at the scale of one 
cubic millimeter or even less, allowing fine 3D 
localization of interactions and thus elimination of 
the parallax error. This enhances sensitivity by 
allowing to place detectors closer to the patient, by 
designing flexible systems able to move from a 
configuration with a wide field of view and low 
sensitivity to a configuration with a narrow field of 
view and high sensitivity (Fig. 1) [1]. 

 

Figure 1: GATE simulation of the system absolute sensitivity as a 
function of the system field of view. Our system design can 
combine a sub-mm resolution and sensitivities above 12%.  
Additionally, Compton scattering within the 
detector can be properly analyzed by acquiring the 
various positions and amplitudes of interactions 
and thus determine the first deposit or extract 
additional information concerning the original 
direction of the incident photon. 
We have studied the feasibility of a CdTe PET 
system based on a 16x16x32 mm3 module 

comprising 4096 elementary voxels addressed by 
only 272 integrated electronic channels (Fig. 2).  

 

Figure 2 : CdTe cross-strip detectors used and detector stacking 
scheme proposed in our module design.  
Two ASICs have been designed: a front-end 
readout circuit and a processing and digital 
interfacing circuit [2]. We have built a small test 
bench (Fig.  3) to evaluate design performance. 

 

Figure 3 : Double-head tomographic test bench used for 
experimental validation of detectors and electronics. 
We have seen that this detector type allows a time 
coincidence resolution of 3 ns, an energy 
resolution of 5% at 511 keV, and a stable 
response under magnetic fields. Imaging 
performance is quite encouraging as spatial 
resolution reach 750µm FWHM [3]. 
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Figure 4 : Tomography result obtained with a 18F-filled capillary.  
Source-deconvoluted projection of the point spread function. 
Response FWHM  is equal to 750µm. 

 
References: 
[1] P. Descourt, F. Mathy, S. Maitrejean, J. F. Clement, C. Comtat, R. Trebossen, O. Rossetto, L. Verger, G. 
Montémont, D. Visvikis, O. Monnet “Performance assessment of a variable field of view and geometry PET animal 
scanner based on CdTe strip detector blocks” IEEE NSS-MIC Conference record, 2008. 
[2] O. Rossetto, J. Rostaing, J. Richer, O. Billoint, J. Bouvier, O. Monnet, A. Peizerat, et G. Montémont, “Integrated 
electronics for a CdTe based PET system,” IEEE NSS-MIC Conference record, 2009. 



 16 

 

Fast polycrystalline CdTe detectors for 
luminosity monitoring in the LHC 

Research topics: Accelerator beam instrumentation, Polycrystralline CdTe 

A. Brambilla, S.Renet, M. Jolliot, E. Bravin (CERN) 
 
ABSTRACT: Four luminosity monitors based on fast polycrystalline CdTe detectors each 
have been fabricated and installed at both sides of the low luminosity interaction points 
ALICE and LHC-b. The sensors exhibit large signal yield and fast response and are able to 
withstand the hash temperature and radiation environment in the LHC. 

Beam diagnostics in future high-energy 
accelerators will require long lived instrumentation 
in highly hostile radiation environments. In LHC the 
two counter-rotating proton (or heavy ion) beams 
will collide in four interaction points [1]. At each of 
these locations dedicated experimental detectors 
will be installed. Two of them, ATLAS and CMS, are 
general purpose detectors and will profit from the 
highest possible luminosity (1034 cm-2s-1) provided 
by LHC. The other two have been developed for 
specific studies and will never be exposed to the 
full luminosity (Lmax of 1030 for ALICE and 1032 for 
LHC-b). 
Four luminosity detectors based on polycrystalline 
CdTe sensors were fabricated and installed on both 
side of the low luminosity interaction points ALICE 
and LHC-b. Each sensor is 350 µm thick, the 
diameter is d=16mm with gold electrodes of 
d=12mm. The housing has been designed to meet 
the mechanical constraints of the LHC. 
 

 

Polycrystalline CdTe sensors in their housing  
 
Cadmium Telluride (CdTe) is a high density 
semiconductor often chosen for X and γ-rays 
detections. In our case polycrystalline CdTe has 
been chosen for their performances in terms of 
sensitivity and speed, but also for their ability to 
operate under harsh environment of radiation and 
temperature. 
A sensitivity of 104 electrons/MIP is currently 

obtained while in some samples it reaches 2 104, 
with pulse duration well below 25 ns (40 MHz). 
The deposited charge for a single MIP is 6 104 e-/h 
pair leading to a Charge Induced Efficiency up to 
30%. Considering that holes do not induce any 
signal at this time scale due to their low mobility 
the signal is mainly due to electrons with very low 
collection losses. This result is obtained thanks to 
the good transport properties of the sample 
together with high electric field and the low 
detector thickness (350 µm) 
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Response to MIP of a polycrystalline detector compared to a 
crystalline silicon detector 
 
The CdTe sensors can operate at temperatures up 
to 80°C without any loss in performance. The 
resistance to radiations, which has been tested up 
to 1016 neutrons/cm² at the TRIGA-type research 
reactor in Ljubiana, is sufficient to withstand the 
high environmental doses of ALICE and LHC-b 
without human intervention for maintenance or 
repair. 
 

References: 
[1] E. Rossa, et al. “Fast Polycrystalline-CdTe Detectorsfor LHC Luminosity Measurements”, IEEE Nuclear Science 
Symposium and Medical Imaging Conference Vol. 4, 2001, pp. 2439-2442 
[2] A. Brambilla, S. Renet, M. Joliot, E. Bravin, “Fast polycrystalline CdTe detectors for Bunch-by-bunch luminosity 
monitoring in the LHC”. Nucl. Instr. Meth. A Vol.591 (1), 2008, pp. 109-112 
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Fluorescence Reflectance Imaging: 
An innovative miniaturized probe 

Research topics: Near infrared, In vivo Molecular imaging, Fluorescence 

M. Berger, J.G. Coutard, S. Gioux and J.M. Dinten 
 
ABSTRACT: In order to extend application of fluorescence molecular imaging in surgery, a 
new  preclinical miniaturized fluorescence imaging probe has been developed. It is close to 
clinical translation requirements and it presents an innovative approach of simultaneous 
visible and IR illumination by an optical fiber bundle   
 
 
 

References: 
 [1] Sylvain Gioux, Hak Soo Choi, and John V. Frangioni. Image-Guided Surgery using Invisible Near-Infrared Light 
Fundamentals of Clinical Translation. Mol Imaging. 2010 October; 9(5): 237–255. 

In recent years near-infrared (NIR) fluorescence 
imaging has witnessed a very rapid growth 
particularly in the context of preclinical and clinical 
surgical guidance. 
 
The choice of the near infrared waveband (650-900 
nm) permits a low absorbance and 
autofluorescence in the biological tissues. 
 
The technological progress realized in the field of 
the CCD and CMOS sensors and the light sources 
(LEDs, Laser Diode) allow bringing specific answers 
to every new application. 
The imaging of fluorescence applied to the 
oncologic maxilo facial surgery requires a low 
dimensions system which does not obstruct the 
surgeon’s view in addition to be hand held- 
friendly. 
 
A novel approach based on the projection of both 
white light and NIR excitation light through a 
multimode fiber bundle ensures optimal and 
efficient illumination in a dramatically reduced size 
(22mm in diameter) compared to existing large 
field of views systems (for example, Fluobeam 
series present a 70mm diameter).  
 
The use of multiple illumination fibers arranged in a 
ring permits the delivery of a high power density of 
NIR laser light while being safe (class 1 laser) and 
1000 lux of filtered white light to a detailed field of 
view (12cm²) with 70µm of optical resolution. 
 
The optical bundle fiber which surrounds the 
camera and its optics adds only a small thickness 
to the system (Fig. 1). 
 

 
 

Figure 1: top view (left) and side view (right) of the probe  
    

So the size of the probe is directly related to that 
of the camera, leaving a great potential for future 
miniaturization or for geometries adapted to 
anatomic conditions (curved probe). Finally, this 
integration allows the system to be closer to 
clinical requirements [1].  
 
First ex-vivo experiences with this new imaging 
probe have been conducted on human liver 
injected with ICG (Fig. 2). In addition to 
presenting a convenient size for the surgeon, it 
has shown the best image quality in this field of 
application, strong performances in detection (Fig. 
3). 
 

 
Figure 2: the probe in the surgery room (bottom right) 
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FluoField of 
view

merged
 

Figure 3: human liver with cancerous tissues (in white, center) 
and fluorescence imaging gave by the probe 
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CW-fDOT systems: from the laboratory 
set-up to the industrial prototype 

Research topics: Fluorescence Molecular Tomography, Bi Modality, X-ray CT 
 

A. Planat-Chrétien, A. Koenig, J-G. Coutard, L. Hervé, M. Brambilla, J.M. Dinten,  
K. Hassler, M. Bucher (SCANCO Medical, AG),  

V. Josserand (INSERM U823), J.L. Coll (INSERM U823) 
 
ABSTRACT: In order to couple functional (fluorescence-enhanced Diffuse Optical 
Tomography (fDOT) and morphological information (X-CT) a new bimodal instrument has 
been developed. It provides an accurate fluorescence distribution of the molecular target 
in the organs. It has led to the development of an industrial prototype with Scanco Medical 
AG.  
 
 Three-dimensional near-infrared fluorescence-

enhanced Diffuse Optical Tomography (fDOT) has 
been proven to be an efficient non-invasive tool for 
preclinical cancer research. Thanks to fDOT, the 
biodistribution of fluorescent probes targeting 
molecular markers of tumor development can be 
quantitatively estimated. Moreover, fDOT can be 
used to assess the influence of anti-cancer 
treatments at molecular level. fDOT, as a 
molecular imaging modality analog to PET does not 
readily provide anatomical information. However, 
structure can be obtained by combining fDOT with 
a second modality providing morphological 
information (MRI, ultrasound or XCT). In this way, 
obtaining in vivo anatomical and molecular 
information simultaneously becomes possible. 

 
In this context, a bi-modal system combining X-
Ray CT and fluorescence diffuse optical 
tomography on the same gantry has been built up 
[1]. The advantage of such a bi-modal system is to 
provide simultaneously accurate morphological (X-
Ray CT) and functional information (fDOT) - Fig.1. 
An effective coupling between both modalities is 
achieved by using the real animal external shape 
provided by X-ray modality, for diffuse optical 
reconstruction. According to our fluorescence 
tomographic reconstruction approach based on at 
first reconstructing optical heterogeneities in the 
observed animal [2], actual object boundaries 
obtained from X-rays are exploited to reconstruct 
precisely the heterogeneities map. Thus, the fDOT 
algorithm takes into account the optical 
heterogeneities of the diffusing medium providing 
accurate robust reconstruction results. Thus the bi-
modal instrument has been characterized in terms 
of repeatability (less than 1% of variation), 
linearity (for quantity of Alexa 750 from 1 pmol to 
30 pmol) and resolution in X/Y and Z plane (better 
than 2mm). Absolute quantification has been 
achieved in specific studies and results are 
discussed in [1-2]. 
Based on the technology tested on the laboratory 
setup, an industrial prototype has been developed 
by the industrial partner Scanco Medical AG 
(Switzerland). In contrast to the laboratory setup, 
it features a horizontal rotation axis and the XCT 

and fDOT acquisition chains are physically 
separated. In both cases, fDOT scanning is 
performed in a cylindrical geometry. This 
approach allows sampling of a larger part of the 
animal surface as compared to a planar 
tomography setup. This results in superior 
imaging quality.  
 

The registration between the XCT and fDOT 
images has been characterized on both systems 
with in vivo “capillary mice” – i. e. capillaries 
filled with a solution of fluorophores (Alexa 750) 
inserted either in the lungs via the trachea and 
the bronchi or in the abdomen of sacrificed 
healthy nude mice. In particular, the error in 
localizing the fluorescent inclusion was found to 
be smaller than 1 mm. A first experiment was 
conducted on the laboratory setup on dead mice 
bearing lung tumors. A second one was carried 
out on the industrial setup in vivo on live mice 
bearing subcutaneous tumors in the pelvic area. 

  

Fig1. Experiment on tumour-bearing mice, small distinct 
tumoral sites in the lungs of mouse (laboratory setup) 

  

Fig2. The bio-distribution of the protease targeting probe as 
obtained by the fDOT measurement is shown in red. 
 

 References: 
[1] A. Planat-Chrétien, and al., “Toward absolute quantification in CW-FDOT systems: use of a priori information.” 
ECBO 2011, Munich Germany, Mai 2011, Proc. SPIE 8088, 80880W (2011); doi:10.1117/12.889583. 
[2] L. Hervé, and al., ”Non-uniqueness in fluorescence-enhanced continuous wave diffuse optical tomography”. Journal 
of Optics, 13:015702, 2011 
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[1] A. Montcuquet, L. Hervé, F. Navarro, J. Dinten, and J. Mars, “In vivo fluorescence spectra unmixing and 
autofluorescence removal by sparse Non-negative Matrix Factorization”, IEEE TBME, vol. 58, no. 9, pp. 2554, 2011. 
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Spectra separation method for in vivo optical 
imaging by using a blind method 

Research topics: In Vivo Optical Imaging 

A.-S. Montcuquet, L. Hervé, F. Navarro F., J.-M. Dinten, J. Mars (GIPSA-Lab) 
 
ABSTRACT: Near-IR Fluorescence imaging in diffusive media is an imaging modality for medical 
applications which aims at detecting specific tissues targeted by fluorescence, such as 
carcinoma. To remove the unwanted auto-fluorescence contributions or separate different 
specific markers, a spectroscopic approach is explored. The nonnegative matrix factorization 
“NMF” algorithm is used to retrieve the positive fluorescence contributions. 

Medical diagnostic systems based on fluorescence 
imaging are envisioned to be noninvasive, easy to 
use, and cost effective. Fluorescent markers are 
injected into a patient, and bind specifically to 
targeted compounds, such as tumors. Several 
specific markers can be injected at once, and bind 
to different compounds or organs. The region of 
interest is illuminated with near-infrared; an 
optimal wavelength range can be defined between 
600 and 900 nm, where tissue absorption is lower. 
Finally, the emitted back fluorescence signal is 
measured and the fluorescent source is localized. 
To investigate thick media for medical diagnostic 
applications, the autofluorescence of the tissues 
must be considered to prevent wrong localization 
of the markers. 

  

Fig.1. Spectrally resolved optical setup for in Vivo measurements 

 
To unmix contributions of fluorescence sources 
(autofluorescence and different fluorescence of 
markers), we employ a spectrometer to analyze 
the emitted signals (Fig. 1).  

 

Fig.2. Autofluorescence and two markers emission spectra  

Since autofluorescence and markers spectra (Fig. 2) 
were found to be invariant with the location, a blind 
deconvolution algorithm such as NMF (Non negative 
matrix factorization [1-2]) is adapted to their recovery. 
Unmixing tests were undergone on mice with capillaries 
containing fluorophores to validate the capability of the 
method to recover the three contributions. Fig 3 shows 
that the sole global fluorescence is not sufficient to get a 
clear understanding of locations of specific fluorophores. 

 

Fig.3. In vivo experiment with two specific targets. 

With spectral measurements and after NMF unmixing, 
the three contributions can be clearly separated (Fig. 4). 

   

Fig.4. Unmixing results: autofluorescence and the two markers. 
 
For deep optical imaging, NMF is a useful preprocessing 
step to remove unwanted autofluorescence and unmix 
different spectra of interest. By returning separated 
fluorescence contribution data, the method presents the 
possibility to perform accurate tomographic 
reconstructions and thus to confirm the 3-D position of 
marked tumors. 
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1. la localisation obtenue en  fDOT est en  

TOMOFluo3D : a pre-clinical 3D molecular 
imaging system 

Research topics: Fluorescence Diffuse Optical Tomography 

A. Koenig, L. Hervé, J. Boutet, M. Berger, C. Allier, J.M. Dinten, 
V. Josserand (IAB), F. Couillaud (IMF), A. Garofalakis (SHFJ) 

ABSTRACT: A fluorescence diffuse optical tomography instrument dedicated for in-vivo 
small animals studies is presented. Our system has two main specificities, firstly, it does 
not require animal immersion in an optical adaptation liquid, which facilitates the animal 
inspection protocol, secondly, it includes a dedicated reconstruction scheme which 
accounts for the medium optical heterogeneities . 

The system TOMOFluo3D meets a real need for 
pre-clinical 3D molecular imaging. It is designed in 
a planar geometry. It consists of a continuous laser 
source (690 nm, 17 mW), a CCD camera (EG Orca, 
Hamamatsu) and a set of filters. The excitation 
wavelength (690nm) and fluorophores (usually 
Alexa750) are chosen to optimize the transmission 
in biological tissues. The laser is mounted on two 
translation stages to ensure the scan of the animal 
by trans-illumination. The region of interest 
scanned by the laser source is typically a 10 by 10 
grid with a 2 mm pitch. The animal is prepared by 
an injection of a fluorescent marker and then 
placed on its anaesthetic and heated support [1]. 
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Photo of the experimental device. The laser scans the bottom of 
the mouse while the camera records the transmission and the 
fluorescence images 

Our system specifities are the ability to work in 
free space [2] and the sensitivity to biological 
tissues diversity thanks to the development of an 
original reconstruction approach [3]. It offers thus 

better sensitivity (one nano-molar), resolution 
(spatial resolution of 2 mm for separation of two 
fluorophores) and quantification; characteristics 
being evaluated on phantoms as well as on mice. 

Day 14

Day 12
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Day 10
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IAB IAB
 

Tumor development follow-up: 3D view of the reconstructed 
fluorescence quantity superimposed on the white light image for 
a diseased mouse: at day 10, day 12 and day 14 after tumor 
implantation. The increase of the fluorescence follows the 
development of the disease. 

The system has been made available to teams of 
biologists which performed examinations on more 
than 500 mice for preclinical studies 
(subcutaneous, brain, lungs or intestines tumors, 
tumors development follow-up [4], etc.). Recent 
work (2010) at one of these teams (CEA-SHFJ) 
about quantification issue has been conducted by 
comparison with PET, reference technique in the 
domain. It showed a limit of detection of about 
one nano-molar. 

 

 

Mouse kidney imaging (a) red - TEP imaging (b) green – fDOT 
reconstruction, (both) gray – X-ray-CT image. We observe a 
good correlation between the two techniques.  
The TOMOFluo3D technology is currently being 
transferred to the company DIGISENS. 
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[2] Koenig, A.; Hervé, L.; Gonon, G.; Josserand, V.; Berger, M.; Dinten, J.; Boutet, J.; Peltié, P.; Coll, J. & Rizo, P. 
Fluorescence diffuse optical tomography for free-space and multifluorophore studies Journal of Biomedical Optics, 
2010, 15, 016016 
[3] Hervé, L.; Koenig, A.; Da Silva, A.; Berger, M.; Boutet, J.; Dinten, J.; Peltié, P. & Rizo, P. Noncontact 
fluorescence diffuse optical tomography of heterogeneous media Applied Optics, OSA, 2007, 46, 4896-4906 
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A Less-Invasive Procedure for Detecting 
Prostate Cancer 

Research topics: Biomedical Imaging 

J. Boutet, L. Hervé, J.M Dinten, D. Vray (Insa Lyon - Creatis), O. Messineo (Vermon), 
 A. Nguyen Dinh (Vermon) P. Georges (Institut d’Optique) N. Grenier (Université de Bordeaux)  

 ABSTRACT: CEA-Leti and its partners in a project aimed at designing a more effective and 
less-invasive procedure for detecting prostate cancer have developed an endorectal probe 
combining optical and ultrasound imaging. 

Prostate cancer diagnosis is based on PSA 
determination followed by endorectal ultrasound 
biopsy. The biopsy protocol’s lack of specificity and 
the difficulty to accurately identify and localize 
malignant tumors in some cases lead to a dramatic 
increase in biopsies collection and an increased risk 
of complications. To make biopsies more efficient 
and less invasive, partners of the Prostafluo Project 
(ANR Tecsan 2007-2010) have developed a bi-
modal approach combining fluorescence molecular 
optical imaging and ultrasound measurements [1].  

During the procedure, a tumor-specific fluorescent 
marker is injected into the patient several hours 
before the exam. A pulsed laser triggers the 
fluorescence accumulation in the tumor and an 
optical probe (Fig. 1) associated to a dedicated 
reconstruction algorithm localizes it.  

 

Figure 1: bimodal ultrasound/optical probe 
(red : excitation fibre; blue : detection fibre) 

The combination of both fluorescence-diffuse 
optical tomography and ultrasound imaging  
provides a millimetric accurate guidance of the 
biopsy needle to the prostate tumor [2]. However, 
the two-dimensional image from the ultrasound 
and the three-dimensional surface provided by the 
optics must be reconciled, and registration is 
required to guarantee a consistent visualization for 

the physician. A specific software developed by a 
team from CREATIS (INSA de Lyon) allows to 
successfully superimpose ultrasound and optical 
images of a prostate phantom. 

 

Figure 2 : fluorescent inclusion co-localized by optics (yellow) 
and ultrasound (grayscale image) 

Leti’s partners in the Prostafluo Project include 
Vermon SA, the ultrasound probe manufacturer; 
Amplitude Systemes, the laser manufacturer; 
INSA Lyon CREATIS; LCFIO Institut d’Optique 
Graduate School, and the Centre Hospitalier 
Universitaire de Bordeaux. 

The bimodal probe will be tested on a set of 
volunteers without fluorescent marker injection 
during 2012, followed by clinical trials of the 
fluorescent markers. 

The time resolved imaging approach and the  
associated localization method are very generic 
and may be used in a wide field of applications 
beyond prostate cancer diagnosis, such as 
mammography, atheroma plate and thyroid-
nodule detection. 
 

References: 
[1] Boutet J. et al., “Bimodal ultrasound and fluorescence approach for prostate cancer diagnosis”, Journal of 
Biomedical Optics 14(6), 064001, 2009 
[2] Laidevant A. et al., “Fluorescence time-resolved imaging system embedded in an ultrasound prostate probe” 
Biomedical Optics Express, 2(1), 2011. 
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Bacteria detection with thin wetting  
film lensless imaging 

 
 

Research topics: Bio-imaging 

C.P. Allier, E. Schultz, V. Poher, J-G. Coutard, J-M. Dinten  
 
ABSTRACT: Techniques such as Raman and Fourier transform infrared spectroscopy, which 
can   characterize single bacteria (1µm) within a sample, require high-accuracy position 
measurements of the bacteria — something that is still difficult to achieve automatically. We 
have now developed a lensless, on-chip imaging system that uses a thin wetting film to 
focus the illuminating light, thereby achieving a very strong signal-to-noise ratio. Standard 
CMOS sensor, without additionnal lens, is able to detect single bacteria, e.g. E.coli and 
Bacillus subtilis with a precision of σ=1.1µm (N=640). 

 

Fig1:  Schematic (left) and picture (right) of lensless imaging 
setup. 

 
With respect to long-established microscopy 
techniques, lensless imaging has the advantage 
of ultra-large FOV ranging from mm2 to cm2, 
smaller dimensions, and no need for precise 
focalization. In the study of biological objects this 
technique has been successfully applied to 
eukaryote cells with dimensions ranging from 10 
µm (with blood cell, red blood cell, platelet, etc. 
to 500 µm (C. elegans). Prokaryote cells, e.g. 
bacteria, are more difficult to resolve with this 
technique owing to their small dimension (1-
3µm) and the lack of a nucleus. Recently, we 
have introduced a new technique allowing the 
counting and localization of microns sized object 
with strong signal to noise ratio [1-4]. Creating a 
thin wetting film after the sample dry-up 
transferred the challenge from detecting the 
object itself to detecting the effect of the 
microlenses that formed onto the objects. This 

allowed increasing the SNR up to 100 and 
dramatically enhanced the detection efficiency 
up to 70% compared with fluorescence images 
across a 24mm2 field of view. Using in-line 
holographic reconstruction [4], we have further 
improved the detection efficiency up to 92% at 
an object concentration spanning from a few to 
103 micro-objects per µl.   
We have successfully imaged three different 
bacterial species, i.e. E.coli, Bacillus thuringiensis 
and Bacillus subtilis. So far, these species cannot 
be distinguished, as the shapes of the 
corresponding micro-lenses do not seem to 
contain specific signatures.  
Yet this lensless, on-chip imaging technique 
offers a cost-effective means of detecting and 
locating bacteria as small as 1 µm before 
applying spectroscopic identification methods, 
e.g. Raman and FT-IR spectroscopy 
 

 

Fig2:  Image of a 10µl sample containing E.Coli bacteria 
recorded in the presence of a thin wetting film. 1700 bacteria 
(white spot) are detected using a pattern matching 
algorithm. The FOV of the CMOS sensor is 24 mm2. 
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Electrowetting platform for health and 
environment monitoring 

 Research topics: EWOD, Environment, New Born Screening 

D. Jary, C. Delattre, F. Bottausci, M. Alessio, A. Bellemin-Comte, G. Castellan, J.M. Roux, T. 
Cardoso, M. Quinaud, C. Allier, Y. Betassa, G. Costa, P. Claustre, G. Delapierre, F. Rivera 

 
ABSTRACT: For more than 10 years, CEA developed an Electrowetting platform for multiple 
points PCR analysis. More recently, a new platform has been implemented which integrates 
online pathogen lysis, sample preparation for DNA extraction and PCR analysis. This 
platform has been assessed in real state at CSTB. In the same time, CEA signs a strategic 
partnership with Advanced Liquid Logic on Electrowetting platform 

It is nowadays obvious that there is a clear need 
for integrated, compact and complete analytical 
systems with good performances in terms of 
analysis time and sensitivity. In this context, CEA 
Leti is currently developing a complete analytical 
system for environment and homeland security. 
This system comprises two distinct modules, one 
dedicated to sample preparation and the other one 
to PCR analysis.  

 

Fig 1. Electrowetting platform 
The sample preparation module is based on 
magnetic beads protocol comprising a non specific 
capture on a first kind of beads, a chemical lysis 
step and a purification and concentration of Nucleic 
Acids on a second kind of beads. The complete 
sample treatment from 10 mL to 10µL of purified 
DNA and/or RNA solution is about 40 minutes with 
this automated module. 
The second module is a miniaturised analytical 
system based on ElectroWetting On Dielectric 
(EWOD) technology [1]. The microfluidics device is 
a silicon chip coated with an hydrophobic layer. A 
pattern of metallic electrodes is used to make the 
droplets move on precise positions. With an 
already well integrated instrumentation, real time 
PCR validations for different pathogens have been 

performed.  
In 2011, a test campaign has been performed at 
the French Scientific and Technical Center for 
Building (CSTB) on real aero-collected samples. 
Each module (sample preparation platform with 
chemical lysis, mechanical lysis module and EWOD 
PCR chip) constituting the Electrowetting platform 
was validated individually. The DNA purification 
yield obtained on this platform is on average 12% 
for species lysed by chemical agents. The yield 
obtained with the mechanical lysis module and a 
protocol finalized in the platform is approximately 
30%. PCR performed with a pure DNA solution 
gives identical results to the reference device 
Stratagene. During this test campaign, it has been 
identified that the performances are not yet 
optimal when the sample preparation is directly 
coupled with the PCR module. However, a test, 
which is a proof of concept, allowed to couple all 
the steps while getting a result on-chip PCR in 
good agreement with a test on the reference 
instrument Stratagene. 
In the same time, CEA-LETI signs a strategic R&D 
partnership with Advanced liquid Logic, a US 
company, world leader on electrowetting platform 
for clinical diagnostic.  

 

Fig 2.ALL-CEA strategic partnership 
 

References: 
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Micrometric size-controlled droplets arrays 
with LDEP actuation 

Research topics: Lab-on-Chip, Digital Microfluidic 

R. Renaudot, V. Agache, Y. Fouillet, D. Collard (LIMMS), H. Fujita (LIMMS) 
 
ABSTRACT: Digital microfluidic has emerged as a powerful tool for biochemical samples 
handling. Complementary to the Electrowetting (EWOD) technique, Liquid DiElectroPhoresis 
(LDEP) is known to displace insulating liquids and create micrometric size-controlled 
droplets in a very short time (~100 ms) onto a surface, providing a strong interest to carry 
out sample preparations for massively parallel and complex biochemical protocols. 
 
 In Digital microfluidic (DMF) field, the purpose is 

to realize elementary fluidic operations by applying 
an electric field onto or inside a chip without using 
extern pumps or syringes. Liquid Dielectrophoresis 
(LDEP) transduction is known to displace liquids 
and create micrometric size-droplets in a very 
short time (see Fig1a). Most experiments carried 
out in the literature have shown that this technique 
may require relatively high actuation voltages 
(~200-500 VRMS) and is more adapted for very 
insulating liquids (from µS.m-1 to mS.m-1).  

 

Fig1.a. DI water droplets generation process by LDEP (dielectric 
materials used: 100 nm SiN and 100 nm SiOC). b. Cross-
sectional view of the LDEP stack layers chip. c. Electric field 
repartition in a cross-sectional liquid. 
 

Within the framework of a collaboration with the 
LIMMS / University of Tokyo, open single-plate 
architecture devices have been fabricated from a 
200mm Silicon-based wafer technology. The 
driving electrodes are made of a Ti (10 nm) / AlCu 
(200 nm) layer and designed with specific 
geometries to create an array of low-volume 
droplets (from 1pL to 1nL depending on electrodes 
widths w and gap g). Then, the electrodes are 
covered with different dielectric materials stacks: 
SiN, TFL, Al2O3, HfO2, ZrO2, SiOC, FDTS… (see 
Fig1b.). The LDEP electrodes are energized with a 
100 kHz AC signal during 100 ms, for each event 
of liquid droplets creation, in an air or or an oil 

surrounding medium.  

 

Fig2. Evolution of the liquid actuation voltages as a function of 
the implemented dielectric materials stacks 

 
Both theoretical electromechanical model (see 

Fig1c.) and experiments have shown that LDEP 
can be performed with appropriated dielectric 
materials, at voltages lower than 100 VRMS [1] 
which is 2 times better than the state of the art 
(see Fig2). Second, the Si-based technology used 
here has proved its robustness since more than 
200 liquid actuations could be performed 
successively and successfully on a same design 
without damaging the chip. These two results let 
envision the use of the LDEP transduction as a 
potential and promising integrated tool for µ-TAS 
devices. 

A wide scale of liquids, in terms of surface 
tension, liquid contact angle or conductivity, can 
be displaced by LDEP technique [2]. As an 
example, the maximum liquid conductivity now 
reaches 10 mS.m-1 (10 times better than the 
reported values in the literature), which can be for 
instance a typical 10 fold-diluted DNA buffers. 
 The next step is to provide a generic and 
programmable DMF platform, using both LDEP and 
EWOD (ElectroWetting – On - Dielectrics) 
transductions on the same chip, to address various 
fluidic functions (droplet and/or flow) with the 
overall liquids (insulating and conductive liquids 
respectively with LDEP and EWOD signals). 
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Label-free detection based on hollow 
MEMS resonators 

Research topics: MEMS/NEMS, biological detection, liquid phase sensing 

V. Agache, G. Blanco-Gomez, M. Cochet, F. Baleras, A. Hoang, P. Caillat 
 
ABSTRACT: A mass sensor innovative concept is presented here, based on a hollow plate MEMS 
resonator. This approach places the analyte fluid solution inside of a resonator instead of immersing it. 
The preserved high Q-Factor, combined with a low intrinsic weight enabled by miniaturization, provide 
a mass sensitivity improved by six orders of magnitude over a high-end commercial QCM. 

Objectives: a current challenging trend of research 
is focused on low-cost label-free techniques. In this 
work, a new concept of mass sensor is proposed 
based on a MEMS/NEMS hollow resonator [1]-[4]. 
This approach consists in running a solution 
through an embedded nanochannel, while the 
resonator is actuated according to a Lamé-mode by 
electrostatic coupling in dry environment. Using 
such strategy, the preserved high Q-Factor, 
combined with a low intrinsic weight enabled by 
miniaturization, provide a mass sensitivity 
improved by six orders of magnitude over a high-
end commercial QCM. This could enable single 
cells, virus, nanoparticles and biomolecules to be 
weighed in solution in real-time with fg resolution. 

 

Figure 1: a) closed-view SEM picture depicting the embedded 
channel diagonally crossing a square plate resonator. (b) 
Optical microscope view illustrating the front-side architecture 
design (details of the micro-scale fluidic channels 
communicating with the embedded nanochannel). (c) 
Illustration of a chip (3x3 mm²) after dicing and fluidic 
packaging (insertion of silica capillaries through the lateral 
faces). 

 
Technology: The device under study is composed 
of a 50µm wide silicon square plate, that integrates 

a nanofluidic channel (volume ranging from 223 to 
260 fL), communicating with upstream and 
downstream microfluidic channels. An integrated 
fully-differential capacitive coupling for both 
actuation and detection is performed to 
interrogate the sensor. 

 

Figure 2: Transmission curves as a function of excitation. 
Resonance frequency shifts were recorded for a given device 
being filled up by successive solutions of DNA buffer and 
sulphuric acid (5 % v/v in H2O) 

 
Results: Different liquids could be weighted (from 
DI water, to DNA buffer). Resonance frequency 
shifts were screened for different designs and 
fluids leading to a striking resonance frequency x 
quality factor product as high as 3.4 x 1011 
measured in aqueous solution, which is the state 
of the art in liquid medium for MEMS /NEMS 
oscillators and at least one order of magnitude 
higher than previous structures alike [4].  
After appropriate surface functionalization, DNA-
hybridization detection has been demonstrated. 
Today, limit of detection (LOD) of 1nM obtained 
within 6min has been achieved with the first 
devices. This corresponds to the first worldwide 
demonstration of DNA detection using hollow 
resonator concept. Improvement by two orders of 
magnitude for LOD is expected with optimized 
devices under study. 
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Micro-confinement of bacteria into 
emulsion droplets for rapid enumeration 

 Research topics: Microfluidics, Bacteria detection, Single-cell characterization 

P.R. Marcoux, M. Dupoy, R. Mathey (bioMérieux), A. Novelli-Rousseau (bioMérieux), V. Héran 
(Institut des Sciences Moléculaires de Marseille), S. Morales, F. Rivera, P.L. Joly, J.P. Moy, 

F. Mallard (bioMérieux) 
 
ABSTRACT: We report here a method for rapid detection of single bacteria and real-time 
monitoring of one of their metabolic activities. Reverse emulsions were used as a way of 
encapsulating single Escherichia coli cells into pL-sized microreactor droplets. The 
enzymatic activity in each droplet was monitored using a fluorogenic reporter molecule 
(glucuronidase substrate 
 
 

Today, rapid detection and identification of bacteria 
in microbiological diagnosis is a major issue. 
Reference methods usually rely on growth of 
micro-organisms, with the drawback of long time-
to-result and global information on a clonal 
population that is known to be inhomogeneous 
relative to metabolic states and activities. 
Therefore, there might be a significant advantage 
in methods allowing characterization of individual 
bacteria of a large population, both for test time 
reduction and for clinical relevance of the 
characterization. We report here a method for 
rapid detection of single bacteria and real-time 
monitoring of one of their metabolic activities. 
Reverse emulsions were used as a way of 
encapsulating single Escherichia coli cells into pL-
sized microreactor droplets. The glucuronidase 
activity in each droplet was monitored using the 
fluorogenic reporter molecule MUG  
(4-Methylumbelliferyl β-D-glucuronide) coupled to 
time-lapse fluorescence imaging of droplets.  

  

Bacteria were encapsulated into monodisperse aqueous droplets 
of a fluorinated reverse emulsion (water-in-oil). The average 
volume of droplets is 210 pL. They are immersed in perfluorinated 
oil FC-70 and stabiiised with a fluorosurfactant. 

 
Such a confinement provides us with several 
major advantages: 
  
1) Enzymatic activities of a large number of single 
bacteria could be monitored simultaneously, thus 
allowing the full characterization of metabolic 
heterogeneity in a clonal population. We 
monitored glucuronidase enzymatic activity and 
growth over ~200 single bacteria over 24h-period. 
2) Micro-confinement of cells in small volumes 
allowed rapid accumulation of the fluorescent 
metabolite, hence decreasing detection time. 
Independent of the initial concentration of bacteria 
in the sample, detection of the presence of 
bacteria could be achieved in less than two hours. 
3) Considering random distribution of bacteria in 
droplets, this method allowed rapid and reliable 
enumeration of bacteria in the initial sample. 

 

Fraction, among full droplets, of detected bacteria versus time. 
More than half of the bacteria are detected in 4h and a plateau at 
74% is reached after 10h of incubation. A quarter of the 
encapsulated bacteria do not exhibit a detectable enzymatic 
activity, even after 22h of incubation at 37°C. Such a result 
might be explained by the fact that the enzymatic substrate is 
not the only carbon source in nutrition medium.   
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Cellenc: Cell Encapsulation in a microfluidic 
system 

 
Research topics: Microfluidics, Cell Encapsulation, Diabetes, Islet of Langerhans 

F. Rivera, P. Dalle, P.Y. Benhamou (CHU Grenoble) 
 
ABSTRACT: Pancreatic islets encapsulation is a challenging domain still facing clinical 
issues. In order to provide to clinicians, a repeatable batch of encapsulated cells, a 
microfluidic system has been developed. On-line cell encapsulation is performed in such a 
system to provide a higher reproducibility and a better yield for cell encapsulation. 
 

Pancreatic islets encapsulation is a challenging 
domain still facing clinical issues. From one grafting 
experiment to another and using identical 
encapsulation processes, clinical results are not yet 
repeatable. This lack of repeatability can be 
attributed to the manual process in conventional 
encapsulation systems. Standard alginate macro-
encapsulation technologies currently use dripping 
technologies. Alginate droplets are dropped into a 
calcium bath to perform alginate gelling. Alginate 
capsules are then sampled and transferred to 
washing baths, and finally to a physiological 
solution. The advantage of this procedure is that 
cells are kept at physiological pH during the entire 
process. However, gelling step duration is hardly 
controlled, and capsule properties can be 
inhomogenous in term of either mechanical 
characteristics or batch to batch repeatability. 
Capsule properties are keys to the graft survival 
for long-term implantation. These properties 
depend on both encapsulating material and 
encapsulation process. Main required properties 
are biocompatibility, sphericity, surface 
smoothness, controlled permeability and 
mechanical resistance to osmotic pressure[1]. 

 

Fig1. Image sequence illustrating the phase transfer of alginate 
droplet. (a) In absence of droplet, the interface is stable. (b) An 
alginate droplet enters the phase transfer device (inside the red 
circle). (c)(d) The alginate droplet is deviated by the micropillars 
and enters the gelling phase channel. (e) The gelling phase forces 
the alginate capsule towards the pillars, and oil is evacuated 
through them. (f) The alginate droplet coalesces with the gelling 
phase and finally, crosses the interface to flow into the gelling 
phase channel. 

 

Recently, microfluidic devices that produce 
spherical and monodisperse capsules have been 
documented [2]. We developed a system and 
adapted a process of encapsulation to implement a 
continuous alginate droplet formation, combined 
with gelation and aqueous transfer at physiological 
pH. First a five-branch flow focusing device (FFD) 
derived from the typical three-branch FFD device 
creates an alginate emulsion in the continuous oil 
phase. Two additional channels are used to inject 
calcium acetate crystals suspended in oil to “pre-
gel” alginate droplets and to confer them a 
sufficient mechanical stiffness before crossing the 
oil/aqueous phase interface in a new phase 
transfer device [3]. Gelation is achieved in an 
aqueous calcium solution. It is of interest to note 
that the entire process is performed at 
physiological pH. The transfer from oil to aqueous 
calcium solution is achieved primarily to limit cell 
necrosis due to the limitation of the oxygen in oil, 
but also to initiate a future automation of the cell 
encapsulation process. 
We demonstrate that this two-step gelation 
process allows the production of monodisperse 
and spherical capsules with no impact on cell 
viability. 

  

Fig2. Left: Encapsulated Jurkat cells with the phase transfer 
device. Right: Jurkat cell viability up to 2 days after 
encapsulation  
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Volumetric silicon micropump with 
integrated sensors 

Research topics: MEMS, micropump, piezoelectric actuation, sensors 

S. Maubert, Y. Fouillet, O. Fuchs, M. Cochet, C. Chabrol, N. David, R. Campagnolo 
 
ABSTRACT: A peristaltic silicon micropump based on piezoelectric actuation and active 
valves was designed and fabricated. The fluidic characterization showed state-of-the-art 
performances. Sensors that monitor the functioning of the pump provide an important and 
unique added value. 

Numerous applications in the fields of biology, 
medicine or electronic cooling, among other fields, 
require very accurate and controlled fluid handling. 
In order to meet these requirements, micropumps 
are particularly adapted. 
 
We designed and fabricated a novel peristaltic 
silicon micropump based on piezoelectric actuation 
and active valves (Fig. 1). The fluidic 
characterizations with air or liquid showed state-of-
the-art performances. The flow rate can be tuned 
between 0.05 and more than 200µl/min (Fig. 2); 
accuracy, better than 4% even at ultra low flow 
rates, is suitable for the most demanding 
applications like insulin delivery. 
 

 

Fig 1: The silicon micropump with the inlet/outlet fluidic 
interface 

 
In addition to these excellent fluidic performances, 
our micropump meets the major need of the 
monitoring of the flow. Thanks to an original 
fabrication process and design, sensors based on a 
piezoresistive strain gage technology were 
integrated onto the membranes of the pump. They 
generate a lot of useful information: the deflection 
of the membranes can be monitored as well as the 
upstream and the downstream pressure (Fig. 3). 
This is particularly important in applications where 

the detection of an occlusion or of a leakage is 
essential, and it enables a better control over the 
micropump and over the delivery [1].  
 
The design and the fabrication process were 
thought in a way that the micropump can be 
scaled depending on the application, and easily 
industrialized. The technology is protected by 4 
patents. 
 

 

Fig 2: Flow rate v.s. actuation frequency 
 

 

Fig 3: Example of use of the sensors. Actuation and pressure 
monitoring on the inlet membrane for three different pressures 
(blue: 0mbar; red: 60mbar; green: 100mbar 
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Gait Analysis with inertial/magnetic sensors: 
A clinical study  

Research topics: Motion sensors, Gait analysis, Magnetometers 

S. Bonnet, E. Raffin (CHU St-Etienne), P. Giraux (CHU St-Etienne) 
 
ABSTRACT: We have performed a concurrent validation study that shows that the use of a 
single magnetometer, located at the shank, is an accurate tool for step counting on various 
walking surfaces. This methodology has been applied to study gait in hemiplegic patients. 

Clinicians need a simple method for quantifying 
gait activity. Inertial sensors (accelerometers 
and/or gyroscopes) are often used in this context 
and deliver information about the cadence, stride 
duration, gait symmetry… Double integration with 
zero velocity updates have also been proposed to 
estimate stride length. In combination with these 
inertial sensors, magnetic sensors are often used 
to estimate the subject’s heading and thus the 
trajectory of a person can be estimated by fusing 
information in dead reckoning systems. 
The aim of this study was to develop and validate 
the reliability of a quantitative gait analysis system 
based exclusively on one magnetometer located at 
the shank. This work demonstrates the potential 
benefit of magnetic sensors to study movement in 
the sagittal plane. 3D magnetometers are 
promising tools for long-term ambulatory 
monitoring since they have very low energy 
consumption, they are low cost, and characteristic 
events of the gait cycle may be directly identified 
from the signal using simple algorithms. Shank-
located magnetometer readings are processed in 
order to deliver a pseudo-angular velocity signal in 
the sagittal plane, See Fig. 1.  
This composite signal is then automatically 
analysed to determine toe-off events (the time 
instant the foot leaves the ground) and heel-strike 
events (the time instant the foot hits the ground). 
Angular features like peak angular velocity and 
time-based features like stance duration, stride 
duration, can then be derived and monitored in a 
continuous way. 
The proposed approach has been validated with 
the CHU of St-Etienne by comparing the number of 
steps detected by the proposed MAG system with 
the one provided by a commercial pedometer and 
a gold standard method (FSR) with force-sensitive 

switches below the feet. The step counts 
measured by the MAG and FSR were highly 
correlated for different surfaces (level walking, 
stairs ascent/descent) [1, 2]. 

 

Figure 1: Pseudo shank angular velocity derived from sagittal 
magnetometer measurements 

 
These features can in turn be used for automatic 
recognition of the walking pattern, in comparison 
with other daily activities. This methodology has 
been applied with the CHU St-Etienne to study gait 
in hemiplegic patients. Step count increase is one 
of the markers of successful functional 
rehabilitation and it has been correctly observed in 
the group of subjects beneficiating of 
physiotherapy with respect to the control group. 

 

Figure 2: The control group does not show any improvement 
compared to the physio group that is enrolled in physiotherapy 
sessions. E1 is the period of time (3-day monitoring) at the 
inclusion of chronic stroke patients. E2 refers to the period of 
time (3-day) 6 weeks later. 
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Epileptic seizure detection systems based 
on accelerometer sensors 

Research topics: Embedded systems, Motion Sensors 

P. Jallon, M. Antonakios, S. Bonnet 
 
A system of epilepsy seizure detection in real life conditions and based on inertial sensors is 
has been developed by the LETI. Innovation mainly concern signal processing to recognize 
seizure moves. This algorithm is based on several models of signals, one corresponding to 
general movements, and two others describing seizures moves. 

Epilepsy is one of the most common chronic 
neurological disorders with about 3.4 million people 
concerned in Europe. The children and adolescents 
prevalence is 4.5-5.0 per 1000, 6 per 1000 for 20-
64 years old persons, and 7 per 1000 for people 
over 65 years old. 20% to 30% of this population 
has more than one seizure per month.  
 
In this context, LETI has developed systems able 
to monitor patients and trigger an alarm if a 
seizure occurs. Several systems of interest can be 
found in the market, mainly bed sensors, but they 
are in general either difficult to configure or do not 
have a good detection/false-alarm ratio. The 
purpose of the French research project EPIMOUV is 
to develop a new alert system for the night time 
based on 2 3D accelerometers sensors worn by the 
epileptic person. Since most common symptoms of 
an epileptic seizure are the motor ones, this 
system is based on a seizure move recognition 
algorithm. 
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The system works in two a stages process. The 
first one is the learning stage where, for each kind 
of moves, a model that describe accelerometer 
signal is estimated. 
 
During the working stage, when a signal arrives, 
the detection system tests each learnt model to 
evaluate the one that fits best the signal. If this 
model is a seizure model, an alarm is triggered.  
 
LETI has focused its research work on tuning 
state-of-art algorithms for this special issue. 
Several publications [1, 2] and patents have been 
issued.  
 
These algorithms have been integrated in a 
comprehensive monitoring system and are 
currently used in a medical house in Grenoble 
neighborhood. The system has the following 
scheme: 
 
 

 

 
It was set up in 2010 and is still in use today, with 
positive feedback from the medical and nursing 
teams. 
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Graph based algorithm for postures 
estimation based on accelerometers 

 Research topics: Embedded systems, Motion Sensors 

P. Jallon, M. Antonakios, B. Dupré, A. Ataya 
 
LETI has developed novel signal processing algorithms to take into account a priori 
knowledge about human behavior in state-of-art signals processing. These algorithms have 
been applied on activity recognition problems based on accelerometer data for which prior 
knowledge is introduced. Simulation showed an improvement of 5-10% of the system 
performance thanks to the proposed methods.  
 

Physical activity estimation with inertial sensor 
data is a biomedical engineering problem which 
has been widely studied in the latter years. This 
interest can be explained by the conjunction of 
three events: the need to evaluate human activity 
to quantify its contribution in various disease 
processes including diabetes, obesity and cardiac 
diseases, the difficulty of its quantification when 
based on self-reported journals, and the 
development of integrated inertial sensors 
compatible with daily life conditions and their 
promising capacities to evaluate this parameter.  

Activity monitoring

Seizures detection

Physical condition evaluation

 

 
Assessment of physical activity based on inertial 
sensors is a classification problem, usually 
addressed using a two steps algorithm: extract 
from raw signal the relevant features to estimate 
physical activities, and use a classification 
algorithm to estimate the corresponding activities 
from features vectors.  
 
In this context, the LETI has developed novel 
signal processing methods to perform estimation. 
The literature algorithms to assess physical 
activities perform classification assuming that the 
estimated sequence of activities is a time 
independent sequence. When monitoring a person 

activity, this assumption is in general not valid and 
events that least for short time duration (i.e. less 
than 1-2 seconds) are not usually of interest since 
not relevant of physical level of activities. A more 
realistic assumption is that the activity performed 
at current time index is strongly correlated to the 
activity performed at time indexes just before. 
Hence the sequence of activities is no more 
considered as an independent sequence but rather 
as a time correlated sequence.  
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LETI has shown that for activity recognition 
problem, taking into account this kind of prior 
knowledge increase the system performance of 5 
to 10% when the system without this assumption 
works in 75% of the cases: 
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Biocompatible multielectrolyte sensors used 
to monitor artificial kidney 

Research Topics: biosensors, Ionic Selective Electrodes, artificial organs 

J. Fils, F. Revol-Cavalier, F. Navarro, F. Mittler, G. Marchand 

 
 ABSTRACT: The NEPHRON+ project aims to develop an artificial wearable kidney for 
hemodialyzed patients. The process and the health status of the patient are monitored in 
measuring several electrolytes and more specifically sodium, potassium and calcium. These 
sensors have to be reliable for a long lifetime and to be compatible according to the highest 
ISO standard for medical device 
 
 
The patients affected by renal diseases are 
monitored and treated in a hospital in a 
discontinuous manner in preset time-intervals, 
for patients typically 3 times a week. This 
results in a variety of medical drawbacks for the 
patient and is very costly for the health care 
system. Furthermore, the present 
haemodialysis method requires a costly 
investment in hospital infrastructure with 
dialyzer machines and water processing 
equipment to supply dialysate fluid. This 
infrastructure including the required personnel 
is limited and costly; therefore a bottleneck is 
created to treat an increasing amount of 
patients more frequently. The clinical practice 
takes years to advance and reconfigure since, it 
is difficult to keep and process data from 
multiple patients. A possible solution to these 
problems consists in treating and monitoring 
renal patients continuously via a wearable 
artificial kidney (Fig. 1), while being mobile 
anywhere and anytime. This approach is 
developed within the Nephron+ project [1], a 
European Integrated Project which will provide 
a major leap forward in Renal Care by 
optimizing the renal treatment based on a 
closed-loop 

 

Figure 1. Sketch of the wearable artificial kidney in use 
 

In order to provide a personal monitoring and a 
feedback for the control loop, many parameters 
are monitored among them, the electrolytes 
concentrations (potassium, sodium and 

calcium) are essential information. To monitor 
these parameters, the developed Ionic 
Selective Electrodes (ISE) were designed to be 
embedded in the device. Thus, many 
improvements have been done to miniaturize 
the size of the sensors and integrate them on a 
unique Printed Circuit Board platform, to 
interface it with fluidic chambers and also of an 
electronic board which converts the signal in a 
ready-to-use concentration. The final module 
[2] (Fig. 2) will be integrated in the filtration 
circuit of the kidney before and after the 
sorption unit. 
  

 

Figure 2.  Picture of the electrochemical module 
 

It was demonstrated that all the electrochemical 
sensors fulfill the expected performances 
required by the clinicians to monitor the health 
status.  
Finally, the validation of the platform 
biocompatibility is another key issue to be 
addressed, since the sensor is in the close 
environment to the biological fluid. Cytotoxicity 
assays were performed according to the 
guidelines of the ISO standard (ISO10993- 5). A 
low cytotoxicity was demonstrated for Na+, K+ 
and Ca2+ sensors.  
 

 
 
 
 
 
 

References: 
[1] F. Simonis, C. Kotsokalis, G. Marchand, et al, International Journal of Artificial Organs, vol 34, issue 8, 2011, 
pp 610 
[2] J. Fils, F. Revol, F. Navarro, F. Mittler and G. Marchand, “Biocompatible Multielectrolyte Sensors for Artificial 
Kidney”, 2nd International Conference on Biomedical Engineering and Technology, Hong-Kong, 2-3 june 2012, 
pp51-55 
 
 



 38 



 39 

 

5     Neural Interfaces 
 

Recording & Stimulation 

Brain Computer Interface 

 



 40 

 

NeuroPXI 

Research topics: Electrophysiological recording, Electrical microstimulation,  

JF. Bêche, S. Gharbi, S. Bonnet, A. Noca, M. Palmieri, W. Paule, R. Guillemaud 
 B. Yvert (INCIA) 

 
A real-time multi-electrode array system for recording, processing and stimulation of neural 
networks and the control of high-resolution neural implants for rehabilitation 

The goal of NeuroPXI system is to provide an 
original way to deal with multiplication of channels 
by offering embedded biosignal processing and 2D-
pattern neural stimulation. The NeuroPXI system 
(Fig 1) is divided into distinct parts: either a planar 
or 3D-shaped in vitro electrode array, or an in vivo 
MEA implant, the analog front-end (AFE) hosting 
the front-end ASIC (Application Specific Integrated 
Circuit), the digital back-end offering real-time 
signal processing capabilities and the PXI interface 
to the CPU and finally a user interface to run 
experiments. 
The NeuroPXI 256-channel prototype uses four 64-
channel ASIC, developed by CEA-LETI, that can 
perform both electrical stimulation and low-noise 
signal amplification. Local field potentials (LFPs) 
and action potentials (spikes) signals can indeed be 
recorded after amplification by the low-noise 
programmable gain amplifiers. The multiplexed 
analog output signal is converted by an external 
14-bit ADC at an equivalent 20kHz sampling rate 
per channel. 
The Digital Back-End controls the AFE entity 
through a multichannel fast bidirectional serial link. 
Four serial links are used to transfer the data from 
the four 64-channel subsystems to the SPB-PXI3U 
module (Signal Processing Board, PXI 3U format. 
The incoming data streams are processed by VHDL-
encoded digital neural signal processing algorithms 
aimed at reducing the data throughput. All 
functions are implemented as VHDL. The data is 
also time-tagged and then arranged into data 
records to be sent to the computer through the 
PCI/PXI interface. 
The GUI has been designed and developed at INCIA 
and is based on a low-level software library 
developed at LETI that ensures the communication 
with the hardware. This user interface allows the 
online visualization of data during acquisition as 
well as previously acquired data, in forms of either 
curves or spatial maps. 
To reduce the amount of data transferred to the 

computer due to multiplication of channels, 
real-time digital signal processing can be 
performed by hardware-embedded firmware. A 
data reducing algorithm [1] was developed to 
extract relevant information from the incoming 
signals. The current set of embedded firmware 
offers  predefined bandwidth selection [0-
300Hz] for LFP or [0.3-3kHz] for spikes; a 
standard data filtering mode with a 32-
coefficient finite impulse response filter, with 
user-defined 16-bit precision coefficients; an 
adaptive detection threshold estimation 
algorithm; an event detection (such as neuron  
spike) and waveform extraction process and an 
online and unsupervised clustering algorithm. 
Such embedded processing will return the PC 
very sparse information from which the 
biologist can easily compute the firing rate of 
neural tissues in both spontaneous and evoked 
activity situations. 
Preliminary data have been recorded using 
NeuroPXI at INCIA on an embryonic hindbrain-
spinal cord preparation. Neural recordings were 
performed using NeuroPXI on whole embryonic 
mouse hindbrain spinal cord preparations 
(stage E13.5, OF1 mice) using 8x32 electrode 
arrays developed by ESIEE-Paris. 
  

  

 
Figure 1: A frontend board handles signal amplification, 
multiplexing and patterned electrical micro stimulation. A 
backend signal processing board handles real-time signal 
processing and spatiotemporal stimulation pattern construction 
as well as computer communication for online data storage 
and visualization. Different types of MEA are used for in vitro 
experiments or in vivo experiments.  
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Electrical stimulation of the retinal tissue via 
sub-retinal implant 

Research topics: Electrical microstimulation, Retinal implants. 

S. Roux (INT), F. Chavane (INT), S. Picaud (IDV), S. Gharbi, F. Sauter, JF. Bêche,  
P. Pham, S. Bonnet, V. Agache, R. Guillemaud 

 
With a sub-retinal MEA implant and a dedicated pattern generator both developed by CEA-
LETI, INT has realized an acute model to test the functional impact of retinal implants at 
the cortical level by using intrinsic optical imaging of the rat V1. 
 

INT (Institut des Neurosciences de la Timone) with 
CEA-LETI and IDV (Institut De la Vision) has 
developed an acute model to test the functional 
impact of retinal implants at the cortical level by 
using intrinsic optical imaging of the rat V1. 
CEA-LETI has designed specific sub-retinal MEA 
implants [1]. The design of those implants is based 
on specific requirements for biocompatibility and 
focal retinal stimulation. The proximal part has an 
approximately 1mm-circular shape and houses 
either 9 or 17 electrodes (active diameter 30µm or 
50µm) with a 230µm pitch; the distal part houses 
a 20-pin Omnetics connector. The polyimide ribbon 
connecting those two parts is 34mm x 350µm. It 
has been shown previously that focal stimulation 
can be achieved using a ground surface integrated 
around the stimulating microelectrodes [2]. The 
electrodes were thus surrounded by a ground 
surface. The chips were batch-processed using the 
CEA-LETI 200mm MEMS facilities.  
INT learnt from IDV the technique of sub-retinal 
implantation and the key attributes of adapted 
electrical stimulation patterns. 
The AGNES ASIC, a component of NeuroPXI 
system, has been used to produce retinal electrical 
stimulation via the implants. With this dedicated 
stimulation ASIC and different kind of MEA 
implants (9 and 17 electrodes), INT built the setup 
to run stimulation protocols. The model enables to 
compare, in the same animal and for the very close 
portion of the retina, activities evoked by visual 
and electrical stimulation of the retinal tissue. INT 
first benchmarked how visually evoked cortical 
activations are dependent on different parameters 
of the visual stimuli, such as their position in 
space, their size and their intensity (level of 
luminance). These results were then used to 
interpret the electrically evoked activations. The 
figure 1D shows an electrical activation (red 

contour) elicited by stimulation of the whole 
implant (9 electrodes, figure 1B) with bipolar 
biphasic square pulses (+-200 micro Amp, cathodic 
first: 1 ms) repeated at 80Hz during 2 seconds 
(figure 1E). The position of the electrical activation 
matches the position of the activation elicited by 
the visual stimulus (yellow contour), which 
correspond to the projection zone of the implant 
inside the visual field of the animal (figure 1A 1C 
red squares). This comparison allows to locate the 
implant projection zone inside the cortical 
retinotopic referential. Thereby, the model had 
been validated as a tool to test functionality and 
efficiency of retinal implants. 
 

 

Figure 1. Functional calibration of sub-retinal implants with 
intrinsic optical imaging of the rat V1: 
A: Schematic view of the right visual field of the animal, the colors 
code the different positions of the visual stimulus presented to the 
animal. The red square corresponds to the implant projection zone 
inside the visual field. B: Eye fundus of a sub-retinally implanted 
animal (red arrow: implant, purple spot: blind spot). C: V1 
activation maps (left hemisphere) induced by different positions of 
the visual stimulus (same color code as in A, contours at 3.5% of 
the maximal activation). The central part corresponds to the 
superposition of the contours elicited by the 4 positions of the 
visual stimulus (scale bar: 2 mm). D: Activation map elicited by 
electrical stimulation of the implant (red contour at 3.5% of the 
maximal activation) and activation contour elicited by the visual 
stimulus (yellow contour) corresponding to the implant projection 
zone inside the visual field (red squares in A and C). Scale bar: 2 
mm. E: Schematic draw of electrical stimulation patterns. We 
used symmetrical charge-balanced square pulses of -+ 200 micro 
amp (cathodic pulse first: 1ms). The electrical activation in D was 
evoked by such pulses delivered bipolarly at 80Hz during 2s over 
the whole implant. 
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Brain-Computer Interface:  
A Brain-Switch using Riemannian Geometry 

Research topics: BCI, EEG, Brain-Switch 

S. Bonnet, A. Barachant, C. Jutten (GIPSA-LAB), M. Congedo (GIPSA-LAB) 
 
ABSTRACT: We have designed a brain-switch controlled through the modulation of brain 
activity. This new EEG-based brain-computer interface has been tested in the laboratory 
and interfaced with a commercial device for the proof of concept. In less than 10 minutes, 
the user learns how to trigger the switch by producing a specific brain activity. 

A brain–computer interface (BCI) aims at 
translating brain signals into commands. Such 
system represents a great hope for people who 
suffer from severe motor disabilities, giving them a 
new way to interact with the outside world without 
relying on any muscular activity. In this general 
context, we have developed a robust brain-switch, 
i.e. a switch controlled through voluntary brain 
activation, allowing the user to send a binary 
command. This command can for instance be used 
to switch on and off the BCI system in an 
asynchronous way. This aspect is often neglected 
in the literature but is a prerequisite to an efficient 
BCI system.  
The brain signals are measured by an 
electroencephalography (EEG) system with several 
scalp electrodes and a low-noise amplifier. Using a 
dedicated procedure, the user learns how to 
produce a specific brain activity. A motor imagery 
task (imagination of a limb movement) is usually 
performed by the user. During the same 
procedure, a set of algorithms will learn to detect 
this specific activity from the background activity in 
order to translate it in a switch command. Fig. 1 
illustrates the spatial pattern that has been co-
adaptively learnt after the calibration phase. Motor 
areas are well identified with respect to the mental 
task of interest. 

 

 

Figure 1: Spatial pattern after the calibration phase for 2 different 
subjects 

The classification task is accomplished using 
Riemannian geometry tools and is robust to 
artefacts [1, 2]. Spatial covariance matrices are 
analysed in their native space and a distance 
criterion is used to detect if an EEG time segment 
is similar to the expected pattern. This approach is 
new in the BCI community and has also been 
applied to single-trial multiclass BCI classification 
[1]. The discriminant function is based on the 
Riemannian distance of the test covariance matrix 
to intra-class mean covariance matrices.  
Our brain-switch differs from the state-of-the art 
by an optimized learning stage where user and 
algorithms co-adaptively learn, leading to a faster 
set-up of the system. This brain-switch can 
replace the classical switch used by the disabled 
people for the control of specialized devices 
(virtual keyboard, home automation …). A proof of 
concept has been achieved by interfacing the 
brain-switch with the KEO environment control 
system commercialized by PROTEOR.  

 

 

Figure 2: Brain-switch experiment set-up  
 

An experiment has been successfully conducted in 
the laboratory (12 subjects) to evaluate the 
performances of the device with a true positive 
rate (TPR) of 90%. Further studies should be 
performed in out-of-lab conditions to assess the 
performance of the proposed system. 
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Photodynamic therapy with immunoLipidots® 
Research topics: Photodynamic therapy, Lipid nanoparticles, Cancer treatment 

J.-S. Thomann, A. Hoang, F. Mittler, P. Boisseau, F. Navarro, A.-C. Couffin 
M. Barberi (Univ. Nancy), C. Frochot (Univ. Nancy), A. Wiehe (Biolitec), C. Maake (Univ. Zurick) 

ABSTRACT: To design loaded and targeted lipid nanoparticles as nanotechnology-based 
photosentizer delivery systems for improving the photodynamic therapy for cancer 
treatment  
 

PhotoDynamic Therapy (PDT) is a clinically 
approved modality based on the combined action 
of molecular oxygen, visible light and a 
photoactive drug (photosensitizer: PS). Together 
light and PS initiate a photochemical reaction that 
culminates in the generation of singlet oxygen 
able to rapidly cause significant toxicity leading to 
cell death. Nevertheless, the widespread clinical 
use of PDT to treat cancers is limited by a lack of 
selectivity of the photosensitizers for the tumor, 
resulting not only in low local drug doses in cancer 
cells, but also in an unwanted photosensitivity of 
healthy tissue. To overcome the intrinsic 
weakness of PS, delivery studies have been 
conducted based on PS vectorization by 
encapsulation into nanoparticles.  
We have designed lipid nanoparticles (termed 
Lipidots®), as nanocarriers for PS encapsulation 
and targeting. Lipidots® are emulsified within low 
cost organic components by ultrasonication. They 
were designed for suitable applications [1, 2] and 
display attractive physico-chemical properties [2]. 
Firstly, we demonstrated that photosensitizers 
(mTHPC) can be encapsulated with a high 
payload. Once nanoformulated into Lipidots, they 
display an in vitro PDT efficacy under irradiation 
while limiting its dark toxicity (Fig.1) [3].   
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Figure 1: XTT Viability test on Cal27 and A431 cell lines, 24h 
incubation, irradiation @ 652 nm, 50 J/cm2 (0.5 W- 50 sec), 
[mTHPC] = 10µM 

Secondly, the particle platform offers additional 

possibilities, especially those allowing the surface 
functionalization with ligands. The anti-EGF.R 
antibody Cetuximab is grafted onto Lipidot 
surface using bioconjugaison chemistry. Flow 
cytometry experiments performed in EGF.R 
overexpressed cell line CAL33 reveal that the 
Cetuximab-grafted particles are extensively 
taken up by cells compared to appropriate 
controls, i.e the ungrafted particles (Cap-DiD LNP) 
or non specific antibody grafted particles (Fig.2). 
A prior incubation with the free Cetuximab 
reduces significantly this uptake, confirming an 
EGF.R-mediated interaction (Fig 2) and 
demonstrating therefore an active targeting of 
the particles for this receptor.  

Human CAL33

- OHOH-- OHOH-- OHOH-

DiDDiD

FITC

NonSpec-(DID)LNP

Human CAL33

- OHOH-- OHOH-- OHOH-

DiDDiD

FITC

NonSpec-(DID)LNPNonSpec-(DID)LNP

 

Figure 2: Flow cytometry experiment in EGF.R overexpressed 
CAL33 cell line showing percentage of positive cells, i.e., having 
interacted with DiD particles after incubation at 4°C for 30 min. 
Further investigations will focus on in vitro and in 
vivo evaluation implemented through primary cell 
culture and animal models. In PDT treatment, 
loaded-PS and targeted Lipidot® is an interest of 
improving the comfort of the patient by reducing 
current limitations like cutaneous photo-
sensitivity. This work is supported by Euro-
NanoMed TARGET PDT project (Eranet JCT 2009). 
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Fluorescence in vivo imaging with Lipidots™ 
Research topics: Lipid nanoparticles, Molecular imaging, Diagnostics 

J. Gravier, E. Heinrich, J. Mérian, F. Navarro, I. Texier  
(coll. J.L. Coll (INSERM U823), B. Tavitian, R. Boisgard, (CEA/SHFJ)) 

 
ABSTRACT: Encapsulation of near-infrared organic dyes in biocompatible lipid nanoparticles 
allows the design of highly bright fluorescence contrast agents, able to efficiently label 
tumors or lymph nodes for diagnostics or image-guided surgery applications. 

Fluorescence will be in 5 to 10 years part of the 
medical imaging methods for in vivo diagnostics, 
surgery guidance, therapy monitoring, as it is 
today for ex vivo biopsy characterizations. For in 
vivo tissue exploration, the design of highly bright 
biocompatible contrast agents absorbing/emitting 
in the near-infrared range, for which tissue light 
scattering is reduced, is a quest. Only IndoCyanine 
Green (ICG), with limited imaging possibilities, is 
presently approved by the US Food and Drug 
Administration. 
To overcome the intrinsic weakness of near 
infrared organic dyes – poor water solubility, low 
fluorescence quantum yield –, we have designed 
lipid nanoparticles (30-150 nm diameter), termed 
“lipidots®”, which can encapsulate lipophilic dyes 
to improve their optical properties and prolong 
their stability in biological buffers (Fig. 1) [1].  
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Fig. 1. Fluorescence quantum yields of lipidots are higher than 
those of free organic dyes (Cy2, Cy3, Cy5, Cy7, free ICG), and 
stable up to 1 year in water. 

 
In addition to their attractive physico-chemical 
properties, lipidots® display very low cytotoxicity 
(IC50<300 µg/mL of lipids), high tolerance (150 
mg/kg; single dose) and fast hepato-biliary 
clearance (blood lifetime of 30 minutes) necessary 

to envision their medical use [2, 3]. 
The nanometer size of lipidots also modifies the 
dye pharmacokinetics. In comparison to free dyes, 
lipidots® are rapidly up taken and retained in 
lymph nodes (Fig. 2) and tumors (Fig. 3) [1,4]. 
This is accounted for the nanometer size and the 
lipid nature of the particles.  

 

Fig. 2. Lymph node labeling with ICG-lipidots is more rapid, 
intense, and prolonged than with free ICG [1, 4]. 
 

 

Fig. 3. DiD-lipidots can accumulate in 24 h after intravenous 
injection in different xenografted tumors implanted in mice. 

 
First clinical trials of fluorescence-guided lymph 
node removal were performed with ICG in 2009. 
Nanovectors such as liposomes are presently used 
in clinics for localized tumor drug delivery. 
Lipidots® will offer in the future an improved 
alternative for tumor and lymph node specific 
delivery of organic dyes, providing contrast-
enhanced imaging. 
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Quantification and classification applied to protein profile 
reconstruction from mass spectrometry measurement 

 
Research topics: Proteomics, Information processing, Mass spectrometry 

L. Gerfault, P. Szacherski, J.-F. Giovannelli (IMS, Univ. Université de Bordeaux),  
A. Giremus (IMS, Université de Bordeaux), P. Grangeat 

     
 ABSTRACT: We are investigating a hierarchical parametric probabilistic model of the liquid 
chromatography–mass spectrometry analytical chain for proteomics including technological 
variability. We have proposed a new digestion model and developed a patented Bayesian 
hierarchical inversion framework for quantification, classification and statistical learning. 

Mass spectrometry approaches are very 
attractive to detect protein panels in a sensitive 
and high speed way. However, controlling 
technological variability on these analytical 
chains is a critical point. Adequate information 
processing is mandatory for data analysis to 
take into account the complexity of the 
analysed mixture, to improve the measurement 
reliability and to make the technology user 
friendly. Therefore on the BHI-PRO ANR Project 
(ANR 2010 BLAN 0313) which started in 2011, 
we are developing a hierarchical parametric 
probabilistic model of the liquid chromatography 
– mass spectrometry (LC-MS) analytical chain 
including the technological variability. In order 
to integrate uncertainty sources of the technical 
and biological processes, we couple inverse 
problem and Bayesian statistics. 
The hierarchical model of the LC-MS analytical 
chain is a cascade of molecular events depicted 
by a graph structure, each node being 
associated to a molecular state such as protein, 
peptide and ion and each branch to a molecular 
processing such as digestion, ionisation and LC-
MS separation. This molecular graph defines a 
hierarchical mixture model. The hierarchical 
aspect of the model is very powerful as it 
permits several extensions. In 2011, we have 
investigated, in particular, the introduction of a 
specific digestion model and the joint Bayesian 
protein concentration quantification and sample 
classification from LC-MS sample measurement. 
 
Digestion model  
We have proposed an original description of 
digestion process as a Bernoulli random process 
associated with a cleavage probability controlled 
by the digestion kinetic law [1]. We have 
demonstrated on simulated data that taking 
into account in the acquisition model the 
miscleaved molecular fragments together with 

the cleaved peptides allows reducing the 
coefficient of variation on the reconstructed 
protein concentration.  
 

x

x̂

 
Figure 1: Regression plot of estimated versus real protein 
content on simulated data including digestion variations on 
the mass spectrometry measurement 
• with only 2 cleaved peptides (in blue) 
• combining miscleaved molecular fragments and 2 

cleaved peptides (in red) 
 
Bayesian classification and statistical learning 
We have addressed the diagnostic processing 
associated with a given sample measurement 
as a classification processing based on the 
estimation of a sample label parameter defining 
the clinical state. This corresponds to an 
extension of the hierarchical model, adding at 
the top of the hierarchy a first level linking the 
clinical status to the protein content of the 
sample. We have developed a specific patented 
Bayesian hierarchical inversion framework 
based on stochastic sampling and Monte Carlo 
Markov Chain (MCMC) approaches, which 
allows combining discrete and continuous 
variables estimation [2]. We have proposed a 
Bayesian statistical learning methodology 
associated with a training step on a cohort of 
patients allowing estimating the distribution 
parameters [3]. 
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Real-time detection of formaldehyde 
by a fluorescence based sensor   

  Research topics: Integrated Gas Sensor, Indoor Air Quality, Hand-held gas sensor 

 J. Hue, M. Descamps, S. Vignoud, E. Schultz, T. Bordy, R. Rousier, H. Grateau, Tran-Thi T-H (CEA) 
 

 
ABSTRACT: A hand-held formaldehyde gas detector in the ppb range has been developed at 
LETI/DTBS. This fluorescence-based system uses a standard microscope glass slide both as 
a transducer and sensor. The detection of gaseous formaldehyde is performed using the 
well-known Hantzsch reaction with Fluoral-P, a reagent incorporated inside the nanoporous 
thin film which allows a selective reaction with formaldehyde. 
 
 Formaldehyde is an important industrial chemical, 

used in the manufacturing of adhesives. Due to 
the formaldehyde toxicity the World Health 
Organization has derived an air quality guideline 
of 80 ppb averaged over 30 minutes [1]. In 
France, concentration measurements might 
become compulsory for all buildings by the end of 
2019 with a maximum concentration of 8 ppb [2]. 
Today, a standard technique to measure the 
concentration of formaldehyde in gas mixtures is 
a sampling using DNPH cartridges, which are 
analysed by liquid chromatography on specialized 
laboratory. The sampling time is a few hours and 
the analysis typically takes 30 hours with 
specialized manpower. 
Therefore, there is a need for field instruments 
with: selectivity to formaldehyde, real time 
monitoring, low cost, low limit of detection, hand-
held, high degree of confidence, easy to use, … 
 
The sensor itself is a nanoporous film of hybrid 
organic-inorganic polymer, prepared via the Sol-Gel 
method. The sensor is coated on a microscope slide 
by spin coating (Fig. 1). This film contains Fluoral-
P, which is a reagent to allow a selective 
fluorescence reaction when the formaldehyde is 
entrapped inside the film. The film pore size is 
adapted to the formaldehyde to contribute to a 
geometrical selectivity. The sensor is inside the 
hand-held detection device (Fig.2). 

 

 

 

Figure 1: Detection principle 
(fluorescent signal collection : propagation by evanescent wave) 

 

 

 

Figure 2: Overview of the formaldehyde device 
(35 cm * 25 cm * 20 cm, 4 kg) 

From laboratory data, a calibration curve is 
obtained between 7 ppb and 90 ppb (Fig.3). In 
this range, a relative scattering of ± 20% is 
found. By averaging, 4 measurements with 4 
different sensors for a constant concentration, 
the uncertainty is drastically reduced. An 
adapted humidity filter extends the lifetime of 
the sensor, even in humid environment, at least 
until 18 hours in the concentration range 
between 8 ppb and 30 ppb (see Fig. 4). 
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Figure 3: Calibration curve- Relative humidity(RH) = 50% 
Measurement duration : ≈ 3 minutes  

 

 

 

Figure 4: The humidity filter extends the lifetime of the sensor 
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Design of a multi-sensors chamber for 
detection and identification of explosives  

Research topics: Gas sensor, Electronic nose 

R. Rousier, S. Bouat, T. Bordy, H. Grateau, M. Darboux,  G. Gaillard (CEA-DAM), S. Besnard(CEA-
DAM), F. Veignal (CEA-DAM), P. Montméat (CEA-DAM), G. Lebrun (CEA-List), A. Larue (CEA-List) 

 
ABSTRACT: We present the design of a fluidic gas multi-sensors chamber to be integrated in 
a portable device for multi-modal detection and identification of gas. This work, initially 
developed for homeland security, can be extended to others applications such as 
environmental monitoring to detect and identify nature of gas. 
Sponsorship : SGDSN and DSNP. 

Both detection and identification of dangerous gas 
are very important. In a first time, the detection 
allows to warn the surrounding people if there is a 
danger and in a second time the identification 
allows to choose which action has to be taken 
accurately to neutralize the danger. The 
association of several and different chemical 
sensors is an asset in this way, because sensors 
bring complementary information to detect and 
identify efficiently the gas nature. The 
development of this kind of device is known as an 
electronic nose.  
At the CEA (Le Ripault, LIST and LETI), three 
exiting devices were considered to make an 
electronic nose devoted to detection and 
identification of explosives, a fluorescence sensor 
and two gravimetric sensors (QCM sensor and SAW 
sensor). All these devices have proved theirs 
capabilities to detect explosives vapours. Therefore 
a multi-sensors chamber[1] (Fig. 1) has been 
designed with Solidworks a 3D CAD. The difficulty 
of our approach is to integrate 3 different shapes 
of sensors without reducing theirs performances. A 
fluidic simulation was done with a 3D CFD software 
“Solidworks flow” an add-on of Solidworks. The 
fluidic simulation allowed optimizing the flow on 
the sensors, and identifying and reducing dead 
zone. This simulation was necessary to adjust 
accurately the flow for each sensor accordingly 
theirs features. Thanks to optimization, the fluidic 
volume was reduced to only 9 ml.  
Initially all these sensors were used separately 
for gas detection [2, 3] so they have their own 
original fluidic chamber. The original fluidic 
chambers have been used as references to 
evaluate the performances of the multi-sensors 
chamber. A demonstrator has been developed to 

test the chamber. For convenience the 
demonstrator is a box with the multi-sensor 
chamber and all the electronic boards inside. A 
computer controls the demonstrator. The 
maximum frequencies are respectively 10 Hz, 1 
Hz and 0.1 Hz for respectively the fluorescent 
sensor, the QCM and the saw sensor. These 
frequencies were chosen in agreement with the 
responses of the sensors and due to the final 
application. The chamber design was validated 
experimentally with a gas test bench. The same 
experimentation was done with multi-sensors 
chamber and for each individual technology (with 
their original chamber) so as to compare the 
results. By comparing, it has been noticed that 
for the QCM sensors and fluorescent sensors the 
results are almost similar. In the case of saw 
sensors, the original chamber provides a faster 
signal than the multi-sensors chamber. 

 

Fig. 1: Photography of the multi-sensors chamber. QCM are on 
the top of the chamber, the array of SAW sensors is on the back 
and the fluorescent glass slide is in front 
The multi-sensors chamber is characterized and 
is now ready to be integrated in the portable 
device. The final device will have a specific real 
time data processing to efficiently detect and 
identify the analyte. 
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of explosives in air: Development of a portable fluorescent detector, Talanta 81, 543-548 (2010) 
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Bio-aerosol sampling and concentration 
with an electrostatic air sampler 

Research topics: Airborne pathogens, air sampling, biosensors 

J-M. Roux, Q. Lancereau, J-L. Achard (CNRS-LEGI), G. Delapierre 
 
ABSTRACT: Sensors are more and more sensitive and miniaturized. But analysing dilute 
analytes such as airborne pathogens remains impossible without a significant and 
concentrated sample. An original electrostatic bio-sampler was developed to broaden the 
range of particles that can be collected and analysed. 
 
 

Human exposure to airborne biological agents, 
especially to pathogenic organisms or allergenic 
particles is known to cause various illnesses, 
infections and allergies. Also, there is a great 
concern that biowarfare agents can be intentionally 
released with the purpose of causing public 
anxiety, sickness and fatalities. Safeguarding a 
certain area regarding bio-agents demands the 
detection of pathogenous vegetative bacteria, 
spores and viruses by sampling and analysing 
aerosols in a few minutes to trigger an alarm. 
Different principles have been used to sample 
microorganisms: impingement, impaction, filtration 
and electrostatic precipitation. The first three have 
been widely used and the latter set aside probably 
because of its complexity and the well-known 
toxicity of intense electric fields on 
microorganisms. However the interest in this 
principle has grown in the last ten years and a few 
studies showed that it is an efficient and suitable 
mean of collecting micro-organisms. 
 

 

Figure 1: Schematic and picture of the electrostatic bio-sampler  
 
We have designed and built an original 
electrostatic bio-sampler (Fig. 1) to broaden the 
range of particles that can be collected. Its 
efficiency was evaluated firstly with natural 
airborne particles and secondly with Bacillus 

thuringiensis airborne spores inside an aerosol 
chamber to simulate a release of Anthrax spores 
[1-2]. 
A physical efficiency of 84% was measured at 
90L/min. on particles of 300nm (Table 1). 
 

Particles optical diameter (µm) 
0.30-0.35 0.35-0.40 0.40-0.45 0.45-0.50 0.50-0.58 
84 +/- 1% 85 +/- 1% 86 +/- 2% 86 +/- 2% 86 +/- 2% 

Table 1: Physical efficiency measured on natural airborne 
particles at a flow rate of 90L/min.  

 
Next the biological efficiency on Bacillus 
thuringiensis airborne spores was evaluated (Fig. 
#2). After an optimisation of the rinsing protocol, 
plate counting showed that a biological efficiency 
of 86% is achievable [2]. 
 

 

Figure #2: Picture of the sampler inside an aerosol chamber at 
the Robert-Koch-Institute (Berlin) 
 
In parallel to the experimental developments, the 
electro-hydrodynamic flows leading to the particles 
collection are being simulated numerically [3] to 
optimise the current prototype. 
 

References: 
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The portable MiniLab DEFI for rapid 
immunoassays 

 Research topics: Planar Optical Waveguide Sensors, Continuous monitoring. 

F. Perraut, E. Schultz, R. Rousier, H. Volland (CEA/iBITECS) 
 
ABSTRACT: The MiniLab DEFI was designed around a Planar Optical Waveguide Sensor 
(POWS) which was integrated in a compact, portable and real-time mini-laboratory named 
DEFI well adapted for outside immunoassay, both for rapid detection and continuous 
monitoring of a biological media. 
 
 

We have designed a Planar Optical Waveguide 
Sensor (POWS) in order to develop an instrument 
well adapted for outside laboratory biological 
detection[1].  

adhesive film

microscope slide with
sensing probes

polystyrene plate
inlet / outlet

circulating fluid

 

Fig 1: POWS structure 
 
The reaction between the liquid or the gases is 
performed into a low cost (<0.6 €) microfluidic 
disposable cartridge included in a mini-laboratory 
(2 kg, 10 L) which provides functions to control the 
detection process. Detection is carrying out by the 
instrument without the need of an external 
computer. 
 

 

Fig 2: the MiniLab used on field 

This MiniLab was used to continuous monitoring of 
a liquid and to immunological detection by 
sandwich format[2].  
 
Continuous monitoring of water was done during 
several weeks with the same disposable sensor-
chip and without the intervention of any 
operators: after 3 weeks, Aflatoxin B1 and 
substance P (SP) were still detected. These tests 
were performed using a fluorescent renewable 
immunoassay allowing the regeneration of the 
sensor. By this way, detections of Aflatoxin B1 (1 
ng/ml, 20 min), microcystin (5 ng/ml, 5 min), 
Staphylococcus Aureus EnteroToxin B (SEB, 5 
ng/ml, 2 min) have been achieved. 
 
Sandwich immunoassays have been conducted 
with our biosensor. Heavy chain of Botulinum 
neurotoxins B and (HcB) and SEB were detected in 
20 min for BoNT/B and 2 min for SEB. Limits of 
quantification are estimated to 1.5 ng/ml and 30 
pg/ml after 30 min for BoNT/B and SEB 
respectively. 
 

SEB injection

 
2 min

 
SEB

(100 pg/mL)

 

Fig 3: Real time detection of SEB (100 pg/mL) 
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A robust fluorescence multiplex immunoassay biosensor designed for field applications. 2007 - Transducers'07 & 
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 PhD Degrees Awarded in 2011 

Name: Guillaume Nordine BELDJOUDI 
University: Institut National des Sciences Appliquées de Lyon 
 
Title: Multi-energy approach for material identification with X-ray 
spectrometric detector 
The development of X-ray photon counting detectors based on semiconductors has grown up 
over the last ten years, and applications in medicine, in security and in nondestructive testing 
are under study. These detectors make it possible to perform measurements at multiple 
energies in a single acquisition, with an excellent energetic separation. Since the years 2008-
2009, it seems that a real race started for the development of detectors performing multi-
energetic measurements on an increasing number of energy bands. However, today, within the 
works already done, the interest of performing measurements on a large number of energies 
has not been demonstrated for material identification. As part of a study in homeland security, 
we assessed the interest of using X-ray counting detectors that perform measurements on 
multiple energy bands. The considered field of interest is material identification in the luggage 
of travelers. We first developed an original method for identifying single materials. This method 
is applicable to any type of multi-energy detector. In a first time, we studied in simulation the 
evolution of the performance for identifying materials with the increasing number of energy 
bands. An optimization process was carried out to determine, for certain configurations, an 
optimal geometry of the energy bands. In a second step, the consequences of taking into 
account the detector response function were quantified by simulating different sensors effects 
(charge sharing, energy resolution). An experimental validation has been performed by using a 

           
             

             
            
           

   
 

Name: Thomas DELMAS 
University: Université Pierre et Marie Curie – Paris VI 

Title: Physico-chemical Characterization and understanding of 
vectorization properties of lipid nanoparticles for biomedical applications 
 This PhD work was aimed at better characterizing the physicochemistry of nanoemulsions, in 
order to understand what are the main parameters governing the applicative properties of 
these lipid nanoparticles (LNP) in terms of encapsulation/release of molecules and biological 
behavior. The thermodynamical bases of LNP were first studied in order to propose a 
preparation procedure and a strategy of stabilization adapted to these metastable systems. The 
formulation domain was then explored toward evaluating the important parameters to prepare 
stable formulations of size ranging from 20 to 200 nm. A detailed physicochemical 
characterization has then allowed understanding the internal dynamic of these lipid 
nanodroplets. The obtained amorphous state of modular viscosity allows encapsulating a wide 
range of molecules and controlling their kinetics of release from LNP. Following contacting with 
biological media, these nanoparticles are well tolerated both in vitro and in vivo after systemic 
injection, but may undergo destabilization upon high dilution into complex media. Finally, 
changing LNP formulation parameters allows producing LNP under semi-solid form, opening 
new opportunities for the encapsulation and release of multiple molecules. 
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 PhD Degrees Awarded in 2011 

Name: Rachid MALK 
University: Université de Grenoble - INP 
 
Title: EWOD-driven flows within a sessile drop 

Among numerous physical mechanisms enabling liquids actuation, electrowetting on dielectric 
(EWOD) is increasingly considered as a trustful solution enabling discrete iquid sample handling 
by using electrical fields. Although energetic models can explain most basic fluidic functions, 
some electrowetting phenomena still remain to be considered as scientific issues. So is the case 
for droplet oscillations and hydrodynamic flows induced by electrowetting when AC voltage is 
applied (AC EWOD). The understanding and mastering of these phenomena represent the 
objectives of this thesis. An open electrode configuration has been used in which the droplet 
straddles two insulated coplanar electrodes. An experimental setup and dedicated software for 
the measurement of droplet wetting and droplet oscillations have been developed. A first 
experimental and numerical study allowed us the characterization of electrowetting in the 
coplanar electrode configuration. The calculation of the electrical stress distribution delivers 
criteria which help to conclude about the involvement of tangential electrical stresses in drop 
convective flow. Then, droplet oscillations and induced flows are experimentally and 
theoretically investigated. Depending on electrode designs, axisymetrical and quadripolar flows 
as well can be observed. A model based on steady streaming is implemented and structure 
flows are numerically reproduced using finite element method. Some practical applications of 
this research within the framework of lab-on-chips are proposed and discussed. 
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