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20 %
20 %

Optoelectronic devices

1000 employees
1600 people working
11,000 m2 clean rooms
43 M€ annual investment
174 M€ annual budget 
(2/3 from external sources)
200 industrial partners
230 filed patents

Systems for communications

Systems for biology & healthcare
DTBS

CEA-LETI MAIN ACTIVITIES

60 %

Silicon microelectronics

http://www.minatec.com/
http://www.minatec.com/
http://www.minatec.com/
http://www.minatec.com/
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microtechnologies for biology and healthcare

Microfabrication Biotechnologies

Plastic/Silicon
Silicon

Glass/Silicon

spotting
electropolymerisation
in-situ syntheses
fluorescence detection
chemical engineering

Clean room 150 m² Laboratories 1000 m²

biology
chemistry
electrochemistry
microfluidics
packaging

facilities

150 permanent researchers
25 theses post-doc
7    external persons
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In vivo & 
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IVD: In Vitro 
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microsystems 
for in vitro 
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devices
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Smart textiles

µsystems for in 
vitro 

pharmacology & 
chemistry

µsystems for 
environment 
monitoring 
& homeland 

security

Molecular 
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instruments 
for in vivo 
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Lab on a Chip In-vivo 

Main fields of applicationMain fields of application
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INDUSTRIAL PARTNERSINDUSTRIAL PARTNERS

Process
control

Legionnella detection

DNA Chip
Oligosaccharide chip

Point Of Care 

Joint  team

Liquid liquid
extraction

Cellchip

Chemical microreactor

European Program
Intracom

NTE
Eurogentec
Zeptosens

Asper

 

Biotech
Smartex
Sofileta
Thuasne

Silicon Biosystem

Heavy metals
analysis

Micro Systems 
for Biology

at LETI

http://www.areva.com/servlet/ContentServer?pagename=arevagroup_fr/home
http://eu.st.com/stonline/welcome.htm
http://www.bd.com/support/bdlogo.asp?site=&title=&country=&ctitle=
http://www.echosens.com/
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The "lab on a chip" concept

Integration of 
several steps of 
a protocol

Miniaturization

•
 

increased performance
•

 
ease of use and automation

•
 

manufacturing costs (?)
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detection

optical

electroch.

From sample to results … classical steps

sample 
collection

solid

liquid

air

nucleic
 

acids

sample 
preparation

proteins

molecular 
recognition

other

analytes in 
solution

"get the molecule
from medium

to buffer solution"

"put the molecule 
in the best physi-chemical

conditions"

"transform the
chemical signal into
an eletrical signal"

implementation
 

on a chip

mechanical

a classical architecture of a complete bio-analytical system

mass. spec.
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4+1 specific competencies


 

SURFACE ENGINEERING FOR MICROSYSTEMS 


 

Control & reproducibility of surface functionnalization protocols


 

(MICRO)FLUIDICS TOOL BOX


 

Fluid handling in various ranges of volume


 

PACKAGING


 

Bio compatibility & biostability


 

DETECTION


 

performance and "system" criteria


 

ARCHITECTURE


 

protocol implementation


 

integration of different functions/modules
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Microtechnologies
fabrication

Surface 
chemistry

Microfluidics circuit
for lab on a chip

µarrays substrate

Biochip

Silanisation step
(silane grafting + spacer)

Functionalisation with
biochemical compounds

Characterization

Liquid phase        or      Gas phase Spotting       or    hydrodynamic flow Fluorescence or mass spectrometry

Surface engineering for microsystems
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Chemical functionnalisation engineering 

Silanes
Phosphates, phosphonates M-O-C

Glass, Pyrex, Quartz,
Metallic Oxydes

Semi-Conductor Oxydes
Dense, porous,

microstructurated

Conductors,
Semiconductors,

Hydrogenated
Surfaces

Au, InP

Bulk Polymers
Resists

(SU8, Ordyl, PDMS, …)

Insat. Molecules
Diazoniums

M-C / Si,Ge-C / C-C

Thiols
Polymers

M-S

Solgels, Hybrides SolGels
M-O-C

Functionnal Polymers
M-O-C

Substrate,
Support,
Surface

Chemical
coating

(Few nm to 
microns)

Chemical
coating 1
(1-10 nm)

Chemical
coating 2

(hundreds nm)

SU
PP

O
R

T
C

H
EM

IS
TR

Y
B

IO
LO

G
Y

DNA, oligonucleotide,
PCR fragment

Proteins, Antibodies,
Enzymes

Organic molecules
(peptides, ligands,…)

Grafted probe

Target to detect
In solution

B
SA

Cy3
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SA

Cy3

Si Si Si Si
OH OH OH OH

Si Si Si Si
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3 ways for fluid handling architecture:

Microdroplets are actuated 
on 

microelectodes pathway

diphasic (air/water; 
oil/water; air/ionic liquid)

Electrostatic, SAW

No need

Integrated reservoirs

Droplets in
channel

Microfluidics circuits          
(glass or PDMS)

Di-phasic

Hydrodynamics

Capillaries

External pump

Digital 
microfluidics

Monophasic
microfluidics

Microfluidics circuits with
etched channel. Specific 

packaging steps (low T°C)

Mono-phasic

Hydrodynamics force
electro-osmotic force

Thermopneumatic actuation;
passive valves;

mechanical; 

Capillaries, wells

Technology

Microfluidics

Fluid 
actuation

Valves or 
pumps
architecture

Dispensing

Microfluidics toolbox for lab on chip applications
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Droplet microfluidics

physical principle

V = 0 V V = 80 V

Couche 
hydrophobe

Couche 
diélectrique

Électrode

V

V

V

Formation
Transport
Stockage
Agitation
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Droplet microfluidics to integrate protocols


 
implementation of standard elementary functions


 

dispensing


 

mixing


 

dilution


 

integration of several operations to implement a complete protocol

bus

input
output

temporary
storage

bus

input

temp. storage

waste
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Specificities of « bio » packaging 



 
Microfluidic:


 

Locally watertight packaging


 

Inlet and outlet to connect the 


 

microsystem to the macroworld



 
Biology:


 

Grafting or labels sensitive to:


 

Solvent


 

Thermal conditions



 
Biocompatibility: do not 
affect bio protocols and health


 

target adsorption with inappropriate 
glue



 

PCR inhibithors



 
Biostability: do not being 
affected by bio!


 

passivation layer consumption 
(especially in nano thickness)



 

protein progressive deposition on 
sensing areas

 Med/ High temperature sealing 
Silicon direct Bonding T=1000°C
Eutectic Si/Au T=300°C, 
Anodic bonding T=350°C, 

 Low temperature sealing
 Photo resin
 Glue for screen printing

 Embedded reagents
 lyophilisation (polymeric matrix)
 dedicated assembling room (humidity, T°C)

 hybrid assembly
 Pick and place
 UV curing
 Manual screen printing
 Glue dispensing

 Surface pretreatment
 UV
 Plasma O2

 Molding
 Epoxy + silicone

W
A

FE
R

 L
EV

EL
C

H
IP

 L
EV

EL
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Main requirements for the detection step

"System" criteria


 
impact on the sample preparation protocol



 
portability / "on chip" possible implementation



 
cost issues, reuse of widely spread technologies

Performance criteria


 
limit of detection, sensitivity, dynamic range



 
simultaneous detection of several parameters (up to 
a few tens)
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po
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integrated
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external
 detection

complexity
 

of sample
 

prep.

Detection methods: "system" point of view

fluo. +
chemilum.SPR

electrochemistry

mag.FET
M

EM
s/

N
EM

s

SAW, QMB

motorola / CMSmotorola / CMS

Miller, M. M. et al. 
(2002). Applied Physics 

Letters 81(12)

Fritz, J., et al., 
Science, 2000. 
288,  p. 316-318.

Naimushin et al., Biosensors and 
Bioelectronics 17-8 (2002) 573/584

labellingsandwich 
format

no
labelling
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what about the limit of detection ?
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Example of requirement (in vitro diag.)

ref: Kaspar, P. Progress in Medical Diagnostics through Nanotechnologies. in 
LETI, 8th Annual Review. 2006. Grenoble
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Capture of targets by immobilized probes

"free" probes
surf. concentration 

(bm

 

-b)

  bkbbCk
t
b

offmton 



bulk
 

concentration of targets

surf. concentration of probes bound
 by targetsinitial surf. concentration 

of probes 

bound probes
surf. concentration 

b
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A typical kinetic curve (typical assay)
 
     /

0

0)( 1
/1

/1
/.1

/.
)( t

t

t
m

tkCk

offont

offont
m e

CC
CCbe

kkC
kkC

btb offton  







Ct conc. range # captured 
targets / µm² * 

pM (10-12 M) ~ 10 20-200 min

fM (10-15 M) ~ 1/100 20-200 min

~ 104/µm²

* ref: Gervais T et al. 2006 Chem. Eng. Sc. 61(4) pp 1102)

C0

 

=koff

 

/kon

 

~ 1 nM
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consequences 


 

for "practical" time" of assay, equilibrium is not reached 
 number of captured targets lower


 

the sensor area should be large enough to capture at least one 
molecule!
 area of ~µm² for pM, 1000 µm² for fM ranges


 

the criterion to compare the sensitivity of different sensing methods 
is 

number of detectable molecules / area unit
for a given probe/target, it will give the lowest concentration that can 
be detected in a given amount of time


 

and the above reasonning is assuming perfect mixing (neglecting 
diffusion time) !

tk
C
Cbtb off

t
m

0

)( 
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State of the art for a few methods

LOD *
(molec/µm²) ref comments

fluorescence 1
commonly achieved 
on commercial 
instruments

SPR 10 Myszka D G 2004 Anal. Biochem. 329(2) 
pp 316 biAcore instrument

Quartz µbalance 700 http://www.q- 
sense.com/specifications_d300--31.asp

µcantilever in 
solution 500 000

Braun T et al. 2005 Physical Review E 
(Statistical, Nonlinear, and Soft Matter 
Physics) 72(3) pp 031907

FBAR 200
Zhang H and Kim E S 2005 Journal of 
Microelectromechanical Systems 14(4) pp 
699

* order of magnitude for a target of 30 kD



© CEA 2008. Tous droits réservés. 
Toute reproduction totale ou partielle sur quelque support que ce soit ou utilisation du contenu de ce document est interdite sans l’autorisation écrite préalable du CEA
All rights reserved. Any reproduction in whole or in part on any medium or use of the information contained herein is prohibited without the prior written consent of CEA

35

2007

po
rt

ab
ili
ty

/s
iz
e

integrated
 détection

external
 detection

complexity
 

of sample
 

prep.

Detection methods: "system" point of view

fluo. +
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electrochemistry
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Naimushin et al., Biosensors and 
Bioelectronics 17-8 (2002) 573/584
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Conclusion on detection

 analysis on non specific capture should be 
done to estimate "background biological noise"

 overall limit of detection is improved by:


 

improving the intrinsic sensitivity of the detector


 

optimising the density of grafted probes


 

selecting the highest affinity probes (and koff ?)


 

specific concentration of the target during the sample 
preparation steps

tk
C
C

btb

tk
C
C

btb

Noff
N

Nt
mN

Toff
T

Tt
mT

,
,0

,

,
,0
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General conclusion on nanobiosystems


 

development of nanobiosystems requires


 

mastering a wide range of technologies


 

a necessary architecture/system approach


 

to improve performances, research efforts shoud focus 
on:


 

(transduction/detection technologies are not the weak point anymore)


 

concentration processes


 

separation/purification methods for various ranges of 
volumes/concentration


 

interest for collaboration on these subjects
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