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Pourquoi l’électronique?

2

[XKCD]

Pourquoi suis-je ici ?

Je pensais qu’il n’y avait
pas d’élec en IPhy !

Je veux faire de la bio,
pas de l’élec !

L’électronique est
trop difficile !

Pas NANO tout ça…

C’est ennuyeux !

Ce n’est pas rigureux De toute façon
ça ne sert à rien !



IPhy et Biomed 1A et 2A
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Arguments
Et difficulté

Ce cours

Electronics for measuring systems 2A

Data acq.

Converters

BE 1A BE 2A IPhy

BE 2A Biomed

Info indus

(Photoplethysmogram)

(Weigthing scale)

(BE “machine
Inutile”)
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Same orientation

• Differential pair
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Well	
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Poly-Si	
Via	

Same temperature

Well	
Metal	

Poly-Si	
Via	
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Heat	source	

Isotherms	

Same surroundings
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Well	

Metal	

Poly-Si	

Via	

Unused	dummy	transistors	

Power supply issues

• Digital

– Faster circuits

– Less power hungry

– Complex applications

• Analog

– Low headroom

– Complicated modeling 

– Very challenging!
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• General trends

Towards…

Big
Slow

High supply voltage
(e.g. 3.3 V)

Small
Fast

Low supply voltage
(e.g. 1.2 V)

Nanotech 1A et 2A

4

Arguments
Et difficulté

Ce cours

CAD

Low power

BE 1A

Nanotech projects

3A Projects

Design of analog circuits 2A

Arguments
Et difficulté



Electronique et BIOMED
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1981 Nobel prize of Physiology and Medicine: 

David H. Hubel and Torsten N. Wiesel

 "for their discoveries concerning information processing in the visual system"



Example moderne : pacemaker 

et défibrillateur implantable

• Surveillance cardiaque

• Analogique + numérique

• Basse consommation

• Configurable

• Diagnostique via RF

• Sécurité logicielle

• …
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L’électronique est indispensable pour le biomédical !



Physique expérimentale

Machines complexes
– E.g. ESRF

• Electronique

• Traitem. signaux

• Logiciels

• …
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Mesures difficiles
– E.g. dans un transistor 

avec une molécule C60

300nm

[C. Winkelmann et al. Nature Physics 2009]



Défis d’IPhy, exemple
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[Projet STM, présentations 2A 2022]

Projet STM : Microscope à effet 

tunnel

2A : William LAM, Mayssa DAMMAK, Papa SECK et Maxime SAUVAGNAC

3A : Thomas LEPAPE, Oscar GRAVIER et Lucas LEFEBVRE

1

Tuteur : Davide Bucci



Défis d’IPhy, exemple
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Le préamplificateur

But:

Convertir et amplifier un courant très 

faible (nA) en tension (V) afin de 

pouvoir l’analyser avec le 

microcontrôleur  

Vout=-R1*Istm

-Génération du courant faible (nA)

-Problème du bruit 
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Projets Nanotech, exemple
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[Projet Nanotech, présentations 2021]



Projets Nanotech, exemple
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II Stage: Amplifie

r

1.One only Operation 

amplifie

r

2.A
d
=R
8
/R
5
=40

3.Problem: W e cannot 

amplify negative input

9



Microsystèmes
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[Kim, Alrowais, Brand. Advanced Electronic Materials, 2018]

Exemple: peau électronique
(pont de Wheatstone)



Encore microsystèmes!!!
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[Patsis, Petropoulos, Kaltsas, Microsystem technologies, 2012]

Exemple: mesure de flux en canal microfluidique

Electronics for Measuring Systems 
Biomedical Engineering/IPhy 2A, January 6, 2020 
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Measuring a flow in a microfluidic channel by means of a 

thermal gradient approach 
 

Introduction 

Microfluidic techniques have recently been regarded as key elements towards the fabrication 

of systems able to perform complex chemical testing operations on small quantities of a fluid. 

This is very important in the context of a lab-on-chip approach, where multiple processing 

and analytic steps have to be performed. In this context, an important measurement that can 

be done is the qualification of the fluidic flow in a microchannel. Many approaches exist, and 

we are going to analyze a solution based on a thermofluidic approach, as presented by [1]. 

 

 
Figure 1: a picture of a microchannel built on top of platinum heaters and sensing resistors, made on platinum. 

Adapted from [1]. 

 

The idea, visible in Figure 1, is to heat the fluid by means of a platinum heater, in contact with 

the fluid, by letting a certain current to pass through it. Two sensing platinum thermistances, 

called R1 and R2, are placed before and after the heater. If the flow is zero and the 

(nonconductive) liquid is still in the microchannel, the two thermistance will be at the same 

temperature, heated in the same way by the heater and R1 = R2. If there is a flow in the 

channel, the fluid will transport the heat and there will be a difference in the value of R1 and 

R2. By means of a calibration, this phenomenon can be used to measure the fluid flow speed 

in the microchannel. In this exam, we are going to study only the temperature difference 

acquisition circuit, by supposing that a dedicated circuit controls the heater appropriately. 

Exercise 1: signal conditioning and amplification 

We study in this exercise the circuit formed by the sensor, the Wheatstone bridge and the 

amplifier connected to its output. Neglect all capacitors in your study. The resistances are as 

follows: 

R1=R0 (1- α q) 

R2=R0 (1+ α  q) 

R3=R0 

R4=R0 

Where q is the fluid flow (measured in µl/min in this context), α=2x10
-3

(µl/min)
-1 

and 

R0=60 Ω. One of the challenges of exploiting resistive sensors in this context is to make sort 

combinations is too large to be thoroughly investigated

experimentally.

A very common tool used in order to achieve flow-

system optimization is the development of simulation

models (Dijkstra et al. 2008; Bruschi et al. 2006; Ras-

mussen et al. 2001). Theprocessing of thederived results

enables a detailed insight on the effect that independent

structural and operational parameters have on the overall

sensor performance, subsequently allowing appropriate

tuning in order to improvedeviceperformance.

2 Description of thedeveloped flow sensor

In the specific paper we report on the simulation results

regarding a microfluidic thermal flow sensor, with sub-

strate and microchannel walls consisting of polymeric

materials. One of the main advantages associated to the

specific sensor formation technology istheability to fully

define the microchannel cross-sectional dimensions. The

device was fabricated utilizing an innovative technology

which allows direct integration of microstructures on

organicsubstrates(Kontakiset al. 2009; Petropouloset al.

2009). It consistsof amicrochannel directly integrated on

top of temperature sensitive Pt elements, which are

directly connected to PCB copper tracks. The micro-

channel was fabricated by SU8 which allows for con-

trollable thickness-to-width ratio. The microchannel

sealing was performed by a commercial 3 M tape. Fig-

ure1 illustratesthemainpartsof thedeviceaswell asthe

inlet–outlet configuration.

The sensor was evaluated under the calorimetric prin-

ciple of operation (van Oudheusden 1992), whereby the

temperaturedistribution inpre-specified locationsineither

sideof aheater ismonitoredasafunctionof theflow. The

sensor operatesat Constant Temperaturemode(CT),which

implies that theheater temperature ismaintained constant

throughout themeasurement. ThePt elements(Fig. 1) can

act either asheatersby applyingexternal power tothemor

as sensing elements by monitoring the corresponding

resistancechanges. ThePt element in themiddleactsasa

heater, while two other elements, situated on opposite

heater sides, areused to detect theflow induced tempera-

turedifferences. According totheexperimental evaluation,

theresponseof thesensor for aspecificfluidflowismainly

affected by two parameters: the microchannel cross-sec-

tional area and the combination of the upstream–down-

stream sensing element distance. The latter is a

characteristic known toaffect deviceperformance, whilea

significant number of sensors with varying element dis-

tance has been presented. A detailed literature review on

the specific subject can be found in (Petropoulos and

Kaltsas2010).

3 Thenumerical model

3.1 Contribution of thenumerical model

A calorimetricsensor operating in the(CT) modeisawell

established implementation for measuring fluid flow. In

this context, effort has been devoted into developing an

analytical solution that accurately describes the spatial

distribution of the temperature field as a function of the

flowrate. However thedevelopedmodelsarenot generally

applicabletoeverysensor configurationduetothedifferent

fabrication and operation characteristics present in each

case.

For instance, the thorough analytical model developed

by Nguyen (2005), presents an equation describing the

temperature distribution under flow of varying angle.

However the solution is set in cylindrical coordinates

and does not incorporate the influence of the tube/

channel walls in the flow as it assumes a uniform flow

velocity. Lammerink et al. (1993) reach to an analytical

model describing temperature distribution for a micro-

channel flow; however the solution considers the heating

and sensing elements positioned in the middle of the

microchannel, as in the microsensor described in the

specific work. Apparently, these models cannot properly

Fig. 1 a Top–down view of the microfluidic sensor. The sensing

elements, themicrochannel and theCu pattern are indicated. b Side

viewof thedevice, wherethesealing tapeaswell astheinput–output

configuration isshown

360 Microsyst Technol (2012) 18:359–364
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Ce cours : 

Un prérequis important 

pour les trois filières

Un atout pour votre « boîte à outils » 

professionnelle



Organisation d’un système de 

mesure
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Capteur 1 Conditionneur Filtre

MUX
Capteur 2 Conditionneur Filtre

Capteur 3 Conditionneur Filtre

S&H

CAN

Calculateu

r

Alimentation Objectif: étudier la 

partie analogique 

basse fréquence

Ensemble coordonné de dispositifs qui participent à une activité de 

mesure à travers leur interaction



Ce cours

Contenu
– Introduction 

générale (cette 
présentation!)

– Capteurs/conditionn.

– Amplificateurs diff.

– Filtrage

– MOS en commutation

– Conclusion

Style
– Peu de CM 

– Travail personnel

– Travail en groupe en TD 

– Exercices guidés

– Venez avec vos 
questions !

– Plusieurs intervenants
• F. Poinsotte (PI3)

• N. Mathieu (PI 2, PI3)

• N. Ruty (PI 2, PI1)

• D. Bucci (CM, PI 1)
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Ressources utiles

• Prérequis
– Electronique linéaire

– Techniques d’analyse 
(Kirchhoff, Millman, 
Thévenin, Norton…)

– Transistor MOS

– Amplificateurs 
opérationnels

– Analyse en fréquence

• Bibliographie
– Poly cours 1 semestre

– Polys cours fournis

– D. Bucci, “Analog
Electronics for Measuring
Systems” Wiley 2017

– G. Asch “Acquisition de 
données” Dunod, 3 ed. 
2011

– S. Franco “Design with
operational amplifiers and 
analog integrated circuits”
McGrawHill 2014
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Note finale

Evaluation :

– Contrôle continu 60%

– Examen final 40%

– Chamilo tests: +1pt

Tests Chamilo :

• QCM formatifs

• Auto évaluation +1pt si 

tous à 100%

• Vous pouvez les repasser 

autant de fois que 

nécessaire

18

Chamilo : https://chamilo.grenoble-inp.fr/courses/PHELMA3PMIIEL2/index.php

https://chamilo.grenoble-inp.fr/courses/PHELMA3PMIIEL2/index.php


Travail en groupe TD1

• Sujets imposés

• ATTENTION
présentations orales, 
prévoyez adaptateurs 
VGA/HDMI pour 
vidéoprojecteurs

• 1h travail aujourd’hui

• Travail personnel !

• Organisation TD
– 30 min réponse aux 

questions

– Présentations 

– Attention au temps !

• CM2 : réponse aux 
questions, 
reformulation

19
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Questions ?
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