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Objectifs pour aujourd’hui
• Voir l’importance des interrupteurs en 

analogique
• Voir comment on utilise les transistors 

MOS en tant qu’interrupteurs
• Des situations, problèmes typiques
• Des exemples
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Prérequis
• Techniques d’analyse des circuits
• La première partie du cours
• Le transistor MOS vu au S5 !
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Numérique et analogique
• Numérique
– Commutation signaux 

logiques

• Analogique
– Interrupteurs 

analogiques
• Multiplexeurs
• Sélection de source
• Commutation de gain
• Echantillonneurs 

bloqueurs

…
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De quoi parle-t-on ?
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Rôle du multiplexeur
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Interrupteurs commandés :
• « Baisse » résistance à l’état ON
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• Commande par tension
• « Rapides »



Rôle du multiplexeur
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Rôle du multiplexeur
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Interrupteurs de partout !
Instrumentation PI 1A Phelma

Figure 3: Redresseur synchrone. Ve est le même signal que celui utilisé sur le �gure 2. Il est
utilisé pour piloter un interrupteur.

3. Montrer que la combinaison des circuits des �gures 2 et 3 crée une tension continue
Vb, directement liée à la valeur de Rx.

Exercice 3 : Filtrage

La �gure 4 montre cellule passe-bas de Rauch.

Figure 4: Cellule Passe-Bas de Rauch

1. Dans une chaîne d’acquisition, quel est le rôle d’un �ltre passe-bas, placé juste avant
un convertisseur analogique numérique?

Nous cherchons à synthétiser un �ltre (ou une cascade de �ltre) passe-bas, ayant une
atténuation d’au moins 35dB à 1kHz, et une fréquence de coupure à -3dB de 300Hz. Le
�ltre reçoit le signal Vb en entrée, en provenance du redresseur synchrone de la �gure
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Le DM :
– Redressement 

synchrone
– L’interrupteur 

commute à 1kHz
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Transistors!
• Transistors bipolaires • Transistors MOS
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Fig. 16. Schéma de principe des transitors PNP et NPN.

4. Transistor bipolaire

4.1. Principe. Le transistor bipolaire est constitué par la juxtaposition de deux jonc-
tion P-N. Il ne s’agit pas seulement de 2 diodes montées tête bêche, le fonctionnement du
transistor est basé sur l’interaction étroite entre les deux jonctions. En particulier le dopage
est très asymétrique et on ne peut donc pas permuter les électrodes. Dans son fonctionne-
ment, ce composant fait intervenir les deux types de porteurs que sont les électrons et les
trous, d’où le nom de « bipolaire ».

Il existe 2 types de transistors bipolaires : NPN et PNP suivant la polarité des dopages
utilisés. Dans les cas du transistor NPN, on a trois électrodes avec les dopages suivants :

– Emetteur, avec dopage N.
– Base, avec dopage P.
– Collecteur, avec dopage N.

Dans le cas du transistor PNP, les dopages sont par contre inversés :
– Emetteur, avec dopage P.
– Base, avec dopage N.
– Collecteur, avec dopage P.
La figure 16 montre les jonctions présentes ainsi que les symboles électriques couramment

utilisés pour les transistors NPN et PNP. Le symbole contient toujours une seule flèche en
correspondance de la jonction base-émetteur et son sens correspond à celui où la jonction
est passante (sens de circulation du courant). Comme nous avons déjà vu au paragraphe 3.1,
ici aussi la flèche pointe donc en direction de la région dopée N. Pour aborder l’étude du
transistor bipolaire à jonction, nous allons tout d’abord le présenter comme une boîte noire
en décrivant ses courbes caractéristiques, telles qu’on les obtient en e�ectuant des mesures
en laboratoire. Dans un deuxième temps, nous allons donner brièvement une description
des principes physiques qui sont à la base de l’e�et transistor. Nous passerons ensuite à la
modélisation et à la discussion des principaux étages amplificateurs fabriqués à l’aide de ce
composant.

4.2. Courbes caractéristiques. Tout d’abord, il faut définir un sens conventionnel
pour la mesure des di�érentes tensions et courants pour décrire le fonctionnement du transis-
tor. Il existe plusieurs conventions di�érentes et nous allons utiliser par la suite celle indiquée
dans la figure 17. Nous allons considérer le cas du transistor NPN, en sachant que tout ce
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Ce qu’on va faire
• Revoir les transistors MOS
– Courbes caractéristiques
– Régions de fonctionnement

• Voir comment on peut les utiliser 
en tant qu’interrupteurs 
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Transistor MOS à canal N
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Région de saturation
≠ BJT!!!Région linéaire ou « triode »

Id≈0 if Vgs < Vt (threshold)
Enrichissement : Vt>0 
Déplétion:      Vt<0

🤔

🤩
🤯
Avalanche



Un vrai dispo : BS170
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~ Courant Id quadratique en saturation

2.0 2.2 2.4 2.6 2.8 Vgs [V]

Id [mA]

Vt

Id ⇡ K2

2
(Vgs � VT)

2

20

40

VT=2 V
K2=120 mA/V2

10VVds [V]0V



Modélisation en région de 
saturation

• Point de 
fonctionnement 
(DC) Vgs > VT

• Analyse petit signal 
(AC, linéarisation)
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Id ⇡ K2

2
(Vgs � VT)

2 Raisonnable en 
sat. et basse fréq.



Défis actuels
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Numérique
– Circuits rapides
– Moins consommateurs
– Applications complexes

Analogique
– Faible dynamique de 

sortie
– Modélisation délicate
– Très difficile!

Tendances actuelles :

Évolue vers…

Grand
Lent
Tension d’alim. élevée
(e.g. 3.3 V)

Petit
Rapide
Tension d’alim faible
(e.g. 1.1 V)

Modèle EKV, gm/Id -> filière Nanotech



Et donc, ces interrupteurs ?
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Et donc, ces interrupteurs ?
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Et donc, ces interrupteurs ?
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Et donc, ces interrupteurs ?
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Id [mA]

Vg>>Vt

Vgs<<Vt

Vgs : tension de contrôle



Puissance dissipée… 
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off

on

Vds [V]

Id [mA]

330Ω

Calculons la droite de charge…



Puissance dissipée… 
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off

on

Vds [V]

Id [mA]

Vds = 10V
Id ≈ 0

Vds = 5V
Id = 15mA

Vds = 0,1V
Id = 30 mA

330Ω



Modèle ON : Rds(ON)
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Rds(ON) diminue avec Vgs

Vgs=2.2V

1/Rds(ON)

Vgs=2.4V

Vgs=2.6V

Vgs=2.8V



Modèles ON/OFF
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Vds = 10V
Id < 0,5µA

Vds = 0,1V
Id = 30 mA

off

on

Vds [V]

Id [mA]

Vds = 5V
Id = 15mA

Rds(ON) ≈ 3 Ω 

BS170G

http://onsemi.com
2

ELECTRICAL CHARACTERISTICS (TA = 25°C unless otherwise noted)

Characteristic Symbol Min Typ Max Unit

OFF CHARACTERISTICS

Gate Reverse Current
(VGS = 15 Vdc, VDS = 0)

IGSS − 0.01 10 nAdc

Drain−Source Breakdown Voltage
(VGS = 0, ID = 100 !Adc)

V(BR)DSS 60 90 − Vdc

ON CHARACTERISTICS (Note 1)

Gate Threshold Voltage
(VDS = VGS, ID = 1.0 mAdc)

VGS(Th) 0.8 2.0 3.0 Vdc

Static Drain−Source On Resistance
(VGS = 10 Vdc, ID = 200 mAdc)

rDS(on) − 1.8 5.0 "

Drain Cutoff Current
(VDS = 25 Vdc, VGS = 0 Vdc)

ID(off) − − 0.5 !A

Forward Transconductance
(VDS = 10 Vdc, ID = 250 mAdc)

gfs − 200 − mmhos

SMALL−SIGNAL CHARACTERISTICS

Input Capacitance
(VDS = 10 Vdc, VGS = 0, f = 1.0 MHz)

Ciss − − 60 pF

SWITCHING CHARACTERISTICS

Turn−On Time
(ID = 0.2 Adc) See Figure 1

ton − 4.0 10 ns

Turn−Off Time
(ID = 0.2 Adc) See Figure 1

toff − 4.0 10 ns

1. Pulse Test: Pulse Width ! 300 !s, Duty Cycle ! 2.0%.

ORDERING INFORMATION

Device Package Shipping†

BS170G TO−92 (TO−226)
(Pb−Free)

1000 Unit/Tube

BS170RLRAG TO−92 (TO−226)
(Pb−Free)

2000 Tape & Reel

†For information on tape and reel specifications, including part orientation and tape sizes, please refer to our Tape and Reel Packaging
Specifications Brochure, BRD8011/D.

[Datasheet BS170G ON semi]

©  Semiconductor Components Industries, LLC, 2011

April, 2011 − Rev. 6
1 Publication Order Number:

BS170/D

BS170G

Small Signal MOSFET
500 mA, 60 Volts
N−Channel TO−92 (TO−226)

Features

• This is a Pb−Free Device*

MAXIMUM RATINGS

Rating Symbol Value Unit

Drain−Source Voltage VDS 60 Vdc

Gate−Source Voltage
− Continuous
− Non−repetitive (tp ≤ 50 !s)

VGS
VGSM

±20
±40

Vdc
Vpk

Drain Current (Note) ID 0.5 Adc

Total Device Dissipation @ TA = 25°C PD 350 mW

Operating and Storage Junction
Temperature Range

TJ, Tstg −55 to
+150

°C

Stresses exceeding Maximum Ratings may damage the device. Maximum
Ratings are stress ratings only. Functional operation above the Recommended
Operating Conditions is not implied. Extended exposure to stresses above the
Recommended Operating Conditions may affect device reliability.
NOTE: The Power Dissipation of the package may result in a lower continuous

drain current.

*For additional information on our Pb−Free strategy and soldering details, please
download the ON Semiconductor Soldering and Mounting Techniques
Reference Manual, SOLDERRM/D.

ORDERING INFORMATION
See detailed ordering and shipping information in the package
dimensions section on page 2 of this data sheet.

BS170
AYWW!

!

A = Assembly Location
Y = Year
WW = Work Week
! = Pb−Free Package

MARKING DIAGRAM
& PIN ASSIGNMENT

D

G

TO−92 (TO−226)
CASE 29
STYLE 30

N−Channel

S

1 2
3

1
Drain

3
Source

2
Gate

500 mA, 60 Volts
RDS(on) = 5.0 "

http://onsemi.com

(Note: Microdot may be in either location)

Rds(OFF) > 20 MΩ

MAIS il 
faut que 
Vgs soit 
suffisant



Interrupteurs analogiques
• PB seul transistor : • Deux transistors :
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Ask The Applications Engineer—40
Switch and Multiplexer Design 
Considerations for Hostile Environments
By Michael Manning

Introduction
Hostile environments found in automotive, military, and avionic 
applications push integrated circuits to their technological 
limits, requiring them to withstand high voltage and current, 
extreme temperature and humidity, vibration, radiation, and a 
variety of other stresses. Systems engineers are rapidly adopting 
high-performance electronics to provide features and functions 
in application areas such as safety, entertainment, telematics, 
control, and human-machine interfaces. The increased use 
of precision electronics comes at the price of higher system 
complexity and greater vulnerability to electrical disturbances 
including overvoltages, latch-up conditions, and electrostatic 
discharge (ESD) events. Because electronic circuits used in these 
applications require high reliability and high tolerance to system 
faults, designers must consider both the environment and the 
limitations of the components that they choose.

In addition, manufacturers specify absolute maximum ratings for 
every integrated circuit; these ratings must be observed in order 
to maintain reliable operation and meet published specifications. 
When absolute maximum ratings are exceeded, operational 
parameters cannot be guaranteed; and even internal protections 
against ESD, overvoltage, or latch-up can fail, resulting in device 
(and potentially further) damage or failure.

This article describes challenges engineers face when designing 
analog switches and multiplexers into modules used in hostile 
environments and provides suggestions for general solutions 
that circuit designers can use to protect vulnerable parts. It also 
introduces some new integrated switches and multiplexers that 
provide increased overvoltage protection, latch-up immunity, and 
fault protection to deal with common stress conditions.

Standard Analog Switch Architecture
To fully understand the effects of fault conditions on an analog switch, 
we must first look at its internal structure and operational limits.

A standard CMOS switch (Figure 1) uses both N- and P-channel 
MOSFETs for the switch element, digital control logic, and driver 
circuitry. Connecting N- and P-channel MOSFETs in parallel 
permits bidirectional operation, allowing the analog input voltage 
to extend to the supply rails, while maintaining fairly constant on 
resistance over the signal range.

SOURCE DRAIN I/O

VSS

VDD

VSS

VDD

DIGITAL
INPUT

GND

VDD
INPUT
BUFFER

DRIVER

INVERTER

PMOS

NMOS

Figure 1. Standard analog switch circuitry.

www.analog.com/analogdialogue

The source, drain, and logic terminals include clamping 
diodes to the suppl ies to prov ide ESD protect ion, as 
illustrated in Figure 1. Reverse-biased in normal operation, 
the diodes do not pass current unless the signal exceeds the 
supply voltage. The diodes vary in size, depending on the 
process, but they are generally kept small to minimize leakage 
current in normal operation.

The analog switch is controlled as follows: the N-channel device 
is on for positive gate-to-source voltages and off for negative 
gate-to-source voltages; the P-channel device is switched by 
the complementary signal, so it is on at the same time as the 
N-channel device. The switch is turned on and off by driving 
the gates to opposite supply rails.

With a fixed voltage on the gate, the effective drive voltage 
for either transistor varies in proportion to the polarity and 
magnitude of the analog signal passing through the switch. 
The dashed lines in Figure 2 show that when the input signal 
approaches the supplies, the channel of one device or the other 
will begin to saturate, causing the on resistance of that device 
to increase sharply. The parallel devices compensate for one 
another in the vicinity of the rail voltages, however, so the result 
is a fully rail-to-rail switch, with relatively constant on resistance 
over the signal range.

R
O

N
 (

)

VSOURCE (V)

COMBINED
RESISTANCE 
OF PMOS AND
NMOS FETs.

P-CHANNEL RON N-CHANNEL RON

Figure 2. Standard analog switch RON graph.

Absolute Maximum Ratings
Switch power requirements, specif ied in the device data 
sheet, should be followed in order to guarantee optimal 
performance, operation, and lifetime. Unfortunately, power 
supply failures, voltage transients in harsh environments, 
and system or user faults that occur in the course of real-
world operation may make it impossible to meet data sheet 
recommendations consistently.

Whenever an analog switch input voltage exceeds the supplies, the 
internal ESD protection diodes become forward-biased, allowing 
large currents to flow, even if the supplies are turned off, causing 
ratings to be exceeded. When forward-biased, the diodes are not 
rated to pass currents greater than a few tens of milliamperes; they 
can be damaged if this current is not limited. Furthermore, the 
damage caused by a fault is not limited to the switch but can also 
affect downstream circuitry.

The Absolute Maximum Ratings section of a data sheet (Figure 3) 
describes the maximum stress conditions a device can tolerate; it 
is important to note that these are stress ratings only. Exposure to 
absolute maximum ratings conditions for extended periods may 
affect device reliability. The designer should always follow good 
engineering practice by building margin into the design. The 
example here is from a standard switch/multiplexer data sheet.

Problème de « attaque de grille »

[Analog Dialogue 45-05, May (2011)]

« Transmission 
gate » (TG)



Exemples
• 74HC4016 (obsolete) • TS5A3166
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Nexperia 74HC4016
Quad single-pole single-throw analog switch

4. Functional diagram

Fig 1. Logic symbol Fig 2. IEC logic symbol

���DDG���

�< �=� �

�< �=� �

�(��

�< �=� �

�< �=�� ��

�(�

�(��

�(�

���DDG���

� �

�� �

� �

� �

� �

� �

�� ��

�D�

�� �

� �

��
�

;�

�

;�

�

;�

�

�

�

�

�

;�

�

� �

� �

� �

� �

�� ��

�E�

�� �

Fig 3. Schematic diagram (one switch)

DDD�������

(

<

=

9&&

9&&

9&&9((

9((

9((

74HC4016 All information provided in this document is subject to legal disclaimers.

Product data sheet Rev. 3 — 12 December 2016 6 of 21

Nexperia 74HC4016
Quad single-pole single-throw analog switch

 

 

Vis = 0 V to VCC Vis = 0 V to VCC

Fig 6. Test circuit for measuring RON Fig 7. Typical RON as a function of input voltage Vis
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Table 7. Static characteristics
At recommended operating conditions; voltages are referenced to GND (ground = 0 V).
Vis is the input voltage at a nY or terminal, whichever is assigned as an input.
Vos is the output voltage at a nY or nZ terminal, whichever is assigned as an output.

Symbol Parameter Conditions Min Typ[1] Max Unit
Tamb = +25 qC
VIH HIGH-level input voltage VCC = 2.0 V 1.5 1.2 - V

VCC = 4.5 V 3.15 2.4 - V

VCC = 6.0 V 4.2 3.2 - V

VCC = 9.0 V 6.3 4.3 - V

VIL LOW-level input voltage VCC = 2.0 V - 0.8 0.5 V

VCC = 4.5 V - 2.1 1.35 V

VCC = 6.0 V - 2.8 1.80 V

VCC = 9.0 V - 4.3 2.70 V

II input leakage current VI = VCC or GND

VCC = 6.0 V - - r0.1 PA

VCC = 10.0 V - - r0.2 PA

IS(OFF) OFF-state leakage current VCC = 10.0 V; VI = VIH or VIL; 
_VSW_ = VCC � GND; see Figure 8

per channel - - r0.1 PA

IS(ON) ON-state leakage current VCC = 10.0 V; VI = VIH or VIL; 
_VSW_ = VCC � GND; see Figure 9

- - r0.1 PA

[74HC4016 datasheet
Nexperia]
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5 Pin Configuration and Functions

DBV and DCK Packages
5-Pin SOT-23 and SC-70

Top View
YZP Package
5-Pin DSBGA
Bottom View

Pin Functions
PIN

TYPE DESCRIPTIONDBC, DCK
NO.

YZP
NO. NAME

1 A1 NO I/O Normally opened port
2 B1 COM I/O Common port
3 C1 GND GND Ground
4 C2 IN I Digital control pin to connect COM to NO
5 A2 V+ Power Power Supply

(1) Stresses beyond those listed under Absolute Maximum Ratings may cause permanent damage to the device. These are stress ratings
only, and functional operation of the device at these or any other conditions beyond those indicated under Recommended Operating
Conditions is not implied. Exposure to absolute-maximum-rated conditions for extended periods may affect device reliability.

(2) The algebraic convention, whereby the most negative value is a minimum and the most positive value is a maximum
(3) All voltages are with respect to ground, unless otherwise specified.
(4) The input and output voltage ratings may be exceeded if the input and output clamp-current ratings are observed.
(5) This value is limited to 5.5 V maximum.
(6) Pulse at 1-ms duration < 10% duty cycle.

6 Specifications

6.1 Absolute Maximum Ratings
over operating free-air temperature range (unless otherwise noted)(1) (2)

MIN MAX UNIT
V+ Supply voltage(3) –0.5 6.5 V
VNO
VCOM

Analog voltage(3) (4) (5) –0.5 V+ + 0.5 V

IK Analog port diode current VNO, VCOM < 0 –50 mA

INO
ICOM

ON-state switch current
VNO, VCOM = 0 to V+

–200 200
mA

ON-state peak switch current(6) –400 400
VI Digital input voltage(3) (4) –0.5 6.5 V
IIK Digital clamp current VI < 0 –50 mA
I+ Continuous current through V+ 100 mA
IGND Continuous current through GND –100 mA
Tstg Storage temperature –65 150 °C
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6.9 Typical Characteristics

Figure 1. ron vs VCOM Figure 2. ron vs VCOM (V+ = 3 V)

Figure 3. ron vs VCOM (V+ = 5 V)
Figure 4. Leakage Current vs Temperature (V+ = 5.5 V)

Figure 5. Charge Injection (QC) vs VCOM Figure 6. tON and tOFF vs Supply Voltage

(CD4066 un peu mieux…)
[Datasheet TI TS5A3166]



Problèmes pratiques
• Atténuation • Isolation
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Ron = 0 Ω -> VC’ = ?

Ron = 1 Ω -> VC’’ = ?

Et si RC = 100 Ω ?

Roff  infini -> VC = 0

Roff = 20 MΩ -> VC’’’ = ?

(atténuation en dB ?)



Oh no ! D’autres exemples !
• TMUX1108
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1

1 Features
1• Wide Supply Range: ±2.5 V, 1.08 V to 5.5 V
• Low Leakage Current: 3 pA
• Low Charge Injection: 1 pC
• Low On-Resistance: 2.5 Ω
• -40°C to +125°C Operating Temperature
• 1.8 V Logic Compatible
• Fail-Safe Logic
• Rail to Rail Operation
• Bidirectional Signal Path
• Break-Before-Make Switching Action
• ESD Protection HBM: 2000 V

2 Applications
• Ultrasound Scanners
• Patient Monitoring & Diagnostics
• Optical Networking
• Optical Test Equipment
• Remote Radio Unit
• ATE Test Equipment
• Factory Automation and Industrial Process
Controls

• Programmable Logic Controllers (PLC)
• Analog Input Modules
• Digital Multimeters
• Battery Monitoring Systems

3 Description
The TMUX1108 is a precision complementary metal-
oxide semiconductor (CMOS) multiplexer (MUX). The
TMUX1108 offers a single channel, 8:1 configuration.
Wide operating supply of 1.08 V to 5.5 V allows for
use in a wide array of applications from medical
equipment to industrial systems. The device supports
bidirectional analog and digital signals on the source
(Sx) and drain (D) pins ranging from GND to VDD. All
logic inputs have 1.8 V logic compatible thresholds,
ensuring both TTL and CMOS logic compatibility
when operating in the valid supply voltage range.
Fail-Safe Logic circuitry allows voltages on the control
pins to be applied before the supply pin, protecting
the device from potential damage.

The TMUX1108 is part of the precision switches and
multiplexers family of devices. These devices have
very low on and off leakage currents and low charge
injection, allowing them to be used in high precision
measurement applications. A low supply current of
8nA and small package options enable use in
portable applications.

Device Information(1)

PART NUMBER PACKAGE BODY SIZE (NOM)

TMUX1108
TSSOP (16) 5.00 mm × 4.40 mm
QFN (16) 2.60 mm x 1.80 mm

(1) For all available packages, see the package option addendum
at the end of the data sheet.
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TMUX1108 5V / ±2.5V, Low-Leakage-Current, 8:1 Precision Multiplexer

1

1 Features
1• Wide Supply Range: ±2.5 V, 1.08 V to 5.5 V
• Low Leakage Current: 3 pA
• Low Charge Injection: 1 pC
• Low On-Resistance: 2.5 Ω
• -40°C to +125°C Operating Temperature
• 1.8 V Logic Compatible
• Fail-Safe Logic
• Rail to Rail Operation
• Bidirectional Signal Path
• Break-Before-Make Switching Action
• ESD Protection HBM: 2000 V

2 Applications
• Ultrasound Scanners
• Patient Monitoring & Diagnostics
• Optical Networking
• Optical Test Equipment
• Remote Radio Unit
• ATE Test Equipment
• Factory Automation and Industrial Process
Controls

• Programmable Logic Controllers (PLC)
• Analog Input Modules
• Digital Multimeters
• Battery Monitoring Systems

3 Description
The TMUX1108 is a precision complementary metal-
oxide semiconductor (CMOS) multiplexer (MUX). The
TMUX1108 offers a single channel, 8:1 configuration.
Wide operating supply of 1.08 V to 5.5 V allows for
use in a wide array of applications from medical
equipment to industrial systems. The device supports
bidirectional analog and digital signals on the source
(Sx) and drain (D) pins ranging from GND to VDD. All
logic inputs have 1.8 V logic compatible thresholds,
ensuring both TTL and CMOS logic compatibility
when operating in the valid supply voltage range.
Fail-Safe Logic circuitry allows voltages on the control
pins to be applied before the supply pin, protecting
the device from potential damage.

The TMUX1108 is part of the precision switches and
multiplexers family of devices. These devices have
very low on and off leakage currents and low charge
injection, allowing them to be used in high precision
measurement applications. A low supply current of
8nA and small package options enable use in
portable applications.

Device Information(1)

PART NUMBER PACKAGE BODY SIZE (NOM)

TMUX1108
TSSOP (16) 5.00 mm × 4.40 mm
QFN (16) 2.60 mm x 1.80 mm

(1) For all available packages, see the package option addendum
at the end of the data sheet.
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7.10 Typical Characteristics
at TA = 25°C, VDD = 5 V (unless otherwise noted)

TA = 25°C

Figure 1. On-Resistance vs Source or Drain Voltage

VDD= 5 V

Figure 2. On-Resistance vs Temperature

TA = 25°C

Figure 3. On-Resistance vs Source or Drain Voltage

VDD= 3.3 V

Figure 4. On-Resistance vs Temperature

TA = 25°C

Figure 5. On-Resistance vs Source or Drain Voltage

TA = 25°C

Figure 6. On-Leakage vs Source or Drain Voltage

[TMUX1108
datasheet]

• Diaphonie (MUX)

1

2



D’autres problèmes…
• Temps de 

commutation

29

• Echantillonneurs 
bloqueurs 

(sample & hold)

96 Analog Electronics for Measuring Systems

time required for the output voltage to stabilize within a given
tolerance.

CVin

VS/H

Vin
VS/H

C

S

Control

S

Control

Figure 4.4. Simple sample/hold structures: (top) open loop,
(bottom) closed loop, integrating

4.4. Converter structures

4.4.1. General features

With respect to the operations described in section 4.1, several
parameters qualify the behavior of the converters and deserve to be
discussed. For example, one of the most important points to consider is
the resolution, and how the values are represented at the output of the
ADC (or at the input of a DAC). If we employ N bits, a discrete set of
2N different codes is available. The number of bits therefore gives
important information on the resolution of the converter. In fact, for
example, a hypothetical 4-bit converter employs 16 different codes to
represent the analog signal and Figure 4.5 shows a possible way that
this is done.



Conclusion du cours
• Parcours d’une chaine de mesure
– Capteur
– Conditionneur
– Amplificateur
– Filtrage
– Routage du signal (mux)
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Conclusion du cours
• Ce qui reste à faire
– Bilan des erreurs
– Filtres « compliqués »
– Etude du bruit
– Métrologie

– Que fait-on des données produites ?
• Médicales : santé numérique
• Physique : modélisation, interprétation
• Environnement : impact CO2, frugalité numérique
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Cours 2A Biomed, IPhy



Conseils
• Ne baissez pas les bras
• Travaillez sérieusement
• Revoyez tous les exercices
• Gardez un esprit critique
• Développez une idée d’ensemble
• Entrainez vous à analyser des circuits
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Questions ?


