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Modele de systeme embarqué
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Mise en route d'un CPU

Alimentation, horloge numeérique
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M Alimentation linéaire sur secteur
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Alimentation a découpage
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-, Alimentation a découpage
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Condensateurs de découplage
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Génération d’horloge numérique
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2 Unité arithmétique et logique

I BUS DE DONNEES
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Systemes embarqués

Les microcontrdleurs



Microcontroleur
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Modele de I'architecture ARM
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Constructeurs de Microcontroleurs

—2

Semiconductor suppliers
2019 total market: $428bn"

Power discretes and modules
2019 total market: $21.0bn®

MCU suppliers

2019 total market: $17.5bn"

Intel N 16.5%
Samsung N 12.3%
SK Hynix B 5.3%

Micron I 4.7%
Broadcom M 4.3%
Qualcomm B 3.4%
Texas Instr. Bl 3.3%

Infineon N 2.6%"*

STMicro M 2.2%

Nvidia W 2.2%

Kioxia M 2.0%

NXP W 2.0%
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Infineon
ON Semi
STMicro
Mitsubishi
Toshiba
Vishay

Fuji Electric
Renesas**
ROHM
Nexperia

I 8.4%
I 5.8%
. 5.5%
. 4.5%
N 3.8%
N 3.7%
 2.8%

M 2.4%

M 24%

Renesas
NXP
Infineon
Microchip
ST™

Texas Instr,
Samsung
Nuvoton
Silicon Labs
Toshiba
Huada

18.1%

B 1.3%
B 1.2%
B 1.1%



STMicroelectronics

2
STM32 MCUs
32-bit Arm® Cortex®-M

STM32F2 STM32F4 STl SThS2HT
3 3 M32F7 Up to 3224 CoreMark
398 CoreMark 608 CoreMark 1082 CoreMark Up to 550 MHz
120 MHz Cortex-M3 180 MHz Cortex-M4 216 MHz Cortex-M7 Cortex-M7
240 MHz Cortex-M4
STM3260 STM32G4 @
142 CoreMark 569 CoreMark
64 MHz Cortex-M0+ 170 MHz Cortex-M4
) STM32F0 STM32F1 STM32F3 @
Mainstream 106 CoreMark 177 CoreMark 245 CoreMark @ Optimized for

48 MHz Cortex-M0 72 MHz Cortex-M3 72 MHz Cortex-M4 mixed-signal applications

STM32L4+ STM32U5
409 CoreMark 651 CoreMark
120 MHz Cortex-M4 160 MHz Cortex-M33
STM32L0 STM32L1
Ultra-low- STM32L4 STM32L5
75 CoreMark 93 CoreMark 273 CoreMark 443 CoreMark

power 32 MHz Cortex-M0+ 32 MHz Cortex-M3 80 MHz Cortex-M4 | 110 MHz Cortex-M33

\ STM32WL STM32WB &
L J 162 CoreMark 216 CoreMark

%B’r‘.le c%%rtex-)kg 64 MHz Cortex-M4
- 48 MHz Cortex-M0+ 32 MHz Cortex-M0+
Wireless
1) Cortex-M0+
Radio co-processor
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RX, TX, CK
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SCL, SDA, SMBA as AF

TX, RX

TX, RX

ail7614c

4@ OperaMetrix | Internet Of Things : From Sensors to Cloud




Table des registres
& 5

Table 14. Peripherals With Word Access

MODULE REGISTER DESCRIPTION REGISTER OFFSET
ADC10 ADC data transfer start address ADC10SA 1BCh
(MSP430G2x53 devices only) ADC memory ADC10MEM 1B4h
ADC control register 1 ADC10CTL1 1B2h
ADC control register 0 ADC10CTLO 1BOh
Timer1_A3 Capture/compare register TA1CCR2 0196h
Capture/compare register TA1CCR1 0194h
Capture/compare register TA1CCRO 0192h
Timer_A register TA1R 0190h
Capture/compare control TA1CCTL2 0186h
Capture/compare control TA1CCTL1 0184h
Capture/compare control TA1CCTLO 0182h
Timer_A control TA1CTL 0180h
Timer_A interrupt vector TA1IV 011Eh
Timer0_A3 Capture/compare register TAOCCR2 0176h
Capture/compare register TAOCCR1 0174h
Capture/compare register TAOCCRO 0172h
Timer_A register TAOR 0170h
Capture/compare control TAOCCTL2 0166h
Capture/compare control TAOCCTLA1 0164h
Capture/compare control TAOCCTLO 0162h
Timer_A control TAOCTL 0160h
Timer_A interrupt vector TAOIV 012Eh
Flash Memory Flash control 3 FCTL3 012Ch
Flash control 2 FCTL2 012Ah
Flash control 1 FCTL1 0128h
Watchdog Timer+ Watchdog/timer control WDTCTL 0120h
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Entrées / Sorties

Conversion analogique <-> numeérique



General Purpose Input/Output (GPIO)

—2

o — m

To on-chip <Analog l l

peripheral < Alternate function input | |
: on/off :

< Bead | <J] 1 T
I
|

Input data register

.§ trigger onfole gir(;)(;‘e}mion
Write _g % LIoputdriver 1 VO pin
% g Ouputdriver —  vpp ool Pt
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= g ] [ e-Mos
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2 Convertisseur analogique / numérique

VREF+/NeREF+
>

REFOUT

IREFOUT and ADC12VRSEL bit 0 4

VeREF- Ri 0
rom shared reference

114

ADC12INCHx [
5
Rci;rencc ADC12VRSEL bits 1.3
tage —8 ADC12VRSEL
ADC12CH3IMAP ” 00 Select
external A A— go:)
internad 3 2 :._. m()‘“ ADC120N ADC12SSELx
1 e » T ADC12DIVx  ADC12PDIV
ADC12CHZMAP R g
P Saxrr:le Ve V. MODCLX from UCS
external A, Divide
Hold 1261 ADC Core  [—9 ,,M .3'
Internal 2 1 -
T SH Coret
ADC12CHIMAP o . ¢—> ADC12CLK
| N
external A, Al 11011 ADC12BUSY ADC12ISSH
Er— ADC12SHTOx
internal 1| | ADC12SHP .,
B 000 |— ADC12SC
ADC12CHOMAP : || Sample Timer [ SHI [0 [[o01 = Troccomes
4 ./1024 1 Sync = Tngger sources
external A =] D
0 SAMPCON 4 l 11—
Internal 0
. A ADC12SHT 1x ~
11100 ADC12MSC
ADC12TCMAP
extermal A, ! & ADC12MEMO — ADC12MCTLO ADC12Hix
TempSense 1o ADC12CSTARTADDx ':> . — : To Inferrupt
Sikicenn daxclenad B 32x12 ;] 32x 16 Log
: o e N 12-bit Window
12BAT! A, oy — emory Comparator
ADC12BATMAP 1110 ADC‘IZCCNSE(%:: Buffer — Contral =
external A, % 1111 i —
—xI% & v g
Batt Monitor ) - / ADCIZMEM31 f—] ADCI12MCTL31 ABCI2Ox

Copyrnight © 2017, Texas Instruments Incorporated




Convertisseur analogique / numérique

-
Conversion rate
A quick
voltage
\oltage E A
‘ L Y
) 111 e
sampling _ coa ]
:> » fime
‘ Output 101 7
voltage alt’ e
’ . 011
time 010 —
) 001
» fime ~
A 000 T T T T T T .
0 025 05 075 1.0 125 15 175 20
VOltage Analog Input
/ . slow
Digital value after A/D conversion » fime
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9 Convertisseur numérique / analogique

20MHz 12-BIT
CLOCK PWM ANALOG
‘MT VOLTAGE
c SkHz OUTPUT
” o T
Up to 127dB
SNR
-
Hardware :iK Audlo
and Software oara 17| B meut [ N :e‘;:i':'
controlled ‘ | DAC
solutions
DNS38 FO1 » [
o . Advanced .
Do Segment s
VF for optional o e ]
external Digital Mono S famelon Up to 108dB
Filter/DSP enst || contl I R THD+N
F
\
| Current
DEM | > P segment e
®eT | g( /
|
\ \ | |
Frequency | . | | 1V and Filter |
Auto-sense — System | AR
I | Detect MC'““ Power Supply |
| anager |
R e
& s gt e bt 0 Dual Supply
3 §$22888%8% Operation
| e3> (3.3V &5V)
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Isolation galvanique
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od o (5
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tian only “QO‘MLO 1952- .
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Bus de communication
12C, SPI, UART, Bus CAN, RS5486

25



SPI

-
CPOL=0_/ "\ I\ J\ T\ __ SCLK > SCLK
SCK cpol=1—/"\ A" "nr— R >l osl -
SPI MISO wSO Slave
SS \ [ Master SS1 » SS
SS52
553
CyCle## XA X2 X3 Y4 Y5 Y6 )Y7Y8Y) L3 scik
CPHA=0 MISO 20Xz 345678z >m|c;%| 5|SPI
MOSI ZX T 2 X3 a5 67 X8 )zZ N - ave
Cycle # (T 2 3 Y45 Ye Y78 -
CPHA=1 MISOZDm I Xz 3 ays5YeY7Yelz » MOSI Sp|
MOSI z T2 X3 a5 e )7 8=z MISO Slave
OSI zXX o
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12C

-2
VDD
RP| |
SDA SDA File Verical Timebhase Trigger Display Cursors Measure Math Analysis Utilities Help
Maitre Maitre Esclave Esclave
n°l ‘ n°2 - n-1 n
l | | I
« Bus maitre/esclaves
o 3 fils SDA, SCL et la masse
« Utilisation de résistances de tirage
e« Emission de I'adresse a lire ou écrire
puis la suite des données
« Peu de robustesse pour un routage o s ;
inter_ca rte -3.:524?:\*\/;?3 2.00 MS 2?90”352 g?r?al 1%32:’

9i812007 7:22:23 AM
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« Connexion full duplex (RX et TX)

» Bit de parité pour la détection d'erreur

« Tres utilisé dans de nombreux systemes (imprimantes, modems etc ...)
« Deébit en bauds par seconde (1200, 2400, 4800, 9600, 115200 ...)
 Liaison point a point entre deux équipements
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Bus RS385

—2

g3
28
twisted
pair cable
3 120 Q
terminatio
gé resistor :
—
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DOOOOO:

|

RS485
Power Loxone
Supply Link

GND
WH

|

Connexion multipoints

Robuste aux interférences
Utilisation de résistances de
terminaison

Souvent en mode maitre/esclave
Tres utilisé dans l'industrie (Modbus)



Bus CAN

—2

Noeud Noeud Noeud
n°l ne2 n°30
JA
1200h Ll 1200hm
\YJ
() ()
Noeud Noeud
n°l n°2
> CAN MESSAGE B
SOF CAN-ID RTR Control Data CRC ACK EOF
Start Of Extended Remote Cyeclic Acknow- End Of °
Frame identifier Transmission Redu:/'\doncy ledge Frame ca n-utlls
Request Check
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Périphériques

Puces électroniques auxiliaires

31



», Horloge temps-reel

_‘ A
OSCI
OSCILLATOR|_] > -
32768 kHz DIVIDER %»| CLOCK OUT —D— CLKOUT
OSCO A
MONITOR CONTROL
The frequency of a real time clock varies with the 00 | CONTROL_STATUS_t
L. R 01| CONTROL_STATUS_2
fappllcatlon. The frequency 3-2'768 Hz (32.768 KHz) ; = T T
is commonly used, because it is a power of 2 (21°) POWERICH
value. And, you can get a precise 1 second period —> TIME
(1 Hz frequency) by using a 15 stage binary g2 VL SECONDS
03 MINUTES
counter. o 04 HOURS
v 05 DAYS
SS —
Practically, in majority of the applications, E = WEEKRAYS
. o ! 07 [ CENTURY_MONTHS
particularly digital, the current consumption has — 08 YEARS
to be as low as possible to preserve battery life. DOG
So, this frequency is selected as a best ALARM FUNCTION
. b I f d 09 MINUTE_ALARM
compromise between low frequency an = U ALAE
convenient manufacture with market availability  spa ecBUS | 0B DAY_ALARM +
. . . . INTERFACE [NV——
and real estate in term of physical dimensions scL g 0C] WEEKDAY ALARM I NTERRUPT [> |
while designing board, where low frequency
. . . — TIMER FUNCTION
generally means the quartz is physically bigger. =T iEE EONTHOL
PCFB363 - OF T_IMER

001aah658
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Horloge temps-réel
2 S P

8.2 Register organization

Table 4. Formatted registers overview
Bit positions labelled as x are not relevant. Bit positions labelled with N should always be written with logic 0; if read they
could be either logic 0 or logic 1. After reset, all registers are set according to Table 27.

Address Register name Bit

7 6 5 4 3 2 1 0
Control and status registers ‘
00h Control_status_1  TEST1 N STOP N TESTC [N N N
01h Control_status_2 N N N TI_TP AF TF AIE TIE
Time and date registers ‘ ‘
02h VL_seconds VL SECONDS (0 to 59)
03h Minutes X MINUTES (0 to 59)
04h Hours X X HOURS (0 to 23)
05h Days X X DAYS (1 to 31)
06h Weekdays X X X X X WEEKDAYS (0 to 6)
07h Century_months | C X X MONTHS (1to 12)
08h Years YEARS (0 to 99)
Address Register name ‘ Bit
7 6 5 4 3 2 1 0
Alarm registers
09h Minute_alarm AE_M MINUTE_ALARM (0 to 59)
0Ah Hour_alarm AE_H X HOUR_ALARM (0 to 23)
0Bh Day_alarm AE_D X DAY_ALARM (1 to 31)
0Ch Weekday_alarm  AE_W X X X X WEEKDAY_ALARM (0 to 6)
CLKOUT control register
0Dh CLKOUT _control |FE X X X X X FD[1:0]
Timer registers
OEh Timer_control TE X X X X X TD[1:0]
OFh Timer TIMER[7:0]
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Conception des PCB

Schématisation, routage et impression

34



. Schématisation des composants

—%

ALTIUM
DESIGNER

R [
q g 8
{30325 po o B¢ ¢ 3V3IOUT
241 = e
D2 USBDM
22103 USBCP
Dy
(D522 05
(0612 b6 TETOUT
=07
[RD#) 1 RE
RS [WRHE Wk YTIN
10K
xTOUT | 28s
(REFHEH TIE EECS32e
TAF EESK—%—o
i) EEDATA 2
Sl WU
10 PWREN ssa TEST[AL
2 O G
BEE
U3
FT245BM GND

H1
MountingHole_Pad

¢

H2

|>RcsrLUSB

GND T

GND

FB1
Ferrite_Bead

+VGC

12
10nF

=

S

+VDC

1
1
i
| S ——

GND

]

DIFF_DN_9CR

b+

D+

GNOPWR
vee ‘

vee g

LCiO -I—Ifi'l ;ﬂ_—.fi.’:
-I-G.qu 'l'o.qum 10uF

GND

H3 HY

MountingHale_Pad

o
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MauntingHole_Pad 59

210

YEUS @

rGND

B

12

2 |uses

Shleld

D5
D_TVS!

GNDPWi:
R9 ICM ICiS n.'Jn

iM 0.1u

D.001uF GNDPWR

LU

MauntingHole_Pad




Comment trouver des circuits ?

—2

https://www.mikroe.com/

= £ |
| == = [+ U |
Click Boards NECTO Compilers Dev Boards Starter Boards Prog-Debug Smart Displays MCU Cards Accessories Kits
Sensors > Adapter ‘
S View All (18)
Interface CAN
Display & LED > Port expander
Miscellaneous > RS485 ;
Mixed Signal > use . oy ~ v s
TFmini Click Terminal 2 Click Turbidity Click Binho Nova Click Fingerprint 3 Click pin 12C Click-8
Storage > 1-Wire
Motor Control > RS232
Audio & Voice > Ethernet
HMI > LIN
Clock &Timing > PWM 5

Adapter Click Riverdi Click Shuttle Click EVE Click RIBUS Click e T
Power Management > Current

TIDA-00170

The TIDA-00170 is a reference design for industrial control
Analog Mixed Input Output Modules. The design implements
four channel analog input & two channel analog output. The
analog input channels can measure all standard industrial
voltages up to +10V and current inputs up to 24mA. The (...)

View design
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Schematic

B cAD/CAE symbol

Bill of materials (BOM)
B Assembly drawing
PCB layout

User's Guide

https://www.ti.com/reference-designs

Description & features
Technical documents
Tl devices

Support & training




Association des schémas avec les empreintes
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Defines connectivity

A
Mapped to
/-\
Uses
Uses
Symbol Footprint
V

Schematic PCB
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., Routage des cartes électroniques
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Tirage des cartes électroniques

—2

Prototyping i ‘ Community Company

&3 AISLER ogn s (i) =@

[dCcad

Your KiCad project as a
Powertful Prototype

Does your project need PCBs, parts, or stencils? Just upload your KiCad project
and you are covered. Everything you need to get your electronics project built.
Shipped for free right to your doorstep within 7 business days world-wide. Boost
your productivity without blowing your budget.

A sister
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Tirage des cartes électroniques
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Usage d'un stencil pour la soudure des CMS

2
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-, Placement des composants
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Soudure au four a refusion
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217°C LIQUIDUS
) w 45 .75 SECS
) y
V-
; E 2
: :
= [rRave| T
w RAMP | PREHEAT/SOAK | 10 | Hs
= TO | isesae  |PEAK| o
SOAK COOLING
1-3°C/SEC 2 -4°C/SEC

TIME
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Adaptation a I'environnement

Conditions hostiles des systemes embarqués

44



[ ] rd

M Eau et humidité

GORE® Protective Vents are available in many different
sizes and designs and can be easily integrated into
new or existing design structures. The screw-in PolyVent
M12 x 1.5 HA reliably protects the FL42 halogen lamp
made by WE-EF from the most adverse weather conditions
and temperature differences.
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Tropicalisation des cartes électroniques

Humidité / condensation

Eau salée

Vibrations

Températures élevées

Cycles thermiques
Courts-circuits a cause de saletés

—2
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2 Compatibilité électromagnétique
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. Résultat d'intégration de prototypes

FIMEMECH
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Connexions entre plusieurs cartes
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Logiciels embarqués

Framework et bibliotheques
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Framework Arduino

2

@ Blink | Arduino 1813
File Edit Sketch Tools Help

+|o]v|—-]
Genuino
ARDUINO

// the setup function runs once when AN OPEN PROJECT WRITTEN, DEBUGGED,
¥ AND SUPPORTED BY ARDUINO.CC AND
void setup() { THE ARDUINO COMMUNITY WORLDWIDE

// initialize digital pin LED BUIL
= LEARN MORE ABOUT THE CONTRIBUTORS
pinMode (LED BUILTIN, OUTPUT); oF on arduino (l/(.ed.(;

// the loop function runs over and o
void 10060 1 sf3 O=f3 &=

digitalWrite (LED BUILTIN, HIGH); Starting

1.1 49 010000 «
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Framework Zephyr

2

|

»

Application
Services

Zephyr”

OS Services

Kernel

Crypio HIW
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Compilation et flashage d'un microcontroleur

2

STM32F746NG STLink

Outside PC|In
=

JTAG

B
eff
Compiler
‘ Y Linker
O\ Make

HEEIEIE
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OpenOCD

\’Q

L ¥
. 4

| JTAG

Target
Module

Flash
Module

—

— N

Module

| Deamon

thread

GDB
Server

CLI

(Command
Line Interface)

Config files to start
OpenOCD properly

rie)

3333

GDB Protocol,
TCP Port

Telnet,
TCP Port
4444

E.

GDB
Client

Telnet
Client

T ¢+

[S[CTo)|

jxis}

B load .elf file

GDB GUI

“~' | microcontroller

into the

1

=1 execute
tel scripts

I\ GDB

)) The GNU Project
Debugger




Sondes de debug et debugger in situ

2

ezeees
SEGGER

R Black Magic Probe V2.1
- Open Source JTAG & SWD GNU Debugger
and Programmer with built in GDB server & UART

N
%"'*:' %ét,-il PWMMOS/DI1 |
c PWM/CS/D10
\\/ S PWM/D9 i
M pelces /094

: ,‘_EI'ECZS D8/
: 07
e T W o o
= 8 S & PWMADS

N « ] ; E /-SC—-EFL,L,UU @@E&;% © D4

‘ . . B 5 Bl C30 e

. . ] Jrvwv

M § D
E 2

c32E g}cy . 1
- www.st.com/stm32nucleo = BMP
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Compilation et flashage d'un microcontroleur
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C source
code Object files
.C
cpp 0
A —p CCompller —p»
o2
Z I
Assembly
source code
1
8 .0
{ —p Assembler [
D‘L-’- ___
Object files

Run time library functions, | Iib
precompiled libraries a
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Executable
»mage
elf
Lmker - ’ .out
axf
E >
.scat

Ny

Linker script /

Scatter-loading file

Instruction Set Testing by
Simulator simulation
, ™ Flash
programmer
A& : Testing using
Debugger real hardware
MiAARRRARAAARR AR
= . "
= } Flash
—
=  Cortex-M based
= Microcontroller

LEEEEEEEEEEEEEEL!

LEEEEEEEEEEELELLL!



Compilation et flashage d'un microcontroleur

2

C code Sections System memory
void fi() { }
Code ROM
void main() < start
The value is stored in ROM and address
> text execute from it. Some
} platforms enable the execution
in RAM of some pieces of code. text
- These parts is treated like
|1nt xxx() { } .data section
ROM . ] B B
Constant data /* Start of section description layout */
.rodata SECTIONS
| const int BFZE = 1624 I\b The value is know in compile
.rodata time and not change in . H The dot is current address counter. */
| const char *str="..."; I-"/) runti;e. '[I”he data ‘cjar_] be data
stored and accessed in ROM.
(storage) /* If you do not specify any, start at @ */
= .text @ {
Inlt data /* KEEP keyword is used to ensure that symbols are not discarded if the
) ) ) linker is instructed to remove unused symbols. x/
Iint varl = BXAA55; l\> I?ievgl}':ecazn;’e“’";n”r‘uﬁg';g;1§nd KEEP(*(.vector_corex)) /% Place .vector_core at start of ROM %/
.data need to store in RAM for work » *(.text) /* Place all symbols in ".text" section */
IChBY msg[168] = "Hit"; P”’—' with it. Ra *(.text.*) /x Place all symbols that start with section ".text.<any>" */
The value is store in ROM but M —€— start
is accessed in RaM after the data address
copy.
usage, . 5 . .
(usage) /* In many platforms, the linker script puts the .rodata in .text if
Istruct stat st = {8}; F\\\\* B the corgesponding section does not exist x/
.rodata :
int vec[18] = { @ }; — - - . = ALIGN(4); /% Ensure word alignment of sections */
I - -bss Non init data -bss e
struct {int x,y,z;} = | 7 This data is not RAM *(.rodatax)
{e 8 8} \_ initialized .bss is filled . = ALIGN(4); /* Ensure word alignment of sections */
with zero initialized and
COMMON is filled with non COMMON
allocated or non initialized o )
|ChﬂT buffer[10824]; r‘\\\‘_ data. But both sections -init_array : {
COMMON require be filled to @ . = ALIGN(4); /% Ensure word alignment of sections */
: nit_array_start = .;
|1nt value; P"”' _J Initial SORT function sorts the symbols listed in alphabetical order.
< Siﬁfk This is required to meet with the initialization order.
adar All symbols are in the form of .init_array.0000_nameofsymbol

when 0000 is replaced by a priority number that can be specified
at compile time. */

KEEP (*(SORT(.1init_array.x)))

KEEP (x(.init_array))
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