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't uses deformation sensing to enable users to modify
parameters while drawing or to interact with menus.
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Les charges

Electron : charge négative -

Protons : charge positive +

Méme type se repoussent

Type différent s’attirent

Se déplacent facilement dans les conducteurs

Se déplacent difficilement dans les isolants

https://flic.kr/p/76mp3mMmN




Tension

+ Unité : Volt (V)

+ Accumulation d'électrons



Courant

+ Unité : Ampere (A)

+ Flux d'électrons



Puissance

Unité : Watt (W)
P = Ul
Plus on a de charges, plus on a de puissance

Plus les chargent bougent plus on a de puissance



AC/DC

+ AC : Alternating Current = courant alternatit
+ Le courant change de direction périodiguement
+ Facile a créer, mécaniqguement par exemple

+ Prise de courant, etc.

+ DC : Direct Current = courant continu
+ Le courant circule dans une seule direction
+ Le courant doit revenir  la source

+ Pile, batterie, efc.
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Résistance

Unité : Ohm (Q)

Code couleurs 0 BIE 2 4 9
Résistance interne : impédance

Loid’OHM : U =RI=1=U/R

+ Une grande résistance diminue le flux

+ Une petite résistance ne s'oppose pas au flux.



Ri =Ry +R2+ R3

=l =lh=13

Ui =Ry I

U2 =Rz I

Us=R3 I3

= Ut=U; + Uy + U3

C

IrCUl
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Circuit parallele

1/Rt=1/Ri + 1/R2+ 1/R3

U= Uy =U2= U3

Iy = U1/Ry

lo = Uz/R2

I3 = U3/R3

=lt=h+l2+13




Diviseur de tension
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INPUT = HIGH par défaut

Pull-up




INPUT = LOW par défaut

Pull-aown




Potentiometre

Résistance variable

Bouton pour gjuster la valeur




Codensateur
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Condensateur

>

Charge

{

> ¢

Décharge

Impédance dépend de la fréquence du signal

courant x temps

capacitance = .
tension

tension _  temps
intensite  capacitance

temps

impedence = ——————
capacitance

1

impedance = :
frequence x capacitance

équations simplifiees

+ Haute fréquences (ex : changements brusques) : basse impédance

+ Basse fréquence (ex : signal constant) : haute impédance



Circuits série

i=h=1l=13
Uit =U; + Uz + U3
I xt

C =

U

1/Ci=1/Ci1+1/Co+ 1/C3

|
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Circuits parallele

Ui=U; = U2 = U3

k=1 +1l+13

|
|

Ci=C1+Ca2+C3

|
|




Filtre passe bas (RC

Eviter de brusquer I'output

Haute fréquence Diviseur de tension
= basse impédance  Avec C a la place de Rg

Z 1 1
. . V0=Vi
Z+R z fC fC (& +R)




Filtre passe haut (RC)

Haute fréquence
= passe impedance

Diviseur de tension
Avec C a la place de Ri

o—1 — 1







Inducteur

. tension x temps
inductance = . .
intensite
inductance = impedence x temps
impedence = inductance
> t L > t P temps

C h a r g e D é C h a r g e impedence = frequence x inductance

+ Impédance dépend de la fréquence du signal

+ Haute fréquences (ex : changements brusques) : haute impéedance

+ Basse fréquence (ex : signal constant) : basse impédance



Circuits série

=l =lh=13

Ut=U; + U2+ U3

Li =Ly + Lo+ L3



Circuits parallele

¢ ®

Ui=U; = U2 = U3

=5 +1+ 13
Uxt
L="7

1/Li=1/Li+ 1/L2+ 1/L3




Filtre passe bas (RL

Eviter de brusquer I'output

A
% _
>
t I
= I
Haute fréquence Diviseur de tension

= haute impédance Avec L a la place de R;




Filtre passe haut (RL

Eviter de brusquer I'output

Haute fréquence Diviseur de tension
= haute impedance Avec L a la place de Rq




Semi-conducteurs



Semi-conducteurs

A mi-chemin entre conducteur et isolant
Quantité d’'électrons modifiés par dopage
Type N : exces d'électrons

Type P : défaut d'électrons






Diode

Assemblage de deux semi-conducteurs
Cathode : jonction N (exces d'électrons)
Anode : jonction P (défaut d’'électrons)
Sens passant (P+/N-)

Sens bloquant (N+/P-)

Tension seuil V¢ (Forward voltage)

Tension au bornes Vk quand bloquée (Reverse voltage)

VR

Vr

cvVv



Diode de flyback

/N
£
Eviter le courant induit lors des
changements brusques
.

Utile sur des moteurs, vibreurs, etc.

O/T"-o




Pont de diodes

Transformer AC en DC

Tension

INPUTA o quﬂ o OUTPUT+
< QJ
O O
Jay A

INPUT2

D3
| L
[ OUTPUT-




Pont de diodes

INPUT1 o Y D1 g QUTPUT-:

Transformer AC en DC + g

0\
-
h+= D)= O« lo- = D3 = O. K Z&

D3
OUTPUT-
INPUT2

Tension




Transformer AC en DC

- = Ds= O.

Tension

Pont de diodes

INPUT

QUTPUT4

D>|D1

o+ = Do = O+




Forward current (continu)
Reverse voltage

Forward current (pic repété)
Forward current (pic)
Forward voltage

Reverse current

\____ A
VISHAY.

1N4001 thru 1N4007

Vishay General Semiconductor

General Purpose Plastic Rectifier

/

DO-204AL (DO-41)

PRIMARY CHARACTERISTICS
IFaw 1.0A
V&arM 50V to 1000 V
Igsas (8.3 ms sine-wave) 30A
lesae (Square wave t; = 1 ms) 45 A
Ve 11V
Ir 5.0 yA
T, max. 150 °C

FEATURES
¢ Low forward voltage drop

* Low leakage current
¢ High forward surge capability
* Solder dip 275 °C max. 10 s, per JESD 22-B106 RoHS

* Compliant to RoHS Directive 2002/95/EC and in  COMPUANT
accordance to WEEE 2002/96/EC

TYPICAL APPLICATIONS

For use in general purpose rectification of power supplies,
inverters, converters and freewheeling diodes application.

Note
* These devices are not AEC-Q101 qualified.

MECHANICAL DATA

Case: DO-204AL, molded epoxy body

Molding compound meets UL 94 V-0 flammability rating
Base P/N-E3 - RoHS compliant, commercial grade
Terminals: Matte tin plated leads, solderable per
J-STD-002 and JESD 22-B102

E3 suffix meets JESD 201 class 1A whisker test

Polarity: Color band denotes cathode end






LED

Diode qui émet de la lumiere dans le sens passant

Nombreuses couleurs disponibles A B

Infra-rouge/Ultra-violet

B
RGB {>|



Vi= Viep + Vr
Vi=Viep +ir X R
Vi=Viep + itep X R
Vi—Viep

l

l1LED

LED

Ry




Absolute Maximum Ratings at Ty = 25°C

Parameter Value

Peak Forward Current!1:2] 300 mA

Average Forward Current(2] 20 mA

DC Currenti3] 30 mA

Power Dissipation 87 mW

Reverse Voltage (Igr = 100 HA) 5V

Transient Forward Current (10 us Pulse)4] 500 mA

LED Junction Temperature 110°C

Operating Temperature Range -20 to +100°C

Storage Temperature Range -40 to +100°C
Electrical/Optical Characteristics at Ty = 25°C

Symbol Description Min. Typ. Max. Unit Test Condition

Vg Forward Voltage 1.8 2.2 Vv lF=20mA

VR Reverse Breakdown Voltage 5.0 15.0 Vv Ilr=100 puA

Ap Peak Wavelength 645 nm Measurement at Peak
Ad Dominant Wavelength 637 nm Note 1

AN/ Spectral Line Halfwidth 20 nm

TS Speed of Response 30 ns Exponential Time

Constant, et/Tg
C Capacitance 30 pF VE=0,f=1MHz
RO)pIN Thermal Resistance 26003] °C/W Junction to Cathode
2104 Lead
290I5]
nv Luminous Efficacy 80 Im/W Note 2







Transistor

Assemblage de trois semi-conducteurs

NPN : base N, collecteur et eémetteur P

+ Activé quand la base est plus positive que I'émetteur

PNP : base P, collecteur et émetteur N

N E N
b
. . R e C
Activation : courant a la base
PR P
b
e C

+ Activé quand la base est plus négative que I'émetteur



FEl

Transistor a effet de champ

Acftivation : tension & la base
+ Pas besoin de courant pour activer la porte

- Plus fragiles que les transistors

Type N/ Type P
+ Base = grille
+ Collecteur = source

+ Emetteur = drain



Applications

+ Interrupteur programmable
+ Transistor en mode saturé

+ Contrdler un circuit de puissance avec un circuit logique

+  Amplificateur linéaire
+ c=libxhee

+ Ro=Vi/ (3 %lb)

/N
Actif si +
Jc
b I* e

NPN

PNP



—(—1——>
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Symbol Parameter Conditions Min. Max. Unit
Off Characteristics
Collector-Emitter Breakdown
BV(BR)CEO Voltage(4) lC =10 mA, IB =0 40 Vv
BV(gricBo | Collector-Base Breakdown Voltage lc=10pA, lIg=0 75 Vv
BVgrjeso | Emitter-Base Breakdown Voltage le=10pA, Ic=0 6.0 Vv
lcEx Collector Cut-Off Current Vce =60V, Vegom = 3.0V 10 nA
Veg =60V, Ig=0 0.01
lco Collector Cut-Off Current HA
Veg =60V, Ig=0, Ty =125°C 10
legO Emitter Cut-Off Current Veg=3.0V,Ic=0 10 nA
IsL Base Cut-Off Current Vce =60V, Veg(om) =3.0V 20 nA
On Characteristics
lc =0.1mA, Vg =10V 35
|C=1.0 mA,VCE=1OV 50
lc =10 mA, Vce =10V 75
. Ilc =10 mA, Vce =10V,
hee DC Current Gain T = -55°C 35
lc = 150 mA, Vg = 10 V@) 100 300
lc = 150 mA, Vg = 1 V@) 50
lc =500 mA, Vg = 10 V4 40
. . 4 |lc =150 mA, Ig =15 mA 0.3
VcE(saty | Collector-Emitter Saturation Voltage®) Vv
lc =500 mA, Ig =50 mA 1.0
' _ 4 lc =150 mA, Ig=15mA 0.6 1.2
VBe@sayy | Base-Emitter Saturation Voltage'®) Vv
lc =500 mA, Ig =50 mA 2.0




Portes logigues




Norme [1L

Input

oV

2V
0.8V

ov B

Marges de bruit

Output

I S5V
2,7V

0.5V
NG\,



Norme CMOS

Input Output
5V 5V
I 4,95V
35V ™ B
1,5V m B
I 0,05V

)%



Résolution de circuit




Lols de Kirchhoft

Lol des nceuds

La somme des intensités des courants qui entrent par un nceud est eégale a la somme des
intensités des courants qui sortent du méme noeud.

Loi des mailles

Dans une maille la somme algébrique des différences de potentiel est constamment
nulle. b

) — ¢

Uab + Ubc + Uca+ Uaa=0
q -




Methode tension de nocauds

+ Choisir une référence : la masse

+ Donnerun nom aux autres voltages de noceuds

+ Résoudre les nceuds faciles en premier

+ Ecrire les lois de Kirchhoff pour chague nceud

+ Résoudre le systeme d’équations pour toutes les tensions de noceuds

+ Résoudre les courants avec la loi d'Ohm



U =15V

U2 =5V

R =15Q

Ro = 20Q

Rz = 60Q2

Exemple

R;

R2

R3




U =15V

U2 =5V

R = 15Q

R, = 20Q

Rz = 60Q2

Exemple

R;

U1+

R2

R3

U2



U =15V

U2 =5V

R = 15Q

R, = 20Q

Rz = 60Q2




U =15V

U2 =5V

R = 15Q

R, = 20Q

Rz = 60Q2




U =15V

U2 =5V

R = 15Q

R, = 20Q

Rz = 60Q2




U =15V

U2 =5V

R = 15Q

R, = 20Q

Rz = 60Q2




U =15V

U2 =5V

R = 15Q

R, = 20Q

Rz = 60Q2




U =15V

U2 =5V

R = 15Q

R, = 20Q

Rz = 60Q2




U =15V

U2 =5V

R = 15Q

R, = 20Q

Rz = 60Q2




U =15V

U2 =5V

R = 15Q

R, = 20Q

Rz = 60Q2




U =15V

U2 =5V

R = 15Q

R, = 20Q

Rz = 60Q2

R1=(15-Uq) / 15
IRz = Ua / 20

ir3 = (Ua-5) / 60




Uy = 15V
U2 = 5V

Ri=15Q iri=(15-Uq) /15
Ry =20Q irs=Us/ 20

R3=60Q Ir3= (Ua-5) /60

(15-Ua) / 15=Uq /20 + (Ua-5) / 60
4% (15-Uq) =3 Uqg + Ug- 5

60 -4 Uq =4 Uq-5

8 Ug = 65



Exemple

: IR1 = IR2 + IR3
IR1

—
R Ua=?

U =15V

U2 =25V

Ri=15Q ir = (15-Ud) /15
Ro=20Q ir2=Uqg /20

Rs=60Q Ir3= (Ua-5) /60

(15-Ua) / 15=Uq /20 + (Ua-5) / 60
4% (15-Uq) =3 Uqg + Ug- 5

60 -4 Uqg =4 Uq-5

8 Ug = 65



Exemple

: IR1 = IR2 + IR3
IR1

R, Ua = 8,125V

U =15V

U2 =25V

Ri=15Q ir = (15-Ud) /15
Ro=20Q ir2=Uqg /20

Rz = 60Q Irz = (Ua-5) /60

(]5‘UO)/]5=UO/20+(UO'S)/éO
4x(]5'UO)=3UQ+UG'5

60 - 4 Uq=4Ua-5 Ua:8,125v

8UQ=65



Exemple

: IR1 = IR2 + IR3
IR1

> Ua = 8,125V

U, =15V
U2 =5v
Ri=15Q ir1=(15-Ug) /15 =0,45A
R =20Q g2 =Uqs /20 = 0,40A

R3=60Q Irz= (Ua-5) /60 =0,05A

(]5‘UO)/]5=UO/20+(UO'S)/éO
4x(]5'UO)=3UQ+UG'5

60 - 4 Uq=4Ua-5 Ua:8,125v

8UQ=65






Commander un moteur
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Porte en H




Porte en H




Porte en H
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Porte en H

1,2EN 1 VCC'l
. 1A [] 2 4A .
Demi-porte 1 ¢ : 4y Demi-porte 4
HEAT SINK AND 4 HEAT SINK AND
GROUND 5 GROUND
. 2Y [ 6 .
Demi-porte 2 ,, - ap DEmi-porte 3
Veea Y8 3,4EN

293






Ampli op

Vcc
V+
Vout
V-
vdd
Couteau suisse de I'électronique
Amplification i+ —1_ =0
Régulation de tension Vout = A(V—I— — V_)

Comparateur \ \
X A trés trés grand

Vout

V+ - V-




Ampli iInverseur

VWY VWY
Negative feedback l
Ro
Vou — _‘/;'n I
t Rl




AMmpli non Inverseur

Negative feedback o ANAA,
R+ R»

Vou — ‘/’Ln
t R §




Trigger de Schmitt

<
S o |

SR
| |
| Q
S o
?U‘?U

- D

 Hystéeresis



Trigger de Schmitt

R R Wy -
R A AL > |




{|vee  VCC
7] oureu

5| BALANCR'STRORE

S| RALANCE

AMmpli op

_M741

OFFSETNULL [1]
INV. INPUT E
NON-INV. INPUT E

m

GND v- [

8] NC
7]v+ VCC
6] ouTPUT

E] OFFSET NULL

TLC271

A4
OFFSET N1 BIAS SELECT
AN Veo VCC
+IN OUTPUT
GND GND OFFSET N2







Série / parallele

-
Q

ralléle

Série /\

o1 1 0 0 0 1 1

N

—_ a4 O O O 4 a0




Registre a decalage

3 1
CP STR

CP : horloge Qs1b—o
D : données (en série) Ws2— 10

QPOH—4
STR : enregistrement dans un registre QP1}—5

QP2—6
OE : valeur du registre aux sorties paralleles 2—D

QP3—7
QPO - QP7 : sorties paralleles QP4+— 14

QPS|— 13
QS1, QS2 : sorties série

QP6 12
+ /- . alimentation QP7 — 11

OE

15 001aaf111



Registre a décalage

+ Strobe, data, clock, output : du MCU

+ Data : MOSI (SPI) > =
=
' >, L=
. ]
+ Q1= Qs:sorties 2 —
P
— e —— 11—
+ Qs : gjouter des sorties

+ Remplacer data par Qs

+ Ajouter Strobe clock et output



Multiplexeur

INPUTS

INPUTS

8 enfrées pour contréler 16 sorties

Registres a décalage
T °_’ . INPUT?
Choix de la led : PAV, AV AV
Ligne HIGH, colonne LOW | | | —
. . INPLITS

wX
]
"R
KI—¢
I "X
kKI—
"R | wX | R ‘ "R

Autres lignes LOW, autres colonnes HIGH

Plusieurs LEDs
Persistance rétinienne

| |
| S|
| |
| S|
R3
1
—
|
e

INPUTS3
INPUTA4

INPLIT1
[ ‘ Fjl ]‘ ‘[ "
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Vers alimentation
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2
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Solénoide 1
O a
S1
Signal | Al
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Capteur
plezoélectrique

A ©

Photodiode







Pins shield
SHIFID

| S GPIEZOADC —— AD

IHEPIELDADC ] 4]

|G PHU | UADC ] 347

IHHI-'H[]I[]AI][I)-— 3

Ad
Jlxl 5

|ORCIE
RCE
YIN
5%
3.3V
ARFF
G
GRL
GAD

— "OUCHSTART |

SCRINE T

LED$2

—i SIGPIEZCIRO

LED$L AN
510

[LEs VW
510
510

[ TOUCFETR —MW——F——

510

PAVAF AVAF AV

¥

Détection de lumiéere

6k 3

[1H=>401u

LM311

2

vV g(;

: 4

0

SCRINPUT

| THRPIZZD >j

100n |

rM311
-L 7

[

4

Détection de vibration

132

— TOLNHSART




5,08 5,0 5,0
A" Vv Vv
4,0 4,0 4,0
3,0 3,0 3,0

SRR A S A S S
20 20 1.5V reference *°

1,0 1,0 1,0
. )

0,0 0,C ¥ 0,0
-1,0 -1,0 -1,0
-2,0 -2,0 _ _ -2,0

Piezo trigger
-3,0 -3,0 -3,0
Button pressed
-4,0 -4,0 ' -4.0
Finger contact
-5,0 -5,0 @c.0

-1,0 0,0 1,0 2,0 3,0 4,0 5,0 6,0 7,0 8,0 9,0 _

[ x1.0 | %10 IS



1k

Lm

100N

SIGPIEZO p—

Vcc =5V

THRPIELO =72

1K

Q2

TOUCHSTART |




—
—
Q2
1k
, TOUCHSTART
00N |
&
- —
4
. i =
SIGPIEZO p—
Vcc =5V
THRPIEZO = 2
10 1010
5 < THRPIEZO < 5
10 + 1000 + 6800 10 + 1000 + 6800

6mV < THRPIEZO < 646mV



Bracelet tactile







Vibrations fantomes




Vibrations fantomes







Modulation

. . C -
[131 = PWM e | "l']b-l-r-—
5 12 |
GND
132 - ) = /N R
Z 10 . ; ‘ 3
yd ; J '
f 40B8W i 408W ) 02 |
S R O+ P |
Amplification - JPT" _|_
_GBND . GND
Connexion + protection
N L — S1+%2 —
SHIELD POV SHIELD POVIR
2 >
| 2 : 2 F N
1 1 B Q'
J <= J5 1
GND
SHIELD [RR= SHIELD [PX=
+2 P -z [
1 F | 1 F |
i [ *OVEIR % | MOVWEI

GND GND GND GND



Modulation

1 Vv c‘.
[1$1 4 =1O% ¥ 12 | *l']b-l-'—
GND
() - o —2 > 7 e
} . T ; 1 -
2 : 3 .
7408W 7408w E |
Amplification - JPT" _|_
. 5SND , GND
Connexion + protection
L* ~ S1+2 . -
SHIELD POWIR SHIELD POWIR
z >
2 — 2 ¢
1 1 B Q'
T 3= 7w |
GND
SHIELD [BX=2 SHIELD [BA-Z2
vz —z F
1 B | 1 B |
ot [ *OWEDR T4 OWEDR

GND GND GND GND
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Carte STM32t429 discovery

SLi) o |
L3 L [red/graer L] 3 E g . . . H g
o L3 2 ired LLC) e ® &
Wi 503,505, 507, 5011
) IRCSCAVID) W
e 3R ol E .
SINE conne e ' . @, 505 8, 4 ' oo 8 e
81 : "o LA (RFFALIT) 8 = Vs VW E |- w2
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pr—g = (10 v _—
R eer auman veimie; N CHC w - -’ : . o ] = T SRINSTM ST
38 fn: : . !s i 1 h pr— ) Foazr wa |nnut,'outp.n 19,00 ”"Yl".' - :‘; . o - e D T
. T : - | ~ ' E333s - .
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Carte STM321429 discovery

Mini-USB
Embedded
ST-LINK/\V2
D -
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Vi o
STM32F42921T6
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G .
b =
g 110 RESET :'cé
LEDs
LD2..LDE B2
RESET
SDRAM a1
64 Mbits USER —
2.4" QVGA L3GD20 ’
TFT LCD

Micro-USB ‘ ACP/RF I




PINS

VCC, VDD, V+ : dlimentation (+)

VEE, VSS, V-, GND : alimentation (-) ou masse
BOOTO : sélection de zone de démarrage
RESET/NRESET : reset du circuit

PXN (X = lettre, N = chiffre) : GPIO
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Table 10. STM32F427xx and STM32F429xx pin and ball definitions (continued

PINS

Pin number

Pin name a 5
8| R |o |2 e 8 Additional
§ §_ < - S| = § (functionafter | & S % Alternate functions | '.mm
S5 (8|8 |2|5 (2|8 reset |£]3]|2
L lw | 2| g |% |0 |k g a1 o
- - =1 o - ; - - -—
12C2_SDA, FMC_AD,
- |10 | F2 | E2 [ 16 [F11 |16 | D2 PFO O FT EVENTOUT
) " I12C2_SCL, FMC_A1,
M| F3 | H3 [17 | E9 (17 | E2 PF1 IO FT EVENTOUT
" 12C2 SMBA FMC_ A2,
12| G5 | H2 | 18 |F10 | 18 | G2 PFZ /O FT EVENTOUT
LCD_HSYNC,
. . - - | - [19] F3 Fl12 0| FT EVENTOUT
LCD_VSYNC,
- - - - - - |20 | G3 FI13 IO| FT EVENTOUT
- - - - - - |21 | H3 Fl14 IO FT LCD_CLK EVENTOUT
- |13 | G4 | J2 [19 (311 |22 | H2 PF3 10| FT || FMC_A3, EVENTOUT | ADCZ_IN9
- | 14| G3|J3 |20(|F9 |23 | J2 PF< /O | FT | B} [ FMC_A4, EVENTOUT A I‘:ﬁi—
- |15 | H3 | K3 [ 21 | Fe |24 | K3 PFS 10| £T | B} [ FMC_AS, EVENTOUT A I‘:ﬁg—
1016 | G7 | G2 |22 | HT |26 | H6 Vs s
11|17 (| G8 | G3 |23 | - |26 | HS Voo S
TIM10_CH1,
SPI5_NSS,
NC SAIT_SD B
- K 4 |35 7 (5) - - 3
18 | 2 2 |2 10|27 | K2 PFé IO FT UARTT Rx, ANCE_IN
FMC_NIORD,
EVENTOUT




JTAG/SWD

+ Programmation

+ Débuggage pas a pas .




Débuggage
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uC-SDK

Pullrequests Issues Marketplace Explore

-~ grumpycoders / uC-sdk @® Unwatch~ 5 % Unstar 7 YFork 5

<> Code Issues 16 Pull requests 2 Projects 0 Wiki Security Insights

No description, website, or topics provided.

{p) 368 commits ¥ 2 branches © 0 releases AL 4 contributors

=
Branch: master v New pull request Create new file  Upload files  Find File
RackhamLeNoir Merge pull request #31 from RackhamLeNoir/fix-spi == Latest commit adf4a88 on 13 Oct 2018
M FreeRTOS reorganizing a little 5 years ago
M acorn Better delayed-initialization for malloc et al. 2 years ago
M arch removed outdated fix for HSE selection 2 years ago
B chips fix travis builds 11 months ago
i config Removing obsolete _fini and _init references. 11 months ago
i doc Adding basic documentation for now, as well as a simple skeleton appl... 6 years ago
 examples SPI polarity on stm32f1 and f4 11 months ago
i hardware SPI polarity on stm32f1 and f4 11 months ago
M libc Removing obsolete _fini and _init references. 11 months ago

M libm another fix for the Travis script 2 years ago



uC-SDK

FreeRTOS
+ threads
+ mutex

+ fimers software

Interface hardware

+ ADC, DAC, GPIO, 12C, SPI, timers hardware, UART

Implémentations

+  LPCI17xx, STM32f10x, stm32f4xx

liiom



General purpose Input Output

Digital : bit en Inpuf ou Output

Analogique :

+ Input: ADC

+ Output : DAC

GPIO
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http://en.wikipedia.org/wiki/Analog-to-digital_converter
http://en.wikipedia.org/wiki/Digital-to-analog_converter

Ports et registres

Data

+ Input

+  Output
Configuration

+ Mode

+ Output type

+ Output speed

+ Pullup/pull down
+ Write

+ Lock

+ Alternate function

Bus AHB1

0x4002 2800 - 0x4002 2BFF GPIOK
0x4002 2400 - 0x4002 27FF GPIOJ
0x4002 2000 - 0x4002 23FF GPIOI

0x4002 1C00 - 0x4002 1FFF GPIOH
0x4002 1800 - 0x4002 1BFF GPIOG
0x4002 1400 - 0x4002 17FF GPIOF
0x4002 1000 - 0x4002 13FF GPIOE
0X4002 0COO - 0x4002 OFFF GPIOD
0x4002 0800 - 0x4002 OBFF GPIOC
0x4002 0400 - 0x4002 O7FF GPIOB
0x4002 0000 - 0x4002 03FF GPIOA




Configuration

typedef struct {
uint8_ t port;
uint8 t pin;
} pin_t;

typedef enum {
pin_dir_read = © void gpio_config(pin_t pin, pin_dir_t dir, pull_t pull) {
—_ —_ - J
pin_dir_write = 1, RCC_AHB1PeriphClockCmd(1 << pin.port, ENABLE); Activer le F)()rT
} pin_dir_t; .
GPIO _InitTypeDef def;
def.GPIO _Pin = 1 << pin.pin;
typedef enum { def.GPIO Mode = dir;
pull none = © def.GPIO_Speed = GPIO_Speed_100MHz;
pull_up = 1, if (dir) Configurer le pin
def.GPIO_OType = GPIO_OType PP; //output : Push Pull
else
} pull_t; def.GPIO OType

pull down = 2,

GPIO OType OD; //input : Open Drain

def.GPIO_PuPd = pull;

typedef enum { GPIO Init(stm32f4xx_gpio_ports[pin.port], &def); Initialiser le F)"j
gpio_port_a, }
gpio_port_b,
gpio_port_c,
gpio_port_d,
gpio_port_e,
gpio_port_f,
gpio_port_g,

gpio_port_h,
static __inline__ pin_t make_pin(gpio_port_t port, uint8 t pin) { pin_t p = { port, pin }; return p; }

#define PIN_NULL { .port = oxff, .pin = Oxff }

gpio_port_i,

gpio_port_j,

} gpio port t; static __inline__ bool valid pin(pin_t pin) { return pin.port < oxff || pin.pin < oxff; }



Utilisation

void gpio set(pin_t pin, int enabled) {
if (enabled)
GPIO_SetBits(stm32f4xx_gpio_ports[pin.port], 1 << pin.pin);
else

GPIO_ResetBits(stm32f4xx_gpio ports[pin.port], 1 << pin.pin);



Exemple

#include <gpio.h>

int main() {
//Initialize the pin_t structure with the pin port and number
//0n this board there is a LED on PG13
pin_t pin = make_pin(gpio_port_g, 13);

//configure the pin for output.

gpio_config(pin, pin_dir_write, pull down);

//set the pin to HIGH
gpio_set(pin, 1);

return 0;



typedef enum

{
rising = 0,
falling = 1,
change = 2,

} irqg_trigger_t;

INnferruptions

void gpio_irqg_init(pin_t pin, void (*cb)(), irg_trigger_t tt)

{

RCC_APB2PeriphClockCmd(RCC_APB2Periph SYSCFG, ENABLE);

SYSCFG_EXTILineConfig(pin.port, pin.pin);

EXTI_InitTypeDef exti;
exti.EXTI_Line = 1 << pin.pin;
exti.EXTI_LineCmd = ENABLE;
exti.EXTI_Mode = EXTI_Mode_Interrupt;
switch(tt)
{
case rising:
exti.EXTI_Trigger
break;

EXTI_Trigger_Rising;

case falling:
exti.EXTI_Trigger
break;

case change:
exti.EXTI_Trigger
break;

EXTI_Trigger Falling;

EXTI_Trigger_Rising Falling;

}
EXTI Init(&exti);

NVIC_InitTypeDef nvic;

nvic.NVIC_IRQChannel = gpio_irq_channels[pin.pin];
nvic.NVIC_IRQChannelPreemptionPriority = 0x01;
nvic.NVIC_IRQChannelSubPriority = 0x01;
nvic.NVIC_IRQChannelCmd = ENABLE;

NVIC Init(&nvic);

EXTI_ClearITPendingBit(1 << pin.pin);

exti_irq_callback[pin.pin] = cb;

Configurer la ligne

Attention : un seul

interrupt par ligne

Configurer le channel



Exemple 2

#include <gpio.h>
#include <stdio.h>

static volatile int status = ©;

void toggleled(){

}

status "= 1;

int main() {

//declare the pin structures for the led and the button
pin_t led, button;

//Initialize the pin_t structure with the pin port and number
//0n this board there is a button on PA®©
button = make_pin(gpio_port_a, 0);

//configure the pin for input.
gpio_config(button, pin_dir_read, pull _down);

//attach the callback to the rising trigger on this pin
gpio_irqg_init(button, toggleled, rising);

//Initialize the pin_t structure with the pin port and number
//0n this board there is a LED on PG13
led = make_pin(gpio_port_g, 13);

//Configure the pin for output.
gpio_config(led, pin_dir_write, pull down);

//Loop
while (1)
gpio_set(led, status);

return 0;



Timers

+ Compteurs sous forme de registre
+ Fréquence (fixe)
+ Pre-scale

+ Taille de registre : propre a chaque timer

+ Usages:
+ PWM : générer un signal sur un pin

+ Output compare : programmer des actions



Timers

Table 6. Timer feature comparison

Timer
type

Timear

Countear
resolutien

Counter
type

Prescaler
factor

DMA
request
generation

Caplure/

compare
channels

Complementary
output

Max
Interface
clock
{MHz)

Max
timer
clock

(MHZ)
1

Advancec
-contrel

Tk,
1B

1601t

Ug,
Lown,
Up/down

Any
intogsr
tetwoen 1
and
55536

Yes

Yee

80

180

Ganoral
PUrpcse

Mz,
TIMS

TIpAZ,
Tin4

TIMB

2t

16-bit

16kt

Up.
LCown,
Up'down

Up.
Cown,
Upidawn

Up

Any
inleoer
tetnaen
and
200936
Arny
ntegsr
tetrween
»nd
25536
Any
inleger

Letvaen
and
S5536

Yes

Yes

No

No

Ne

as

43

a0

BOf180

20180

TIM10

T

1601t

o

Any
nleoer
tetwoen1
and
£5536

No

No

80

180

TIM1Z

TIM13E

lIM14

18-bit

16t

o

Ue

Arny
nteger
betwcen
and
£0836
Arny
infpooer
Letroen1
and
£5636

No

a5

a5

BOMED

Bl"180

Bamc

MG,
LA N

15t

ANy
inloger
Letvaen
and
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Yes

a5

BI18D
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Timers

b

F =
prescale x (count + 1)

+ Chaque signal de clock incrémente le compteur de prescale

+ Sile compte est atteint, retour a 0 et incrémentation du count

+ Sile compte est atfteint, retour a O, interruptions, efc.

Prescale = 2, count =4

Clock 1 2 3/ 4/5/06/7!/89(10/11(12/13|14/15|106
Prescale 1/0/ 10 1T/0/1]0  1T/0 10 1T/0|1 60

Count o1 1,223/ 3[/4/4/0/0/ 11,22 3



Fr = 180MHz

Taille de registre 16 bifs :

count max : 65535

prescale max : 65535

On veut 10Hz

Timers

Exemple

F =

b

prescale x (count + 1)



Fr = 180MHz

Taille de registre 16 bifs :

count max : 65535

prescale max : 65535

On veut 10Hz

Timers

Exemple

F= r
prescale x (count + 1)
. 180.10°
prescale = 1o 1

prescale ~ 300

180.10°
300 x 10

count = 59999

count =



Fr = 180MHz

Taille de registre 16 bifs :

count max : 65535

prescale max : 65535

On veut 10Hz

Timers

Exemple

F= r
prescale x (count + 1)
. 180.10°
prescale = 1o 1

prescale ~ 300

180.10°
300 x 10

count = 59999

count =

prescale = 300, count = 59999
ou

prescale = 600, count = 29999
ou

prescale = 1200, count = 14999



Amplitude

PWM

Pulse-Width Modulation (Modulation de Largeur d’'Impulsion)

Rapport cyclique : ON / (ON + OFF)

DAC en gjoutant un filire passe-bas

+ un haut parleur a une impédance suffisante pour se passer de filtre passe-bas

—

L

0

T T 14T 2T 2141 ir 34T

Temps

http://frwikipedia.org/wiki/Rapport cyclique
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Phase correct PWM
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typedef struct {
timer_t timer;
uint8_t channel;

} timer_channel t;

typedef enum {
timer_0,
timer_1,
timer_2,
timer_3,
timer_4,
timer_5,
timer_6,
timer_7,
timer_8,
timer_9,
timer_10,
timer_11,
timer_12,
timer_13,
timer_14,
timer_15,
timer_16,
timer_17

} timer_t;

Configuration

void timer_config(timer_t timer, uintl6_t prescale, uint32_t period)

{

TIM TypeDef *id = timers[timer];
if (timer < timer_1 || timer > timer_14)
return;

//only TIM2 and TIM5 are 32 bits
if (timer != 2 && timer != 5 && period > oOxffff)

return;

//clock the timer

switch(timer)

{

TIM
def.
def.
def.
def.
def.
_TimeBaseInit(id, &def);
TIM

TIM

case timer_1:
RCC_APB2PeriphClockCmd(RCC_APB2Periph_TIM1, ENABLE);
break;

case timer_2:
RCC_APB1PeriphClockCmd(RCC_APB1Periph_TIM2, ENABLE);

break;

default:

return;

TimeBaseInitTypeDef def;

TIM Prescaler = prescale;

TIM_CounterMode = TIM_CounterMode_Up;

TIM_Period = period;

TIM _ClockDivision = TIM _CKD DIV1;

TIM_RepetitionCounter = 0; //TIM1 and TIM8 only

Cmd(id, ENABLE);

Activer le port

Configurer le timer

Initialiser le timer
Activer le timer



void timer_pwmchannel init(timer_channel_t timer_port, pin_t pin, uint32_t pulse)

{

INitialiser un channel

timer_t timer

= timer_port.timer;
uint8_t channel =

timer_port.channel;

TIM_TypeDef *id = timers[timer];

if (timer < 1 || timer > 14 || timer == 6 ||
timer == 7 || channel < 1 || channel > 4)
return;

//only TIM2 and TIM5 are 32 bits
if (timer != 2 && timer != 5 && pulse > Oxffff)
return;

if (timer == 1 || timer == 2)

gpio_config_alternate(pin, pin_dir_write, pull_none,

else if (timer >= 3 && timer <= 5)

gpio_config alternate(pin, pin_dir_write, pull none,

else if (timer >= 8 && timer <= 11)

gpio_config alternate(pin, pin_dir_write, pull _none,

else if (timer >= 9 && timer <= 14)

gpio_config_alternate(pin, pin_dir_write, pull_none,

1);
2);
3);

9);

TIM
def.

OCInitTypeDef def;
TIM_OCMode = TIM_OCMode_ PWM1;

def.TIM_OutputState = TIM_OutputState_Enable;
def.TIM OutputNState = TIM OutputState Enable; //Only TIM1 and TIMS8
def.TIM Pulse = pulse;
def.TIM_OCPolarity = TIM_OCPolarity_High;
def.TIM_OCNPolarity = TIM_OCPolarity High; //0Only TIM1 and TIMS8
def.TIM _OCIdleState = TIM_OCPolarity High;
def.TIM_OCNIdleState = TIM_OCPolarity_ High; //Only TIM1 and TIMS8
switch(channel)
{

case 1:

TIM OC1lInit(id, &def);
TIM OClPreloadConfig(id,
break;

case 2:
TIM 0C2Init(id, &def);
TIM_OC2PreloadConfig(id,
break;

case 3:
TIM 0C3Init(id, &def);
TIM _OC3PreloadConfig(id,
break;

case 4:
TIM 0C4Init(id, &def);
TIM OC4PreloadConfig(id,
break;

default:
return;

TIM OCPreload_Enable);

TIM_OCPreload_Enable);

TIM_OCPreload_Enable);

TIM OCPreload_Enable);



Utilisation

void timer_enable(timer_t timer)

{
TIM Cmd(timers[timer], ENABLE);

void timer_disable(timer_t timer)

{
TIM Cmd(timers[timer], DISABLE);

uint32_t timer_get count(timer_t timer)

{

return TIM GetCounter(timers[timer]);

void timer set count(timer_t timer, uint32_ t value)

{

TIM SetCounter(timers[timer], value);



Exemple

#tinclude <timer.h>

int main() {
//Initialize the pin_t structure with the pin port and number
//Pin PBO is connected to Timer 3 channel 3.
//Plug an LED on this pin
pin_t pin = make_pin(gpio_port_b, 0);

//Initialize Timer 3, channel 3

timer_channel t timer = { .timer = timer_3, .channel = 3 };

//180000000/ (18000 * 10000) = 1Hz
timer_config(timer_3, 18000, 10000);

//Creates a PWM signal on the pin, duty cycle 8/10

timer_pwmchannel _init(timer, pin, 8000);
while(1){}

return 9;



INferruption

typedef enum {
event_update,
event_commutation, void timer_irqg_init(timer_channel t timer_port, irq_timer_event_t event, void (*cb)());
event_trigger,
event_break, void timer_irq_deinit(timer_t timer, irqg_timer_event_t event);
event_output_capture,

}irq_timer_event_t;



Exemple

#include <timer.h>
static uint8_t toggle = 0;

void update() {
toggle ~= 1;

int main() {
//Initialize the pin_t structure with the pin port and number
//0n this board there is a LED on PG13
pin_t pin = make_pin(gpio_port_g, 13);

//configure the pin for output.

gpio_config(pin, pin_dir_write, pull down);

//Initialize Timer 1, channel 1

timer_channel t timer = { .timer = timer_1, .channel = 1 };

//180000000/ (18000 * 10000) = 1Hz
timer_config(timer_1, 18000, 10000);

//Call the update callback at each timer update event

timer_irqg_init(timer, event_update, update);

while(1)
gpio_set(pin, toggle);

return 0;



ADC

+ Convertisseur analogique = numérique

+ Capteurs simples

+

+ 4+ 4+

Micro
Potentiometre
Joystick

Photorésistance




typedef enum {
adc_0,
adc 1,
adc_2,
adc_3,

} adc_t;

Configuration

void adc_config single(adc_t adc, uint8 t channel, pin_t pin)

{

if (adc < adc_1 || adc > adc_3 || channel > 18)

return;
gpio _config analog(pin, pin_dir_read, pull none);
RCC_APB2PeriphClockCmd(RCC_APB2Periph_ADC1 << (adc - 1), ENABLE); /\(:Th¢€3r|63 F)()rf

ADC_InitTypeDef def;
ADC_StructInit(&def);

def.ADC_DataAlign = ADC_DataAlign Right;
def.ADC_Resolution = ADC_Resolution_12b; Conﬁgurer ' ADC
def.ADC_ContinuousConvMode = DISABLE;
def.ADC_ExternalTrigConv = 0;

def.ADC_ExternalTrigConvEdge = ADC_ExternalTrigConvEdge None;
def.ADC_NbrOfConversion = 1;

def.ADC_ScanConvMode = ENABLE;

ADC _Init(adclist[adc - 1], &def);

Initialiser ' ADC

ADC_RegularChannelConfig(adclist[adc - 1], channel, 1, ADC_SampleTime_144Cycles);

ADC_Cmd(adclist[adc - 1],ENABLE); Activer I'ADC



Utilisation

uintl6_t adc_get(adc_t adc)

{

if (adc < adc_1 || adc > adc_3)

return 0;

ADC_SoftwareStartConv(adclist[adc - 1]);
while(!ADC_GetFlagStatus(adclist[adc - 1], ADC_FLAG_EOC)){}
uintlé_t res = ADC_GetConversionValue(adclist[adc - 1]);
ADC ClearFlag(adclist[adc - 1], ADC_FLAG_EOC);

return res;



Exemple

#include <gpio.h>
#include <adc.h>

#include <stdio.h>

int main() {
//declare the pin structures for the sensor
//We plug our first sensor on PA@
pin_t sensorl = make_pin(gpio_port_a, 0);
//and the second sensor on PAl

pin_t sensor2 = make_pin(gpio_port_a, 1);

//configure the ADC

//PA@ is connected to ADC 1, 2 or 3, channel ©
//We use ADC 1

adc_config single(adc_1, 0, sensorl);

//PA1 is connected to ADC 1, 2 or 3, channel 1
//We use ADC 2

adc_config single(adc_2, 1, sensor2);
//Loop
while (1)

printf("x=%4d y=%4d\n", adc_get(adc_1), adc_get(adc_2));

return 0;



Configuration avec DMA

Pointeur vers destination

void adc_config continuous(adc_t adc, uint8 t *channel, pin_t *pin, uintl6_t *dest, uint8 t nb);



Exemple

#include <gpio.h>
#include <adc.h>

#include <stdio.h>

int main() {
//declare the pin structures for the sensor
pin_t sensors[2];
//We plug our first sensor on PA@
sensors[@] = make_pin(gpio_port_a, 0);
//and the second sensor on PAl

sensors[1] = make_pin(gpio_port_a, 1);

//declare an array where the DMA will put the values
uintle_t values[] = {90, 0};

//configure the ADC

//PA@ is connected to ADC 1, 2 or 3, channel ©
//PAl1 is connected to ADC 1, 2 or 3, channel 1
//We use ADC 1, with channels 9 and 1

uint8_t channels[] = {0, 1};

adc_config continuous(adc_1, channels, sensors, values, 2);

//Loop
while (1)
printf("x=%4d y=%4d\n", values[©@], values[1]);

return 0;



BUS

+ Communication entre MCU
+ Communication avec un PC

+ Sérialisation / parallélisation



UART/USART

Universal (Synchronous/)Asynchronous Receiver Transceiver

Protocole RS 232 (port série PC)

4

4
4
4

RX : réception
TX : transmission
RTS : prét a écouter

CTS : prét a envoyer

RTS/CTS optionnels

Master

RX X
X RX
CTS RTS
RTS CTS

Le maitre et I'esclave doivent étre configurées de la méme facon

Slave




Configuration

void uart_config(uart_port_t uart_port, uint32_t baudrate)

{
if (uart_port.uart > 6)
return;
uart_t uart = uart_port.uart;
pin_t rx = uart_port.rx;
typedef struct { pin_t tx = uart_port.tx;
pin_t rx;
pin t tx; USART_TypeDef * id = uarts[uart];
uart_t uart; switch (uart) {

} uart_port_t; case uart_port_1:
RCC_APB2PeriphClockCmd(RCC_APB2Periph_USART1, ENABLE);
preals Activer le port

typedef enum { default:
return;

uart_port_0, }

uart_port_1,
uart_port_2, if (uart_port.uart <= 3){
gpio _config alternate(rx, pin_dir_write, pull up, 7);

uart_port_3, . ] ] ] .
gpio config alternate(tx, pin_dir_write, pull up, 7);

uart_port_4, } . )
uart_port_s, elsef Configurer les pins
uart_port_6, gpio_config_alternate(rx, pin_dir_write, pull up, 8);

uart_port_7, gpio_config alternate(tx, pin_dir_write, pull up, 8);

uart_port_8,

} uart_t; USART_InitTypeDef uartdef;
uartdef.USART_BaudRate = baudrate;
uartdef.USART_WordLength = USART_WordLength_8b; .
i i "UART
uartdef.USART_StopBits = USART StopBits 1; Conflgurer I"U
uartdef.USART_Parity = USART_Parity No;
uartdef.USART_HardwareFlowControl = USART_HardwareFlowControl None;
uartdef.USART _Mode = USART Mode Tx | USART Mode Rx;

USART_Init(id, &uartdef); |niﬂ0|i$er |’UART
USART_Cmd(id, ENABLE); Activer I'UART




Utilisation

void uart_send_char(uart_t uart, uint8_t c)

{
USART_TypeDef * id = uarts[uart];
while (USART _GetFlagStatus(id, USART_FLAG_TXE) == RESET);
USART_SendData(id, c);

}

uint8_t uart_receive_char(uart_t uart)

{
USART_TypeDef * id = uarts[uart];

while (USART GetFlagStatus(id, USART_FLAG_RXNE) == RESET);
return (uint8_ t) USART_ReceiveData(id);



Exemple

#include <uart.h>

void BoardConsoleInit() {
pin_t rx = make_pin(gpio_port_a, 9);

pin_t tx = make pin(gpio_port_a, 10);

uart_port_t uart = { .uart = uart_port_1, .rx = rx, .tx = tx };
uart_config(uart, 115200);
}

void BoardConsolePutc(int c) {
if (c == '\r') return;
if (c == '"\n") c = "\r';

uart_send_char(uart_port_1, c);
if (c == "\r") {

c = |\n|;

uart_send_char(uart_port 1, c);

Cf arch/arm/stm32f4xx/stm32f429discovery/BoardConsole.c
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https://fr.wikipedia.org/wiki/Serial_Peripheral_Interface

o Confl qQurao flon

pin_t mosi;

pin_t miso;

pin_t ss;

ssp_mode_t mode;
ssp_polarity t polarity;
ssp_t ssp;

} ssp_port_t;

typedef enum {
Sssp_0,
ssp_1,
ssp_2,
ssp_3,
ssp_4, void ssp_config(ssp_port_t ssp_port, uint32_t clock);

ssp_5,

ssp_6,

} ssp_t;

typedef enum {
ssp_slave,
ssp_master,

} ssp_mode_t;

typedef enum {
ssp_polarity mode O, // CPOL=0; CPHA=0
ssp_polarity mode_ 1, // CPOL=0; CPHA=1
ssp_polarity mode 2, // CPOL=1; CPHA=0
ssp_polarity mode 3, // CPOL=1; CPHA=1
} ssp_polarity t;



Utilisation

uint8 t ssp readwrite(ssp t ssp, uint8 t value) {
SPI_TypeDef * id = spis[ssp];

while (SPI_I2S_GetFlagStatus(id, SPI_I2S FLAG_TXE) == RESET);
SPI_I2S SendData(id, value);

while (SPI_I2S GetFlagStatus(id, SPI_I2S FLAG_RXNE) == RESET);
return SPI_I2S ReceiveData(id);

static __inline  void ssp write(ssp_t ssp, uint8 t value) { (void) ssp readwrite(ssp, value); }

static __inline__ uint8_t ssp _read(ssp_t ssp) { return ssp_readwrite(ssp, Oxff); }



Exemple master

#include <gpio.h>

#include <ssp.h>

#include <stdio.h>

pin_t ledl, led2;

uint8 t rled = 0, tled = 0;

void buttonpress(){

//master write

ssp write(ssp 4, 0x42);
//toggle the transmit LED
tled = 1;

gpio_set(ledl, tled);

//master read

volatile uint8 t r = ssp read(ssp_4);
printf("received %x\n", r);

//toggle the receive LED

rled "= 1;

gpio_set(led2, rled);

int main(){
//LEDs on PG13 and PG14
ledl = make_pin(gpio_port_g, 13);
led2 = make_pin(gpio_port_g, 14);
gpio config(ledl, pin_dir_write, pull down);
gpio_config(led2, pin_dir_write, pull down);

//SP14

pin_t sclk
pin_t miso
pin_t mosi

make_pin(gpio_port_e, 2);
make pin(gpio_port_e, 5);
make_pin(gpio_port_e, 6);

ssp_port_t master = {

.SSp = ssp_4,

.sclk = sclk,

.mosi = mosi,

.miso = miso,

.SS = PIN_NULL,

.mode = ssp_master,

.polarity = ssp_polarity mode_ 0
¥
ssp_config(master, 8000000);

//user button on PA@

pin_t button = make _pin(gpio_port a, 0);
gpio_config(button, pin_dir_read, pull _down);
gpio_irqg_init(button, buttonpress, rising);

while(1);

return 9;



typedef enum {
event read,
event_write,

}irg_ssp_event_t;

Slave :

void
void
void
void

void

ssp_irqg_init(ssp_t ssp, irqg_ssp_event_t event,
ssp_slave_start _read(ssp_t ssp);
ssp_slave stop read(ssp_t ssp);
ssp_slave start write(ssp_t ssp);

ssp_slave_stop write(ssp_t ssp);

void (*cb)());



Exemple slave

int main(){
//LEDs on PG13 and PG14
ledl = make_pin(gpio_port_g, 13);

#include <gpio.h> led2 = make_pin(gpio_port_g, 14);

#include <ssp.h>

#include <stdio.hs gpio_config(ledl, pin_dir_write, pull down);

gpio_config(led2, pin_dir_write, pull down);

pin_t ledl, led2;

SPI4
uint8 t rled = 9, tled = 0; //

pin_t sclk
pin_t miso
pin_t mosi

make_pin(gpio_port_e, 2);
make_pin(gpio_port_e, 5);
make pin(gpio_port_e, 6);

void slavereceived(){
volatile uint8 t r = ssp_read(ssp_4);
printf("received %x\n", r);
//toggle the receive LED

ssp_port_t slave = {

rled ~= 1: .Ssp = ssp_4,
3 .sclk = 1k,

gpio_set(led2, rled); >¢ . >¢ .
.mosi = mosi,

.miso = miso,

.SS = PIN_NULL,

.mode = ssp_master,

.polarity = ssp polarity mode ©

ssp_slave_stop read(ssp_4);
//slave write
ssp_slave_start_write(ssp_4);

}s

fi 1 , 8000000),;
void slavesent(){ ssp_config(slave )

ssp_write(ssp_4, 0x28);
//toggle the transmit LED
tled ~= 1;

gpio set(ledl, tled);

//SSP slave callbacks
ssp_irq_init(ssp_4, event_read, slavereceived);
ssp_irq_init(ssp_4, event_write, slavesent);

//slave read

ssp_slave_stop_write(ssp_4); ssp_slave_start read(ssp 4);
- — — — J

//slave read

ssp_slave start read(ssp 4); while(1);

return 9;
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http://fr.wikipedia.org/wiki/I2C

Configuration

void i2c_config(i2c_port_t i2c_port, uint32_t speed)

{
i2c_t i2c = i2c_port.i2c;
pin_t scl = i2c_port.scl;
typedef struct { pin_t sda = i2c_port.sda;
pin_t scl;
pin_t sda; I2C_TypeDef *id = i2cs[i2c];
i2c_t i2c;
} i2c_port_t; RCC->APB1ENR |= RCC_APB1Periph I2C1 << (i2c - 1);

Activer le port

gpio_config alternate(sda, pin_dir_read, pull down, 4);

typedef enum { Conﬁgurer les pinS

gpio config alternate(scl, pin_dir_read, pull down, 4);

i2c_o,
i2c 1, .
- //Init I2C
i2c 2, . .
- I2C_InitTypeDef i2cdef;
i2c_3
-’ i2cdef.I2C_Mode = I2C_Mode_I2C;
} i2c_t;

i2cdef.I2C _DutyCycle = I2C DutyCycle 2; .
i2cdef.I2C_OwnAddressl = 0x00; Conflgurer |,|2C
i2cdef.I2C_Ack = I2C_Ack_Enable;
i2cdef.I2C_AcknowledgedAddress = I2C_AcknowledgedAddress 7bit;
i2cdef.I2C_ClockSpeed = speed;

12C_Init(id, &i2cdef); Initialiser I'12C
I2C_Cmd(id, ENABLE); AC.I.Iver |1|2C



Utilisation typique

void i2c_read register(i2c_t i2c, uint8_t device, uint8_ t reg, uint8 t *buffer, uint8 t nb) {
if(nb > 1)
reg |= 0x80;
i2c_wait(i2c);
i2c_start_write(i2c, device);
i2c_write(i2c, &reg, 1);
i2c_start _read(i2c, device);
i2c_read(i2c, buffer, nb);
i2c_stop(i2c);

void i2c_write_register(i2c_t i2c, uint8_t device, uint8 t reg, uint8_ t *buffer, uint8 t nb) {
if(nb > 1)
reg |= 0x80;
i2c_start_write(i2c, device);
i2c_write(i2c, &reg, 1);
i2c_write(i2c, buffer, nb);

i2c_stop(i2c);

Cf Ism303dlhc dans chips/



USB

Universal Serial Bus

+ VCC
+ GND
+ D+

+ D-
Classes

Mass storage
Media Transfer Protocol
Human Interface Devices (HID) : claviers, souris, joysticks, etc.

Virtual com port



Gyroscope

#tinclude <stdio.h>
#include <13gd20.h>

pin_t led w, led e;
13gd20_t 13gd20;

ssp_port t ssp; int main() {
init();
void init() {
led w = make_pin(gpio_port_g, 13); float axis[3];
led e = make_pin(gpio_port_g, 14); int e = 0, w = 9;
while (1) {
gpio_config(led w, pin_dir_write, pull up); 13gd20_read(&13gd20, axis);
gpio _config(led_e, pin_dir_write, pull up);
gpio_set(led_w, 90); if (axis[1] >= 3000.0f) {
gpio_set(led_ e, 9); e = 1;
w = 0;
} else if (axis[1] <= -3000.0f) {
pin_t sclk = { .port = gpio_port_f, .pin = 7 }; e = 0;
pin_t mosi = { .port = gpio_port f, .pin = 9 }; w=1;
pin_t miso = { .port = gpio_port_f, .pin = 8 }; } else if (axis[1] >= -2000.0f && axis[1] <= 2000.0f) {
pin_ t cs = { .port = gpio_port_c, .pin =1 }; e = 0;
w = 0;

ssp = { }

.SSp = ssp_5,

.sclk = sclk, gpio_set(led_ e, e);

.mosi = mosi, gpio_set(led_w, w);

.miso = miso, }

.mode = ssp_master,

.polarity = ssp_polarity_mode_0 }; return 0;

}

if (!13gd20_init_ssp(&13gd20, ssp, cs))
{

printf("Cannot initialize gyroscope");

return 0;
}



4

Threads (Tasks)

Timers software

Sémaphores

FreeRTOS



FreeRTOS - threads

#include <malloc.h>
#tinclude <FreeRTOS.h>
#tinclude <task.h>

#include <gpio.h>

void callback(void *parameter) {
uint8 t status = 0;
//Cast the parameter back to its origin type
pin_t *pin = (pin_t *)parameter;
while(1) {
status "= 1;
gpio set(*pin, status);
//sleep
vTaskDelay(1000);

int main() {
//Initialize the pin_t structure with the pin port and number
//0n this board there is a LED on PG13
pin_t *pin = malloc(sizeof(pin_t));

*pin = make_pin(gpio_port_g, 13);

//configure the pin for output.

gpio_config(*pin, pin_dir_write, pull down);

//Create the task
xTaskCreate(callback, //callback function
(const signed char *)NULL, //task name
configMINIMAL_ STACK_SIZE, //stack size
(void *)pin, //parameter (cast it to void *)
tskIDLE_PRIORITY,
NULL);

//Run the tasks
vTaskStartScheduler();

return 0;



