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I Introduction : CdC Jree

Objectif du doctorant : Tester expérimentalement

* Algorithme de commande, carte d'électronique de puissance,
estimateur / observateur, détection de défaut, reconfiguration
de commande

e Solution : RCP (Rapid Control Prototyping)

 Ne pas confondre avec HIL (Hardware in the Loop) ou P-HIL

Approche actuelle de nombreux doctorants :

* Simulation Matlab/Simulink du modele a commander + sa
commande, puis remplacement du modele par un systeme réel
(Moteur + onduleur + capteurs ou cartes d’EP + capteurs)

* Implémenter le controle sur un calculateur temps réel



I Introduction : Défis de I'implémentation

ﬂ Groupe de Recherche en
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Objectif : Implémenter le contrdle sur un calculateur temps réel

Que
Que
Que

calculateur choisir ?
langage ou approche de programmation ?
le interface pour relever les résultats et interagir avec le

programme ?

Comment tester les configurations, optimiser et déboguer
qguand "ca compile, s’exécute mais que ¢a ne marche pas
comme on voudrait" ?
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Présenter des solutions pour I'loT et la commande
d'électronique de puissance (EP)
Montrer que programmer en C ou C++ est plus simple qu'on ne
le croit et souvent plus intéressant que de compiler (build) un
schéma Simulink
: Prix, performance, et facilité de passage a

I'industrialisation (Theses CIFRE, startups, contrats labo)

. Carte de développement vs dSPACE
MicroLabBox (MLBX)

et exemples concrets (loT, ST

Microelectronics, TI C2000)



I Solutions for rapid prototyping [

Choice criteria

O

O
O
O

O

1114 : pour LaunchpadXL F28373D pour TP

4.30 PUMLA PWYHA 32,20 GND

Test board and components prices
Performances : 8/16/32/-4 bits, MHz, FPU, DSP -

J3.26 ADCINA3 Imes 34.35 PUM3B PWMLC

33.27 ADCINC2 34.34 P24

Development tools: free, easy to use, debugging, HMI S CTreema

3 e e 20050531
Pago T5TA 1R TS ,“&,,,?UU () L BaGHL

TR
imea TFi0 175
Drawn °rerdinZ yan1 " out 4

Simulation and rapid prototyping tools: Tinkercad, @

Fritzing, Altium;-Eagle,Proteus = EasyEDA Pro + JLCPCBzucees = T

Popularity: forums, tutorials, user’s guides, application

All

PCB/PCBA/Stencil

d J
= [
R 7 = i@
Order Total: €8.3
notes

3D

Usage categories A) e
> Initiation to microelectronics (pC) ; L —
> Student projects / college: robots, interactions,... - i
» Master and research in EE: Machine control, Power electronics, '

communication, loT

v Show All

Order Details
Customs duties & taxes: .
€3.47 Shipment Tracking [



https://www.tinkercad.com/
https://fritzing.org/
https://jlcpcb.com/
https://easyeda.com/
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I Solutions for rapid prototyping

Components Development boards

. 8 bits : AVR, PIC 18F, MSP430 8 bits : Arduino Uno, nano, Lily pad, LaunchPad MSP430,

- 16 bits : PIC 24F, dspic 30F, 33F, 33E Mplab Xpress FICgEsse |
. 32 bits : PIC 32, Piccolo F28027F / * 16 bits : Curiosity PIC 24F, dspic 30F, 33F, 33E

F28069M, Delfino F283xxx, STM32, Cortex 32 bits : Teensy 3.2, Node MCU, ESP8266, ESP32,

M3, M4 Wemos, MBed, STM32 nucleo, LaunchePad C2000
- Requires circuit board . : Raspberry Pi5, Pi zero / MLBX
- Connector et programmer (ICSP, JTAG, * Best price: 3to 45 € /10 k€
ISP AVR : 5 to 500 USD) » Ready to use, rapid prototyping, Boot loader, USB
* Quartz+2C, PB, LED, Connecters, Pads * Format DIL (Mbed, STM, Arduino nano, Teensy) nucleo,
« Optimal solution / hit market: Size and cost Launch XL, Arduino uno

1 1: 22.6 H:§ 'l
| PB71 hPth
| AxO y 58z88 O
Gx-o y00z200
1

O = O]
[t 4

ESP32

Lolin32 C3 pico Lolin32 lite

+ MAX31855
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o Need to test

- —Power Hardware-inthe Loop{P-HiL}
-~ Need to control

» Rapid Control Prototyping (RCP)

Controller
(DSC)

Powertrain energy conversion and control chain



Test benches

- Small, low power to test communication and peripherals
- Mid/high power to test power electronics and motor control

- Rapid Control Prototyping

> Tl Launchpad F28379D
> dSPACE MicroLabBox (MLBX) pey o 5
HE o M i0.0pm A Chi & 330¥ u:.ﬂ""i EE.-' I S0 -nlacr.nu: e _
i s ey _';5
(>] finiie SHmLLRLEE I e e
SVPWM SVPWM DA

120° control of a small linear BLDC using ESP32 and 3-phase inverter L6234 Testing different PWM strategies DSIM


https://youtu.be/Eu9hYZ_Eryc




I Solutions for Rapid Control Prototyping
dSPACE

MicroLabBox Il

Real-time processor Intel® Core™ i3, 1 or4 x 2,2
GHz, 8 GB DDR4 RAM

Host communication processor ARM® Cortex®-A9,
2x 1.2 GHz, 512MB DDR4 RAM

Analog input : 24x 16 bit channels, 2 MS/s, -
10...+10V, differential, 6x 16 bit channels, 5 MS/s,...

Analog output 14x 16 bit channels, 2.5 MS/s, ground-
based, -10V...+10V, 2x 16 bit channels, 5MS/s

48 1/0 or 48x PWM/PFM In/Out

Angular Processing Unit: Speed range: -upto 200,000
rpom, resolution: 0.103 rpm, angular resolution: 0.011°

No C / RTlib, obliged to use ConfigurationDesk

Groupe de Recherche en

P
'_\ Energie Electrique de Nancy

https://www.dspace.com/en/pub/home/products/hw/microlabbox.cim#175 23630

’/lll_ll‘v

—

MicroLabBox MicroAutoBox

2 GHz dual-core real-time processor and user-
programmable FPGA

More than 100 channels of high-performance
I/O with easy access via integrated connector
panel

Dedicated electric motor control features and
interfaces for Ethernet and CAN bus

Programmable in C / RTlib

10 k€ MLBX ACE kit

10



dSPACE solution for Rapid Control Prototyping
rolDesk interface

Cont

H ControlDesk Project: cmd_gada Experiment: emd_gada_exp - [Controle®]

Home Layouting Signal Editor XIL API EESPort Automation Platforms View
% ] d ;it, @ Start Immediate ~ i A Set Bookmarks @p Proposed Calibration ~
- d;rstart Triggered ~ #/ Edit Bookmarks

Rec { Bookma Fl

B 1 Controle* X B 2 WTEmul*

—

Groupe de Recherche en
Energie Electrique de Nancy

wJreen

o B

£3

o - F X

g / Refresh Values
Stop Go Time Ll o o Data = CO l lt ro -
Meseobing Offime | Comer i 3 Save Buffer T Find Bookmark Sets -

TestEchRef1l0]] TestEchRe2I0]  Daf j |

0 =10 =

® (A)
TastEcnRat1[1]| TastEcnRai21] e
0 <10 < || O 1drrefiA)

TestEcnRef[z]| TestEchreziz] () PSTERW)
0 S|[-500 2O asrefvan) |

TestEchRef1[3]| TastEchRet2[3] () C_WTE_re|

o] > 450 = TeEm
TestEchRef1[0]| TestEchRei2[0] (:J =
0 <10 | @ oFF
..... v — Tastncim .
.......... 1000 & -
delta_mpos |

- . .. L L L L L L L Ll R R
é T iy thetaO thetaM theta  thetas_mas mpos_resober; - - - - AL - A e
E||246.977| 206,977/ 200 = 2401 <0000 O Menual |-0-4 12.292-1.300 fooccacaas
= = ® Auto M
vd_res \Va_res ldeMes| - - - et | Qsref _ldmef | Idmef Idr Kp_ldr Ki_ldr vdrref
g|[Eo ez - TReon se | oot SO ] asasefl] 129837 F° 5 13.093
B O oFF -
g Wrnref_drivel] Psref Psref Igrref Igrref Igr Kp_lgr Ki_lgr Vgrref
2| Cel2 B8 08 IR NSRS g sTOP | 396 (|| STOP 3.665 3.961 %7 2jjo-8 114,931
. e - R
waer_anve| 1T WMMESU® | 1y p g 4 337 4 g g WmMesure | KOW._ KW
117.693 [ 1123.9 = -
.................... mpos -

167197.9

[ Variables | {4 Measurement Data Pool | B Platforms/Devices | @ Interpreter | 5 Messages

Wmref Wmref

STOP || 1124.1 "

.......... [0 fsref_mas)

Measuring | | HEN

sauadoud J& | Jojoajas wawnisu) By



dSPACE solution for Rapid Control Prototypl
5-phase PMSM high speed control

Measurement Configuration

4 ¥ Acquisition

| @ Platform

I 7% Calculated
4 g Triggers

FL Duration Triggers

fii Sample Count Triggers

i Platform

4 £ Platform Trigger 1
i~ Service(£0)

4 %3 Recorders
B9 Recorder 1

.-. Diata Loggers

Y

Raster: Service(#0)
Start Stop \# Stopped
[] Auto Repeat
Multi Capture History

Downsampling |1

-1 ox

IKA)
W

~[+/] Platferm Trigger 1
Vitesses_Wmiref ~| [&] [s0
[] Timeout |0
Delay |-02
posedge ( Vitesses_Wmref, 50 )

Variable Mappings (5)

®

B 1 Controle_2* X N 2 PWM_1*

100 4

90 -

{%VARIAB___ _ ) T
{%”A“.zg '
Y | D1 {RVARIASSEEEES —E
0

Duration Trigger 1

Duration |3 s

= Pro... | g Me...

5* Bus... | 23 Lay...

= Inst...

VdcRef . =
Vde VdcMes 200 100 _ 100 _ 0.000 0.000 0.000
i A
200.296 200.296 - Vd3msref Vq3msref L.
re— T T— = 95 466 * 99 g9 4| o .ooioiiiiiiiIIIIIIIIIOTE
Boooatens .1?0._. R .1?0._.: L. [%VARIABLEW) | . wrrrrsref ld1ms Kp_ldms
l [ 0 cf o.c00fif =0.011)*° O
Vagimsref Vdimsref lgmsmaxProtect
lgtmsref lg1msref Kp_lgms
100.0 «|s95.2 - |12 - q lqims . Sp_q o
” | I v ter=0 | 10.000 | 0.035 ™ A
fsmil thetaO
0 10 20 30 40 50 &0 <o —1 Wm Wmref Wmref wWm Kpw
__________ -+ 0.000]| srwr 191.0 | 0.0*"? 1
fsm ........... =
--------- {%VARIABLES} VARIABLE%} | {34
50 il | TestEch o B3l
O on 0.000Dp.000
Exgcuonaxec_ime Tastinclm
6E-07 5000 =|“ OFF [ {%VARIABLE%} |
I eI T Ol ractgenenreri |~ lgmsrefMax .
0 gE 2| ° tEcmw": o oo latmsref oo 0.000 _f
TestEchRef1[1] Te:tEchRefZ[]] IquFEf [ 10.000 il {%VAR|ABLE%}
0 <7 1. et = [
S o dmsrer b
TestEchRef1[2]| TestEchRef2[2] |q1m5ref
20 [efro0  [oj@uwmem s 10.000 |




Banc machines : Frein a poudre (vert), Machine Asynchrone | ~

Double Etoile (MASDE / DSIM bleue),
, codeur

Onduleur de tension Imperix de 3 + 6 bras SiC, mesure des
courants et de la tension du bus continu, alimentation DC,

carte d’interface optique FOB, dSPACE MicroLabBox et TI
F28379D
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dSPACE solution for Rapid Control Prototyping

T e I = ControlDesk Project masde Experiment: Experiment_msde - [ControleMASDE"] (=N
E Home Layouting Signal Editor ¥IL APl EESPort Automation Platforms View vy - £
Measurement Configuration = 4% W 1ControleMASG* B 2 ControleMASDE® X b 3 PWM X
4 Acquisition =
i |: Platform 1000 = Ref_i_masde: ol ol
I =% Calculated S ———— [ o Couple_mas| =
4 g Triggers L. ..
I £L Duration Triggers 4.7 69 L
#% Sample Count Triggers ——p oo
4§ Platform Idref FECFRETNm ¢ -
4 £ Platform Trigger 1 = C :
= Service(#0) = | O wmret

4 9 Recorders
ﬁ] Recorder 1
.- Diata Loggers

Raster: Service(#0)
Start
"] Auto Repeat
Multi Capture History

\# Stopped

Downsampling |1
| Platform Trigger 1
Vitesses_MASDE_\Wmre -« @ 2
"] Timeout |0
Delay |-1.1
sosedge ( Vitesses_ MASDE_Wmref_masde, -2

Wariable Mappings (6)

/| Duration Trigger 1

Juration |25

a |n...

O oFF

Igsref_mas; - - - -

-0 -08 -08 -04 -02 -1.0 -0.8 -06

Deflux_Type_masde

VdcMes Vdc VdcRef |- O Fixe () Vfindépendants [
401.624| 401 .624|200  Apioriiiiiiiiiiiiine paliers O rFo [
fsref_masde[] Wsref_masde]] sceecceec o [O/GAINT T
Idsref_masde | |ds_masde | Kp_lds_masde | Ki_lds_masde | Vdsref_masde

- 25.598076.. «(1.307121.. «
. oo 6.000 5.752 . . 13372
fsref_masde Vsref_masde K_V_f masde - Wmref_masde] — el | f d Ko lgs masde | Ki | d E
| L gsref_masde ]
0 <[ <] 1 400200 0 200 400 esefmasdz Iqsref_masde | |gs_masde 259_920_?6 - é?:{?las e | Vgsref_masde o
o | wef=0 | -4.000 || =4.105™ "Rl " -91.717 8
- WmMesure (rd/s) | Wmrefmasdz | Wmref_masde (rpm) Wm (rpm) KpW_masde KiW_masde KTiW_masde [
| - 2.2 0.1 -1 -
- —-31.830]| smr -286.5 ., —303.6 = = -1
soo e - mposref_masde mpos KpP_masde seesssss Iusrefl\.ﬂaxﬁmasdeg

i 0.0

11116368.6|°-3% 1

-0.134
lys_masde

-0.153

xe_ks_masde




dSPACE solution for Rapid Control P ¢

MLBX

Ethermet

—————n

I
| —
I
I
: USB 2.0 /\
1
I
I
|
1
I
1
|
: Interrupt
| Host controller
1 communication
X CO-Processor
1 {P1011)
i Real-time
i BIEITE Timer A (32 bit)
1
| Timer B (32 bit)
X " Timer D (32 bit)
| 2
I RAM g
! 2x 512 MB T
! Real-time gigarltl.l :k
I
! processor connection
! (P5020)
I
I
1
I
|
1
, DS1202
S U
S e REERETEFTTECEEPEPEEE
! DS1302
1
: RAM Sen
! 36 MB =or
! supply
I
I
|
: /D FPGA
I
o CPLD
: ~
I
|
1
: ADC DIG WO Resolver
! Buzzer CAN
I
1
|
1
: DAC UART LED
|
I
[INN SIS DEDENE (NS SIS PP _I ___________________________________
5]
Connector panel §




dSPACE solution for Rapid Control Prototyping fafeen
MLBX

) 5[

______________________________________________

DS1202

UsB 2.0 s

Hps

Host
communication
co- S5O0

proce
{(P1011)
Flash | Real-time
&4 MB clock {RTC)
Heal—h

processor
(P5020)

Local bus

26512 MEB

Flash
126 MB

|Ds1202

16



dSPACE solution for Rapid Control Prototyping
MLBX

DS1302

Digital 110 A

18

)

J

|
o

34

OO0 00 0 0 0 0 4 00

o o

o
@ 0 0060 0 0 0000000 o 00

a0 0 0000000000000

(<]

|
L]
-]

|

— 50

\

(

[¥5]
[¥5}

Pin | Signal

1 GND

2 DIO1 chl16
3 | DIO1 ch15
4 D101 ch14
5 DIO1 ch13
6 DIO1 ch12
7 DIOT ch1
8 | DIOT ch10
g | DIOT ch9

10 | DIO1 ch8

11 | DIO1 ch7

12 | DIO1 ché

13 | DIOT ch5

14 | DIOT chd

15 | DIOT ch3

16 | DIOT ch2

17

DIO1 chl

Pin

18
19
20
21
22
23
24
25
26
27
28
29
30
3N
32
33

Signal

GND
GND
GND
GND
GMND
GND
GND
GND
GND
GND
GND
GND
GMND
GND
GMND
GMND

Pin
34
35
36
37
38
39
40
a1
42
43
44
45
46
47
48
49
50

Signal
DIO1 ch32
DIO1 ch
DIO1 ch30
DIO1 ch29
DIO1 ch2g
DIO1 ch27
DIO1 ch26
DIO1 ch25
DIO1 ch24
DIO1 ch23
DIO1 ch22
DIO1 ch21
DIO1 ch20
DIO1 ch19
DIO1 ch18
DIO1 ch17
GMND

D51302

RAM
36 ME

O FPGA

Groupe de Recherche en

PN
'_\ Energie Electrique de Nancy

Resaher

LIART

v O CPLD

Buzzer CAN

Connector panel

17
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I dSPACE MLBX

. ADC CL1 apch  Moontnue ADC CL1 l
RTI: Real Time Interface crennel cramel b
* No direct programming, use Matlab/Simulink (licence) ApecassT A ApecassTa
e Address individual PWM Signal Generation, ADC, 1/0, - 10 cL1 BIT I
: ke oup
DAC, reSOIVer, Serlal Number{}fma-nnels-:'l
RTLib: Real Time Library =
* Programming the MicroLabBox using C language and RTLib oo et
e Address Multichannel PWM Signal Generation, ADC, |1/0, DAC, 56 SRS FWVLE

resolver, Serial

Use of resources for a converter / motor control

* Multichannel PWM Signal Generation (DIO Class 1) to generate 6 PWM signals (3 inverted)
 ADC Class 1 to measure the currents and voltages: must be synchronized to the PWM

pattern
e |/O and DAC for communication and debugging purposes 18



| =51

init_I0_DAC()

DioCl1Dig0ut_create( & FVD:DPI'DigDUi
DioCl1DigOut_setSignalVoltage{ MyDioC11DigOut
DioCl1DigOut_setChMaskOutData({ MyDioC11DigOut
DioCl1DigOut_apply({ MyDioC11DigOut)
DioCl1DigOut_start( MyDioC11DigOut)

DacCllAnalogOut_create(&MyDACCLL
DacCl1lAnalogOut_setOutputValue(MyDACCLL
DacCl1lAnalogOut_setOutputValue(MyDACCLL
DacCl1AnalogOut_apply (MyDACCL1)
DacCl1lAnalogOut_start(MyDACCL1)

init_Resolver()

ResolverIn_create( & MyResolverIn
ResolverIn_setMaximumSpeed( MyResolverIn
ResolverIn_setReverseDirection( MyResolverIn
ResolverIn_apply( MyResolverIn)
ResolverIn_start( MyResolverIn)

_. Groupe de Recherche en
" Energie Electrique de Nancy

ureen

) Choisir le bon IDE
JetBrains ClLion
ou
) Visual Studio Code

* Reconnaissance syntaxique du C
ou méme celles des fonctions de
J RTlib (avec I'IDE CLion)
e Associé a Gemini ou

ADC_ISR()

ts_timestamp_type ts
DioC11Dig0ut_setChMaskOutData( MyDioC1l1DigOut
DioCl1Dig0ut_write{ MyDioC11DigOut)

ts_timestamp_read(&ts)

'3

(countCurrent)
: RegulI_Control()

: RegW_Control()

(++countCurrent== )  countCurrent=

DioC11Dig0ut_setChMaskOutData( MyDioC1l1DigOut
DioCl1DigOut_write( MyDioC11DigDut)

exec_time = 0

(DsDagSTimestampStruct *)&ts)

pour |'assistance au code

Command Prompt for dSPACI X + >

This shell can only be used to build for platforms DS1282, DS1u401, and DS1164.
Use the 'Command Prompt for dSPACE ConfigurationDesk' instead for platforms DS1203, DS1u4@3, and SCALEXIO.

C:\Program Files\dSPACE RCPHIL 2025-A\Exe>cd c:\baghli\dspPPC\ENSEM\masde\src\

c:\baghli\dspPPC\ENSEM\masde\src>down1202 cmd_dsim.c

DOWN1202 — DS1202 compile and download tool, Vs 3.4 - 32, (C) 2016 dSPACE GmbH. ALl rights reserved.

Accessing default board ds1202.
building application "emd_dsim.ppc" ...
compiling C source cmd_dsim.c to cmd_dsim.o
linking application
checking for conflicting symbols
created D51202 real-time archive cmd_dsim.rta
application successfully built.
loading application c:\baghli\dspPPC\ENSEM\masde\src\cmd_dsim.rta

CmdLoade = {SDA mbH. A igh ecerved



// DS1202 processor board, Cmd MS, L. Baghli 04/2021
#include
#include
#include

void ADC_ISR()
{
ts_timestamp_type ts;
DioC11DigOut_setChMaskOutData( MyDioC11DigOut, DIO_CLASS1_MASK_CH_8); // DI01_24 ON
DioC11DigOut_write( MyDioC1l1DigOut);
ts_timestamp_read(&ts);
RTLIB_TIC_START(); /* start execution time measurement */
DsDaqg_Service(0, 0, 1, (DsDagSTimestampStruct *)&ts);
switch(countCurrent)

{
case 0 : RegulI_Control(); // & DT = 2xT PWM
break;
case 1 : RegW_Control(); // a DT = 2%T PWM puis *5
break;
}.

if (++countCurrent==DS_IReg) countCurrent=0;
DioC11DigOut_setChMaskOutData( MyDioCl1DigOut, 0); // DIO1_24 OFF
DioC11DigOut_write( MyDioC1l1DigOut);

exec_time = RTLIB_TIC_READ(Q); /* get execution time */
}.
void init_IO0_DAC()
{

DioC11DigOut_create( & MyDioC11DigOut, DIO_CLASS1_PORT_2, DIO_CLASS1_MASK_CH_8 ); // DI01_24 is Port2 CH_8
DioC11DigOut_setSignalVoltage( MyDioC11DigOut, DIO_CLASS1_SIGNAL_5_0_V);
DioC11DigOut_setChMaskOutData( MyDioCl11DigOut, 0);
DioC11DigOut_apply( MyDioC1l1DigOut);
DioC11DigOut_start( MyDioC1l1DigOut);
// DAC
DacCl1AnalogOut_create(&MyDACCL1, DAC_CLASS1_MASK_CH_1|DAC_CLASS1_MASK_CH_2);
DacCl1AnalogOut_setOutputValue(MyDACCL1, DAC_CLASS1_CHANNEL_1, 0.8);
DacCl1AnalogOut_setOutputValue(MyDACCL1, DAC_CLASS1_CHANNEL_2, 0.5);
DacCl1AnalogOut_apply (MyDACCL1);
DacCl1AnalogOut_start(MyDACCL1);

}.

void init_Resolver()
{
ResolverIn_create( & MyResolverIn, RESOLVER_INSTANCE_1);
ResolverIn_setMaximumSpeed( MyResolverIn, RESOLVER_MAX_SPEED_7500_RPM); //RESOLVER_MAX_SPEED_30000_RPM
ResolverIn_setReverseDirection( MyResolverIn, RESOLVER_REVERSE_ACTIVE);
ResolverIn_apply( MyResolverlIn);
ResolverIn_start( MyResolverlIn);

N Groupe de Recherche en
" Energie Electrique de Nancy

Ifreen

JetBrains CLion

sans la reconnaissance
de la bibliotheque
dSPACE RTLib




Groupe de Recherche en

ﬂ Energie Electrique de Nancy
Jreen
Structure du programme

* Fonction principale main : Configure les périphériques et installe 'interruption puis tache de fond
(échanges asynchrones avec ControlDesk)

* Une interruption est une suspension temporaire de I'exécution d'un programme informatique par le
microprocesseur afin d'exécuter un programme prioritaire (ISR)

* ISR: _ ou Routine de Service de I'Interruption : Mesure des courants, Calcul de

vitesse, de theta, Park, observateurs, régulations, calcul des rapports cycliques, échelons...

Affichage de la durée a l'oscilloscope

. Background task . Background task . Background task . Background task

Tache peu gourmande en temps CPU

>

Début Début Début Début

Reprise. Repris Repris Repris
ISR tache ISR tache ISR tache =Ly tache
de fond de fond de fond de fond t
>




void ADC_ISR()
{
ts_timestamp_type ts;
dSPACE MLBX DioC11DigOut_setChMaskOutData( MyDioC11DigOut,
DIO_CLASS1_MASK_CH_15); // 1015 ON
. . . DioC11DigOut it MyDioC11DigOut);
void main(void) 1o 1g0ut_write( MyDio 1g0ut)
{ ts_timestamp_read(&ts);
init(); /* RTLib and processor board initialization */ RTLIB_TIC_START(); // start execution time measurement
init_I0_DAC(Q); DsDaq_Service(0, 0, 1, (DsDagSTimestampStruct *)&ts);
init_PWM_ADCQ); i
N - ! switch(countCurrent
msg_info_set(MSG_SM_RTLIB, 0, "Cmd MS started - L. BAGHLI"); { ( )
while(1) /* model background loop */ case 0 : [REQUEIZCONEROLOY// & DT=2%TPWM
{ break; )
RTLIB_BACKGROUND_SERVICE() ; /+ background service #/ case 1 : Regll_Control(); // & DT=2+TPUN et 5
} } !
¥ if (++countCurrent==DS_IReg) countCurrent=0;
void init_PWM_ADC() DioC11DigOut_setChMaskOutData( MyDioCl1DigOut, 0);
{ _ _ DioC11DigOut_write( MyDioCl11DigOut);
// Config PWM 6 canaux Non inv / Inv exec_time = RTLIB_TIC_READ(); // get execution time
DioCl1MultiPwmOut_create( & MyDioCl1MultiPwmOut, DIO_CLASS1_PORT_1, DIO_CLASS1_CHANNER }
DioCl1MultiPwmOut_setInvertingMode( MyDioC11MultiPwmOut, DIO_CLASS1_INVERTED);

DioCl1MultiPwmOut_setAlignmentMode( MyDioCl1MultiPwmOut, DIO_PWM_ALIGNMENT_CENTER);

DioC11MultiPwmOut_setPeriod( MyDioC11MultiPwmOut, PwmPeriod);
DioCl1MultiPwmOut_setUpdateMode( MyDioCl1MultiPwmOut, DIO_PWM_ANY_UPDATE);
DioCl1MultiPwmOut_setTriggerMode( MyDioCl1MultiPwmOut, DIO_CLASS1_TRIG_MID_PERIOD);
DioCl1MultiPwmOut_setTriggerLineOut( MyDioCl1MultiPwmOut, DIO_CLASS1_TRIGGER_LINE_1);
DioCl1MultiPwmOut_setTriggerLineOutStatus( MyDioCl1MultiPwmOut, DIO_CLASS1_TRIGGER_LINE_ENABLE);
DioCl1MultiPwmOut_setEventDownsample( MyDioCl1MultiPwmOut, DS_ADC);
DioC11MultiPwmOut_setSignalVoltage( MyDioCl1MultiPwmOut, DIO_CLASS1_SIGNAL_5_0_V);
DioCl1MultiPwmOut_setRisingEdgeDelay( MyDioCl1MultiPwmOut, PWMdeadBand);
DutyCycles[0]=0.5;

DutyCycles[1]=0.5;

DutyCycles[2]=0.5;

DioCl1MultiPwmOut_setDutyCycle( MyDioCl1MultiPwmOut, DutyCycles); // PWM update
DioCl1MultiPwmOut_apply( MyDioCl1MultiPwmOut);

[C60] L. BAGHLI, E. JAMSHIDPOUR, Implementing a 200 kHz PWM Field Oriented Control using RTLib and C program on a dSPACE MicroLabBox, International 22
Conference on Advanced Electrical Engineering, IEEE ICAEE 2022, Constantine, Algeria, 29-31 October 2022, DOI:


http://dx.doi.org/10.1109/ICAEE53772.2022.9962145
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I dSPACE MLBX uinsTeX

288ns 5.68U ]
5.8Bus 488pl)
. . . | Ad BHus 5.2
inline void RegutIControt() v dt ~1.B8MU/s

{
AdcCl1AnalogIn_read( MyAdcCl1AnalogInl);
AdcCl1AnalogIn_read( MyAdcCl1AnalogIn2);
AdcCl1AnalogIn_read( MyAdcCl1AnalogIn4);
AdcCl1AnalogIn_read( MyAdcCl1AnalogIn5);
AdcCl1AnalogIn_read( MyAdcCl1AnalogIné);
AdcCl1lAnalogIn_getSingleValue( MyAdcCllAnalogInl, &IsNew, &ADCBufl);
AdcCl1lAnalogIn_getSingleValue( MyAdcCllAnalogIn2, &IsNew, &ADCBuf2);
AdcCl1lAnalogIn_getSingleValue( MyAdcCllAnalogIn4, &IsNew, &ADCBuf4);
AdcCl1AnalogIn_getSingleValue( MyAdcCllAnalogIn5, &IsNew, &ADCBuf5);
AdcCl1AnalogIn_getSingleValue( MyAdcCllAnalogIné, &IsNew, &ADCBufé); :
VdcMes = ADCBuflxGainVdc; ) 5 e 15 5500k
CeMes = ADCBuf2xGainCe; Fwnmmmgzamm2 g)+Width 648.7ns ________W
Iams ADCBuf4 * GainI + OffsetIams;

Ibms = ADCBUf5 * GainI + OffsetIbms; (R S N | U | Yoo - P L
DutyCycles[0] = Vamsref/Vdc+0.5; Three phases 20 kHz PWM
DutyCycles[1] = Vbmsref/Vdc+0.5;

DutyCycles[2] = Vcmsref/Vdc+0.5;

DioC11MultiPwmOut_setDutyCycle( MyDioCl1MultiPwmOut, DutyCycles);
DioC11MultiPwmOut_write( MyDioC11MultiPwmOut);

[C60] L. BAGHLI, E. JAMSHIDPOUR, Implementing a 200 kHz PWM Field Oriented Control using RTLib and C program on a dSPACE MicroLabBox, International
Conference on Advanced Electrical Engineering, IEEE ICAEE 2022, Constantine, Algeria, 29-31 October 2022, DOI:


http://dx.doi.org/10.1109/ICAEE53772.2022.9962145
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6.79us 2.66U ' / . l S S B
18.Bus 51.4E01
dU-dt -14pkV, !

: > ; GWINSTEK
2@éns

5.88us
Ad.BBus

100 kHz PWM

-
]

:
@ = 5U |[  Sus a.aaas)[ & f 3.460  DC

@Frequency 99.95kHz ) +Hidth 4.561us

GWINSTEK

' E 19.9997kHz |

626ns 5.68U E [ﬂFrequencg 20.80kHz  £}+Width 648.7ns ]

5.62us 4.88V
BBus A BB8nY
dy-dt —168kV~

2Aus (M) B.6PBs || @) T 3.46V

Three phases 20 kHz PWM

200 kHz PWM

A= 5 6 = 5V ) Z2us @ a.aaas][ & £ 3.4680 IC

[OFFB‘I“E“C'-" 199.6kHz  @)-Hidth 4.52lus  Oriented Control using RTLib and C program on a dSPACE MicroLabBox, International
Conterence on Advanced Electrical Engineering, IEEE ICAEE 2022, Constantine, Algeria, 29-31 October 2022, DOI:



http://dx.doi.org/10.1109/ICAEE53772.2022.9962145

I dSPACE MLBX

Approche complete et présentation du code C utilisant RTLib

Commande vectorielle a haute fréquence d'échantillonnage,
destinée au pilotage de moteurs haute vitesse et d’EP

Mise en ceuvre d'une PWM pouvant atteindre 200 kHz

Impossible a réaliser en utilisant RTI (Real-Time Interface) et
Matlab/Simulink

Gestion de périodes d'échantillonnage multiples (résolveurs,
estimateurs)

[C60] L. BAGHLI, E. JAMSHIDPOUR, Implementing a 200 kHz PWM Field Oriented Control using RTLib and C program on a dSPACE MicroLabBox, International
Conference on Advanced Electrical Engineering, IEEE ICAEE 2022, Constantine, Algeria, 29-31 October 2022, DOI:
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I Low-cost solutions for Rapid Control Prototyping
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P
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LaunchPad C2000 https://www.ti.com/design-development/embedded-development/c2000-mcus.html#hardware

LAUNCHXL-F28P65X
Low-cost development board

e TMS320F28P650DK9: 200
MHz dual C28x CPU, FPU and
TMU, 200 MHz dual CLA, 1.28
MB Flash

+  3x 16-bit or 12-bit ADCs

+ 36x PWM channels, CAN
(DCAN), 6x encoder modules
(eQEP), UART, and more

. Power domain isolation for real-
time debug and flash
programming

. EtherCAT PHYs and RJ45
connectors

+  Two encoder interface (eQEP)

OGS LAUNCHXL-F28P55X
39.00 USD 150 MHz, 29 USD

LAUNCHXL-F2800157
low-cost development board.
 TMS320F2800157: 120 MHz

C28x CPU with FPU and TMU,
256 KB Flash

+ 2x12-bit ADC

* 14x PWM channels, CAN
(DCAN), 2x encoder modules
(eQEP), UART , and more

* Power domain isolation for
real-time debug and flash
programming

* On-board CAN transceiver
and connector

+ Two encoder interface
(eQEP) connectors

29.00 USD

LAUNCHXL-F28049C

Optimized for cost-sensitive
power control applications.

» Featuring the
TMS320F280049C: 32-bit
C2000 MCU @ 100MHz, FPU,
TMU, and CLA; 256kB Flash /
100kB RAM; InstaSPIN-FOC
and Configurable Logic Block
enabled.

* Includes 16 PWM channels
(16 high resolution), 21 channel
3x12-bit 3.46 MSPS ADC, 14
Comparators, 4 Sigma Delta
Filters, 2x CAN

* Motor control software in
ROM implements InstaSPIN-
FOC solutions for 3 phase
motors.

39.00 USD

gest

LAUNCHXL-F28379D
Dual Core MCU with highest
level of peripheral integration
in C2000 product family.

» Featuring

the TMS320F28379D: dual 32-
bit Delfino MCUs @200MHz,
FPU, 1MB Flash/164KB RAM.
Position Manager Enabled.

* 4 16/12-bit ADCs with on PCB
instrumentational amplifiers. 3x
12-bit output DACs and 8
windowed comparators for
asychronous output triggering.

* 24 PWMs (16 high resolution),
6 eCAP modules mapped to any
GPI10O,and 3 eQEP modules. 8

Sigma Delta Demodulator Inputs.

39.00 USD 26
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I Other uC/DSC

o Stellar E STEVAL-TTMOO7A
» ASIL D SR5E1E7 MCU: 2x 32-bit Arm” Cortex"-M7, double-precision

FPU, 300 MHz
» 12 timers, 24 PWM, ADC 5x12 bits + 2x16 bits, DAC 2x12 bits

» 4 CAN, 4 SPI, 3 UART, 2 12C

Eore
o

s
.........

300 USD

805 USD
27


https://www.st.com/en/automotive-microcontrollers/sr5e1e7.html

Low-cost solutions for Rapid Control Prototyping

LaunchPad C2000

o LaunchXL-F28379D Quick Start Guide SPRUI40.pdf
LaunchXL-F28379D User’s guide SPRUI77C.pdf
BoosterPack plug-in modules
BOOSTXL-DRV8305EVM: tri-phase inverter 15A, 48V
BOOSTXL-DRV8323RS : tri-phase inverter 15A, 6-54V

- sttt
I—mIlllllllllll'!IIHHHT—I
gygl ™

FIN SRR
LaunchXL-F28069M + BOOSTXL-DRV8301

28
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Implémentation sur MLBX, F28379D ou ESP32
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https://embesystems.com/res/

R i
: Jreen
I Microcontrollers, DSC and DSP

o MC : microcontroller = Microprocessor (LUP) + memory + peripherals = PCin 1 chip
: Digital Signal Processor
» Microprocessor (LP), heart of a computer
» Additional hardware modules to accelerate some computation operations: Sum Of

Product (SOP) : | |
o DSC: Digital Signal Controller Y= - coefflil » datali
» Microcontroller (uC) + engine in 1 chip
» Combine the power and computation of a with the memory and peripherals of a pC

o The DSC is the optimal solution for real time control of embedded systems that requires
high computation

o The pCis the optimal solution for Internet of Things systems that requires low cost, high
connectivity and many interfaces

30
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Features

e Dual-core architecture

— Two TMS320C28x 32-bit CPUs, — 200 MHz

— |EEE 754 single-precision Floating-Point Unit (FPU)

— Trigonometric Math Unit (TMU)

— Viterbi/Complex Math Unit (VCU-II)

e Two programmable Control Law Accelerators (CLAs)
— 200 MHz — IEEE 754 FP instructions

— Executes code independently of main CPU

e On-chip memory

—512KB (256KW) or 1IMB (512KW) of flash (ECC-protected)
— 172KB (86KW) or 204KB (102KW) of RAM

— Dual-zone security supporting third-party development
— Unique identification number

e Clock and system control

— Two internal zero-pin 10-MHz oscillators

— On-chip crystal oscillator

— Windowed watchdog timer module

— Missing clock detection circuitry

e 1.2-V core, 3.3-V I/O design

P, _ Groupe de Recherche e

Energie Electrique de Nan
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e System peripherals

— Two External Memory Interfaces (EMIFs) with ASRAM and
SDRAM support

— Dual 6-channel Direct Memory Access (DMA) controllers
— Up to 169 individually programmable, multiplexed
General-Purpose Input/Output (GPIO) pins with input
filtering

— Expanded Peripheral Interrupt controller (ePIE)

— Multiple Low-Power Mode (LPM) support with external
wakeup

e Communications peripherals

— USB 2.0 (MAC + PHY)

— Support for 12-pin 3.3 V-compatible Universal Parallel Port
(uPP) interface

— Two Controller Area Network (CAN) modules

— Three high-speed (up to 50-MHz) SPI ports (pin-bootable)
— Two Multichannel Buffered Serial Ports

(McBSPs)

— Four Serial Communications Interfaces (SCI/UART) (pin-
bootable)

— Two 12C interfaces (pin-bootable)



Features

e Analog subsystem
— Up to four Analog-to-Digital Converters (ADCs)
e 16-bit mode
— 1.1 MSPS each (up to 4.4-MSPS system
throughput)
— Differential inputs
— Up to 12 external channels
e 12-bit mode
— 3.5 MSPS each (up to 14-MSPS system throughput)
— Single-ended inputs
— Up to 24 external channels
e Single Sample-and-Hold (S/H) on each ADC
e Hardware-integrated post-processing of ADC conversions
— Saturating offset calibration
— Error from setpoint calculation
— High, low, and zero-crossing compare,
with interrupt capability
— Trigger-to-sample delay capture
— Eight windowed comparators with 12-bit Digitalto-
Analog Converter (DAC) references
— Three 12-bit buffered DAC outputs

P#=\, _ Groupe de Recherche e
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fafeen

e Enhanced control peripherals

— 24 Pulse Width Modulator (PWM) channels with
enhanced features

— 16 High-Resolution Pulse Width Modulator
(HRPWM) channels

e High resolution on both A and B channels of
8 PWM modules

e Dead-band support (on both standard and
high resolution)

— Six Enhanced Capture (eCAP) modules

— Three Enhanced Quadrature Encoder Pulse
(eQEP) modules

— Eight Sigma-Delta Filter Module (SDFM) input
channels, 2 parallel filters per channel

e Standard SDFM data filtering

. / [ GPIO / eQEP
= CAN/SPI/SCI/

34
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* Launchpad, DSC F28379D et ses périphériques
 Entrées/sorties : GPIO

* Interruptions et ISR

 Modulation de Largeur d’Impulsion : PWM

* Conversion Analogigue Numeérique : ADC

. / [ GPIO / eQEP
= CAN/SPI/SCI/

35



DSC F28379D

o Mother board
o Code Composer Studio: Compile, Debug, Flash
o Interface GUI

& ti12- 9D/mai x er Studio
File Edit View Navigate Project Run Scripts Window Help
v PiHr@viR i

adc_soc_epwm_cpu01
enet Iwip
1 epwm_updown_aq_cpu01

e = Iref - Im
alpha = Kp*e + xe_I
if ( (alpha <0.5) && (alpha>-0.5) xe I += Ki*e;
gpio_toggl / r t
~ i hach_379D [Active - Debu if ( alpha > 0.5) alpha
if ( alpha <-0.5) alpha =-8.5;
cmpr = (alpha+0.5)*FullPuM;

pt void adcal_isr(void)
GpioDataRegs.GPCSET.bit.GPIOE

Count++;
GpioDataRegs .GPBTOGGLE .bit.GPIO3

(28
TN

ADCIref = AdcbResultRegs.
ADCIm AdcaResultRegs

if (Echelons) fEch

else Iref f*0

Imes ADCImes*0.0107421875 -

R R

if (Echelons)

cpul.cmd i
if (++Count >= IrefEchT)

PRPE R

else T
if (Ech)  GpioDataRegs.GPASET.bit.GPI022
else GpioDataRegs.GPACLEAR.bit.GPI022 1

(28

&

)
}
Regull(
EPum1Re,
EPwm1Re,
EPum2Regs .
EPwm2R

CINT1)

DCINTOVFCLR.bit.ADCINT1
INTFLGCLR.bit.

DCINTFLGCLR.bit.ADCIN 1;
PieCtrlRegs.PIEACK.all = PIEACK_GROUP1;
GpioDataRegs .GPCCLEAR.bit.GPIO67 = 1;

15 timed led hlink count
Smart Insert
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Questions about peripherals / I GPIO / SPI /

J1.01 +3.3V J3.21 +5V J4.40 PWM1A PWMHA J2.20 GND
S J3.20 GND J4.39 PWM1B PWMLA J2.19 P61
i What: What is it? 33.23 ADCIN14 Va J4.38 PWM2A PWMHB | J2.18 P123 SCS
5 J3.24 ADCINC3 Vb J4.37 PWM2B PWMLB J2.17 P122
° . J3.25 ADCINB3 Vc J4.36 PWM3A PWMHC J2.16 RESET
HOW' HOW doeS It Work ' J3.26 ADCINA3 Vdc J4.35 PWM3B PWMLC J2.15 P58 MOSI
. . J3.27 ADCINC2 Ia J4.34 P24 J2.14 P59 MISO
¢ Usage. HOW to use |t‘P J3.28 ADCINB2 Ib J4.33 P16 J2.13 P124 ENGATE
. . . J1.09 P1@5 SCL_OLED | J3.29 ADCINA2 Ic J4.32 DAC1 BNC1 J2.12 P125 WAKE
i Target: POSS|b|e app||cat|0n5 J1.10 P104 SDA OLED | J3.30 ADCINA® J4.31 DAC2 BNC2 J2.11 P29
LAUNCHXI-F28379D Pin map BoosterPack standard LAUNCHXIL-F28378D Pinmap T, ATTNCHXL-F28379D LAUNCHXIL-F28379D Pin map BoosterPack standard LAUNCHXIL-F28379D Pin map
+3.3V ;; +3.3V (PO | PWMI1A PWM [ GPIO GND
(P1_H()HPWMIB_H{PWM ) GFIO ([(O{PWM CPIO

PWM }GPIO SPICS HGPIO
((WHPWM2B K PWM )} GPIO GPIO**
(P4 ) PWM3A M Timer [ GPIO RST

(P5 ) PWM3B )-| gpp MOSIHCPIO {(DJH P58 KSPIA SIMO
(P24 HO) MISO { GPIO SPIA SOMI
(D)
DACI (GPIO(O}SPICS _ {GPIo JOO)

DACZ GPIO (D) GPIO

(P8 HUY Y PWAMAE Y P | GFIO (OHCA I
HPT_HO){ Fwnep HFWIT Y GPIOYOHPWM _ HGPIO Y
PWM | GPIO SPI CS GPIO

} |I1 () GPIO**
(OHPWM

(P2 ) PWM2A

SCIB RX P19 I UART RX (—wmcnH Analog In
SCIB TX P18 TX (—mew{ Analog In

P67 M{GPIO H () HAnalogIn
P11l
(SPIA CLK H P60

(O H P22
(P105 )
I2CA SDA H P104 ]

+33VH 133V +5V +5V
I.Enalogln I ) CND {
SCICRX HP139

— T CADCINI5 ¥

SCICTX (P56 TX (ucv |{ Analog In } { ADCINGS)-

[0) PS7 GPIO }( ()] Analog In
P94 Analog In Hﬂnalogl.n ADCINAS

P10 E26) (@) ST
11

PWMS6B GPIO <py MOSI (P63 KSPIB SIMO )
SPIB CLK H{ P65 H{SPICLK Analog In P{ADCINC4 "' GPIO MISO { P64 HSPIB SOMI )

| e |
Analog In J{ADCINB4

(OHP32 W crio H O 15 H()) GPIO {(DH{SPICS H GPIO
I2CB SCL H P4l SCL HAnalog Out IA[:n::llmazl AC3 {GPIO SPICS MHGPIO ()

| 12C

12CB SDA H P40 SDA rAnalog Outf{ ADCINA]

DACA CPIO GPIO




Hacheur 4Q - F28379D

* F28379D + carte d’ interface
 Hacheur 4Q : Module BTS7960

* Mesure de courant LEM LTS-25np

* Charge : Self + résistances de puissance

Vérification de la mesure de courant avec une
sonde de courant Fluke i310s

GWINSTEK =o e ——




I Position measurement

o Incremental encoder:
>

o Hall sensors (BLDC): GPIO
o Resolver: SPI + AD251210

Moteur BLDC Brushless DC Motor

Céblage sonde a effet Hall :
RED AWG26 — Vecc Hall [5 - 24]V
BLUE — Sonde Hall A
GREEN — Sonde HallB
1MIS — Sonde HallC

=_ Cha
BLACK — GND Hall -

CHa
2fach Auswerdung

]
Céablage moteur BLDC avec le :
BOOSTXL-DRV8305EVM : -
— Phase U
RED — Phase V
BLACK — Phase W

3 Hall sensors, BLDC motor

4fach Auawenung

alach Aumwerung

Incremental Encoder with top index, BLDC motor
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o CEpel e
» fareen
Position measurement

o Hall sensors (BLDC): GPIO

Moteur BLDC Brushless DC Motor

Céblage sonde a effet Hall :

RED AWG26 — Vcc Hall [5-24]V

BLUE — Sonde Hall A

GREEN — Sonde HallB
21113 — Sonde HallC

BLACK — GND Hall

-

Céablage moteur BLDC avec le
BOOSTXL-DRV8305EVM :

— Phase U
RED — Phase V
BLACK — Phase W

3 Hall sensors, BLDC motor

3 Hall sensors of a linear BLDC motor



I Position measurement
- Resolver: SPI + AD251210

Vi= Vr_. * sin(wt)

R1 S2
g V5 = Vg % sin(wt) x cos(0)
_____ B_ _ S4

R2
S1 m 83

Vi = Vg % sin(wt) x sin(8)

':ﬂ:!:n: L

(LN
| !
P

(A) CLASSICAL RESOLVER

Gno o-:lu-

[ NUR | NRO [samore]
2o A AAANA AN A AN | 0B131 OR14 | DBIS
ST WA ==
$3-81 Uﬂﬂﬂﬂﬂﬂnlﬂtn“nﬂﬂﬂ A/U\ﬂ_, EDES -
L A TRV IRV AS AR TAVAVRTA LY

- \ANAAAAANARNAANAN AN
CHYVVVY VUV VY VYV VY

—_—

0° a0 180° 270° 360°
]

Figure 25. Electrical Resolver Representation

https://github.com/blotfi/resolver-ad2s1210-F28379D
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https://github.com/blotfi/resolver-ad2s1210-F28379D

Groupe de Recherche en
Energie Electrique de Nancy

fsieen

I BLDC motor control with F28379D

o Hall sensors (BLDC): GPIO
o 3-phase inverter

BLDC motor control with F28379D

Moteur BLDC Brushless DC Motor [

Céablage sonde a effet Hall:

RED AWG26 — Vce Hall [5-24]V

BLUE — Sonde Hall A

GREEN — Sonde HallB -
;1113 — Sonde HallC 1

BLACK — GND Hall _

1
Cablage moteur BLDC avec le :
BOOSTXL-DRV8305EVM : -
— Phase U
RED — Phase V
BLACK — Phase W

3 Hall sensors, BLDC motor







I Communication Interface Units

o Serial Communication Interface (SCl)
o Inter Integrated Circuit (12C) —

Bus

» 12C bus: SCL (Clock) and SDA (Data)
o Serial Peripheral Interface (SPI)
o Controller Area Network (CAN)

- UART

‘\ Groupe de Recherche e

Energie Electrique de Nancy

afeen

Start bit Word data Parity Stop bit
logic 0 | bit  logic 1
| | foptigna) |
START B D1 D2 D3 D4 D5 D6 D7 - STOP

“ 1 SCI. Start by Incoming data sampled at the bit-pulse center Sample
detecting stop bit
transition
from logic 1
to logic 0
Sisie] \-\Ia"ge S‘u?;itrss Paf&em E'ige Cursor & . -Tilhs o -Eilhgrl o | o | R | -2'||]|.|s -'Hllus | T+5$Tusl +'l[|h.|s . I+2'I|]|.|s - +3-’[|h.|5
- I2C Example = : : : : 0 : :
SDA D3 | H X |1 1 '
Clock1 L | x 0
PWH1A D2 L b 0 [
Pl 24, D1 L b 1
Pwf 4A D6 T X 1
P/ 54 D5 T X 1 L LLL]
RunningLED RA4 | DO | L % 1 E E i E
PWH1L T | X 1 LT | M. 1 L1 1M m1 [ [
Rate A->B: 11.7529KHz Duty D3, A->B: 0.376194 Interval A->B: 85.085us Interval C->D: 7.36us
PwM LPF 3070372018 03:26:39
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Communication Interface Units e
o Serial Communication Interface (SCI) - UART = 5

o Inter Integrated Circuit (12C) — Bus

> 12C bus: SCL (Clock) and SDA (Data) sCK mfm;ff}_lﬂﬂﬂﬂﬂﬂm
o Serial Peripheral Interface (SPI) Master 1234567 01234567
» SCLK: Serial Clock (output from master) mosi | ' "' "' ; SR A
» MOSI: Master Out Slave In (data output from master) CSveln 44501610
> MISO: Master In Slave Out (data output from slave) oxe3 = Ascll’s
» SS: Slave Select (often active low, output from master) MISO
o Controller Area Network (CAN) Slave-Out
Staveseiect
CAN CAN
NODEA NODESB ¢ Extended Frame: 29-bit Identifier (CAN v2.0B)
CAN_H Arbitration Field Clgir;tILOI Data Field

00
A -3y

I < - ‘--“ -
1209? J l 1200 s |
CAN_L q} 11-bit 18-bit
Wg Identifier E identifier | 1 |T1{70| DLC | 0...8 Bytes Data |CRC | ACK




Battery Management System (BMS)

o 96 LiPo cells for EV
o Current control, charge and discharge
o Individual cell balancing
- CAN bus interface
o HMI and software

.

iy
Charging board

Measurement i .
and balancing “Z&& Y485 I

3820

3800

3780

3760

3740

S72
UME Control and

S73 communication | FE=
board 2 Sl

3720 -

VVVVVV

3700 -

3 680 T T T T T T T T 1
L, -]
18:38:27 18:38:36 18:38:44 18:38:53 18:39:01 18:39:10 18:39:19 18:39:27 18:39:36 18:39:45 o v&@f‘

EEEEEEEEEEEEEEEEEEEEEEN
AEE BRI BEE R ERRBEEEERRER
EEEEEEEEEEEEEEEEEEEEEEE




I GPIO : General-Purpose Digital I/0

What : Qu’est ce que c’est ?

Entrées ou sorties logiques
Signal logique 1/0 < Signal de tension 3.3V / 0V
Pins (broches) multiplexées avec d’autres périphériq

ontrblées par des registres

Pullup interne
Interruptions

el

VREFHIC VREFLOA ADCINC2 ADCINC4
Vssa VREFLOC ADCINC3 ADCINCS
Vss GPIO109 GPI10114 GPIO113
Vooio GPI10110 GP10112 GPI1O111

GPI027

GPIO106

GPIO107

GPIO108

GPI026

GPI1025

GP1024

GPIO2Z23

TMS320F2837xD Dual-Core Microcontrollers sprs8800.pdf

Groupe de Recherche en
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Com Vss Vss M Vss Vss GPIOS9 GPIO60 GPIO141 GPIO140
ueS K Vss Vss I3 Vss Vss GPIOBS | GPIOGE | GPIOW | GPIOHS
. - H} B} " 12 B A5 16, 18 19

o v | ve | onoss | omose [weeomz| e |
Vss Vss. H Vss. Vss Vooosc Voposc Vssosc Vssosc H

GPIO%8 GPI020 GPIO21 Vooio Vss Vss Vooio Vss. Voo Vooio F
GPIO16 GPIO17 GPIO18 GPIO19 Vss Vss Vooio Vss Voo Vooio E Voo s Vooo Vss d Veoio GPIO145 GPIOaT GPIO4s £
GPIO13 GPIO14 GPIO15. GPIO168 GPIO166 GPIO8Y GPIOS GPIO1 GPIO162 GPIO159 D GPio&7 GRIO156 GPIO152 GPIO148 GPIO&0 GRI075 GPIO147 GPIO146 GPIO42 o
GPIO1 GPIO12 GPI096 GPIO167 GPIO165 GPIO88 GPIO4 GPIOO GPIO161 GPIO158 c GPI086. GPIO155 GPIO151 GPIO83 GPIO79 GPIO76 GPIO74 GPI068 GPIO43 c
Vooio GPIO10 | GPIO%s | GPI0 | GPI0®1 | GPIO7 GPIO3 | GPIOT64 | GPIOT6D | GPIOTS7 || B GPIO85 | GPIO1S4 | GPIOTSO | GPIOB2 | GPIO78 | GPIO72 | GPIOT1 [ GPIOBY | GPIOS7 8
Vss GPI097 GPI094 GPI092 GPIO%0 GPIOB GPI02 GPIO163 Vooio Vss A GPIO84 GPI0153 GPIO149 GPIO81 GPIO77 GPI073 GPIO70 Vooio Vss. A

46



GPIO : General-Purpose Digital 1/0

How :
Comment
fonctionne til ?

A GPIO Group multiplexer and four GPIO
Index multiplexers provide a double layer of
multiplexing to allow up to twelve
independent peripheral signals and a digital
|/O function to share a single pin. Each output
pin can be controlled by either a peripheral or
CPU1, CPU1 CLA, CPU2, or CPU2 CLA.
However, the peripheral multiplexing and pin
assignment can only be configured by CPU1.

Groupe de Recherche en
Energie Electrique de Nancy

».Jreen

CPU2.CLA  CPU2 CPU1.CLA CPU1 Input ggg? LE)nU_S%d y
(GPxDAT(R) (GPXDAT(R)) (GPxDAT(R)) (GPxDAT(R)) | X-BAR - eripnera
0 3 i s 5 00:10 Peripheral 2
. * . 00:11 — Peripheral 3
| Input .1 01:00 unused
"l Qualificati "101:01 —— Peripheral 5
Qualification CPU1 01:10 —— Peripheral 6
[01 (GPXQSELTR) [GPxCSEL1-4)  |01:11 Peripheral 7
T GPxCTRL , |
—CPUT _ LGPXDAT(W) CPU1— 00 10:xx —— Peripherals 9-11
--| GPxINV GPxSET CPU%EH; 23 1: Serioherals 1315
CPUT GPxCLEAR :XX |—— Peripherals 13-
,_.-——'"""" i
l _CPU1 CPU1 00:00 GPIO |
/--{ GPxDIR }---{GPxODR] 00:01 Peripheral1 B
T.] 0=mhput 0=Norma B | poriohoral2 GPXG:GPx
1=0Output 1= Open Drain ' P GPXGMUX1/2
01:00 «——[__GPIO [ GPxMUX1/2
01:01 «—— Peripheral 5 CPU1
"—/—’WVJ 01:10 («—— Peripheral 6
GPxPUD | Internal Pull-Up 01:11 A Peripheral 7
CPU1 0=enable ol :
Q 1= disable 10:xx -—+— GPIO & Peripherals 9-11
Pin (defaukt GPIO 001 143 f+—— GPIO & Peripherals 13-15
x=A B C D, E orF

If the pin is set as a GPIO by the GPIO multiplexer, the direction will be set by the GPIO direction register. The GPIO data
register will have the value of the pin if set as an input or write the value of the data register to the pin if set as an output.
The data register can be quickly and easily modified using set, clear, or toggle registers. Also, the pin has an option for an

internal pull-up.

TMS320F2837xD Microcontroller Workshop
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GPIO : General-Purpose Digital I/O

How : Comment fonctionne tiil ?
(Détails) o0

Each general-purpose 1/0 pin has a

GPyPUD —0O Pull-Up

maximum of four options, either generalspiox

‘\ e,

purpose |/O or up to three possible
peripheral pin assignments.

This is selected using the GPIO port
multiplexer.

If the pin is set to GPIO, the direction
register sets it as an input or an output.

The input qualification will be explained
shortly.

TMS320F2837xD Technical Reference Manua
TMS320F2837xD Microcontroller Workshop

CPU1
GPyODR

Groupe de Recherche en
Energie Electrique de Nancy
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CPUL.CLA CPU1 Input
GPyDAT (R GPyDAT (R GPyDAT (R GPyDAT (R XBAR
vT{} vT{}I ?TIJ ?T{} : 0000 —Unused—

00:01 Peripheral Am—

Low Power 00:10 Peripheral B——

CcPU1 - i —

Made Control 00-11 Peripheral C
T GPyCTRL GPyQSEL1-2
cpuUl Y Py 01:00 —Unused—

GPVINV SYSCLK — 01:01 Peripheral D—

Y 01:10 Peripheral E—

Sync — " y 00 0111 Peripheral F——

3-sample — 01
g-sample  —+ 10 10:xx ——Peripherals G-l—
Async 11
11:xx ——Peripherals J-L—
|
CcPU1 CPU1.CLA CPU2 CPU2.CLA
GPYGMUX1-2  GPySET GPYSET GPYSET GPySET

GPyMUX1-2 GPyCLEAR GPyCLEAR GPyCLEAR GPYCLEAR
—i GPyDIR GPYyTOGGLE GPYyTOGGLE GPYTOGGLE GPYyTOGGLE
Hibernate GPyCSEL1-4 GPyDAT (W) | GPyDAT (W) | GPyDAT (W) | GPyDAT (W)

Isolation Latches

—Data—
Enable and
— Open Drain +Direction—|
Logic

/sl
Direction [ 00
01k
10
/’/ Data 11
00:00 |
00:01 p——Peripheral A

00:10
00-11

#———Peripharal B
#————Peripheral C

01:00 p—GPID (same as 00:00)—
01:01 ¢ Peripheral D
01:10 p—paripheral E
01:11 p———peripheral F

#—GPI10 and Peripherals G-1—

#—GFI10 and Peripherals J-L—




GPIO : General-Purpose Digital 1/0

Groupe de Recherche en
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GPIO Port A Group GPIO Port A Mux1
. Mux1 Register Register
How : (GPAGMUX1) (GPAMUX1) P10 Porta |£pu;c -
GPIO 0 to 15 GPIO 0 to 15 ° ua T
CO mment [ ! [ ] Direction Register o
. . (GPADIR) S
fonct|onne t || ? GPIO Port A Group GPIO Port A Mux2 [GPIO 0 to 31] ~
Mux2 Register Register >
(GPAGMUX2) (GPAMUX2)
3 [GPIO 16 to 31] [GPIO 16 to 31]
2]
3 L] L] L ] . [ ]
2 : : : : :
2
ks GPIO Port F Group GPIO Port F Mux1
_ Mux1 Register Register
) (GPFGMUX1) (GPFMUX1) Input | _| o
[GPIO 160 to 175] [GPIO 160 to 175] _ GPIO Port F Qual z
Direction Register o
(GPFDIR) S
GPIO Port F Group GPIO Port F Mux2 [GPIO 160 to 191] 1
Mux2 Register Register >
(GPFGMUX2) (GPFMUX2)
[GPIO 176 to 191] [GPIO 176 to 191]
GPIO Mux Selection
GPIO Index 04,812 1 2 3 5 [ 7 15
T [
Groupés en 6 ports : GPIO Port A. .GPIO Port F oo |
GPIOD EPWM1A (O) SDAA (IIoD)
Configurables via GPAMUXL,..., GPADIR, ... GPAPUD
GPIO2 EPWM2A (O) @) SDAB (IfoD)
TM8320F2837XD TeChnical Reference Manual SprUthi GPIO3 EPWM2B (0) OUTPLEJCT)TBAM MCLKRB (I/0) OUTPL{JSTBARZ SCLB (1/0D)
TMS320F2837xD Microcontroller Workshop cPiot | EPwuaA(0) OUTPUTXBARS | canmia 0)
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I GPIO : General-Purpose Digital 1/0 foreen

GPIO Mux Selection

H oW ! GPIO Index | 0, 4, 8, 12 1 2 3 5 6 7 15
Comment “opoze | d0m 110 00 otb b
fonCtlonne t || ? Gg;:‘gi“' 00b 01b 10b 11b 01b 10b 11b 11b
GPIOD EPWM1A (O) SDAA (1/0D)
GPIOT EPWM1B (0) MFSRB (I/0) SCLA (I/0D)
GPAGMUX1[13:12] GPAMUX1[13:12] | Pin functionality
00 00 GPIOS GPIO2 EPWM2A () DUTP'E'CT,;“'EAW SDAB (I/OD)
gg ?; EIP}L:T:XE — GPIO3 EPWM2B (O) OUTPL:[T);*BAM MCLKRS (I'0) D“TP"E'CT];*'EARE SCLB (/OD)
00 11 EXTSYNCOUT er10s EPUM3A (O) OUTPUTXBARS | (unva (o)
01 00 GPIO6 (©
1 01 EQEP2A GPIOS EPWM3B (0) MFSRA (o) | OUTPUTIBARS CANRXA (1)
10 CANB_TX e — — -
01 11 GPIOS EPWM4A (O) o :I.'I.:.; pARE | BTSEeY EQEP3A (1) CANTXE (0)
10 00 GPIO6 prpp—————
10 01
10 10
10 11
11 00 GPIO6
11 01
11 10
11 11

For example, the multiplexing for the GPIO 6 pin is controlled by writing to GPAGMUX[13:12] and GPAMUX[13:12]

By writing to these bits, GPIO 6 can be configured as either a general-purpose digital I/0 or one of four different
peripheral functions

TMS320F2837xD Technical Reference Manual spruhm8i 50
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I GPIO : General-Purpose Digital 1/0 areen

How : _Ll__l_

] |nput —_— to GPIO and
Comment pin O S . peripheral
. . Qualification modules
fonctionne til ?

]
CPUX.SYSCLK

¢ Qualification available on ports A - F

¢ Individually selectable per pin e
+ no qualification (peripherals only)
¢ sync to CPUx.SYSCLK only l l l
¢ qualify 3 samples
¢ qualify 6 samples
I | | I
T T T
T = qual period

The GPIO input qualification feature allows filtering out noise on a pin. The user would select the number of
samples and qualification period.

Qualification is available on ports A - B and is individually selectable per pin 51
TMS320F2837xD Microcontroller Workshop



GPIO : General-Purpose Digital 1/0

Usage : Comment 'utilise ton ?

Step 1. Plan the device pin-out:
Choose peripheral mux with GPyMUX1/2,
GPYyGMUX1/2 registers

Step 2. Enable or disable internal pull-up resistors:
(GPyPUD) registers.

Step 3. Select input qualification: (Optional)
Input only, GPyCTRL, GPyQSEL1, GPyQSEL?2 registers
Step 4. For digital general purpose 1/0, select the

direction of the pin:

GPyDIR registers.
Use then GPyCLEAR, GPySET, or GPyTOGGLE registers

Optional :
Step 5. Select low power mode wake-up sources:

Groupe de Recherche en

Energie Electrique de Nancy

Acronym Register Name
GPACTRL GPIO A Qualification Sampling Period Control re e n
(GPI1OO0 to 31)
GPAQSEL1 ?EP}IO A Qualifier Select 1 Register (GPIO0 to
GPAQSEL2 %P}IO A Qualifier Select 2 Register (GPIO16 to
GPAMUX1 GPIO A Mux 1 Register (GPIOO0 to 15)
GPAMUX2 GPIO A Mux 2 Register (GPIO16 to 31)
GPADIR GPIO A Direction Register (GFI00 to 31)
GPAPUD GPIO A Pull Up Disable Register (GPIOO to 31)
GPAINY %P}IO A Input Polarity Invert Registers (GPIOO0 to
GPAODR GPIO A Open Drain Output Register (GPIOO0 to
GPI1031)
GPAGMUX1 GPIO A Peripheral Group Mux (GPIOO to 15)
GPAGMUX2 GPIO A Peripheral Group Mux (GPIO16 to 31)
GPACSEL1 GPIO A Core Select Register (GPIO0 to 7)
GPACSEL2 GPIO A Core Select Register (GPIOS to 15)
GPACSEL3 GPIO A Core Select Register (GPIO16 to 23)
GPACSEL4 GPIO A Core Select Register (GPI1024 to 31)
GPALOCK %P}IO A Lock Configuration Register (GPIOO to
GPACR GPIO A Lock Commit Register (GPIOO0 to 31)
GPBCTRL GPI0 B Qualification Sampling Period Control
(GP1032 to 63)
GPBQSEL1 f_fP}IO B Qualifier Select 1 Register (GPIO32 to
GPBQSEL2 GPIO B Qualifier Select 2 Register (GPI048 to
63)
GPBMUX1 GPIO B Mux 1 Register (GPIO32 to 47)
GPBMUX2 GPI10 B Mux 2 Register (GPI1048 to 63)
GPBDIR GPI0 B Direction Register (GP1032 to 63)
GPBPUD GPIO B Pull Up Disable Register (GP1032 to 63)

Specify which pins (0-63), that will be able to wake the device from HALT and STANDBY. GPIOLPMSELO/1 registers.

Step 6. Select external interrupt sources:

Specify the source for the XINT1 - 5 interrupts. GPIOXINTNSEL, XINTnCR registers.

TMS320F2837xD Technical Reference Manual spruhm8i p.953, p.966
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.GPAPUD.bit.GPIOO
.GPAPUD.bit.GPIO1
.GPAMUX1.bit.GPIO@
.GPAMUX1.bit.GPIO1

.GPAPUD.bit.GPIO2
.GPAPUD.bit.GPIO3
.GPAMUX1.bit.GPIO2
.GPAMUX1.bit.GPIO3

.GPAPUD.bit.GPIO4

.GPAPUD.bit.GPIOS5 =
.GPAMUX1.bit.GPIO4
.GPAMUX1.bit.GPIO5

.GPBPUD.bit.GPI0O32 5
.GPBMUX1.bit.GPIO32 = 0O;
.GPBDIR.bit.GPIO32 1;

.GPBCLEAR.bit.GPIO32 1;

‘1\\. Groupe de Recherche en
" Energie Electrique de Nancy
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GPIO : General-Purpose Digital I/0

Usage : Comment l'utilise t on ?

Disable pull-up GPIOO (EPWM1A)

Disable pull-up GPIO1 (EPWM1B)

COﬂ'FigU re GPIOO EPWM1A P12 OUT1
Configure GPIO1 EPWM1B

Disable pull-up GPIO2 (EPWM2A)
Disable pull-up GPIO3 (EPWM2B)
Configure GPIO2 EPWM2A
Configure GPIO3 EPwM2B | // Set

GpioDataRegs.GPASET.bit.GPI032 = 1;

Disable pull-up GP104 (| // Clear
Disable pull-up GPIOS5 ( GpioDataRegs.GPACLEAR.bit.GPIO32

Configure GPIO4 EPWM3A | // Toggle
Configure GPIOS EPWM3B | GpioDataRegs.GPATOGGLE .bit.GPI032

// Disable pull-up on GPIO32
// Configure GPIO32 as GPIO
// GPI0O32 = output

// Clear

// Read
int val = GpioDataRegs.GPADAT.bit.GPIO028;



EALLOW;
GpioCtrlRegs.GPAPUD.bit.GPIO0 = 1;    // Disable pull-up on GPIO0 (EPWM1A)
GpioCtrlRegs.GPAPUD.bit.GPIO1 = 1;    // Disable pull-up on GPIO1 (EPWM1B)
GpioCtrlRegs.GPAMUX1.bit.GPIO0 = 1;   // Configure GPIO0 as EPWM1A
GpioCtrlRegs.GPAMUX1.bit.GPIO1 = 1;   // Configure GPIO1 as EPWM1B

GpioCtrlRegs.GPAPUD.bit.GPIO2 = 1;    // Disable pull-up on GPIO2 (EPWM2A)
GpioCtrlRegs.GPAPUD.bit.GPIO3 = 1;    // Disable pull-up on GPIO3 (EPWM2B)
GpioCtrlRegs.GPAMUX1.bit.GPIO2 = 1;   // Configure GPIO2 as EPWM2A
GpioCtrlRegs.GPAMUX1.bit.GPIO3 = 1;   // Configure GPIO3 as EPWM2B

GpioCtrlRegs.GPAPUD.bit.GPIO4 = 1;    // Disable pull-up on GPIO4 (EPWM3A)
GpioCtrlRegs.GPAPUD.bit.GPIO5 = 1;    // Disable pull-up on GPIO5 (EPWM3B)
GpioCtrlRegs.GPAMUX1.bit.GPIO4 = 1;   // Configure GPIO4 as EPWM3A
GpioCtrlRegs.GPAMUX1.bit.GPIO5 = 1;   // Configure GPIO5 as EPWM3B

GpioCtrlRegs.GPBPUD.bit.GPIO32 = 1;     // Disable pull-up on GPIO32
GpioCtrlRegs.GPBMUX1.bit.GPIO32 = 0;    // Configure GPIO32 as GPIO
GpioCtrlRegs.GPBDIR.bit.GPIO32 = 1;     // GPIO32 = output
GpioDataRegs.GPBCLEAR.bit.GPIO32 = 1;   // Clear

EDIS;


Interruptions

How : Comment fonctionnent elles ?

Each C28x CPU core in the F2837xD device has its
own PIE module, and each PIE module is
configured independently.

Some interrupt signals are sourced from shared
peripherals that can be owned by either CPU, and
these interrupt signals are sent to both CPU PIE
modules regardless of which CPU owns the
peripheral.

Therefore, if enabled a peripheral owned by one
CPU can cause an interrupt on the other CPU.

TMS320F2837xD Microcontroller Workshop

Internal Sources
TINT2.1

Groupe de Recherche en
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TINT1.1

TINTO.1

DMA1.1 CLA11

ePWM, eCAP, eQEP,

ADC, SCI, SPI, 12C,
CAN, McBSP, WD

External Sources

ePIE.1

;

CPU1 CORE

NMI

INT1
INT2
INT3

INT12
INT13
INT14

L. IPC

XRS

Internal Sources

ePIE.2

!

TINTO.2

DMA1.2 CLA1.2

TINT1.2

TINT2.2

A J

CPU2 CORE

NMI

INT1
INT2
INT3

INT12
INT13
INT14
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h errup 10NS 49 , Maskable Interrupt Processing
How : Comment fonctionnent elles * Conceptual Core Overview

It is easier to explain the interrupt processing flow from the

: Core (IFR) (IER) (INTM)

core back out to the interrupt sources. Interrupt  “Latch” “Switch” “Global Switch”
INTA o 4]

The INTM is the master (global) interrupt switch. INT1 gt e
This switch must be closed for any interrupts to propagate INT2 { 0] e - | F28x
into the core. X . X - | Core
The next layer out is the interrupt enable register (IER). INT14 1] - —
The appropriate interrupt line switch must be closed to allow
an interrupt through. ¢ Avalid signal on a specific interrupt line causes the latch

to display a “1” in the appropriate bit

The interrupt flag register (IFR) gets set when an interrupt 4 f the individual and global switches are turned “on” the
occurs. interrupt reaches the core

Once the core starts processing an interrupt, the INTM
switch opens to avoid nested interrupts and the flag is
cleared.

TMS320F2837xD Microcontroller Workshop
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Interruptions
How : Comment fonctionnent elles ?

Now we need to look at the peripheral interrupt
expansion block.

This block is connected to the core interrupt lines 1
through 12.

The PIE block consists of 12 groups.

Within each group, there are eight interrupt
sources. Each group has a PIE interrupt enable
register and a PIE interrupt flag register.

As you can see, the interrupts are numbered from
1.1 through 12.16, giving us a maximum of 192

interrupt sources.

Interrupt lines 13, 14, and NMI bypass the PIE
block.

TMS320F2837xD Microcontroller Workshop
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Peripheral Interrupt Expansion - PIE

PIE module for 192 Interrupts

Interrupt Group 1

- PIEIFR1 PIEIER1
& INT1.y interrupt group INT1A [T
N INT2.y interrupt group
© : INT1.2 —[0]
- INT3.y interrupt group i . L TNTT
% -
o INT4.y interrupt group . .
v INTS5.y interrupt group INT1.16 —[T]
2\ | INT6.y interrupt group
5 (192 INT7.y i
= -y Interrupt group Core Interrupt logic
2 INT8.y interrupt grou b~ o9
c -y ptgroup
© INT9.y interrupt group INT1 - INT12
% INT10.y interrupt group 12 Interrupts )H E L % - E . 28x
E INT11.y interrupt group =||=| |#| |Core
INT12.y interrupt group t-
INT13 (TINT1)
INT14 (TINT2)
NMI
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F2837xD PIE Assignment Table - Lower

[ ]
Interru ptlonS INTx.8 | INTx.7 | INTx.6 | INTx.5 | INTx.4 | INTx.3 | INTx.2 | INTx.1
How : Comment fonctionnent elles ? INT1 WAKE TINTO | ADCD1 | XINT2 XINT1 ADCC1 | ADCB1 | ADCA1
INT2 | PWMS_ | PWM7_ | PWM6_ | PWM5_ | PWM4_ | PWM3_ | PWM2_ | PWMI_
. J TZ TZ TZ TZ TZ TZ TZ TZ
The interrupt assignment table tells us the
. . . . INT3 PWMS8 PWM7 PWM6 PWM5 PWM4 PWM3 PWM2 PWM1
location for each interrupt source within the
. . INT4 ECAP6 ECAPS5 ECAP4 ECAP3 ECAP2 ECAP1
PIE block. Notice the table is numbered from
. INTS EQEP3 EQEP2 EQEP1
1.1 through 12.16, perfectly matching the PIE
MCBSP MCBSP MCBSP MCBSP
block. INT6 51X B RX A IX | 'ARX | SPIB_TX | SPIB_RX | SPIA_TX | SPIA_RX
) INT7 DMA_CH6| DMA_CH5| DMA_CH4 | DMA_CH3 | DMA_CH2 | DMA_CH1
PIE Registers s o
PIEIFRx register (x=1to 12) INT8 SCID_TX | SCID_RX | SCIC_TX | SCIC_RX FIFG 12CB FIFO 12CA
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 — T
INTx.16{INTx.15/INTx.14{INTx.13|INTx.12|INTx.11 INTx.10| INTx.9 | INTx.8 | INTx.7 | INTx.6 | INTx.5 | INTx.4 | INTx.3 | INTx.2 | INTx.1 INTS CANT F2837XD p|E Assignme nt Tab|e - Upper A_TX | SCIA_RX
. ADCA
PIEIERx register  (x =1 to 12) INT10 ADC INTx16 | INTx15 | INTx.14 | INTx13 | INTxA2 | INTxA1 | INTxA0 | INTxg | CA2 EVT
5 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 e o o e
INTx.16{INTx.15{INTx.14|INTx13{INTx. 12| INTx.11|INTx.10| INTx.8 | INTx.8 | INTx.7 | INTX.6 | INTx.5 | INTx.4 | INTx.3 | INTX.2 | INTx.A INT11 CLA A1_2 | CLA1_1
= PWMT2_ | PWMT1_| PWMT0_ | PWMS_
PIE Interrupt Acknowledge Register (PIEACK) INT12 FPU_| nT3 EPWM12 | EPWM11 | EPwm10 | epwme |NT4 XINT3
15-12 1 10 9 8 7 6 5 4 3 2 1 0
INT4
reserved PIEACKX
INTS SD2 SD1
PIECTRL register 15 -1 0 INT6 SPIC_TX | SPIC_RX
PIEVECT ENPIE INT7
INTS uPPA
INTS USBA
INT10 | ADpcD4 | apcp3 | Apcpz | ARGP- | apccs | apces | apcez | ARCC.
INT11
T2 | conor | cunor |G EL| VS i (R o | PR | T | B | 57
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Interruptions

How : Comment fonctionnent elles ?

PIE Initialization Code Flow — Summary

After the device is reset and executes the boot coc
the selected boot option determines the code enti
point.

This figure shows two different entry points. The o
on the left is for memory block MO, and the one ol
right is for flash.

In either case, CodeStartBranch.asm has a “Long
Branch” to the entry point of the runtime support
library. After the runtime support library complete
execution, it calls main.

In main, we have a function call to initialize the
interrupt process and enable the PIE module.
When the CPU receives an interrupt, the vector
address of the ISR is fetched from the PIE RAM, an
the interrupt with the highest priority that is both
flagged and enabled is executed.

TMS320F2837xD Microcontroller Workshop

Main.c
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RESET
<0x3F FFCO>

Reset Vector

Boot option determines

<reset vector> = Boot Code | code execution entry point

CodeStartBranch.asm

L J

l.sect “codestart”

<0x00 0000> =LB

MO RAM Entry Point

main ()

{ initialization():;

}

{

Initialization/{()

Load PIE Vectors
Enable the PIE
Enable PIEIER
Enable Core IER
Enable INTM

OR Flash Entry Point
_C_int00 <0x08 0000>=LB _c_int00
_c_int00: rts2800_fpu32.lib
CALL ﬁain(} é
PIE Vector Table
»1 512 Word RAM

0x00 0DO0 — OEFF
,i, Defaultlsr.c

interrupt void name(void)

{

}
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Interruptions

How : Comment fonctionnent elles ?
Peripheral Interrupt Expansion (PIE) — Interrupt Group x

Interrupt Signal Flow— Summary PIEIFRx PIEIERX
Peripheral INTx.y 1 )\
. . . Interrupt ) v _
The following steps occur during an interrupt PieCtrIRegs.PIEIERx.bit.INTxy = 1;
process:
First, a peripheral interrupt is generated and the - Core Interrupt Logic
- : . ore IFR IER INTM
PIE interrupt flag register is set. INTx 1 X X
v v
If the PIE interrupt enable register is enabled, then IER |= 0x0001;  asm(" CLRC INTM");
. . . - OxOFFF;
the core interrupt flag register will be set.
Next, |f the core mterr.upt enable register and PIE Vector Table Defaultisr c
global interrupt mask is enabled, the PIE vector A L i K ST e s P . ) .
) ) ) ) T - R 0 R R I interrupt void name(void)
table will redirect the code to the interrupt service = SR {
routine. == &5
ORI AT ICI TS }
INTx.y = nam

(For peripheral interrupts where x = 1 to 12, and y = 1 to 16)

59
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Interruptions
Usage : Comment 'utilise ton ?

interrupt void adcal_isr(void)

{
GpioDataRegs.GPBSET.bit.GPI032 = 1; // Set

PieCtrlRegs.PIEACK.all = PIEACK_GROUP1;
GpioDataRegs.GPBCLEAR.bit.GPI032 = 1; // Clear

“'\\. Groupe de Recherche en
" Energie Electrique de Nancy

vYJreen

void main(void)

{

// Step 1. Initialize System Control:

// PLL, WatchDog, enable Peripheral Clocks

// This example function is found in the F2806x SysCtrl.c file.
InitSysCtrl();

// Step 2. Initalize GPIO:

// This example function is found in the F2806x Gpio.c file and
// illustrates how to set the GPIO to it's default state.

// InitGpio(); // Skipped for this example

// Step 3. Clear all interrupts and initialize PIE vector table:
// Disable CPU interrupts

DINT;

InitPieCtrl();

IER = 0Ox0000;

IFR = 0x0000;

InitPieVectTable();

EALLOW;

PieVectTable.ADCA1l INT = &adcal isr; //function for ADCA interrupt 1
ICE

PieCtrlRegs.PIEIER1.bit.INTx1 = 1;

IER |= M_INT1; //Enable group 1 interrupts

EINT; // Enable Global interrupt INTM
ERTM; // Enable Global realtime interrupt DBGM

// Step 6. IDLE loop. Just sit and loop forever (optional)
for(55) { }




Pulse Width Modulation (PWM)

What : Qu’est ce que c’est ?

o Normal PWM and Motor Control
PWM Pum

Pulse Width Modulation, explanations.

o Generating multiple, ref (v): 325.0 (3
synchronized pulse width BN Y [Py
modulated outputs D -

o Module to control chopper and
inverter

Duty cycles

The PDCx values are compared to the internal timer PTMR to trigger

the output of the PWMxH (PWM high output)
iunta €]

o Has internal timer

o Use Duty Cycle register to update
the outputs on timer crossing
their value

o Motor Control PWM have dead
band generator, can synchronize
the ADC start

dsPIC30F Family Reference Manual, http://ww1.microchip.com/downloads/en/devicedoc/70046e.pdf
http://baghli.com/pwm/

HIINZEIEN

P r.-1'| I'I [
2H

PWM
2H | | | |

PWM output

The Qutputs are active low (middle pattern is low).
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Pulse Width Modulation (PWM) wareen

How : Comment fonctionne t elle ? m
o An ePWM module can be synchronized ePWMx-1

with adjacent ePWM modules. l Interrupts
EPWMxSYNCI | EPWMXTZINT
o The generated PWM waveforms are LT > EPWMxINT PIE
available as outputs on the GPIO pins. X-Bar » CLA
cQEP EQEPERR-TZ4 R EPWMxA h
O Addltlonally, the EPWM module can CLOCKFAIL - TZ5 ePWMx " GPIO
generate ADC starter conversion signals > "' EMUSTOP — T26 : EPIIhE =~M_UX _
(SOC) and generate interrupts to the PIE CPU - > EPWMxSOCA = -Puts
Proc ePWM > EPWMxSOCE | ADC
X-Bar EPWMxSYNCO >
o External trip zone signals can trip the SOC
output and generate interrupts, too. l
ePWMx+1
o The outputs of the comparators are used ]
as inputs to the digital compare sub-
module. -

TMS320F2837xD Microcontroller Workshop



Pulse Width Modulation (PWM)

How : Comment fonctionne t elle ?

o The ePWM, or enhanced
PWM block diagram,
consists of a series of sub-
modules

TMS320F2837xD Microcontroller Workshop
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EPWMCLK 1 Event Trigger :
l - -
1 1
Clock Compare | 1| Compare | |
Prescaler Registers : Registers !
| [ —— |
R Tirlg-ggse | Compare » Action + Dead
) Logic »| Qualifier ——| Band
1B Counter :‘:' E _‘
EPWMxSYNCI EPWMxSYNCO .
Period
Register — EPWMxA
PWM » Trip —
.. Chopper y Zohe ——

EPWMxB

TZy

oigtal |70

-=ar
Compare [«— oy x.Bar
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ePWM Time-Base Sub-Module

In the time-base sub-module, the clock
prescaler (TBCTL.CLKDIV) divides down the
device core system clock and clocks the 16-bit
time-base counter.

The time-base counter (TBCTR) is used to
generate asymmetrical and symmetrical
waveforms using three different count modes:
count-up mode, countdown mode, and count up
and down mode (TBCTL.CTRMODE).

A period register is used to control the
maximum count value (TBPRD).

Additionally, the time-base counter has the

capability to be synchronized and phase-shifted
(TBPHS) with other ePWM units (TBCTL).

TMS320F2837xD Microcontroller Workshop

1

1

! |
Clock Compare :
Prescaler Registers | 1

.

- Action
»| Qualifier

e Compare
Time-Base P> Logic
TECLK 1 Counter g
EPWMxSYNCI EPWMxSYNCO .
Period
Register

ePWM Time-Base Count Modes

TBCTR

TEPRD

TBCTR

TBPRD

TBCTR ,

TEPRD

A swmm etrical
‘aveform

Asymmetrical
Waveform

1
I
1

d

Count Down Mode

Symmetrical
Waveform

Count Up and Down Mode

Dead
Band

EPWMXxA
PWM » Trip ——
. Chopper » Zone ———
— EPWMxB
I_I TZy
Digital |+~ TZ1-1Z3
INPUT X-Bar
Compare «— oy x.gar
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I Pulse Width Modulation (PWM)
ePWM Time-Base Sub-Module

For Up Count and Down Count
Tewm = (TBPRD + 1) x TrgcLk
Fewm = 1/ (Tewm

<

For Up and Down Count

mulation Halt Behavior
00 = stop after next CTR inc/dec  000=/1 (default) Clock Prescale

EPwmxRegs.TBCTL

Upper Register:

Phase Direction

0 = count down after sync
1 = count up after sync

TBCLK = EPWMCLK / (HSPCLKDIV * CLKDIV) |

___A\._\_‘_
- ™

15-14 13 12-10 9-7

FREE_S PHSDIR CLKDIV HSPCLKDIV

TB Clock Prescale High Speed TB

01 = stop when: 001=/2 000=/1
Up Mode; CTR = PRD 010=/4 001 =/2 (default)
Down Mode; CTR=0 011 =/8 010=/4
Up/Down Mode; CTR=0 100=/16 011=/6
1x = free run (do not stop) 101 =/32 100=/8
110 = /64 101 =/10
111 =/128 110=/12
111 =/14

Lower Register:
Counter Mode

00 = count up

Software Force Sync Pulse 01 = count down

TPWM -2 x TBPRD x TTBCLK
Fpwm =1/ (Trwm)

CTR_dir Up Down Up Down

TMS320F2837xD Microcontroller Workshop

0 = no action

. — 10 = count up and down |
1 = force one-time sync

11 = stop — freeze (default)

6 5-4 3 2 1-0
SWFSYNC SYNCOSEL PRDLD PHSEN CTRMODE

Sync Output Select Period Shadow Load Phase Reg. Enable
source of EPWMxSYNCO signal) 0 =loadon CTR=0 0 = disable

0 = EPWMxSYNCI 1 =load immediately 1 =CTR=TBPHS on
01=CTR=0 EPWMxS‘éIgCI signal
10=CTR=CMPB *
11 = disable SyncOut



I Pulse Width Modulation (PWM)

ePWM Compare Sub-Module

The compare sub-module uses two compare
registers (CMPA, CMPB) to detect time-base
count (TBCTR) matches.

These compare match events are fed into the
action qualifier sub-module.

The output of this block feeds two signals into
the action qualifier.

TMS320F2837xD Microcontroller Workshop
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How : Comment fonctionne t elle ?
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EPWMCLK | Event Trigger
1
! : |
Clock Compare ' Compare | |
Prescaler Registers : Registers :
e 1
Ti;g-gla:se | Compare Action Dead
TBCLK | counter Logic |— Qualifier Band
EPWMxSYNCI EPWMxSYNCO .
Period
Register — EPWMxA
PWM » Trip ——
.. Chopper » ZOone ——
EPWMxB
ePWM Compare Event Waveforms f X
TZy
TBCTR ‘ e = compare events are fed to the Action Qualifier Sub-Module ‘ 171773
Digital |« °
B S Combare INPUT X-Bar
CMPA | ---ooomomoooe o pp oo oo Asymmetrical P ePWM X-Bar
CMPB [----------gfeee bt L aveform
TBCTR
TBPRD | g oo g
L e L N N Asymmetrical
{1 | o e Waveform
Count Down Mode
TBCTR
TBPRD
CMPA s ical
cMPB Waverorm. 66

Count Up and Down Mode



Pulse Width Modulation (PWM)

ePWM Action Qualifier Sub-Module

The action qualifier sub-module uses the inputs from
the compare logic and time-base counter to generate
various actions on the output pins.

This table shows the various action qualifier compare-
match options for when the time-base counter equals
zero (Z), compare A match (CAU, CAD), compare B
match (CBU, CBD), and period match (P), or a Trigger
event (T1, T2) based on a comparator, trip, or sync
signal.

Based on the selected match option, the output pins
can be configured to do nothing, clear low, set high,

or toggle. Also, the output pins can be forced to any

action using software.

TMS320F2837xD Microcontroller Workshop
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How : Comment fonctionne t elle ?
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EPWMCLK | Event Trigger "
¢ | -
1 1
Clock Compare : Compare | !
Prescaler Registers : Registers :
___________ [ ]
| LEREL | Compare -+| Action |—| Dead
| LS TR | Logic Qualifier —p| Band
B Counter : " _‘
EPWMxSYNCI EPWMxSYNCO .
Period
Register — EPWMxA
PWM » Trip ——
. Chopper » Zohe —
EPWMxB
S/W TB Counter equals Trigger Events Actions I T2y
= TZ1-TZ3
force | | Comp| Comp|periog T4 o Digital («
A B Combare k— NPUT X-Bar
— P ePWM X-Bar
SW z CA CB P T1 T2 :
b e X % X < S Do Nothing
[sw] 'z] | [cA | [c8 | [P 1 12| | ClearLo
SRR e
[sw] 'z| | [cA | [cB P T T2 Set Hi
IR NI
SW Z| | [cA E T1 T2 Toggle
- ] L 67
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Usage : Comment l'utilise t on ?
ePWM Action Qualifier Sub-Module

TBPRD TBPRD
CMPB CMPB
CMPA CMPA

EPWMA

EPWMB

EPwmlRegs .AQCTLA.bit.CAU
EPwmlRegs .AQCTLA.bit.CBD
EPwmlRegs.AQCTLB.bit.ZRO
EPwmlRegs.AQCTLB.bit.PRD

AQ SET
AQ_CLEAR
AQ CLEAR
AQ SET

EPwm1Regs.AQCTLA.bit.CAU = AQ SET
AQ CLEAR
AQ SET

AQ_CLEAR

EPwmlRegs .AQCTLA.bit.CAD
EPwmlRegs.AQCTLB.bit.CBU
EPwmlRegs .AQCTLB.bit.CBD
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Pulse Width Modulation (PWM)

Usage : Comment 'utilise ton ? Void InitPhM()

{
: . EALLOW;
On configure les GPIO pour pointer vers les SysCtrlRegs.PCLKCRO. bit.TBCLKSYNC = 0; // Stop all the TB clocks

sorties PWM EDIS;

// setup the Time-Base Period Register (TBPRD)
// 10BMHz/10 kHz/2 = 5000
void Gpio_setup(void) EPwm1Regs.TBPRD = 5000; // Set timer period
{ EPwm1Regs.TBPRD = EPWM_TIMER_TBPRD; // Set timer period 801 TBCLKs
// Enable PWM1-3 on GPIO@-GPIO5 EPwm1Regs.TBPHS.bit.TBPHS = 0x0000; // Phase is 0
EALLOW; EPwm1Regs.TBCTR = 0x0000; // Clear counter
GpioCtrlRegs.GPAPUD.bit.GPIO® ; Enable EPwmlRegs.CMPA.bit.CMPA = cmpr; // Set compare A value
GpioCtrlRegs.GPAPUD.bit.GPIO1 ; Enable EPwmlRegs.CMPB.bit.CMPB = cmpr; // Set Compare B value
GpioCtrlRegs.GPAPUD.bit.GPIO2 ; Enable // Setup counter mode
GpioCtrlRegs.GPAPUD.bit.GPIO3 ; Enable EPwm1Regs.TBCTL.bit.CTRMODE = TB_COUNT_UPDOWN; // Count up and down
GpioCtrlRegs.GPAPUD.bit.GPIO4 ; Enable EPwmlRegs.TBCTL.bit.PHSEN = TB_DISABLE; // Disable phase loading
GpioCtrlRegs.GPAPUD.bit.GPIO5 ; Enable EPwmlRegs.TBCTL.bit.HSPCLKDIV = TB_DIV1; // Clock ratio to
GpioCtrlRegs.GPAMUX1.bit.GPIO® ; GPI0® SYSCLKOUT

GpioCtrlRegs.GPAMUX1.bit.GPIO1 ; GPIO1 EPwn1Regs.TBCTL.bit.CLKDIV = TB_DIV1;

GpioCtrlRegs.GPAMUX1.bit.GPIO2 ; GPIO2 // Setup shadowing

GpioCtrlRegs.GPAMUX1.bit.GPIO3 ; GPIO3 EPwm1Regs.CMPCTL.bit.SHDWAMODE

GpioCtrlRegs.GPAMUX1.bit.GPIO4 ; GPIO4 EPwm1Regs.CMPCTL.bit.SHDWBMODE

GpioCtrlRegs.GPAMUX1.bit.GPIO5 ; GPIO5 EPwm1Regs.CMPCTL.bit.LOADAMODE

EDIS; EPwm1Regs.CMPCTL.bit.LOADBMODE
// Set actions
EPwm1Regs.AQCTLA.bit.CAU = AQ_SET; // Set PWM1A on event A, up count
EPwm1Regs.AQCTLA.bit.CAD = AQ_CLEAR; // Clear PWM1A on event A, down
count

. EPwm1Regs.AQCTLB.bit.CBU AQ_CLEAR;
On configure le module ePWM EPwniRegs.AQCTLB.bit.CBD = AQ_SET;

CC_SHADOW;

CC_SHADOW;

CC_CTR_ZERO; // Load on Zero
CC_CTR_ZERO;

EALLOW;
SysCtrlRegs.PCLKCRO.bit.TBCLKSYNC = 1;




Pulse Width Modulation (PWM)

Usage : Comment 'utiliseton ?

fowm = 10 kHz

— Toyy =100 ps —

Period ......... TBPRD.ov.
Compare -CMPA.. o

Counter

~— frgek = 100 MHz
(Ttgcik = 10 ns)

PWM Pin

TpwM
2 fTBCLK

100MHz

TBPRD=
TrBcLk  2fpwM

CMPA : 0000 — duty cycle :
CMPA : 2500 — duty cycle :
CMPA : 3750 — duty cycle :
CMPA : 5000 — duty cycle :

=5000

2x10kHz

100%
50%
33%
0%

void InitPWM()

{

EALLOW;
SysCtrlRegs.PCLKCRO.bit.TBCLKSYNC = 0;
EDIS;

EPwm1lRegs.TBPRD = 5000;
EPwm1Regs.TBPRD = EPWM_TIMER_TBPRD;
EPwm1Regs.TBPHS.bit.TBPHS = 0x0000;
EPwmlRegs.TBCTR = Ox0000;

EPwm1Regs.CMPA.bit.CMPA
EPwm1Regs.CMPB.bit.CMPB

cmpr;
cmpr;

EPwm1Regs.TBCTL.bit.CTRMODE = TB_COUNT_UPDOWN;

EPwm1Regs.TBCTL.bit.PHSEN = TB_DISABLE;
EPwm1Regs.TBCTL.bit.HSPCLKDIV = TB_DIV1;

EPwm1Regs.TBCTL.bit.CLKDIV = TB_DIV1;

EPwm1Regs.CMPCTL.bit.SHDWAMODE
EPwm1Regs.CMPCTL.bit.SHDWBMODE
EPwm1Regs.CMPCTL.bit.LOADAMODE
EPwm1Regs.CMPCTL.bit.LOADBMODE

C
C
C
C

EPwm1Regs.AQCTLA.bit.CAU
EPwm1Regs.AQCTLA.bit.CAD

AQ_SET;
AQ_CLEA

EPwm1Regs.AQCTLB.bit.CBU
EPwm1Regs.AQCTLB.bit.CBD

AQ_CLEA
AQ_SET;

EALLOW;
SysCtrlRegs.PCLKCRO.bit.TBCLKSYNC = 1;

C_SHADOW;
C_SHADOW;

C_CTR_ZERO;
C_CTR_ZERO;

R;

R;

Groupe de Recherche en
Energie Electrique de Nancy
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Pulse Width Modulation (PWM)

Usage : Comment 'utiliseton ?

Pour une utilisation avec des interruptions
enclenchées par le module ePWM1 donc:
INT3.1

// epwm_isr
__interrupt void epwm_isr()
{
GpioDataRegs.GPASET.bit.GPIO12 =
InterruptCount++;
if (InterruptCount&l) GpioDataRegs.GPASET.bit.GPI022 = 1;
else GpioDataRegs.GPACLEAR.bit.GPIO22 = 1;

1; // Set

// Clear

// Clear INT flag

EPwmlRegs.ETCLR.bit.INT = 1;

// Acknowledge this interrupt to receive more interrupts from group 3
PieCtrlRegs.PIEACK.all = PIEACK_GROUP3;

GpioDataRegs.GPACLEAR.bit.GPIO12 = 1; // Clear

“'\\. Groupe de Recherche en
" Energie Electrique de Nancy

wireen
dans main.c

InitPieVectTable();

EALLOW; // This is needed to write to EALLOW protected registers
PieVectTable.EPWM1_INT = &epwm_isr;
EDIS; // This is needed to disable write to EALLOW protected registers

// Enable CPU INT3 which is connected to EPWM1-3 INT
IER |= M_INT3;

// Enable EPWM INTn in the PIE: Group 3 interrupt 1-6
PieCtrlRegs.PIEIER3.bit.INTXx1 = 1;

// Enable global Interrupts and higher priority real-time debug events:
EINT; // Enable Global interrupt INTM
ERTM; // Enable Global realtime interrupt DBGM

avec en global

int InterruptCount=0;

void InitPWM()

{...

// Interrupt where we will change the Compare Values
EPwmlRegs.ETSEL.bit.INTSEL ET_CTR_ZERO; // Select INT on Zero event
EPwmlRegs.ETSEL.bit.INTEN = 1; // Enable INT
EPwmlRegs.ETPS.bit.INTPRD = ET_1ST; // Generate INT on 1st event
EALLOW;
SysCtrlRegs.PCLKCRO.bit.TBCLKSYNC
EDIS;

1;
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I Analog to Digital Converter (ADC)
What : Qu’est ce que c’est ? b ompide
o Convert a continuous external
voltage (from OV to 3.3V) to = e
an internal numerical value o Signe)sompled
value (0 to 4095)
o If VDD=3.3V and the ADC 1 .
] . ] \_— - > S/H = Quantizer » output
resolution is 10 bits, the ! ;
. 3.3 , ADC
guantumis— = 0.8 ml. Itis
212 clock
the smallest voltage value
that can be detected by the R esnceaf s
A D C ' .. from quantizer
o Itis also the resolution in ?T ‘\ M
0 :5 J’-‘b_o_-_y- = {..,0 0 +15 +60, +85, +72, +28, -17, -30, -21, -8, -1, ...}
Volts e ame

-50 —

\ sampling period
or

sampling interval

72



I Analog to Digital Converter (ADC)

How : Comment fonctionne til ?

4 ADC modules. Each module is based around a 12-bit
or 16-bit converter.

Differential signal conversions (16-bit mode only)
Single-ended signal conversions (12-bit mode only)

There are 16 input channels and 16 result registers.
The ADC triggering and conversion sequencing is
managed by a series of start-of-conversion (SOCx)
configuration registers. Each SOCx register configures a
single channel conversion. It specifies the trigger source
that starts the conversion, the channel to convert, and
the acquisition sample window duration.

The triggers include software by selecting a bit, CPU
timers 0/1/2, all EPWM, and an external pin.
Additionally, ADCINT 1 and 2 can be fed back for
continuous conversions.

The ADC interrupt logic can generate up to nine
interrupts. The results for SOC 0 through 15 will appear
in result registers 0 through 15.

TMS320F2837xD Microcontroller Workshop
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ADC Module Block Diagram

ADCINO— >

ADCINT —s [ ADCRESULTO £

ADCIN2 —! T eoult — ADCRESULT1 8o

o esu
AD(EIN3—- MUX —sIS/H , AID MUX —{ ADCRESULT?2 8%
: Converter . om

ADCIN14—» I'socx ; : Z
ADCIN15—> " | —~+{ADCRESULT15|&
ADC full—sca_le ADC ADC

Input range Is CHSEL Generation | EOCX { , Interrupt ADCINT1'4>
Veerio 10 Viepny Logic Logic

SOCx Signal 1‘ ADCINT1
ADCINT?2

SOCO |TRIGSEL|CHSEL|ACQPS | [

SOC1 |TRIGSEL|CHSEL|ACQPS | ¢ |+

SOC2 |TRIGSEL|CHSEL|ACQPS | & I* Software

SOC3 |[TRIGSEL |[CHSEL [ACQPS | -2 |+ CPU1 Timer (.12

: - EPWMxSOCA/C x=11012)
5 5 Q ¢ EPWMxSOCBI/D x-=11012)
N External Pin(rioapcextsoc)

SOC15 |TRIGSEL |CHSEL |[ACQPS | |+ CPU2 Timer (.12

SOCx Configuration Registers
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Analog to Digital Converter (ADC)

How :
Comment fonctionne til ?

The block diagram for the ADC core
and the ADC wrapper

TMS320F2837xD Microcontroller Workshop

ADCINO
ADCIN1
ADCIN2
ADCIN3
ADCIN4
ADCINS5
ADCING
ADCIN7
ADCINS
ADCIN9
ADCIN10
ADCIN11
ADCIN12
ADCIN13
ADCIN14
ADCIN15

VREFHI

VREFLO

ADC Module Block Diagram
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Analog to Digital Core

Analog to Digital Wrapper Logic

SIGNALMODE [§§EEEE§§E]
Input Circuit RESQLUTIO! I RESOLUTION | BRG] T
CHSEL 1 o|g
q,{ soc A
) ADCSQC Arbitration il
i h & Control
2
3 —
4 3 i
5 r o =l
6 {*V o E ADCCOUNTER TRIGGER[15:0]
: i g £
I w A J
g Vine @) E3
10 (o]
11 e »| || SOC Delay | Trigger
E S/H Circuit Converter i Timestamp jq ] Timestamp
14 aA <
y T RESULTH, ADCPPB
T > xOFFCAL |
|_
- 0
oo
a &l saturate
rw|”
84
{ [=]

Reference Voltage Levels

v

ADCPPBxOFFREF |
+ -
ADCPPBXRESULT |

¥

Event
Logic

ADCEVT

Post Processing Block (1-4)

v

ADCEVTINT

Interrupt Block (1-4) M ADCINT1-4

v




I Analog to Digital Converter (ADC)

How : Comment fonctionne til ?

A conceptual view highlighting a single
ADC start-of-conversion functional flow
from triggering to interrupt generation.

This figure is replicated 16 times and the
red text indicates the register names.

Example:

Sample A1 2 A3 2 A5 when ePWM1 SOCB/D is generated and then generate ADCINT1:

SOCB/D (ETPWM1)

no interrupt

Result1 no interrupt

soco | Channel .| Sample
A1 20 cycles

SOC1 | Channel | Sample
I A3 "126 cycles
SOCZ | Channel Sample
1 AS |22 cycles

o Resultz ] AdCINT!

C2000™ Microcontroller Workshop

TINTO (CPU1 Timer O
TINT1 (CPU1 Timer 1
TINT2 (CPU1 Timer 2
ADCEXTSOC (GPIO
SOCA/C (ePWM1
SOC?ID (eF"V\;’M1

vy

'

)
)
)
)
)
)

v b

SOCA/C (ePWM12)
SOCB/D (ePWM12)
TINTO (CPU2 Timer 0)
TINT1 (CPU2 Timer 1)
TINT2 (CPU2 Timer 2)

v b4

‘Software Trigger‘—u——
A

ADCSOCFRC1

ADCINT1—
ADCINT2—

Re-Trigger

T

ADC SOCx Functional Diagram

ADCSOCxCTL
T
r
i ¥ ¥
g Channel Sample
e S Select "|Window
0
r C
X

ADCINTSOCSEL1
ADCINTSOCSELZ2

This block diagram is replicated 16 times
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ADCRESULTx
l L » ADCINT1
Result L » ADCINT2
. N
Register| E — ADCINT3
O -+ ADCINT4
c
X
INTSELXNy
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I Analog to Digital Converter (ADC)

How : Comment fonctionne til ?

Il faut laisser le temps a I'échantillonneur et au

convertisseur pour finir la conversion
7 cycles = 6 (a indiquer) + 1

AdcRegs .ADCSOCOCTL.bit.ACQPS

ADC Timing: Sequential sampling

Latch
2 Clocks

Sample
I Clocks

Convert

6 Clocks

B
L

7 Clocks

&
3

= 6

Write

2 Clocks

- L

'

. | -

Bl
Ll |

C2000™ Microcontroller Workshop
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Generate Early

Interrupt

R

Generate Late
Interrupt

» Start Sampling Next Channel

Groupe de Recherche en
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ADC Clocking Flow

Infernal  SYSPLLMULT  prpout  SYSCLKDIVSEL SYSCLK
(10 MHz) | FMULT/IMULT|_(400 MHz) | PLLSYSCLKDIV | (200 MHz)

bits bits To CPU

00|0]101000b (x40) 10b (/2)
@,‘\\3‘3 @*‘5\" %&\\3\:\
PCLKCR13.ADC_A=1 f\
ADCCTL?2
. PRESCALE| ADCCLK (50 MHz) To ADC core .
bits

T O ADCSOCxCTL

| ACQPS window
. bits g

0110b

sampling window = (ACQPS + 1)*(1/SYSCLK)

Note: Sampling window of 7 cycles is minimum and it can be larger
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I Analog to Digital Converter (ADC) il Jreen

Usage : Comment 'utilise ton ?

« ADCTRL1 ( Control Register 1)
* module reset, ADC enable

RegistersAdczRegs.register (z=a, b, ¢, or d)

° busy/busy channel Register Description

° reference select ADCCTLA1 Control 1 Register

* Interrupt generation control ADCCTL2 Lol el

. ADCSOCxXCTL SOCO0 to SOC15 Control Registers
[ ]
ADCSOC_XCTL(SOCO to SOC15 Control RegISterS) ADCINTSOCSELX Interrupt SOC Selection 1 and 2 Registers

* trigger source INTSELxXNy Interrupt x and y Selection Registers

e channel SOCPRICTL SOC Priority Control Register

o acquisition sampling window ADCBURSTCTL SOC Burst Control Register

. ADCOFFTRIM Offset Trim Register

 ADCINTSOCSELx(Interrupt SOC Selection 1 and 2 e e tﬂ 15 Registers

Registers)
* selects ADCINT1 / ADCINT2 trigger for SOCx
e INTSELxNy(Interrupt x and y Selection Registers)
e EOCO —EOC15 source select for ADCINT1-9
 ADCRESULTx (ADC Result 0 to 15 Registers)

MNote: ADCRESULTx header file coding is AdczResultRegs ADCRESULTx (not in AdczRegs)

Refer to the Technical Reference Manual for a complete listing of registers

77
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I Analog to Digital Converter (ADC)

Usage : Comment l'utilise t on ?

ADC Control Register 1

AdczRegs.ADCCTL1 (z=a, b, ¢, or d)

INT Pulse
Generation Control

ADC Busy ADC Busy Channel 0 = beginning of
0 = ADC available When ADCBSY = conversion

AdcaRegs.ADCCTL1. .INTPULSEPOS 1 = ADC busy 0: last channel converted 1 = one cycle prior
AdcbRegs.ADCCTL1. .INTPULSEPOS 1: channel currently processing to result
AdccRegs.ADCCTL1. .INTPULSEPOS
AdcaRegs.ADCCTL1. .ADCPWDNZ 15 -14 13 12 11-8 7 6-3 2 1-0
AdcbRegs.ADCCTL1. .ADCPWDNZ
AdccRegs.ADCCTLY. ADCPWDNZ reserved ADCBSY reserved| ADCBSYCHN | ADCPWDNZ reserved| INTPULSEPOS reserved
DELAY_US(1000);

00h = ADCINO 08h = ADCIN9 ADC Power Down

01h f ADCIN1 09h =_ADCIN10 Analog circuitry is:

02h = ADCIN2 0Ah :ADCIN11 0 = powered down

03h = ADCIN3 0Bh = ADCIN12 1 = powered up

04h = ADCIN4 0Ch = ADCIN13

05h = ADCINS 0Dh = ADCIN14

06h = ADCIN6 OEh = ADCIN15

07h = ADCIN7 OFh = ADCIN16

C2000™ Microcontroller Workshop
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Analog to Digital Converter (ADC) ’Jreen

Usage : Comment l'utilise ton ?

. ADC Control Register 2
ADC SOCO0 -SOC15 Control Registers

AdczRegs. ADCCTLZ (z a b, c ord)

AdczRegs. ADCSOCxCTL (z=a, b, ¢, ord) 15-8 5-4 3-0
reserved SIGNALMODE | RESOLUTION | reserved PRESCALE
SOCx Trigger SOCx Channel SOCx Acquisition
Source Select Select Prescale (s/H window) /
31-25 24 -20 19 18 -15 14 -9 8-0 ADC Clock Prescale
reserved TRIGSEL reserved CHSEL reserved ACQPS \ | ADCCLK equals:
‘f 0000 = Input Clock / 1.0
. L 0001 = Invalid
/ Single-ended  Diffarential Configured by AdcSetMode() function in source code 0010 = Input Clock / 2.0

00h = software

01h = CPU1 Timer 0
02h = CPU1 Timer 1
03h = CPU1 Timer 2
04h = ADCEXTSOC
05h = ePWM1SOCA/C
06h = ePWM1SOCB/D
07h = ePWM2SOCA/C
08h = ePWM2SOCB/D
09h = ePWM3SOCA/C
0Ah = ePWM3SOCB/D
0Bh = ePWM4SOCA/C
0Ch = ePWM4SOCB/D
0Dh = ePWM5SOCA/C
0Eh = ePWM5SOCB/D
0Fh = ePWMGBSOCA/C

10h = ePWM6SOCE/D
11h = ePWM7SOCA/C
12h = ePWM7SOCB/D
13h = ePWM8SOCA/C
14h = ePWM8SOCE/D
15h = ePWM9SOCA/C
16h = ePWM9SOCBE/D
17h = ePWM10SOCA/C
18h = ePWM10SOCB/D
19h = ePWM11SOCA/C
1Ah = ePWM11SOCB/D
1Bh = ePWM12S0OCA/C
1Ch = ePWM12S0OCB/D
1Dh = CPU2 Timer 0
1Eh = CPU2 Timer 1
1Fh = CPU2 Timer 2

(SIGNALMODE=0) (SIGNALMODE=1) Sampling Window

Oh =ADCINO 0/1h = ADCINO&1 000h =1 SYSCLK
1h = ADCIN1 2/3h = ADCIN2&3 cycles wide
2h = ADCIN2  4/5h = ADCIN4&5 001h =2 SYSCLK
3h =ADCIN3  6/Th = ADCING&7 cycles wide
4h = ADCIN4  8/9h = ADCIN8&9 002h =3 SYSCLK
5h = ADCIN5 A/Bh = ADCIN10&11 cycles wide
6h = ADCIN6  C/Dh = ADCIN12&13 .

7h =ADCIN7 E/Fh = ADCIN14&15 .

8h = ADCIN8S  (non-inverting/inverting) 1FFh = 512 SYSCLK
9h = ADCIN9 cycles wide
Ah = ADCIN10

Bh = ADCIN11

Ch = ADCIN12

Dh = ADCIN13

Eh = ADCIN14

Fh = ADCIN15

Adc.c
\-—’\J\—"-u.-—-‘.m\_,_h_ 'H_._—\\J_,u-.._,\/ A }J""“- e ot
- Call AdcSetMode() to configure the resol Lf on and signal mode.

This also performs the correct ADC calibration for the configured mode.
AdcSetMode (ADC_ADCA, ADC_RESOLUTION_12BIT, ADC_SIGNALMODE_SINGLE);

F2837xD_Adc.c

* Set the resolution and signalmode for a given ADC. This

g will ensure
loaded.

* the correct trim is

void AdcSetMode(Uintl6 adc, Uintl6 resolution, Uintl6 signalmode)
{
Uintl6e adcOffsetTrimOTPIndex;
Uiptl6 adcOffsetTrim; //

//index i

set trim

temporary ADC o

OTP table of ADC offset trims

0011 = Input Clock / 2.5
0100 = Input Clock / 3.0
0101 = Input Clock / 3.5
0110 = Input Clock / 4.0
1000 = Input Clock / 4.5
1001 = Input Clock / 5.0

1010 = Input Clock / 5.5
that 1011 = Input Clock / 6.0

1100 = Input Clock / 6.5

1101 = Input Clock / 7.0

1110 = Input Clock / 7.5

1111 = Input Clock / 8.0
o

Definitions for selecting ADC signaling mode and resolution

defined in F2837xD_Adc_defines.h

AdccRegs.ADCSOCOCTL.bit.CHSEL

AdcaRegs.ADCCTL2.bit.PRESCALE =

79

AdccRegs.ADCSOCOCTL.bit.ACQPS =
AdccRegs .ADCSOCOCTL.bit.TRIGSEL =
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I Analog to Digital Converter (ADC) wJreen

Usage : Comment l'utilise t on ?

ADC Conversion Result Registers
16-bit Mode

AdcnResultRegs.ADCRESULTx (n = ¢4d, x = 0-15)

ADC Conversion Result Registers
12-bit Mode

AdcnResultRegs.ADCRESULTx (n =a-d, x = 0-15)

MSB | LSB MSB LSB
15 14 13 12 11 10 9 8 7 # 5§ 4 3 2 1 0 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
ADCINxP | ADCINXN | Digital | AdcnResultRegs. ADCINx | Digital | AdcnResultRegs.
Voltage Voltage | Results ADCRESULTx Voltage | Results ADCRESULTXx
3.0V o), FFFFh | 1111]1111]1111]1111 3.0V FFFh | 0000[1111]1111]1111
1.5V 1.5V 7FFFh | O0111|1111[1111]1111 1.5V /FFh | 0000j0111[1111[1111
45uV | 3.0/~ 45V 1h 0000|0000|0000|0001 0.00073V | 1h 0000]|0000|0000|0001
oV 3.0V Oh 0000|0000|0000|0000 oV Oh 0000[0000]|0000[0000

¢ Single-ended - one input pin (ADCINX)
¢ External reference (VREFHI and VREFLO)

AdccResultRegs.ADCRESULTO
AdcbResultRegs.ADCRESULTO
AdcaResultRegs.ADCRESULTO

¢ Differential — two input pins (ADCINXP & ADCINXxN)
¢ Inputvoltage is the difference between the two pins
¢ External reference (VREFHI and VREFLO)

C2000™ Microcontroller Workshop

80




Groupe de Recherche en
Energie Electrique de Nancy

Analog to Digital Converter (ADC) ’Jreen

Usage : Comment 'utilise ton ? _
Interrupt Select x and y Register
AdczRegs.INTSELxNy (z=a, b, ¢, or d)

ADC Interrupt Trigger SOC Selgtt Where x/y =1/2, 3/4
Registers 1 & 2

15 14 13 12 11-8
AdczRegs. ADCINTSOCSELx (z=a/b, c, ord
8 ( 7 s ) reserved INTYCONT INTYE reserved INTYSEL
ADCINTSOCSEL2 7 6 5 4 3-0
15-14 13-12 11-10 9-8 7-6 5-4 3-2 1-0 d INTXCONT INTXE d INTXSEL
SOC15 SOC14 SOC13 S0OC12 } SOC11 SOC10 SOC9 SOCs8 reserve X X reserve | X
ADCINTSOCSEL1 ADCINTx/y EOC Source Select
15-14  13-12 11-10 g-8 7-6 5.4 3-2 1-0 00h = EQCQO is trigger for ADCINTX/y
soc7 | soce | socs /soca | socs | socz | soct | soco ADCINTxly ADCINTxly 01h = BOC1 is trigger for ADCINTx/y
| Continuous Interrupt Enable 02h = EOC2 is trigger for ADCINTx/y
—
= B 1 - enable = IS trigger 1or Xy
7/ 0 = one-shot pulse 05h = EOCS is trigger for ADCINTX/y
generated (until flag 06h = EOCE is trigger for ADCINTX/y
SOCx ADC Ipferrupt Select cleared by user) 07h = EOCT7 is trigger for ADCINTx/y
Selects whicli, if any, ADCINT triggers SOCx 1 = pulse generated for 08h = EOCS is trigger for ADCINTx/y
00 = no ACINT will trioger SOCx (TRIGSEL field determines SOCx trigger) each EOC 09h = EOCS9 is trigger for ADCINTxX/y
01 = ADCINT1 will trigger SOCx (TRIGSEL field ignored) 0Ah = EOC10 is trigger for ADCINTx/y
10 =/ADCINTZ2 will trigger SOCx (TRIGSEL field ignored) 0Bh = EOC11 is trigger for ADCINTx/y

11/% invalid selection 0Ch = EOC12 is trigger for ADCINTx/y

0Dh = EOC13 is trigger for ADCINTx/y
0Eh = EOC14 is trigger for ADCINTx/y
0OFh = EOC15 is trigger for ADCINTX/y

AdcaRegs .ADCINTSELIN2.bit.INT1SEL
AdcaRegs .ADCINTSELIN2.bit.INT1E =

C2000™ Microcontroller Workshop AdcaRegs.ADCINTFLGCLR.bit.ADCINT1
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I Analog to Digital Converter (ADC)

Usage : Comment l'utilise t on ? o1 Configuresdc (void)

ConfigureADC(); EALLOW;
//write configurations
o AdcaRegs.ADCCTL2.bit.PRESCALE = 6; //set ADCCLK divider to /4
e |nitialiser ’'ADC AdcbRegs .ADCCTL2.bit.PRESCALE = 6; //set ADCCLK divider to /4
. . AdccRegs.ADCCTL2.bit.PRESCALE = 6; //set ADCCLK divider to /4
 Configurer 'ADC : Utilisateur °
e Confi ) rondul inhasé AdcSetMode (ADC_ADCA, ADC_RESOLUTION_12BIT, ADC_SIGNALMODE SINGLE);
ontiguration pour F'onduleur triphase AdcSetMode (ADC_ADCB, ADC_RESOLUTION_12BIT, ADC_SIGNALMODE SINGLE);

AdcSetMode (ADC_ADCC, ADC_RESOLUTION_12BIT, ADC_SIGNALMODE_SINGLE);
//Set pulse positions to late

InitMyADC();

J1.01 +3.3V J3.21 +5V J4.40 PWM1A PWMHA J2.20 GND .
J1.02 P32 Info J3.20 GND J4.39 PWM1B PWMLA J2.19 P61 ﬁgzgiggz'ﬁgggﬁ'gi'imiﬂiggg 1f
J1.03 P19 FAULT (in) | J3.23 ADCIN14 Va J4.38 PWM2A PWMHB J2.18 P123 SCS gs- T >
J1.04 P18 HallA 33.24 ADCINC3 Vb 34.37 PWM2B PWMLB | J2.17 P122 AdccRegs.ADCCTL1.bit.INTPULSEPOS = 1;
J1.05 P67 HallB 33.25 ADCINB3 Vc J4.36 PWM3A PWMHC 32.16 RESET //power up the ADC

J1.06 P111 HallC J3.26 ADCINA3 Vdc J4.35 PWM3B PWMLC J2.15 P58 MOSI AdcaRegs.ADCCTL1.bit.ADCPWDNZ

J1.07 P60 SCLK J3.27 ADCINC2 Ia J4.34 P24 J2.14 P59 MISO AdcbRegs.ADCCTL1.bit.ADCPWDNZ =

J1.08 P22 J3.28 ADCINB2 Ib J4.33 P16 J2.13 P124 ENGATE AdccRegs.ADCCTL1.bit.ADCPWDNZ

J1.09 P105 SCL_OLED J3.29 ADCINA2 Ic J4.32 DAC1 BNC1 J2.12 P125 WAKE //delay for 1ms to allow ADC time to power
J1.10 P104 SDA_OLED J3.30 ADCINAO J4.31 DAC2 BNC2 J2.11 P29 DELAY_US(1000);

EDIS;




Analog to Digital Converter (AD(

Usage : Comment 'utilise t on ?

ConfigureADC();
InitMyADC();

e I|nitialiser 'ADC

 Configurer 'ADC : Utilisateur

Configuration pour 'onduleur triphasé

J1.01 +3.3V J3.21 +5V 4.40 PWM1A PWMHA

1.

J1.02 P32 Info J3.20 GND J4.39 PWM1B PWMLA
J

J1.10 P104 SDA_OLED

AdcaRegs .ADCINTSELIN2.bit.INT1SEL
AdcaRegs .ADCINTSELIN2.bit.INT1E =
AdcaRegs .ADCINTFLGCLR.bit.ADCINT1

// ePWM1 SOC a chaque Periode
EPwmlRegs.ETSEL.bit.SOCAEN =
EPwmlRegs.ETSEL.bit.SOCASEL =
EPwmlRegs.ETPS.bit.SOCAPRD
EDIS;

1;

ET_CTR_ZERO; // SOC on time-base counter equal to zero (TBCTR =
= ET_1ST;

1;

P123 SCS§

P58 MOSI
P59 MISC
P124 ENC
P125 WAK

2; //end of SOC2 will set INT1 flag
//enable INT1 flag
1; //make sure INT1 flag is cleared

void InitMyADC()

{

Uintl6 acqps = 30; //75ns

for ADC_RESOLUTION_12BIT

// Determine minimum acquisition window (in SYSCLKS) based on resolution
//Select the channels to convert and end of conversion flag

EALLOW;
// ADCINC2
AdccRegs
AdccRegs
AdccRegs
// ADCINB2
AdcbRegs

AdcbRegs.
AdcbRegs.

// ADCINA2

AdcaRegs.

AdcaRegs
AdcaRegs
// ADCIN14
AdcaRegs
AdcaRegs
AdcaRegs
// ADCINC3
AdccRegs
AdccRegs
AdccRegs
// ADCINB3
AdcbRegs
AdcbRegs

AdcbRegs.

// ADCINA3

AdcaRegs.
AdcaRegs.
AdcaRegs.

Ia

.ADCSOCOCTL.
.ADCSOCOCTL.
.ADCSOCOCTL.

Ib

.ADCSOCOCTL.
ADCSOCOCTL.
ADCSOCOCTL.

Ic

ADCSOCOCTL.
.ADCSOCOCTL.
.ADCSOCOCTL.

Va

.ADCSOCI1CTL.
.ADCSOCI1CTL.
.ADCSOC1CTL.

Vb

.ADCSOCI1CTL.
.ADCSOCI1CTL.
.ADCSOC1CTL.

\Ye

.ADCSOC1CTL.
.ADCSOC1CTL.
ADCSOC1CTL.

Vdc

ADCSOC2CTL.
ADCSOC2CTL.
ADCSOC2CTL.

bit
bit
bit

bit

bit.
bit.

bit.
bit.
bit.

bit.
bit.
bit.

bit
bit
bit

bit
bit

bit.

bit.

bit

bit.

.CHSEL = 2; //SOC@ will convert pin C2
.ACQPS = acqgps; //sample window is 100 SYSCLK
.TRIGSEL = 5; //trigger on ePWM1 SOCA/C
.CHSEL = 2; //SOCO will convert pin B2

ACQPS = acqgps; //sample window is 100 SYSCLK
TRIGSEL = 5; //trigger on ePWM1 SOCA/C

CHSEL = 2; //SO0CO will convert pin A2

ACQPS = acqgps; //sample window is 100 SYSCLK
TRIGSEL = 5; //trigger on ePWM1 SOCA/C

CHSEL = 14; //SOC1 will convert pin Al4
ACQPS = acqps; //sample window is 100 SYSCLK
TRIGSEL = 5; //trigger on ePWM1 SOCA/C
.CHSEL = 3; //SOC1 will convert pin C3
.ACQPS = acqps; //sample window is 100 SYSCLK
.TRIGSEL = 5; //trigger on ePWM1 SOCA/C
.CHSEL = 3; //SOCl1 will convert pin B3
.ACQPS = acqgps; //sample window is 100 SYSCLK
TRIGSEL = 5; //trigger on ePWM1 SOCA/C

CHSEL = 3; //SOC2 will convert pin A3
.ACQPS = acqps; //sample window is 100 SYSCLK
TRIGSEL = 5; //trigger on ePWM1l SOCA/C

// Enable SOC on A group

// Generate pulse on 1st event

zero)

cycles

cycles

cycles

cycles

cycles

cycles

cycles
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I Analog to Digital Converter (ADC)

Usage : Comment l'utilise t on ?

ConfigureADC(); zoid ConfigureADC()
InitMyADC(); A LLow-

ege |: ) //write configurations
* |nitialiser 'ADC AdcaRegs.ADCCTL2.bit.PRESCALE = 6; //set ADCCLK divider to /4
AdcbRegs .ADCCTL2.bit.PRESCALE = 6; //set ADCCLK divider to /4

 Configurer 'ADC : Utilisateur
AdcSetMode (ADC_ADCA, ADC_RESOLUTION_12BIT, ADC_SIGNALMODE_ SINGLE);

® Configu ration pour la carte du TP AdcSetMode (ADC_ADCB, ADC_RESOLUTION_12BIT, ADC_SIGNALMODE_SINGLE);
//Set pulse positions to late

Jil.01 +3.3Y J3.21 +5V J4.40 PWM1A PWMHA J2.20 GND AdcaRegs.ADCCTL1.bit.INTPULSEPOS 1;
J1.02 P32 input J3.20 GND J4.39 PWM1B PWMLA J2.19 P61l AdcbRegs.ADCCTLL.bit. INTPULSEPOS 1;
J1.03 P19 BP1 J3.23 ADCIN14 J4.38 PWM2A PWMHB J2.18 P123 SCS //power up the ADC

J1.04 P18 BP2 J3.24 ADCINC3 J4.37 PWM2B PWMLB J2.17 P122 AdcaRegs.ADCCTL1.bit.ADCPWDNZ = 1;

J1.05 P67 LFDl J3.25 ADCINB3 Iref J4.36 PWM3A PWMHC J2.16 RESET AdcbRegs . ADCCTL1.bit.ADCPWDNZ 1;

J1.06 P111 input J3.26 ADCINA3 Imes J4.35 PWM3B PWMLC J2.15 P58 MOSI //delay for 1ms to allow ADC time to power
J1.067 P60 SCLK J3.27 ADCINC2 J4.34 P24 J2.14 P59 MISO DELAY_US(1000);

J1.08 P22 0UT267 J3.28 ADCINB2 J4.33 P16 J2.13 P124 ENGATE EDIS;_

J1.09 P105 SCL_OLED J3.29 ADCINA2 J4.32 DAC1 BNC1 J2.12 P125 WAKE

J1.10 P104 SDA_OLED J3.30 ADCINAO J4.31 DAC2 BNC2 J2.11 P29




I Analog to Digital Converter (ADC)

Usage : Comment l'utilise t on ?

ConfigureADC();

InitMyADC();

. . . ’
* |Initialiser 'ADC
. ' . . .

 Configurer 'ADC : Utilisateur

* Configuration pour la carte du TP
J1.01 +3.3V J3.21 +5V J4.40 PWM1A PWMHA J2.20 GND
J1.02 P32 input J3.20 GND J4.39 PWM1B PWMLA J2.19 P61
J1.03 P19 BP1 J3.23 ADCIN14 J4.38 PWM2A PWMHB J2.18 P123 SCS
J1.04 P18 BP2 J3.24 ADCINC3 J4.37 PWM2B PWMLB J2.17 P122
J1.05 P67 LED1 J3.25 ADCINB3 Iref J4.36 PWM3A PWMHC J2.16 RESET
J1.06 P111 input J3.26 ADCINA3 Imes J4.35 PWM3B PWMLC J2.15 P58 MOSI
J1.07 P60 SCLK J3.27 ADCINC2 J4.34 P24 J2.14 P59 MISO
J1.08 P22 0OUT267 J3.28 ADCINB2 J4.33 P16 J2.13 P124 ENGATE
J1.09 P105 SCL_OLED J3.29 ADCINA2 J4.32 DAC1 BNC1 J2.12 P125 WAKE
J1.10 P104 SDA OLED J3.30 ADCINA® J4.31 DAC2 BNC2 J2.11 P29

void InitMyADC()

{

Uintl6 acqps;
// Determine minimum acquisition window (in SYSCLKS) based on resolution
acgps = 30; //75ns
//Select the channels to convert and end of conversion flag

EALLOW;

// ADCINA3
AdcaRegs
AdcaRegs
AdcaRegs

// ADCINB3
AdcbRegs
AdcbRegs
AdcbRegs

AdcaRegs
AdcaRegs
AdcaRegs

// ePWM1

EPwmlRegs.ETSEL.bit.SOCAEN
// SOC on time-base counter
EPwmlRegs.ETSEL.bit.SOCASEL =
EPwm1Regs.ETPS.bit.SOCAPRD

EDIS;

Imes

.ADCSOCOCTL.
.ADCSOCOCTL.
.ADCSOCOCTL.

Iref

.ADCSOCOCTL.
.ADCSOCOCTL.
.ADCSOCOCTL.

bit.
bit.
bit.

bit.
bit.
bit.

CHSEL =
ACQPS
TRIGSEL

CHSEL =
ACQPS =
TRIGSEL

.ADCINTSELIN2.bit.INTI1SEL =
.ADCINTSELIN2.bit.INT1E = 1;
.ADCINTFLGCLR.bit.ADCINT1

SOC a chaque Periode

=1;
equal to zero (TBCTR =
ET_CTR_ZERO;

ET_1ST;

Groupe de Recherche en
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for ADC_RESOLUTION_12BIT

3; //S0CO will convert pin A3
acqps; //sample window is 100 SYSCLK cycles
= 5; //trigger on ePWM1 SOCA/C

3; //S0CO will convert pin B3
acqps; //sample window is 100 SYSCLK cycles
= 5; //trigger on ePWM1 SOCA/C

0; //end of SOCO will set INT1 flag

//enable INT1 flag
= 1; //make sure INT1 flag is cleared

// Enable SOC on A group
zero)

// Generate pulse on 1st event
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Analog to Digital Converter (ADC)

interrupt void adcal_isr(void)

Usage : Comment l'utilise ton ? :

GpioDataRegs.GPBSET.bit.GPIO032 = 1;

ADC_Ta = AdccResultRegs.ADCRESULTO;
. H ADC_Ib = AdcbResultRegs.ADCRESULTO;
ISR de fln de conversion (EOC) de ADC_Ic = AdcaResultRegs.ADCRESULTO;
/\[)(:Ipd1-]' ADC_Va = AdcaResultRegs.ADCRESULT1;
- : 4 - ’ ADC_Vb = AdccResultRegs.ADCRESULT1;
GPIO32 indique les début/fin de I'ISR ADC Ve = AdebResultRoce ADCRESULTL
Lecture des résultats de conversion ADC_vdc = AdcaResultRegs.ADCRESULT2;
o o Ia = (ADC_Ia-ADC_IaOffset)*Igain;
Acknoweldge interruption / clear Flag T - (ADC Th-ADC Th0FFect) Tonin,

Ic (ADC_Ic-ADC_IcOffset)*Igain;

Vdc = (ADC_Vdc-ADC_VdcOffset)*Vgain;

AdcaRegs .ADCINTFLGCLR.bit.ADCINT1 = 1; //clear INT1 flag

// Check if overflow has occurred

if(1 == AdcaRegs.ADCINTOVF.bit.ADCINTl)
{
AdcaRegs .ADCINTOVFCLR.bit.ADCINT1 1; //clear INT1 overflow flag
AdcaRegs .ADCINTFLGCLR.bit.ADCINT1 1; //clear INT1 flag

}

PieCtrlRegs.PIEACK.all = PIEACK_GROUP1;
GpioDataRegs.GPBCLEAR.bit.GPIO32 = 1; // Clear

}




I Target : Les applications possibles

* Controle des Convertisseurs Statiques (PWM, ADC, ISR, GPI0)
e Commande de moteurs triphasés

e Commande de drones, véhicules

« Commande des systemes de contrble (HVAC,...)
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Digital Input / Output Lines (I/0), pull-up, Change Notification (CN),
wake

Analogue to Digital Converter (ADC), SOC sources, Interrupt.
Digital to Analogue Converter (DAC)

Timer / Counter units, prescaler, cascadables, WatchDog
Pulse Width Modulation (PWM), trigger ADC SOC

Digital Capture Input Lines
o—RealTime Clockand Calendar{RTCC)

o Communication Interface Units

» Serial Communication Interface (SCI) - UART

» Serial Peripheral Interface (SPI)

» Inter Integrated Circuit (12C) — Bus
» Controller Area Network (CAN)

O

O O O O O
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I Microcontroleurs et périphériques

Inter Integrated Circuit (12C)

O

O
O
O

O

O

https://controllerstech.blogspot.com/2017/07/i2c-in-stm32.html h

"\ Groupe de Recherche e
Energie Electrique de Nan

faieen

Inter Integrated Circuits

Synchronous Tx and Rx communication

12C bus: SCL (Clock) and SDA (Data)

We do not bother with the communication
protocol, headers, start, stop ,
Each slave device has a specific address.

For example:

» The Oled Screen provided have default 12C
address 0x78

» The default 12C address for the sensor BMP280 is
O0x77 and the alternative 12C address is 0x76
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I Microcontroleurs et périphériques

Universal Asynchronous Receiver Transmitter (UART)

o Serial communication

o Most standard communication protocol

o Exists at another voltage level (R$232) through
transceivers

o Speed in bits per seconds (BAUDS). Common values
are: 9600, 19200 and 115200

o The UART is not a fast transmission interface compared [
to SPl or 12C slg?cb; Wordldata P;?tty slzw
o In Arduino, the syntax to use the Serial interface over B | sl |

the USB, to communicate with the PCis: Do s | e oel ol e 5l PBW

h he other f ' d d
" dota and toxt overthe sera imtertace | L L]

SIRCIVIRERCH o101 print (“Hello Horld") | , o

Start by Incoming data sampled at the bit-pulse center Sample
detecting stop bit
transition
from logic 1
https://microcontrollerslab.com/uart-communication-working-applications/ to logic 0 91
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I Microcontroleurs et périphériques fareen
Serial Peripheral Interface (SPI)
o Synchronous serial communication interface
o For short distances and high speed (Mbps) MASTER  _ SLAve
o Generally it needs 4 lines between the master anc :EE ;: E_:
the slave ss ss
o The master imposes the clock and initiate the Master to Slave Stave to Master
communication
» SCLK: Serial Clock (output from master) “';s"‘:E'“ . {'{{{{W
» MOSI: Master Out Slave In (data output from master) - AmA _—
» MISO: Master In Slave Out (data output from slave) ..;':'.33'“ B} .J
» SS: Slave Select (often active low, output from master) o oxsd AscH 3"
o More complex than 12C and UART (clock polarity and phase, MISO
Daisy-chained,...) but the fastest interface Mawtorin
o In Arduino, the syntax to use the SPI, to
communicate with an external sensor is often W3S
hidden in the library of the sensor -
https://en.wikipedia.org/wiki/Serial_Peripheral_Interface 92

https://learn.sparkfun.com/tutorials/serial-peripheral-interface-spi/all
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I Microcontroleurs et périphériques
Serial Peripheral Interface (SPI)
o In Arduino, the syntax to use the SPI, to communicate with an external sensor is often
hidden in the library of the sensor
o In this explicit example, we send 0x00 on the MOSI then an 8 bits between 0 and 128
o This number sets the output resistance at pin 6 of the MCP4131. A smaller number sets a
lower resistance, and a larger number sets a higher resistance.

#include

setup() {
pinMode(
— SPI.begin()
cSO1 80 VDD Serial.begin(
SCKO2 70 POB
SDI/SDO O 3 g 6 1 POW loop() {
digitalWrite( )
VSS O 4 5 . PUA (byte wiper value = wiper_value <= wiper_value++) {
SPI.transfer( )
SPI.transfer(wiper value)
MCP4131 Serial.println(analogRead(AQ))
151 delay( )
Digital }
potentiometer digitalurite( )

https://www.circuitbasics.com/how-to-set-up-spi-communication-for-arduino/



I Rotational speed and position sensors

Use
o Motors, rotor shafts, wind speed and
direction

Relative position
o Incremental encoder

Absolute position
o Absolute encoder
o Resolver

alach Apswerung




I Magnetic induction sensors

Magnetic induction sensors
Hall effect technology
Bipolar SS40A

Linear SS49E

Datasheets

1 Tesla = 104 Gauss
1000 Gauss=0.1T

VvOo O O O

C

se
o Proximity sensors
o Intrusion detection
o BLDC motor control
o Levitation

https://www.youtube.com/watch?v=7vXB22RlkyA
http://www.embesystems.com/dspic_levitation.php

'\ e e
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I Current, Voltage and Power sensors

Recent current sensors
o Hall effect technology
o Galvanic isolation

o Measures in:
> Continuous

» Alternate
» Instantaneously
o ltoV I
o Filtering " o
- & 1 N -
o Connect to the ADC pin of the uC NE : :
- 1A
YT ““f""'!y
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Current, Voltage and Power sensors
Voltage sensors

o Hall effect technology
o Galvanic isolation

o Measures in:

» Continuous
» Alternate
» Instantaneously

o Needs external power resistances
o VtoV

o Filtering

o Connect to the ADC pin of the uC
o Recent: ACPL-C87AT

Board integration
o Measure Voltages and currents
o Store and send data over Internet
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