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RESSOURCES

Thoodle

http://foad.ensicaen.fr/

Les différentes ressources numériques sont accessibles sur la plateforme
pédagogique de I'ENSICAEN (aucune authentification requise, acces libre).
Archive de travail mcu.zip. Ne pas oublier de s'inscrire au cours avant tout
aeépot !

https://foad.ensicaen fr/course/view.php?2id=116
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PROGRAMME ET OBJECTIFS

- COURS - Comprendre le fonctionnement et l'architecture matérielle d'un
processeur MCU

Le cours a pour objectif d'asseoir une bonne compréhension de
I'architecture matérielle et du fonctionnement d'un processeur a CPU. Afin
d'illustrer et présenter les grands éléments constitutifs de ce type de processeur
(CPU, mémoires, périphériques et bus), nous travaillerons sur processeur MCU
(Micro Controller Unit ou microcontréleur). Une fois les grand concepts
architecturaux présentés, nous appliquerons nos représentations sur technologe
MCU 8bits PIC18 développée par la société Microchip. Nos analyses se feront a
I'étage registre du processeur et a I'étage assembleur du modele de
développement logiciel. Une fois l'architecture matérielle assimilée, nous nous
intéresserons aux méthodologies de conception et de développement
d'application bare-metal (sans OS), notamment au concept de scheduling offline
(stratégie d'ordonnancement). Pour cl6turer les phases de cours, nous
parcourrons les problématiques liées a des stratégies et techniques de
communication rencontrées en Systemes Embarqués (Liaison série, SPI, 12C, etc).

- TRAVAUX PRATIQUES - Développer, tester, valider et documenter une
solution logicielle embarquée sur MCU. Développement de bibliothé ques
pilotes (drivers), d’'applications de test unitaires et d’une application
produit.

Pour une grande partie des réalisations, nous aurons a développer un BSP
(Board Support Package) ou HAL (Hardware Abstraction Layer) from scratch (en
partant de rien) et en travaillant a |'étage registre du processeur (plus bas niveau
de développement sur machine). En résumé, nous allons tout faire de A a Z. Dans
notre cas, le BSP doit étre vu comme une collection de fonctions logicielles pilotes
(drivers) assurant le contréle des fonctions matérielles périphériques internes
(GPIO, Timer, UART, etc) voire externes (module Bluetooth, afficheur
alphanumeérique LCD, etc). Notre BSP sera dédié a notre processeur et notre
carte. Une migration de technologie ou de solution (processeur et/ou carte)
nécessiterait ajustement et redéveloppement. Une fois le BSP développé, testé,
validé, documenté et la bibliotheque statique générée, nous développerons une
application audio Bluetooth bare-metal (sans OS) |'utilisant. L'application
implémentera notamment un scheduler offline. Nous ne pourrons alors
qu'imaginer l'infini potentiel créatif s'ouvrant devant nos yeux !
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OUTILS DE DEVELOPPEMENT

R\Microchir §&2 70 [T
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Suivre les indications présentent dans la section OUTILS DE

DEVELOPPEMENT sous l'espace moodle associé a l'enseignement afin d'installer
les outils. Les outils de développement proposés par Microchip sont libres
d'utilisation du moment que nous utilisons les versions dites Free ou Lite (outils
sans options d'optimisation). Chaque exercice de TP peut étre pré-compilé voire
testé en simulation a la maison avant l'arrivée en séance. De méme, l'installation
des outils puis l'utilisation en mode simulation pour une analyse de traduction de
programmes C vers ASM PIC18 est sans aucun doute ['une des solutions
d'apprentissage et de révision les plus efficaces lorsque nous n'avons pas en
possession les plateformes matérielles. Voici ci-dessous la synthese des outils a
installer :

- IDE (Integrated Development Environment) MPLABX v5.50:
https://www. microchip.com/development-tools/pic-and-dspic-downloads-
archive

. TJoolchain C XC8 v1.45 (Free Mode) :
https://www.microchip.com/development-tools/pic-and-dspic-downloads-
archive

« Terminal asynchrone de communication TeraTerm (derniere version)
https://ttssh2.osdn jp/index html.en

« Drivers VCP (Virtual COM Port) pour chip USB to UART de FTDI (derniere
version) : http//www ftdichip.com/Drivers/VCPhtm

- Simulateur PICSimLab pour Windows 64 bits :
https://foad.ensicaen.fr/mod/resource/view. php?id=24874

« Emulateur Null Modem comOcom (derniere version) :
https://sourceforge.net/projects/comOcom /files/comOcom/3.0.0.0/comOcom-
3. 0.0.0-1386-and-x64-signed.zip/download
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L'enseignement comportera 2 évaluations distinctes. Une évaluation sur
table et une évaluation pratique. Voici le détail des points sur lesquels vous serez
évalués -

EVALUATION SUR TABLE - 2h30 : Feuille manuscrite A4 recto/verso

CONNAITRE - 6pts : Questions de culture générale pouvant traiter sur tout
point aborde en séance de cours présentiel ou présent dans le support de

travail. Connaissances fondamentales et culture scientifique de I''ngénieur
électronicien

COMPRENDRE - 10pts : Exercice de traduction d'un programme C vers un
équivalent en assembleur PIC18. Niveau d'exigence proche de l'exercice

réalisé en cours. Comprendre et maitriser le travail d'un processeur
numérique et des outils de compilation

ANALYSER -4pts : Analyse d'un programme réalisant une application simple
sur une architecture processeur non découverte en enseignement.
Adaptabilité de I'ingénieur aux concepts étudiés sur de nouvelles
technologies

FVALUATION PRATIQUE - 1h30 - Tous documents autorisés

DEVELOPPER - 20pts : Réalisation d'un projet simple sur matériel réel
pouvant traiter sur tout point abordé durant les séance de Travaux
Pratiques. Se référer a son référent de TP pour les questions relatives a

cette évaluation. Faculté de l'ingénieur a répliquer ses compétences
opérationneéelles sur un cahier des charges nouveau
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SOMMAIRE DU POLYCOPIE DE COURS

Découverte de la carte de développement de Travaux Pratiques !

/. CARTE CURIOSITY HPC

Quels sont les services matériels proposés par I'architecture MCU 8bits PIC18 ?

8. ARCHITECTURE PIC18

Comment fonctionne un MCU 8bits PIC18 ?
9. ASSEMBLEUR PIC18

Comment échanger de Il'information de systéme a systéme ?

10. RESEAUX DE COMMUNICATIONS
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- JTAG in-circuit Programmer/Debugger

Sans bootloader déja programmeé dans le processeur, nous devons
utiliser une sonde JTAG (Join Test Action Group) afin de charger voire
debugger le programme depuis I'IDE sur ordinateur vers le MCU cible.
Un StarterKit embarque déja une sonde de programmation a coté du
processeur cible de test. Sinon, nous pouvons utiliser des sondes
externes plus polyvalentes (ICD4, PICKIT4, etc chez Microchip).

External PICKIT4

PIC18F27K40 JTAG in-circuit programmer/Debugger

SPDIP 28 pins package

MCLR\/rr/REAL]1 ~ g RB7/ICSPDAT
RAOL|2 27[]RB6/ICSPCLK
RA1[]3 SB[ IRBE
RAZ[[4 25 ]RB4
RA3[]5 24 ]RB3
rpia i 2z CURIOSITY HPC Starter Kit
vss[s 21JRBO with JTAG in-circuit programmer/Debugger
RA7[|9 20 Ivoo A
RA6[]10 19 ]Vss
rcol]11 18 JRC7
rci[]12 17[]RCs
rc2[]13 16 JRC5
RC3[]14 15[ JRC4

- SYSTEMES EMBARQUES
- Starter Kit Curiosity HPC

Programmer/Debugger Application
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i Prototypage avec modules Click Board de MikroElectronika

La carte Curiosity HPC possede deux connecteurs mikroBUS
permettent également d'ajouter des modules externes Click Board
Proposés par la société Mikroelektronika. Des centaines de modules
externes sont actuellement disponibles en catalogue (Bluetooth, audio,
WIFI, controle de moteur, afficheurs LCD, capteurs divers, etc)
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Types de baitiers pour composants

Comme la plupart des composants électronique, un MCU peut étre
décliné en plusieurs boitiers ou packages par le fabricant (DIP, BGA,
QFN, SOP, etc). Chague boitier offrant en général un ensemble
d'avantages et d'inconvénients. Il est a noter que seul le boltier change
(encombrement, accessibilité des broches, dissipation thermique,
prototypage ou production, techniques de dépose, etc). La puce de
silicium embarquée est la méme. La curiosity HPC, en tant que matériel
de prototypage, est elle dédiée aux boitiers DIP 28 ou 40 broches.

QFP

T

SOP SOP SOP23 SOP223

SYSTEMES EMBARQUES
A la découverte des MCU PIC18 de Microchip ...
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MICROCHIP
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MICROCHIP PIC18 MCUs

ECOLE PUBLIGUE DINGENIEURS
CENTRE DE RECHERCHE

Market shares of silicon manufacturers and MCU suppliersin 2021.

2Q21 Top 10 Semiconductor Sales Leaders ($M, Including Foundries) Leading MCU Suppliers (M)
1Q21 | 1Q21 2021 2021 21/20 2021
2Q21 1021 1021 2021 2021 j2q21/1Q21 Company  Headquarters 2020 2021
Rank | Rank Company Headquarters Total IC Total Total Total I Total Total Semi | % Change Rank % Ch Marketshare
O30 seml e 1 NXP Europe 2,980 3,795  27% 18.8%
T | 2 |samsung South Korea | 16,152 | 920 | 17,072 | 19,262 | 1,035 | 20,297 19% 4 d :
2 1 |intel us. 18676 | 0 | 18676 | 19,308 0 19,304 3% 2 Microchip u.s. 2,872 3,584 25% 17.8%
3 3 |TSMcC(1) Taiwan 12,911 (1] 12,911 13,315 o 13,315 3%
4 | 4 |sKHynix Southkorea | 7,270 | 358 | 7,628 | 8762 | 451 | 9213 21% 3 Renesas Japan 2,748 3,420  24% 17.0%
5 5 |Micron us. 6,629 0 6,629 7,681 0 7,681 16% 4 5T Europe 2,506 3374 35% 16.7%
6 | 6 |Qualcomm (2) Us. 6281 | 0 | 6281 | 6472 | 0 6472 %
7 | 8 |Nvidia(2) us. 4842 | o | asa2 | 5,540 0 5,540 14% 5 Infineon Europe 1953 2378 22% 11.8%
8 | 7 [Broadcominc.(2) U 4364 | ass | a8a9 | aa00 | a% | a8% 1% Y ;
o | 10 |MediaTek(2) Toiwan | 3848 | o | 3849 | 440 | o 4,496 17% Source: Comoany reports; IC nsights
10 | 9 In s, 4 4 2 42
2) Fabless

Source: Comflany reports, IC Insights’ Strategic Reviews database @
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MICROCHIP PIC18 MCUs

The American company Microchip is an electronic device manufacturer. Most of its
turnover (fr: chiffre d'affaires) is due to MCUs: about 60% come from the PIC Family

according to Microchip ESC Filing.
In 2016 Microchip bought Atmel, its major concurrent on the 8-bit MCU market.

@ PIC® MCU

1985 1990 1999 2010

PICCPY Frst Microchip 1 Billien PIC intrachuction of PIC MCU Core  Mora than 12 Billion

Imventicn  MCUIntroduction  MCUsshipped  Independant Peripharals PIC MCUs shipped

MICI IOCI III | 2018
Creation of 8-bit
MCU Powerhouse
1992 1997 2003 2007 2015
AVRCPU  First AVRMCU 500 Million AVR  Introduction of AVR Mare than 7 Billicn

MCUs shipped  MCU Event System AVR MCUs shipped

Atmel .

MICROCHIP PIC18 MCUs

With its large range of MCU solutions, Microchip can win its clients loyalty by offering
them the possibility to aim For various applications and markets.

Like many manufacturers, Microchip also supplies tools that make it easy to switch from
a specific architecture to another (e.g. migration from PIC18 to PIC32).

Scaling the PIC® MCU & dsPIC® DSC Families

Mouse over and click on each
product family to learn more . —
PIC32

e
dsPIC33
..
dsPIC30
—.
PIC24H
...
- PIC24F
< PIC18
PIC16 1@

Functionality

\-\\\-

Performance
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@ MICROCHIP I‘[ Ethernet MAC and PHY

(10 Base-T)

CAN 2.0B
LCD Peripherals

ADC 10/12-bit

Charge Time
Measurement Unit
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Comparators

Memory Bus e
8/16-bit Timers

Compare/Capture/PWM
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Interrupt
Central Control AR
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MICROCHIP PIC18 MCUs
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PIC18 CENTRAL PROCESSING UNIT f=Esgssi=S

Architecture

Just like the Atmel AVR, Microchip PIC18 follow a Harvard architecture: program and
data memories are physically separated and their own addressing space are distinct.




PIC18 CENTRAL PROCESSING UNIT ESsEZEssss
Architecture
CAEN

PIC18 CPUs are designed with a 2-stages hardware pipeline. They can decode-execute-
store an instruction while fetching the next one from the program memory.

Max performance of 16 MIPS.

21-bit ADDRESS BUS (write only)

221 =2 MB address space 16-bit INSTRUCTION BUS (read only)

12-bit ADDRESS BUS (write only)

—212-4 kB address space 8-bit DATA BUS (read/write)

PIC18 CENTRAL PROCESSING UNIT
Architecture

Except in sleep mode, the CPU executes a constant flow of instructions coming out of
the main memory.

Some instructions ask the CPU to load or store a data from or to the data memory.

1 16-NSTRUCTION BUS (read only)

21-bit ADDRESS BUS (write only)
— 221= 2 MB address space

"~ Binary instructions flow

I 8-bit DATA BUS (read/write)

Data flow

12-bit ADDRESS BUS (write only)
— 212=4 kB address space

10



PIC18 CENTRAL PROCESSING UNIT

Architecture

Let's dive into the EXECUTION stage to see the PIC18 Execution Units (EUs).
As the PIC18 is a 8-bit MCU, the EUs can only operate on 8-bit integer values.

EXECUTE
WRITEBACH

Execution Unit: ALU ENS'

The Arithmetic and Logic Unit (ALU) is an execution unit in charge of arithmetic (+, -)
and logic (&, |, », !, ...) operations on 8-bit integer values.

Arithmetic operations
ADDWF
INCF
SUBWF
DECF

File registers

Opcode from ox18

decoding stage 0x19

Ox1A

Logic operations
ANDWF
TORWF
XORWF
CLRF
SETF

0x1B

0x1C

8-bit DATA BUS

0x1D

Ox1E




Execution Unit: ALU

uuuuuuuuuuuuuuuuuuuuuuuuu
zzzzzzzzzzzzzzz

Any arithmetic or logic operation use by default a first 8-bit operand stored in the
working register WREG and a second operand in the file register (data memory).

Example of an assembly language instruction and equivalent operation code (opcode).

File registers

Opcod_e from §
decoding stage =
=
8-bit WREG
|
~co=EEE==E
PIC18 CENTRAL PROCESSING UNIT :E.--N_-s.-i
Execution Unit and Decoding Unit
J CAEN
PIC18 assembly language:
ADDWF f, d, a
16-bit opcode: Opcode from 3
0010 01da ffff ffff decodingstage <
<T

8-bit WREG




PIC18 CENTRAL PROCESSING UNIT

Execution Unit: 8-bit x 8-bit integer multiplication

ECOLE PUBLIGUE DINGENIEURS
ENTRE DE RECHERCHE

Numeration

uint16
int15

uint8 * uint8
int8 * 1int8

File registers

P1C18 multiply operations Opcode from
decoding stage

MULWF (W-reg to F-reg)
MULLW (Litteral to W-Reg)

C and asm example

static short foo;
foo = 3*7;

8-bit DATA BUS

Special function
registers

MOVLW 3
MULLW 7
MOVFF PRODL, <foo_L_12bit_address>
MOVFF PRODH, <foo_H_12bit_address>

or
MOVFF OxFF3, <foo_L_12bit_address>
MOVFF OxFF4, <foo_H_12bit_address>

PRODL is an alias for OxFF3, declared in a header
PRODH is an alias for OxFF4, declared in a header

PIC18 CENTRAL PROCESSING UNIR
PIC18 architecture
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\ USB 2.0
@ MICROCHIP Ethernet MAC and PHY
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CAN 2.0B
LCD Peripherals

Program & data

Up to 128 KB Up to 4 KB Up to 1 KB

RAM EEPROM ADC 10/12-bit

memories Flash
Charge Time
Measurement Unit

E Comparators
Memory BUS % 8/16-bit Timers s
Int ; Compare/Capture/PWM §
Central Contrel || 7 T >
R PIC18F Core 2
PFOCGSEJI n_gt 16 MIPS ‘ MSSP (SPIFC™) g

ni 1.8 to 5.5V

Parallel Master Port

Register File

8-bit ALU - Brown-out Reset

2 MB Address Watchdog Timer
Multiplier Space Real-Time

Clock Calendar
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PIC18 CENTRAL PROCESSING UNIT
PIC18F27/47K40 CPU architecture

PIC18 CENTRAL PROCESSING UNIT
PIC18F27/47K40 CPU architecture

Find Following items in this schematic

Flash memory
RAM memory

Buses

program memory address bus
data memory address bus
data bus

Hardware pipeline stages

Fetch

Decode

Execute (ALU, multiplier)
Writeback

Program Counter register

Data Bus<8>

able Pointer: |
I 2 2 3 b v
8 8 Data Latch
[ ino/des logic |
Data Memory
2 PCLATU[PCLATH
20 v Address Latch
PCL
Program Counter 12
Data Address<12>
31-Level Stack
Address Latch
Program Memary STKPTR
(8ME/32/64 Kbytes)
Data Latch

Instruction Bus <16>

Instruction
Decode and
Control

State machine
control signals

PRODH| PRODL

8x8 Multiply
4
¢ s >
B
A
(2 Intemal
oser Y| osdilator Pawer-up ¥ A
@ Block Timer
osc2® ——b| Oscillator AL <a>
LFINTOSC ||~ |[Start-up Timer|
505C1 —— ||_Osdllator Pawer-on 8
Reset
64 MHz
SOSCO — ||| Osdillator Watchdog
Timer i
WICLRM — | Single-Supply Brown-out |4 Band Gap FVR
Programming | _Reset | Reference
In-Circuit Fail-Safe
Debugger Clock Monitor|
5 Data Bus<8>
[able Pointer
[ i F Y Y v
8 fe Data Lalch
|_inc/dec logic |
Data Memory
21 PCLATU[PCLATH
20 v Address Latch
PCL
Program Counter 12

Instruction Bus <16>

31-Level Stack
Address Latch
Program Memary [ STKPTR |
(8/16/32/64 Kbytes))
Data Latch

Table Latch

Instruction
Decode and
Control

State machine
control signals

@ —p Intemal
Osct Osillator Pt;_wef—uu
Block ner
0sc2® ——b Oscillator
LFINTOSC Start-up Timer]
soscl ——# || Oseillater Power-on
Reset
64 MHz
S0SCO —# || Osdillator Watchdog
Timer —
MCLR® ——»|[Single-Supply] Brown-out || Band Gap FVR
Programming | Reset | Reference
In-Circuit Fail-Safe
Debugger Clock Monitor
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PIC18 CENTRAL PROCESSING UNIT
PIC18F27/47K40 CPU architecture

Now that you know how the PIC18 CPU is made, you shall adapt your programming
habits.

This CPU (like most of low-power MCUs) does not have any Floating-Point Unit.
Therefore you should avoid using floats and doubles, and use integers instead.

Also as this MCU uses an 8-bit CPU you should use 8-bit integers (char C-type) as much
as possible. They are usually large enough for control applications.

Finally you saw that the ALU performs simple operations. You should then avoid using
advanced operators suchas'/', %/, ...

C-Type custom typedef Memory space Values

MEMORY ===

ECOLE PUBLIQUE D’INGENIEURS
CENTRE DE RECHERCHE
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MEMORY

Program and data memory map

Note 1

PIC18(L)Fx4K40 | PIC18(L)F25/45K40 | PIC18(L)F65K40 | PIC18(L)Fx6K40 | PIC18(L)Fx7K40

Stack (31 Levels)

N

000000h Reset Viecor 5
00 0008h Interrupt Vecor High
000018h Interrupt Vecor Low
00 001Ah | Program Fiash
il Memory P Flash P Flash
00 3FFFh 8 K rogram Flas rogram Fles
00 4000h e lemory lemory
(16 kW) (16 KW Program Flash
to lemory
Program oo L
femory
g © a'oonh (64 KW)
o
00 FFFFh Not
memory ) s = .
) )
o1 FFFFh Present? Present? o
020000h Present®
o Not
1F FFFFh Prosent?!
200000h
to User IDs (8 Words)™
20 000Fh
200010h
to Reserved
2F FEFFh
300000
to Configuration Words (6 Words)™®!
300008h
30000Ch
to Reserved
30 FEFFh
310000h
D a ta o Data EEPROM (256 Bytes)
31 00FFh
S Data EEPROM (1024 Bytes)
| le | lo ry to Unimplemented
31 01FFh
30000Ch
to Resenved
30 FFFFh
3F FFFCh

to
3F FFFDh

Revision ID (1 Word)

3F FFFER
to

3F FFFFh

Device ID (1Word)*

Size of program and

data memories
depends on the

device

MEMORY

PIC18F4550 program memory map

Program Counter (Fetch stage)

Hardware stack, max 31 nested function calls
(saving return addresses)

Relocatable table of interrupt vectors
(redirections from IRQ to ISR)

Memory space for the embedded firmware
(32 kB for the PIC18F4550 shown here)

Empty space depending on the device
Some PIC18 have up to 128 kB of program memory

Remaining space might be used for future evolutions

PC<20:0>

21

Stack Level 1

Stack Level 31

Reset Vector

High Priority Interrupt Vector

Low Priority Interrupt Vector

On-Chi
Program Memory

Read ‘0’

0000h

0008h
0018h

7FFFh
8000h

1FFFFFh

2000000 —

User Memory Space

ECOLE PUBLIGUE DINGENIEURS
CENTRE DE RECHERCHE



MEMORY
PIC18F4550 data memory map

Data Memory Map AE N
. 00h [ access 8o
Data memory segmented in 16 banks of 256 bytes mwo ST B
(see next page for selecting the working bank)
. 200n
e am
Bank 3 GPR
GPR (General Purpose Register file) R e E4
. e cpR!"
Registers that can be used to store any data, Fon aren
available fFor use by all instructions. N - O .
0oh 600h
I P oo
Bank 7 GPRIM Access RAM Low|
FFh 7FFh [Access RAM Hign| 60N
aoh 800h (SFRs) EFh
2 kB data memory for this PIC18F4550 Barks s
Up to 4kB for some other PIC18 0 Rt s O
Bank 14
SFR (Special Function Registers), b e
linked to CPU and peripherals registers I

MEMORY

Data memory: Bank selection

The data memory is segmented in 16 banks of 256 bytes. This is a typical construction
on 8-bit architectures.

The working bank is selected by configuring four bits in the BSR (Bank Select Register).

Then instructions that use a file-register operand will access to the data with 8-bit direct addressing mode.

. BSRM . Data Memory , From Opcode® o
000h| 00h
Bank select [T T T Tofo]t]o] Bank0 g [2[2]2[2]2]2[2]2] From the 16-bit opcode
100h 00h
. Bank 1 Bt
PIC18 %;n;q%a%g.. Bank Select(? 200 Feh PIC18 assembly language:
=0Ux04; Bank 2 Fen ADDWF f, d, a
300h
PIC18 assembly language: 16-bit opcode:
MOVLW 0x02 Bank 3 ]
HovL 00 pks | 0010 01da ffff ffff
Y2 Bank13 A
EOOh 00h
Bank 14 FFh
FOOh| 00h
Bank 15
FFFh FFh




MEMORY

Data memory: Special Function Registers (SFR)

Address Name Address Name Address Name Address Name Address Name
FFFh[  TOSU FoFh[  INDF2™ FBFh| CCPRIH Forh] PRI F7Fn[  UEP1S
H FFEh|  TOSH FDER| POsTINC2Y | FBER| CCPRIL FoER|  PIR1 F7ER| UEP14
The SFR bank ISd part OF the RAM FFDR|  TOSL FDDh[POSTDEC2™|  FBDh| CCPICON FoDh|  PIE1 F7Dh|  UEP13
data memory Where CPU and FFCh| STKPTR FDCh| PREINC2 FBCh| CCPR2H Foch| @ F7Ch|  UEP12
. . FFBh| PCLATU FDBh| PLUSW2() FBBh| CCPR2L F9Bh| OSCTUNE F7Bh|  UEP11
pe rlphe ral registers are mapped. Fran[ PCLATH FDAR|  FSRoH FBAh| CCP2CON Foan| @ F7an|  UEP10
FF9h PCL FDSh| FSRaL FBYh Ea Fogh| —@ F79h|  UEP9
It means registers are phys|cally FF8h| TBLPTRU FD8h| STATUS FB8h| BAUDCON Fosh| —@ F78h|  UEP8
. FF7h| TBLPTRH FD7h|  TMROH FB7h| ECCP1DEL Foth| @ F77h|  UEP7
outside of the memory but th ey FF6h| TBLPTRL FDBh| _ TMROL FB6h| ECCPIAS Fo6h| TRISED F76n|__UEPS
H H FFsh| TABLAT FD5h| TOCON FBSh| CVRCON Fosh| TRISDP F75h|  UEP5
are aCCGSSlble Wlth a memory FF4h| PRODH FD4h 1 FB4h| CMCON F94h| TRISC F74h|  UEP4
a d d ress. FF3h| PRODL FD3h| OSCCON FB3h| TMR3H Fo3h| TRISB F73h|  UEP3
FF2n| INTCON FD2h| HLVDCON FB2h| TMRaL Fo2h| TRISA F72h|  UEP2
FF1h| INTCON2 FD1h| WDTCON FB1h| T3CON Foth| —@ F7ih|  UEP1
FFOR| INTCON3 FDOh| RCON FBOh| SPBRGH Fooh| —@ F7on|  UEPO
FEFh| INDFO™ FCFh| TMR1H FAFh| SPBRG FsFh| @ F6Fh| UCFG
FEEh| POSTINCO! FCEh| TMRIL FAEh| RCREG F8Eh| @ FBEh| UADDR
FEDh|POSTDECO'"Y|  FCDh| T1CON FADh| TXREG F8Dh| LATE® FBDh|  UCON
Co re memo ry ma p pe d reg | S te rs FECh| PREINCO!" FCCh| TMR2 FACh| TXSTA Fach| LATD® FBCh| USTAT
FEBh| PLUSWO() FCBh PR2 FABh| RCSTA F8Bh| LATC F6Bh|  UEIE
. ol . FEAh| FSROH FCAh| T2CON FAAh == F8Ah| LATB F6Ah UERR
Peri pheral SpeCIallsed FUHCtIOﬂS FESh| FSROL FCOh| SSPBUF FASh| EEADR F8%h| LATA F69h UIE
memory mapped reg iSte rs FE8h|  WREG FC8h| SSPADD FASh| EEDATA Fesh| @ F68h UR
FE7h| INDF1" FC7h| SSPSTAT FA7h| EECON2'" Fezh| @ F67h| UFRMH
FEGh | POSTINC1(" FC6h| SSPCON1 FABh| EECON1 Feeh| —@ F66h| UFRML
FE5h|[POSTDEC1"Y|  FC5h| SSPCON2 FASh == Fgsh| @ F65h| SPPCONP!
FE4h| PREINC1!! FC4h| ADRESH FA4h i F84h| PORTE F64h| SPPEPS®
FE3h| PLUSW1(" FC3h| ADRESL FA3h == F83h| PORTD® F63h| SPPCFGI)
FE2h| FSRIH FC2h| ADCONO FA2h IPR2 Fg2h| PORTC F62h| SPPDATA®
FE1h| FSRIL FC1h| ADCON1 FATh|  PIR2 F81h| PORTB F61h —@
FEOh BSR FCOh| ADCON2 FAOh PIE2 F80h| PORTA F60h —@

MEMORY

Data memory: Access bank

Data Memory Map

00h [ Access RAM | gooh

0 [ o] When executing an operation that uses direct addressing,
S I the execution stage checks the <a> field (access bank):

N e ADDWF f, d, a <a>='0"or "1’

B o P If <a> = '0’ the CPU only sees the access bank (top half
of the bank #0 + SFR bank). The 4 most significant bits

oon 700n oon
Bank 7 Gpri Access RAM Low

pemmem of the 12-bit data memory address come from the access
00h 800n (SFRs) FFh . .
bank register (0x0 or 0xF) — Fast solution.

Bank 8
Unused

B | e If <a> = ‘1" the CPU can access to all the data memory. It
uses the value of the BSR (Bank Select Register) to
generate the 4 most significant bits of the 12-bit data
memory address.

i
oon
Lo Umuisetl? .l Eapy
Bank 15 A
FFh SER




Data Bus<8>

[Table ,—uir*.er 12] % Y Y 'y ¥
MEMORY [_ino/dec logic | 8 {8 Data Latch =
Doy ENSI
Data memory 21 [PCLATU[PELATH CAEN
v
z Fer e
Program Counter fu ‘CENTRE DE RECHERCHE
Data Address<12>
i i i i i i 3T-Level Stack
Find Following items in this schematic - f— v
({l;’:gram Mﬁb";;ys) _STKPTR
Data Latch
Data memory

Table Latch

BSR (Bank Select Register)

Instruction Bus <16>

Access bank register

Instruction ’saa[e machine
. Decods and [P control signals
Note how they are placed relatively to each Control
other and how the 12-bit data memory
address is built.
2) » Intemal
osc1® Osillator Power-up
o Block Timer
LFINTOSG || = ||Start-up Timer|
s0scl —pf|| Osdllator Power-on
Reset
64 MHz
S0SCO —#|| Osdilator Watchdog
Timer
MCLR( ——{[Single-Supply| Brown-out | Band Gap | R
Programming Reset Reference
In-Circuft Fail-Safe
Debugger Clock Monitor

MEMORY
PIC18 architecture
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\ USB 2.0
@ MICROCHIP & Ethernet MAC and PHY

CAN 2.0B
LCD Peripherals

Program & data

Up to 128 KB L Up to 4 KB Up to 1 KB

memoﬂes Flash RAM EEPROM [ ADC 10/12-bit
Charge Time
Measurement Unit
; Comparators
Memory B °
WS z 8/16-bit Timers g
g S
Interrupt ] Compare/Capture/PWM 3
Centra l- — ||/ Control | “ ST z
ProceSSln PIC18F Core | ¢
9 16 MIPS = WssP (SPUEC™) g

Unit

1.8 to 5.5V Parallel Master Port

Gbicats Brown-out Reset
~ 8x8 2Mm Watchdog Timer
Multiplier —
| eal-Time

Clock Calendar
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PERIPHERALS
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PERIPHERALS

Definition
===
A peripheral is a hardware function that can S ] o
be used to perform specific calculus and/or v
process some operation while letting the et
CPU performing something else. e P

PORTC
> RC<7:0>

For all MCUs, peripherals are physically
connected to the data bus and their internal
registers are mapped to the data memory.

PORTDI®
RD<T:0>

HINEImEINT

From the program point of view, accessing to
a register (read or write) is the same as
accessing to a data memory cell.

50scO —»|[| Oscilator Watchdog
Timer

PORTE
Re20>

v

Oscilla
LFINTOSG. Start-up Time] M
soscl »l| Oscilator Power-on 8 REM

Fail-Safe
Clock Monitor

Example of PIC18F27/47K40 CPU and peripherals. M Y ] ) mm‘ e
+ %
] S T 2 N
o g:]“:w o ’WW teze erd eove | oo [ evo e




PERIPHERALS

Hardware functions Peripherals, EANESNI
——————— Z guess What they dO! o me S remEee

\ USB 2.0
@ MICROCHIP Ethernet MAC and PHY

(10 Base-T)

CAN 2.0B

LCD

Up to 128 KB Up to 4 KB Up to 1 KB .
Flash RAM EEPROM ADC 10/12-bit

Charge Time
Measurement Unit

Comparators

Memory Bus e
8/16-bit Timers

Compare/Capture/PWM
Interrupt B B

Control EUSART

sng |esayduad

PIC18F Core
16 MIPS MSSP (SPI/I2C™)

1.8 to 5.5V Parallel Master Port

% Brown-out Reset
Watchdog Timer
Multiplier Real-Time

Clock Calendar
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PERIPHERALS

Configuration, activation, use

When the processor starts (after power-on or reset), no peripheral function is
configured nor activated.

The programmer must explicitly configure and activate hardware services that are
needed for the application. Only then the peripherals can be used.

Most of peripherals have configuration registers that must be set once in addition to
working registers that contains updated values.

voild main()

// Peripherals configurations
// and other initialisation

while(1) {
// Main routine and peripherals use

N
EE
}

I N ——



PERIPHERALS
I/O ports

A port is a group of 8 pins or GPIOs (General Purpose Input/Output).

They can be used as independent digital inputs and/or outputs. The PIC18F27K40 has 5
ports (port A to port E), which makes 40 independent GPIOs available.

Read LATx

Each port has eight registers to control the operation. These registers are: TRISx

PORTXx registers (reads the levels on the pins of the device)
LATx registers (output latch) 1 D Q
TRISx registers (data direction) Write LATx
ANSELXx registers (analog select) Write PORTx CK A
WPUX registers (weak pull-up)
INLVLx (input level control) Data Register
SLRCONX registers (slew rate control)

ODCONXx registers (open-drain control) DataBus [ j
Read PORTx

To digital peripherals 4——
ANSELx

VpD

/0 pin

Vss

To analog peripherals «

PERIPHERALS
I/O ports

Example of GPIO (General Purpose Input/Output) on the Curiosity HPC board.

First the RA4 pin is configured as an output, then the output value is set to ‘high’. This
will turn on the LED D2 on this pin.

PIC18 C program PIC18 assembly program

TRISA = OXEF; MOVLW OXEF
MOVWF TRISA

LATD = 0x10; MOVLW 0x10
MOVWF LATA

RA4 = pin 4 of port A (also bit 4 of registers associated to port A).
TRISx = register that contains the direction of the 8 pins of the port x (0’ = Output, ‘1’ = Input).
LATx = register that contains the output value for pins configured as outputs in port x.




PERIPHERALS

Input/output interfaces

ECOLE PUBLIGUE DINGENIEURS
ENTRE DE RECHERCHE

MCUs usually have more peripherals than they can really handle.

In fact, many peripherals are connected to the same pins. This implies that some
peripherals cannot be used at the very same time.

DIP package TQFP package QFN package

8
MCLRIVPP/IRE3 — [] 1 o 40 [ <— RB7/KBI3/PGD ‘
RAO/ANO <[] 2 39 [J =—» RB6/KBI2/PGC 44-Pin TQFP s
RATANT <——=[]3 38 [1 =—= RB5/KBI1/PGM g
RA2/AN2/VREF-/CVREF <[] 4 37 [ =—= RB4/AN11/KBIO/CSSPP g
RA3/AN3/VREF+ <—a[] 5 36 [1 =——= RB3/AN9/CCP2/ VPO -
RA4/TOCKICIOUT/RCY =—=[] 6 35 [1 <—= RB2/ANS/INT2VMO
RAS/AN4/SS/HLVDIN/C20UT =—=[] 7 34 [1 =—= RB1/AN10/INT1/SCK/SCL
REO/AN5/CK1SPP <—[] 8 B 33 [ ~—= RBO/AN12/INTO/FLTO/SDI/SDA RETRXDTISDO 34T+ NCTCREToveet!
REVANGICIOSPE =—=[119 218 32 J =— Voo RoGSPPOPIC Sofm = Secak
RE2/AN7/OESPP <—[] 10 E E 31[] =——Vss ROTSPETIEID PIC18F4455 20 = Ve
Voo — [ 11 S o 30 [1 =—= RD7/SPP7/P1D oo PICISFASS0 a1t~ mezmwroesre
0SC1CLK —=[13 & 28 [] <—= RD5/SPP5/P1B REVANDCCRATVFO B 1 RATOCKICIOUTRGY zazn
OSC2/CLKO/RA6 «——( 14 27 ] «——» RD4/SPP4 i PR
RCO/T10SO/T13CKI =—[] 15 26 [1 <— RC7/RX/DT/SDO 1
RC1/T108I/CCP2M/UCE <[] 16 25 [ =— RCB/TX/CK uie
RC2/CCP1/P1A =—e[] 17 24 [] <— RC5/D+/VP 8
Vuse =—=[] 18 23 [1 <—= RC4/D-VM &
RDO/SPPO =—[] 19 22 ] «<—» RD3/SPP3 g
RD1/SPP1 <—[] 20 21 [1 <—= RD2/SPP2 2 B

PERIPHERALS
Input/output interfaces CAEN

ECOLE PUBLIGUE DINGENIEURS
CENTRE DE RECHERCHE

As many input and output pins can be used by several peripherals, connections
between pins and peripherals must be set using the Peripheral Pin Select (PPS) module.

: RAOPPS I
L L L I
i I abepPs ' I .
Input pin | abo i ] rao | Peripheral
redirections |ng I ! | 1 outputs
1 ) 1 ' . .
o ! | 1 | : redirections
I |
(. I ! : b
P I | I RxyPP | :
[ P! [ |
i I 1 I , |
| Loy | 1 T 1
: | Ly | | I Ry
| 1
P 1 I | Lo
I | I [ 1 | '
1 | 1 1 I !
| Peripheral xyz | |
:ng_ : : RC7PP | :
1 1 |
| T ' 1
: xyzPPS i : | RC7 |
. - I I I
L——————————————————I
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Reference clock module ENSI

uuuuuuuuuuuuuuuuuuuuuuuuu
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Like all other MCUs, the PIC18 family offers configuration and system hardening
services.

“Hardening” an application consists in making it less sensitive to its environment
(power supply fluctuations, ...) or even handle unexpected situations (watchdog, ...).

Any program on PIC18 must start with this configuration:

/* CPU specific features configuration */
PLLDIV=2, CPUDIV=0SC1_PLL2, FOSC=HSPLL_HS
BOR=0OFF, WDT=OFF, MCLRE=ON, LVP = OFF

PERIPHERALS

Reference clock module

PIC18F4550

I

USB Clock Source !

I

I

- I
ussDIv !

101 | (4 MHz input only) :
4 % ]

- I
I

" I
I

I

PLL Préscaler

External clock *<E<F

(e.g. 8 MHz cristal) o«[X} PLLDIV=2,

FSEN

HSPLL, ECPLL, 1

T . | CPUDIV=0SC1_PLL2,
o (Earge FOSC=HSPLL_HS

B il TN SRR |
g 0g
B==sof L__T__ 3 CPU
XT.HS.EC.ECI0 | | & ‘
£ DNPTimary, !
3 Clock IDLEN
,,,,,,,,,,,,,,, o] FOSC3:FOSCO
| Secondary Oscillator | R |\ Peripherals
= »
Tioso XH- - > TIOSC | £
: TIOSCEN |
¢ nable |
Tiosi [KH Oscillator |
OSCCON<6:4>
OSCCON<6:4> 8MHz [~
Il 4 MHz
Internal 5 110 Clock
Oscillator . Mz | o Control
Block g iR
B NS g —— el
Source | [z | & S00kHz | 2] FOSC3:FOSCO  OSCCON<1:0>
o || (NTOSO) | 8 s0kHz |
Solce) s 125 kHz
= 1 Clock Source Option
31 kHz (INTRC) *’ 3MkHz |00 for other Modules
o
OSCTUNE<T>
WDT, PWRT, FSCM

and Two-Speed Start-up
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The watchdog is an application agent.
In normal circumstances, the application resets the watchdog timer at regular intervals.

When the application remains stuck for a long time, the watchdog timer is not reset
and will eventually overflow. The watchdog will force the application to reboot by
resetting the CPU.

RUDIER Egeble WOT o INTRC Control
WDT Counter
INTRC Source +128 Wake-up from
Power-Managed

[} Modes
Y

Change on IRCF bitsT_‘_\
o | Programmable Postscaler | Reset ) WDT
CLRWDT >
T 1:1 to 1:32,768 L) Rem
All Device Resets

WDT

WDTPS<4:1> 4
SLEEP

§

om
- 4
=z

INTERRUPTS

Event

Interrupt Flag (IF) A E

Interrupt Request (IRQ) ceoL rusoue omoecurs

Interrupt Service Routine (ISR)

P> T

#
e
(O
ES




INTERRUPTS
Interrupt flag

Once a peripheral has been configured, it becomes autonomous.

When its job is done (counting, converting, ...) or when a special event occurs
(message received, switch pressed, ...), the peripheral will raise a Interrupt Flag (IF).

Ainterrupt Flag is a bitin a register, each flag corresponding to a precise event.

Peripheral Interrupt Request (Flag) Register 0

Bit 7 6 5 4 3 2 1
[ [ T™RoF [ iocF ] INT2IF INTHIF INTOIF
Access RIW R RIW RIW RIW
Reset 0 0 0 0 0

Bit 5 — TMROIF TimerO Interrupt Flag bit(")

Value Description
1 TMRO register has overflowed (must be cleared by software)
0 TMRO register has not overflowed
Bit 4 - IOCIF Interrupt-on-Change Flag bit(12) g
&
Value Description k|
1 10C event has occurred (must be cleared by software)
‘ 0 10C event has not occurred

Bits 0, 1,2 — INTxIF External Interrupt ‘x’ Flag bit(13)

Value Description
1 External Interrupt ‘x’ has occurred
0 External Interrupt ‘X’ has not occurred

INTERRUPTS

Interrupt Service Routine (ISR)

However some events require immediate attention. Plus, using interrupt flags the same
way as classical variables (e.g. testing them in “1f” statements) is inefficient.

That is why an interrupt mechanism has been designed. This is the hardware way of
stopping the normal execution flow of the CPU. It will then switch to the execution of a
function dedicated to the event: the ISR (Interrupt Service Routine).

// Doing the classical way // Using interrupt mechanism
main() { void event_A_ISR()
{...}
// do something
Event C z void event_B_ISR()
occurs here { ...}
void event_C_ISR()
while(1){ {...} <
if( event_A )
G main() { d b Immediate
if( event_B ) Event C /1 do something processing
Event Cis if( event_C ) occurs here z
processed here >} XX Main program

} *** execution is paused




INTERRUPTS
Interrupt Request (IRQ)

Allinterrupts are disabled by default:itis the programmer work to decide and explicitly
tell which event is worthy enough to lead to an interrupt.

To do so, the programmer must configure the Interrupt controller.

This circuit will turn selected interrupt flags into Interrupt Requests (IRQ), that will
cause the CPU to stop its current work.

Peripherals Interrupt Controller Interrupt flag

Phyiiéﬁt z- Int;:e{argugt -}XDisabled E;tsigcac{ﬁrgeisdt.er that indicates that an event
Phystcal zw;...FT??Ee.d...._

Int:\r{gﬁt zw. L fnebled .‘.‘.‘._%’
i s

Interrupt request
Physical wire connected to the CPU that
makes it switch to another function.

Interrupt 'S

Request

Notes

Many interrupt flags can be linked onto the
same IRQ signal.

A specific IRQ corresponds to a specific ISR.

INTERRUPTS

Interrupt controller

The interrupt controller consists of AND and OR gates. This circuitry independently let
or prevent interrupt flags becoming interrupt requests,

To do so, one must configure the registers of the interrupt controller. Like the PIC18,
most MCUs need to configure three bits for each interrupt:

the Interrupt Flag (IF) bit, the Interrupt Enable (IE) bit, the Interrupt Priority (IP) bit.

Peripherals Interrupt Controller

TMROIE — ?
TMROIP — T
PIRO to PIR7 registers
Contain the individual flag (IF) bits. -
E. >
PIEO to PIE7 THReLe

Contain the individual enable (IE) bits.

IPRO to IPR7
Contain the individual priority (IP) bits.




INTERRUPTS

Interrupt controller

After configuring the interrupt controller for every single interrupt source, one last
parameter should allow the CPU to see IRQ signals.

Most MCUs have a Global Interrupt Enable (GIE) bit to do so. The PIC18 has two of
them: GIEH and GIEL For respectively high- and low-priority interrupts.

Peripherals Interrupt Controller

TMROIE —:.—}

TMROIP —] GIEH —

4’3.—>

INTCON registers TMROIP gi:’ :
Contain enable and priority bits.
Bit 7 6 5 4

[ cEciEn | PeEGEL | 1PEN | |
INTERRUPTS

Interrupt controller: PIC18F27/47K40 interrupt controller logic

Wake-up if in
\dle or Sleep
EIESED moces
IPRO . .
Interrupt Flag bit — . Several interrupt R Three distinct IRQs
Interrupt Enable bit PIET sources can merge CPU Vector at can be generated :
Interrupt Priority bit —— into a single IRQ Location 0008h - Reset
r—b’\ .
- High-priority
GIEH/GIE . .
ﬁl < - Low-priority
One gate for each . N
interrupt source / :
(controlled through .
several registers) i Priority
PR management
High Priority Interrupt Generation
Cow Priorty Interrupt Generation
Circuitry has been IR Several interrupt Glotb):{l E(\terrupt
duplicated to handle both ﬁﬁﬂjﬁ sources can merge Fnable bits
high- and low-priority - into a single IRQ \
interrupts ez
Interrupt to
‘CPU Vector at

Location 0018h

GIEH/GIE

:
:
:
:
PIEx
IPRx GIEL/PEIE




INTERRUPTS
Interrupt Service Routine (ISR)

Interrupt Service Routines (ISR) are functions called by the Interrupt vectors, which

are specific parts of the Flash memory.

When the CPU sees an Interrupt Request (IRQ), it pauses its main program and
branches automatically to the corresponding interrupt vector, causing the execution of

the Interrupt Service Routine.

Peripherals

Physical
event

Z Interrupt B

; Interrupt }....ETft.’l.e.d ..... ]
Flag

Z,I Interrupt ....ETft.)l.e.d....._
Flag "“

Physical
event

Internal
event

Physical

Interrupt -
e

event

INTERRUPTS
Interrupt Service Routine (ISR)

Interrupt Controller

Interrupt
Request

Interrupt
Request

Program
Counter

Int. Vector

" Int. Vector

L

Reset Vector

High Priority Interrupt Vector

Low Priority Interrupt Vector

000oh | T
0008h
0018h

On-Chip
Program Memory

Read ‘0’

7FFFh
8000h

User Memory Space

1FFFFFh
200000H~

I

ISRs are not proper functions: they should not be called from the main program.

They are automatically called whenever the CPU sees the IRQ signals (this is called
“event-driven programming”, fr: programmation événementielle)

As ISRs are called at unpredictable moments, it is not possible to pass arguments to the

ISR functions.

In order to exchange information between the main program and the ISRs, global

variables can be used.

But remember global variables are shared resources and be used very carefully!
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Interrupt Service Routine (ISR) ENSl

Here is an example of how writing an ISR using the Microchip XC8 toolchain.

void interrupt high_priority high_ isr(void) {——— |gR for all high-priority interrupt sources

if( PIRObits.TMROIF - . .
LF( PIRObLLS THRO ){\CheckllemerO|sthesourceoFth|smterrupt

PIRGbits.TMROIF = e;\
} Clear the Timer O interrupt flag, and proceed to what it should do

if( PIR1bits.ADIF ) { . . .
PIR1bits.ADIF = 0; Check if ADC is the source of this interrupt

} Clear the ADC interrupt flag, then proceed to what it should do

void main(void) {

. Configure interrupt for Timer 0
timero_init();
interrupt_enable(); Enable interrupt for the CPU
while(1) {

Main routine (main application function)

INTERRUPTS

Interrupt vector

Interrupt vectors are very small areas in the Flash memory.

Reset Vector 0000h
— 16 bytes for the high-priority interrupt vector High Priority Interrupt Veclor | 0008h

Low Priority Interrupt Vector |0018h

— 2 bytes for the low-priority interrupt vector

On-Chip
Program Memory

In fact, those areas are too small to contain the ISR but they
are large enough to contain CALL or GOTO instructions, which i
will actually call the ISR (see next page).

User Memory Space

Technically ISR are stored in the program memory, but they e
should be accessed only through interrupt vectors.

1FFFFFh
2000001




INTERRUPTS

Context switch

As an ISR can be called at anytime, it will break the context that the main program is
using (values of W-reg, STATUS, BSR for the PIC18). All registers must be saved in order
to return to prior values when the ISR has ended.

The PIC18 toolchain will usually implement a hardware context backup for the high-
priority ISR and a software context backup for the low-priority ISR.

Hardware context backup Hardware context backup

(CPU shadow registers) (Flash memory)
high_vector: low_vector:

CALL high_isr, 1 GOTO low_1isr
high_1isr: low_1isr:

; user program - ISR processing MOVWF  wreg_tmp

RETFIE 1 MOVFF  STATUS, status_tmp

MOVFF  BSR, bsr_tmp

; user program - ISR processing
MOVFF  bsr_tmp, BSR

MOVFF  status_tmp, STATUS

MOVF wreg_tmp, W

RETFIE

INTERRUPTS
Peripherals Interrupt Controller
Physical
event z-%&>>(oisabled Int. Vector
— |
i nt. Vi r
Physical Interruot ., E030led | Interrupt £ Vecto
even Flag Request
Internal Enabled
Interrupt Interrupt
event ““=mp [EEICEIINN -NLEITUDL lp, . uussssnnnns ._4L>
Flag Kd Request PC
| Tmer ;o [ | e
Physical ““'

IE bits for each int. source
One GIE bit for the CPU

——>»  Stops —

¢
o

Player is z .
: Raises Blow_the
offstae Flag _ whistle
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PIC18 architecture ENS'

Ethernet MAC and PHY
(10 Base-T)

@ MICROCHIP g e

CAN 2.0B

- LCD Peripherals
Program &data Up to 128 KB , Up to 4 KB Up to 1 KB .
memories Flash RAM EEPROM I ADC 10/12-bit
Charge Time
Measurement Unit
g — Comparators
Memory BUS % = 8/16-bit Timers E
| 5 a= Compare/Capture/PWM g
Central e e :
H PIC18F Core i @
PI’OCGSEJI n'gt 16 MIPS . MSSP (SPI/IC™) g
ni 1.8 to 5.5V

Parallel Master Port

Brown-out Reset

Watchdog Timer

1amod Mo
awalyye

Real-Time
Clock Calendar

CONTACT ENSI
C

Dimitri Boudier - PRAG ENSICAEN
dimitri.boudier@ensicaen.fr

With the precious help of:
* Hugo Descoubes (PRAG ENSICAEN)
* Bogdan Cretu (MCF ENSICAEN)
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i 16-Bit Instruction Word
Mnemonic: Description Cycles S Notes
Operands MSb LSb Affected
BYTE-ORIENTED OPERATIONS
ADDWF f d,a |Add WREG and f 1 0010 0lda ffff £fff (C,DC,Z,OV,N (1,2
ADDWFC f d,a |Add WREG and Camy bittof |1 0010 00da ffff £fff (C,DC,Z,OV,N (1,2
ANDWF  f d,a |AND WREG with 1 0001 0lda ff£f  £££f |Z N 12
CLRF f.a Clear f 1 0110 10la f£fff £fff (Z 2
COMF f,d,a |Complementf 1 0001 11da ffff f££fff |Z, N 1,2
CPFSEQ f,a Compare fwith WREG, skip= |1(20or3)| 0110 00la £fff £££f |[None 4
CPFSGT f a Compare f with WREG, skip> |1(20r3)| 0110 010a ££fff £fff |None 4
CPFSLT f,a Compare f with WREG, skip< |1(20r3)| 0110 000a ££f£f £f£f |[None 122
DECF f,d,a |Decrementf 1 0000 0lda ffff £fff |C,DC,Z,OV,N (1,2 3,4
DECFSZ f,d,a |Decrementf, Skipif 0 1(2or3)| 0010 11da ££f£ff £f££f |None T:2.:3:4
DCFSNZ  f,d,a |Decrementf, Skip if Not 0 1(20r3)| 0100 11da £fff £fff [None 172
INCF f,d,a |Incrementf 1 0010 10da f£fff £fff|C,DC,Z OV,N |1,2,3 4
INCFSZ f,d,a |Incrementf, Skipif 0 1(20r3)| 0011 11da ffff ffff |[None 4
INFSNZ f,d,a |Incrementf, Skip if Not 0 1(20r3)| 0100 1l0da ££fff £fff [None 122
IORWF . d, a |Inclusive OR WREG with f 1 0001 o0o0da ffff  £££f |Z N 1,2
MOVF f,d,a |Movef 1 0101 00da ffff £fff |Z N 1
MOVFF fe,fqg |Move f; (source)to 1stword |2 1100 ffff £fff ££iff |None
f4 (destination) 2nd word 1111 EEEE £EEf EEEE
MOVWF f a Move WREG to f 1 0110 111a £fff f££ff [None
MULWF  f a Multiply WREG with f 1 0000 00la f£f£ff £f£f [None 1,2
NEGF f.a Negate f 1 0110 110a f£fff £fff |C,DC,Z OV,N
RLCF f,d, a |Rotate Left f through Camy 1 0011 0lda ffff £££f |C,Z, N 1,2
RLNCF f,d,a |Rotate Leftf (No Carry) 1 0100 0lda ffff f£fff |Z N
RRCF f,d,a |Rotate Right f through Carry 1 0011 00da ffff £££f|C,Z N
RRNCF  f d,a |Rotate Rightf (No Carry) 1 0100 o00da ff£f  f£££f |Z N
SETF f,a Setf 1 0110 100a ffff £fff None 1,2
SUBFWB f,d,a [Subtractffrom WREG with 1 0101 0lda f£fff £fff |C,DC,Z OV,N
borrow
SUBWF  f d,a |Subtract WREG from f 1 0101 11da ffff £fff (C,DC,Z,OV,N (1,2
SUBWFB f,d,a |Subtract WREG from f with 1 0101 10da ffff £fff (C,DC,Z OV.N
borrow
SWAPF f,d,a |Swap nibblesinf 1 0011 10da ffff ££fff |[None
TSTFSZ f,a Test f, skipif 0 1(20r3)| 0110 011a £f£f £££f [None 1,52
XORWF  f,d,a |Exclusive OR WREG with f 1 0001 10da f£fff £fff |Z,N

Mnemonic, o 16-Bit Instruction Word Status
Description Cycles Notes
Operands MSb LSb Affected

BIT-ORIENTED OPERATIONS
BCF f,b,a |Bit Clearf 1 1001 bbba ffff f£ff [None 152
BSF f,b,a |BitSetf 1 1000 bbba ffff f££ff |None 1.2
BTFSC f,b,a |Bit Testf, Skip if Clear 1(20r3) | 1011 bbba £ffff ££££f |None 3,4
BTFSS f,b,a |Bit Testf, Skip if Set 1(2or3) | 1010 bbba £f£ff ££££ None 3,4
BTG f,d,a |Bit Toggle f 1 0111 bbba ffff £f£ff [None 1]
CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnnn nnnn (None
BN n Branch if Negative 1(2) 1110 0110 nnnn nnnn (None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn nnnn (None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn nnnn (None
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn nnnn (None
BNZ n Branch if Not Zero 1(2) 1110 0001 nnnn nnnn (None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn nnnn (None
BRA n Branch Unconditionally 2 1101 Onnn nnnn nnnn (None
BZ n Branch if Zero 1(2) 1110 0000 nnnn nnnn (None
CALL n,s Call subroutine 1st word 2 1110 110s kkkk kkkk [None

2nd word 1111 kkkk kkkk  kkkk|
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100 (TO,PD
DAW & Decimal Adjust WREG 1 0000 0000 0000 0111 (C
GOTO n Go to address 1st word 2 1110 1111 kkkk kkkk [None

2nd word 1111 kkkk kkkk kkkk
NOP — No Operation 1 0000 0000 0000 0000 [None
NOP — No Operation 1 1111 xxxx  xxxx  xxxx |None 4
POP — Pop top of return stack (TOS) |1 0000 0000 0000 0110 [None
PUSH — Push top of retum stack (TOS) |1 0000 0000 0000 0101 [None
RCALL n Relative Call 2 1101 1lnnn nnon  nnnn (None
RESET Software device Reset 1 0000 0000 1111 1111 [(All
RETFIE s Return from interrupt enable 2 0000 0000 0001 000s [GIE/GIEH,

PEIE/GIEL

RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk [None
RETURN s Return from Subroutine 2 0000 0000 0001 001s [None
SLEEP — Go into Standby mode 1 0000 0000 0000 0011 (TO,PD
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ISA - Instruction Set Architecture ou jeu dinstructions PIC18

16-Bit Instruction Word Status

Mnemonic, i

Operands Description Cycles i " Affected Notes
LITERAL OPERATIONS
ADDLW k Add literal and WREG 1 0000 1111 kkkk kkkk |C,DC,Z OV,N
ANDLW k AND literal with WREG 1 0000 1011 kkkk kkkk |Z,N
IORLW k Inclusive OR literal with WREG |1 0000 1001 kkkk kkkk |Z,N
LFSR ik Move literal (12-bit) 2nd word |2 1110 1110 00ff kkkk |None

to FSR(f) 1st word 1111 0000 kkkk kkkk

MOVLB k Move literal to BSR<3.0> 1 0000 0001 0000 kkkk |MNone
MOVLW k Move literal to WREG 1 0000 1110 kkkk kkkk |Mone
MULLW k Multiply literal with WREG 1 0000 1101 kkkk kkkk |Mone
RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk |MNone
SUBLW k Subtract WREG from literal 1 0000 1000 kkkk kkkk |C,DC,Z OV,N
XORLW k Exclusive OR literal with WREG | 1 0000 1010 kkkk kkkk |Z, N
DATA MEMORY — PROGRAM MEMORY OPERATIONS
TBLRD* Table Read 2 0000 0000 0000 1000 |MNone
TBLRD*+ Table Read with post-increment 0000 0000 0000 1001 |None
TBLRD* Table Read with post-decrement 0000 0000 0000 1010 |None
TBLRD+* Table Read with pre-increment 0000 0000 0000 1011 |None
TBLWT* Table Write 2 0000 0000 0000 1100 |None
TBLWT*+ Table Write with post-increment 0000 0000 0000 1101 |None
TBLWT* Table Write with post-decrement 0000 0000 0000 1110 |None
TBLWT+* Table Write with pre-increment 0000 0000 0000 1111 |None

ISA de 77 instructions

SYSTEMES EMBARQUES

Format binaire ou opcode (code opératoire) des instructions

Byte-oriented file register operations Example Instruction

15 0 9 87 0
OPCODE [d | a | f (FILE #) | ADDWF MYREG, W, B ERESaRaE

d = 0 for result destination to be WREG register 15 8f i 0

d = 1 for result destination to be file register (f) OPCODE k (literal) MOVLW 7Fh
a = 0 to force Access Bank
a = 1 for BSR to select bank k = 8-bit immediate value
f = 8-bit file register address

N Control operations
Byte to Byte move operations (2-word) O —

15 i i 0 15 87 0
| oPCODE | f (Source FILE #) | MOVFF MYREG1, MYREG2 \ OPCODE | n<7:0> (itera) | GOTO Label
15 e ] 0 15 12 1 0

N f (Destination FILE#) | B n<19:8> (teral) |

) . n = 20-bit immediate value
f = 12-bit file register address

15 87 0
Bit-oriented file register operations \ OPCODE | 5| n<7.0>(iteral) | CALL MYFUNC
15 121 98 7 0 B 2 L
OPCODE |b(BIT #}\ a | f(FILE #) | BSF MYREG, bit, B [ un ] n<19:8> (lteral) |
S = Fast bit
b = 3-bit position of bit in file register (f)
a = 0 to force Access Bank 15 11 10 0
a =1 for BSR to select bank ‘ OPCODE | n<10:0= (literal) | BRA MYFUNC
f = 8-bit file register address
15 87 0

| OPCODE | n<7:0> (iiteral) | BC MYFUNC
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Simulateur et programme de test

Afin d'appréhender le jeu d'instruction, nous allons traduire un
programme C en assembleur PIC18. Ce travail peut étre répété depuis
chez vous en installant I''DE MPLABX avec les toolchains C XC8 et C18
tout en utilisant le mode simulation (cf. moodle)

& MPLAB X IDE V250 - demo asm pic18: default
il Eit View Navigate Saurce Refactor Run D:DIAﬂTanoal is Window Help

oeJic [ Fuorth « Evarte !lm =1 vaskt « [ itasksc x| S ueskc « & manc x| @ pisesson «[ @ ptstesso... (LIE
i IRE-8-QePBIE P a0t *
18 [ void main(void) { o
19| static char state = TASK_TOGGLE;

T

|22 /* initializations */
e | 22 LATD = 0x00;
o | 23 TRISD = O0xF7; g4

osoen== r(E‘E@ll

TEEEE

25 /+ application scheduling engine */
26 while (1) {

257 switch(state) {
28 case TASK TOGGLE:
a
30 break;
=l case TASK SET:
s || ‘task_set_led(};
33 break;
34 Gase TASK CLEAR: g
2 °
MPLAB
| 37 } L
B X
e e - COMPILER
& ) @main y whie(1) ) swichistate) » case TASK SET )
T T e e e =
e Address vele |
S |67 @um £ [ osc [oos o~
& | O <Erter e v o] 7] 5] o
s mm fomat coze v

m..mmumu od )| debugerhated | @ a2 s

case TASK_SET:
task_set_led_D2();
break;

case TASK_CLEAR:
task_clear_led_D2();

/* CPU specific features configuration */
#pragma config FEXTOSC = OFF CLKOUTEN = OFF
#pragma config RSTOSC = HFINTOSC_64MHZ
#pragma config MCLRE = EXTMCLR PWRTE = OFF
#pragma config BOREN SBORDIS DEBUG = OFF

finclude <picl18f27K40.h> break;

}

/* system init */
state = TASK_TOGGLE;
LATA = 0x00;

TRISA = 0b0000000; void task_set_led_D2 (void) {

LATA |= 0x10;

#define TASK_TOGGLE 1 ) 5 -
#define TASK_SET 2 = / state machine */
#define TASK_CLEAR 3 ) if (state == gASK_CLEAR)
tate = 0;
O S f
void task_toggle_led D2 (void); O statet+;
void task_set_led D2 (void); .t3 }
void task_clear_led D2 (void); o }
void main(void) { Q void task_toggle_led D2 (void) {
static char state; EE #asm s
BTG LATA,
E #endasm
@)
-
@)
O
-
(an

/* scheduling engine */

while (1) {
void task_clear_led D2 (void) {

switch (state) { LATAbits.LATA4 = 0;

case TASK_TOGGLE: }
task_toggle_led_D2();
break;
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YA Insertion ASM dans C

De facon générale, les squelettes des applications seront
développés en C. Ceci facilite la lisibilité, I'édition et la maintenance du
code. L'assembleur sera en générale utilisé afin de développer des
procédures ou fonctions spécifigues, le plus souvent dans une optique
d'optimisation (empreinte mémoire du code et/ou accélération d'un
traitement)

void task_toggle_led D2 (void) { void task_toggle_led D2 (void) {
static char toggle = 0; #asm
BTG LATA, 4
if ( toggle != 0) { #endasm
toggle = 0O; }
LATAbits.LATA4 = 0;
} else {

toggle = 1;
LATAbits.LATA4 = 1;
}
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Architecture processeur MCU PIC18

21-bit 16-bit
ADDRESS BUS INSTRUCTION BUS

12-bit 8-bit
ADDRESS BUS DATA BUS

Internal
05C1(2 ——p Osdillator Power-up
Block o
osc2@ ——p < Oscillator
LFINTOSC Start-up Timer|
808CI —— M Oscillator Power-on
Reset
64 MHz
S0SCO ——P|| Oscillator Watchdog
Timer
MCLRM —|[Single-Supply| Brown-out y
Programming R.em
In-Circuit Fail-Safe

Debugger Clock Monitor
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FY\{ Allocation statique de variable

Afin de faciliter la compréhension du jeu d'instruction, toutes les
allocations en assembleur de variables en mémoire donnée seront
statiques (dans cet exercice). Adresse générée a |'édition des liens et
connue pendant la totalité de la durée de vie du programme. Nous ne
regarderons pas l'utilisation de la pile (stack) et n'allouerons pas de
variables locales hors static (vu en cours d'architectures des ordi.).

En partant d'un programme assembleur PIC18, chez Microchip Il
existe 2 solutions technologiques pour réaliser une conversion binaire.
Par la toolchain C XC8 ou le programme assembleur MPASMWIN

; reserve 1 byte in access bank ; reserve 1 byte in access bank
PSECT <static_section_name>,class=BANK0, space=1 idata_acs

state: ds 1 state db 0

“a=ESEEEER
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Data Bus<g>

Architecture processeur MCU PIC18 [ Y 'y 7y
t s ke “BeLan
[ incidec logic | b
Data Memory
21 PCLATH|
20 v
[PCUTPCH [ PCL
Program Counter
31-Leval Stack
Address Latch
Program Memory | STKPTR |
(8/16/32/84 Kbytes)
Data Latch

21-bit 16-bit
ADDRESS BUS INSTRUCTION BUS

Table Latch
ROM Latch

Instruction Bus <16>

Instruction ’Slﬂle machine
Decode and control signals
Control

12-bit 8-bit
ADDRESS BUS DATA BUS

0sc1@ —p Internal
¥ Oscillator Pawer-up
Block Timer
0sC2i8 ——» < Oscillator
LFINTOSC Start-up Timer|
s0scl —# || Oscillator Power-on 8
Reset .
64 MHz >
s0sco —b| Osdilator Watchdog
Timer
" B 0 Precision FVR
MCLR!" —»{[Single-Supply own-out flig | Band Gap »
Programming | Reset Reference
In-Circuit Fail-Safe
Debugger Clock Monitor
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~ Adressage immédiat

Une instruction utilisant un adressage immeédiat manipule
directement une constante. Le binaire correspondant a la constante est
encapsulé dans le code binaire de |'instruction. Sur architecture RISC
32bits, il est souvent limité a des constantes sur 16bits. L'adressage
immeédiat est nommé /iteral operation sur architecture PIC18

PIC18 C Program PIC18 assembler Program
/* system init */ MOVLW 1 ; adressage immédiat
state = MOVWE state ; adressage direct
TASK_TOGGLE MOVLW 0x00
LATA = 0x00; MOVWEF LATA
TRISA = MOVLW 0b00000000

0b00000000; MOVWE TRISA
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Adressage immediat - toutes les instructions !

: 16-Bit Instruction Word

Mnemonic, Description Cycles Status Notes

Operands MSb LSb Affected
LITERAL OPERATIONS
ADDLW k Add literal and WREG 1 0000 1111 kkkk kkkk |C,DC,Z, OV N
ANDLW k AND literal with WREG 1 0000 1011 kkkk kkkk |Z, N
IORLW k Inclusive OR literal with WREG |1 0000 1001 kkkk kkkk |Z, N
LFSR f, K Move literal (12-bit) 2nd word |2 1110 1110 O0O0ff kkkk |None

to FSR(f) 1st word 1111 0000 kkkk  kkkk
MOVLB k Move literal to BSR<3:0> 1 0000 0001 0000 kkkk |None
MOVLW k Move literal to WREG T 0000 1110 kkkk kkkk [None
MuULLW k Multiply literal with WREG 1 0000 1101 kkkk  kkkk |None
RETLW k Return with literal in WREG 2 0000 1100 kkkk  kkkk |None
SUBLW k Subtract WREG from literal 1 0000 1000 kkkk kkkk |C,DC,Z,OV,N
XORLW k Exclusive OR literal with WREG | 1 0000 1010 kkkk kkkk |Z, N
Literal operations
15 8 7 0

OPCODE k (literal)

k = 8-bit immediate value

SYSTEMES EMBARQUES
Adressage immédiat - sélection d’une banque en mémoire

Rappelons que la mémoire donnée est découpée en 16 banques de
2560. Afin d'adresser la mémoire, le CPU examine le champ <a> des
instructions a adressage direct manipulant une adresse relative sur
8bits. L'exemple ci-dessous présente deux solutions afin d'adresser la
banque 0. L'instruction MOVLB (MQV 4bits constant to BSR, Bank Select
Register) permet d'adresser la totalité du mapping mémoire. BSR fixe
les 4 bits de poids forts d'une adresse 12bits en mémoire donnée

; access bank (bank0 or bank15)

; bankO0 0x000-0x05F (GPR)

; bankl5 : 0xF60-0xFFF (SFR)

ADDWF <8bits_relative_address_data_memory>, 0, 0
Autre solution :

; only bank0 is selected

MOVLB 0x0

ADDWF <8bits_relative_address_data_memory >, 0, 1
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~ Instructions de contréle - saut inconditionnel

Intéressons-nous aux instructions de contrdle (if, else if, else,
switch/case, while, for ...) et appels de fonction en langage C. Toutes ces
instructions ont un point commun, elles réalisent un saut dans le code.
Toutes ces instructions modifient le pointeur programme PC (Program
Counter) présent dans I'étage de FETCH du CPU.

main:

volid main (void) { . user code 1
4

/* user code 1 */

main_11:
while (1) { ;juser code 2
GOTO main_11
/* user code 2 */
} label = référence symbolique a une

adresse physique en mémoire programme
résolue a 1’édition des liens

SYSTEMES EMBARQUES

~ Instructions de contrdle - saut inconditionnel

La mémoire programme est adressable par octet sur 21bits, soit un
espace mémoire accessible de 2Mo (ou 1Mword). 1 mot ou word pour
notre processeur correspond a la taille par défaut de I'opcode la
majorité des instructions, soit 20. A titre indicatif, I'opcode de
I"instruction GOTO fait 32bits ou 40 car elle implémente une opérande
représentant une adresse absolue en mémoire programme sur 20bits

GOTO nstruction Datosheet  PIC18F27K40MOU architecture

Data Bus<8>

[Table Pointer<2 ]|« —F
GOTO Unconditional Branch b s}
Syntax: [ label] GOTO k a FEUTUIPELAH |
Operands: 0 <k < 1048575 T‘—Vg-
Operation: k — PC<20:1> - A F_ﬁE%EEZ
0 — PC<0>, Cogmmeney|
Status Affected: None Data Latch

=

Encoding: ‘
1stword (k<7:0>) | 1110 | 1111 | k,kkk | kkkk, ] RO Lot
2nd word (k<19:8>)| 1111 |k,qkkk| kkkk |kkkkg
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Instructions de controle - saut absolu et relatif

L'instruction GOTO implémente un adressage absolu. L'opérande
représentant I'adresse de saut fait donc 20bits (opcode sur 40).
L'instruction BRA implémente un adressage relatif a PC entre -10240 et
+10230. L'opérande représentant |'offset est codée sur 11 bits (opcode
sur 20). BRA possedent une empreinte mémoire plus faible mais n'est
pas plus rapide a I'exécution (2 cycles CPU car le pipeline du CPU doit
étre vidé - pipeline flush). Néanmoins, BRA ne permet pas d'adresser
toute la mémoire, soit les 4Ko potentiel d'un PIC18. Elle n'implémente
gu'un saut relatif par rapport a I'adresse courante (PC) durant
I'exécution du BRA.

Adessagedbsos  Adessagerelatf

main: main:
; user code 1 ; user code 1
main_11: main_11:
;user code 2 ;user code 2
GOTO main_11 BRA main_11

SYSTEMES EMBARQUES

 Instructions de contrble - saut conditionnel

Un saut conditionnel est lié au résultat d'une opération traitée
precédemment par I'ALU. A chaque opération, I'ALU sauvegarde dans le
registre STATUS des informations sur le résultat de I'opération (flags ou
drapeaux C, DC, Z, OV et N). C ou carry précise un éventuel
débordement. Z si le résultat est nul. N si le résultat est négatif. Les
sauts conditionnels se font sur activation de ces flags et donc apres
I'utilisation d'une instruction affectant les flags

C program ~ PC18assemblerpogom

; application state update

/* application state update */

if (state == TASK_CLEAR) MOLLW 3
state = 0; SUBWE state,w
state++; BNZ main_12

MOVLW 0x00
MOVWEF state
main_12: INCF state
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Registre STATUS ou registre d’état de FALU

Bit

Access
Reset

Status Register

7

L]
1O
R
1

= 3|
e Blz|~
cgno

Bit6 - TO Time-Outbit
Reset States: POR/BOR =1
All Other Resets = q

Value Description
1 Set at power-up or by execution of CLRWDT or SLEEP instruction
o | AWDT time-out occurred |

Bit5-PD Power-Down bit
Reset States: POR/BOR =1
All Other Resets = q

Value Description
1 Set at power-up or by execution of CLRWDT instruction
o | Cleared by execution of the SLEEP instruction |

Bit4 - N Negative bit
Used for signed arithmetic (2's complement); indicates if the result is negative,
(ALU MSb = 1).
Reset States: POR/BOR =0
All Other Resets = u

Value Description
il The result is negative
[0 ' The result is positive | STATUS
Bit 3 — OV Overflow bit
Used for signed arithmetic (2's complement); indicates an overflow of the 7-bit magnitude, which causes
the sign bit (bit 7) to change state.
Reset States: POR/BOR =0
All Other Resets =u
Value Description 16-Bit Instruction Word
1 Qverflow occurred for current signed arithmetic operation Mnemonic, Description Cycles
] | No overflow occurred Operands MSb LSb
Bit2—2 Zerobit BYTE-ORIENTED OPERATIONS
Reset States: POR/BOR =0 ADDWF  f,d,a |Add WREG and f |1 | 0010 0lda f£fff £fff
ADDWFC f,d,a |Add WREG and Camy bittof |1 0010 00da ffff fFfff

SYSTEMES EMBARQUES

Instructions de contrdole - ISA

Mnemonic, s 16-Bit Instruction Word Status
o ds Description Cycles Affected Notes
peran MSh LSb
CONTROL OPERATIONS
BC n Branch if Carry 1(2) 1110 0010 nnnn  nnnn [None
BN n Branch if Negative 1(2) 1110 0110 nnnn nnnn [None
BNC n Branch if Not Carry 1(2) 1110 0011 nnnn nnnn [None
BNN n Branch if Not Negative 1(2) 1110 0111 nnnn  nnnn |Mone
BNOV n Branch if Not Overflow 1(2) 1110 0101 nnnn nnnn [None
BNZ n Branch if Not Zero 1(2) 1110 0001 nnnn onon |None
BOV n Branch if Overflow 1(2) 1110 0100 nnnn nnnn [None
BRA n Branch Unconditionally 2 1101 Onnn nnon nnnn [None
BZ n Branch if Zero 1(2) 1110 0000 npnonn onnn |None
CALL ns Call subroutine 15t word 2 1110 110s kkkk kkkk [None
2nd word 1111 kkkk kkkk kkkk|__ _
CLRWDT — Clear Watchdog Timer 1 0000 0000 0000 0100 (TO,PD
DAW = Decimal Adjust WREG 1 0000 0000 0000 0111 (C
GOTO n Go to address  1st word 2 1110 1111 kkkk kkkk |None
2nd word 1111 kkkk kkkk kkkk
NOP i No Operation 1 0000 0000 0000 0000 [None
NOP — No Operation 1 1111 s xxxx xxxx |None 4
POP — Pop top of return stack (TOS) |1 0000 0000 0000 0110 |Mone
PUSH — Push top of retum stack (TOS) |1 0000 0000 0000 0101 [None
RCALL n Relative Call 2 1101 1nnn nnnn  nnnn (None
RESET Software device Reset 1 0000 0000 1111 1111 |All
RETFIE s Return from interrupt enable 2 0000 0000 0001 000s [GIE/GIEH,
PEIE/GIEL
RETLW k Return with literal in WREG 2 0000 1100 kkkk kkkk |None
RETURN s Return from Subroutine 2 0000 0000 0001 001s |None
SLEEP — Go into Standby mode 1 0000 0000 0000 0011 |TO,PD
15 87 0 15 87 0 1 1, 40 -
\ OPCODE [ n<7:0> (iteral) | GoTo Label | OPCODE [ s[ n<7:0> (iteral) | caus, wveowe | OPCODE [ n<t00- fierap
15 12 1 0 15 12 1 0 15 87
[ ] n<19:8> (literal) | [ 1 ] n<19:8> (literal) | [ opcope [ n<7:0> (iteral)
S = Fast bit

n = 20-bit immediate value

BRA MYFUNC

BC MYFUNC
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NI Instructions de controle - Exercice de traduction

Fo qu)'té quoi 17

switch (state) {

case TASK_TOGGLE :
task_toggle_led_D2();
break;

case TASK_SET:
task_set_led_D2();
break;

case TASK_CLEAR:
task_clear_led_D2();
break;

SYSTEMES EMBARQUES
Instructions de controle - Exercice de traduction
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~ Instructions de contrle - Une solution possible !

state, w
XORLW 1
BZ main_cl
MOVF state, w
XORLW 2
1BZ main_c?2
MOVF state, w
XORLW 3
BZ main_c3
main_cl: CALL task_toggle_led_D2
BRA main_el
main_c2: CALL task_set_led_D2
BRA main_el
main_c3: CALL task_clear_led_D2

main_el:

16-bit
INSTRUCTION BUS

21-bit
ADDRESS BUS

12-bit

ADDRESS BUS DATA BUS

[
Fah\s Pointer<21>]

incidec logic

State machine

Instruction
L

Decode and
Control

PRODH| PRODL

Bx8 Multiply
A 8
Y ———
¥
@ Internal /
o= | osdllator Boviet 5 g
- Block imer
osc2@ —p Oscillator —
LFINTOSC ||~ © |Start-up Timer| s
s0s¢l » Oscillator Power-on 8
Reset
64 MHz
S0SCO —#| Oscillator Watchdog
Timer B =
recision
WIGLR™ ——»1 [Single-Supply Brownoul (g | BangGap YRy
Programming Reset Reference
In-Circuit Fail-Safe
CaroEe Clock Monitor
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Instructions de contréle - Appel de fonction

L'instruction CALL implémente un adressage absolu (opcode 40),
contrairement a RCALL utilisant un adressage relatif a PC avec un offset
de -1024/+10230 (opcode 20). Les instructions CALL et RCALL modifient
PC mais realisent également une écriture sur la pile matérielle de 31
niveaux. L'adresse de retour est sauvée (PC+4 pour CALL et PC+2 pour
RCALL). Par exemple, I'appel de I'instruction RETURN dépile I'adresse de
retour pour I'écrire dans PC

return_address Jump-address
PC<20:0> \
RETURN %,i” CALL
RETF'E , Stack Level 1 RCAL_L_
RETLW i
Stack Level 31 return_address

il SYSTEMES EMBARQUES

ENSI : x o
Y4 [nstructions de controle - Sauvegarde de contexte materielle
CALL Call Subroutine
Syntax: [label] CALL k,s
Operands: DSk josesT Top Of Stack pour ['adresse
Operation:  § (PC)+ 4 5108, ¢ de retour

k — PC<20:1>,

0 — PC<0>,

its =1

(WREG) — WREGS,

(STATUS) — STATUSS,
(BSR) - BSRS \ Le registres dont le nom

Status Affected: None

Encoding: est suffixé par S (Shadows
1stword (k<7:0>) | 1110 | 110s | kqkkk | kkkkg Registers) sont CaChéS deS
2nd word (k<19:8>)| 1111 |k,okkk| kkkk | kkkkg

développeurs et utilisés
Description: Subroutine call of entire 2M byte memory range. First, return address (PC+ d urant | es sauve ga r'd es d e

4) is pushed onto the return stack (20-bits wide).

If 's' =1, the WREG, STATUS and BSR Registers are also pushed into con texte ma té ri el |eS avecC
their respective Shadow Registers, WREGS, STATUSS and BSRS. | 1 usa ge d 1 | ﬂte rru pt| on Cette

If 's' = 0, no update occurs.

_Then lh_e 20-bit value 'K’ is loaded into PC<20:1>. CALL is a two-cycle m éth Od e a CCé | é re |e
etueton mécanise de commutation

Words: 2
Cycles: 2
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ADDRESS BUS INSTRUCTION BUS

12-bit 8-bit
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Internal
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Reset
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Instructions orientées octet

Microchip définit une famille d'instructions dites orientées octet.
Cette famille regroupe les instructions arithmétiques et logiques
traitées par I'ALU 8bits ou le multiplieur 8bits ainsi que les instructions
de déplacement de données.

Les instructions de déplacement d'information utilisent un mode
d'adressage direct afin d'effectuer des chargements et sauvegardes de
données du CPU vers mémoire (MOVWF, 1cy), de la mémoire vers la
meémoire (MOVFF, 2cy) ou de la mémoire vers le CPU (MOVF, 1cy).

C program
/* activate LED state */ ; activate LED state
void task_set_led D2 (void) { task_set_led D2: MOLLW 0x10
LATA |= 0x10; IORWF LATA, f
} RETURN

SYSTEMES EMBARQUES
Instructions orientées octet - ISA
i 16-Bit Instruction Word

Mnemonic, Description Cycles S Notes

Operands MSb Lsb Affected
BYTE-ORIENTED OPERATIONS
ADDWF  f,d,a |Add WREG and f 1 0010 0lda ffff £££f(C,DC,Z QV,N |1,2
ADDWFC f d,a |Add WREG and Carry bittof |1 0010 00da ffff ffff|C,DC,Z OV.N [1,2
ANDWF  f d a |AND WREG with f 1 0001 01da ffff  £££f |Z N 12
CLRF f,a Clear f i 0110 10la ffff £fff|Z 2
COMF f.d,a |Complement f 1 0001 11da f£fff f££fff|Z,N 1.2
CPFSEQ f,a Compare f with WREG, skip= |1(2o0r3)| 0110 00la ffff ££ff |[None 4
CPFSGT f,a Compare f with WREG, skip> |1(20r3)| 0110 010a ffff ££fff |None 4
CPFSLT f,a Compare f with WREG, skip< |1(20r3) | 0110 000a ffff ££fff |None 1.2
DECF f,d,a |Decrementf 1 0000 0lda £fff £££f |C,DC,Z OV,N [1,2,3,4
DECFSZ f,d,a [Decrementf, Skipif 0 1(2or3)| 0010 11da £ffff £££f |None 1.2, 3:1
DCFSNZ f,d,a [Decrementf, Skip if Not 0 1(2or3)| 0100 11da £ffff £££ff |None 4.2
INCF f.d,a |Incrementf 1 0010 10da ffff f£fff |C,DC,Z OV,N [1,2 3,4
INCFSZ f.d,a |Incrementf, Skipif 0 1{(20r3)| 0011 11da £ffff £f£f |None 4
INFSNZ f,d,a |Incrementf, Skip if Not 0 1(20r3)| 0100 10da £ffff £f£f |None 1.2
IORWF f,d,a |Inclusive OR WREG with f i 0001 00da ffff £fff(Z N 1.2
MOVF f,d,a |Movef 1 0101 00da ffff ffff(Z N il
MOVFF fs, Ty |Move f; (source)to 1stword |2 1100 ffff ffff £fff |[None

f4 (destination) 2nd word IS EEEE SRR e
MOVWF f a Move WREG fo f 1l 0110 111la £fff £fff |None
MULWF  f,a |Multiply WREG with f 1 0000 00la f£fff £££f |None 57
NEGF f,a Negate f i 0110 110a ffff ££££ |C,DC,Z OV,N
RLCF f,d,a |Rotate Left f through Camy 1 0011 01da f£fff f££fff|C,Z N 1.2
RLNCF  f.d,a |Rotate Left f (No Carry) 1 0100 01da ffff  f£f |Z N
RRCF f,d, a |Rotate Right f through Carry 1 0011 o00da ffff £fff |C,Z N
RRNCF  f,d,a [Rotate Right f (No Carry) 1 0100 00da ffff ffff |Z N
SETF f,a Setf 1 0110 100a £f£ff £££f (None 1.2
SUBFWB f,d,a |Subtract f from WREG with ] 0101 0lda ffff ££££ (C,DC,Z OV,N
borrow
SUBWF  f d,a |Subtract WREG from f 1 0101 11da f£fff £f££f |C,DC,Z OV,N |1,2
SUBWFB f,d,a |Subfract WREG from f with 1 0101 10da ffff f££fff (C,DC,Z QV,N
borrow

SWAPF f,d,a |Swap nibbles inf 1 0011 10da £fff £££f [None
TSTFSZ f,a Testf, skipif 0 1(2or3)| 0110 011a £ffff £££ff |None 1.2
XORWF f,d,a |Exclusive OR WREG with f 1 0001 10da f£fff ffff|Z N
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~ Instructions orientees bits

Les instructions orientées bit permettent de modifier voire tester la
valeur d'un bit dans une case mémoire. Ces instructions sont tres
pratiques pour la configuration et la gestion de périphériqgues méme si
elles restent peu rencontrées sur grand nombre d'architectures
actuelles. Nous devons spécifier I'adresse de la case mémoire (adresse
relative a une banque sur 8bits) et la position du bit dans 'octet (entre
0et?)

/* toggle LED state */ /* inactivate LED state */
void task_toggle led D2 (void) { void task _clear led D2 (void) {
C prOnglm #asm LATAbits.LATA4 = 0;
BTG LATA, 4 }
ffendasm

}

task_toggle_led D2: BTG LATA, 4
RETURN
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NIl Instructions orientées bits - ISA

: 16-Bit Instruction Word

Mnemonic, Description Cycles Status Notes

Operands MSb LSb Affected
BIT-ORIENTED OPERATIONS
BCF f,b,a [BitClearf 1 1001 bbba ffff £f££f |None 1,2
BSF f,b,a |BitSetf 1 1000 bbba £ffff f££f [None 1.3
BTFSC f,b,a |[Bit Testf, Skip if Clear 1(2or3) | 1011 bbba ffff £f££f |None 3,4
BTFSS f. b, a |[BitTestf, Skip if Set 1(20r3) | 1010 bbba £ffff f££f [None 3,4
BTG f,d,a |Bit Toggle f 1 0111 bbba ffff ffff |None 1,2

Bit-oriented file register operations

15 12 11 98 7 0
OPCODE [b (BIT#) a | f(FILE#) | BSF MYREG, bit, B

b = 3-bit position of bit in file register (f)
a = 0 to force Access Bank

a =1 for BSR to select bank

f = 8-bit file register address

- Insertion ASM dans C
- Allocation statique de variable
- Adressage immediat
nstruction de contrble
nstructions orientées octet
nstructions orientéees bit

- Solution ASM

- Divers
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[t = ’&am machine
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. Block Timer
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case TASK_SET:
task_set_led_D2();
break;

case TASK _CLEAR:
task_clear_led_D2();

/* CPU specific features configuration */
#pragma config FEXTOSC = OFF CLKOUTEN = OFF
#pragma config RSTOSC = HFINTOSC_64MHZ
#pragma config MCLRE = EXTMCLR PWRTE = OFF
#pragma config BOREN = SBORDIS DEBUG = OFF

finclude <picl18f27K40.h> break;

}

#define TASK_TOGGLE 1 ‘

#define TASK_SET 2 /* state machine */

#define TASK_CLEAR 3 if (state == TASK_CLEAR)
B state = 0;

void task_toggle_led D2 (void); ?tate++;

void task_set_led_D2 (void);

void task_clear_led_D2 (void); ¥
void main (void) { void task_toggle led D2 (void) {
static char state; #asm
BTG LATA, 4
fendasm

/* system init */
state = TASK_TOGGLE;
LATA = 0x00;

TRISA = ObOOOOOOO; void task_set_led_D2 (VOid) {

LATA |= 0x10;

Programme d traduire

/* scheduling engine */

while (1) {
void task_clear_led D2 (void) {

switch (state) { LATAbits.LATA4 = 0;

case TASK_TOGGLE: }
task_toggle_led_D2();
break;



; CPU features

CONFIG FEXTOSC = OFF RSTOSC = HFINTOSC_64MHZ
CONFIG MCLRE = EXTMCLR DEBUG = OFF

#include <pl18f27k40.inc>

; private declaration

idata_acs
state db 0
TASK_TOGGLE equ 1
TASK_SET equ 2
TASK_CLEAR equ 3

; reset interrupt vector

org
reset_v:

; application entry point

main:

main_11:

0x000000
GOTO main

MOVLW TASK_TOGGLE
MOVWF state
MOVLW 0b00000000
MOVWEF LATA

MOVLW 0x00

MOVWF TRISA

MOVF state,w
XORLW TASK_TOGGLE
BZ main_cl
MOVF state,w
XORLW TASK_SET

BZ main_c2

SYSTEMES EMBARQUES
Training ...
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Dans le répertoire tp/disco/apps/demos cours, il vous est propose
des projets pré-créés sous XC8 v1.45 (programme C et ASM PIC18). Ces
projets vous permettront de pouvoir retravailler et durcir votre
compréhension des processeurs PIC18 et de I'enseignement

PICSimLab MPLABX Simulator with Debugger

cezmrmeem 46

CAEN

- Insertion ASM dans C
Allocation statique de variable
Adressage immediat
nstruction de contrble

- Instructions orientées octet

nstructions orientees bit O
- Solution ASM oSy
- D | Vers '}Q\O @\*
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21-bit

ADDRESS BUS

12-bit
ADDRESS BUS

16-bit

8-bit
DATA BUS

Architecture processeur MCU PIC18

21-bit
ADDRESS BUS

12-bit
ADDRESS BUS

16-bit
INSTRUCTION BUS

8-bit
DATA BUS

INSTRUCTION BUS

Data Bus<g>

[Table Pointer<21>]| <

[ incidec logic |

Program Counter

31-Level Stack

Address Latch
Program Memory i‘—_STKPTR
(8116/32/64 Kbytes)

Data Latch

Instruction Bus <16>

Table Latch
ROM Latch
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Decode and confrol signals
Control |+
3
v
BITOP
8
@ Internal 7
eel Oscillator 'ower-up ‘ s 5
2) Block Timer
0sc2 > Oscillator ALU<g>
LFINTOSC || ©  ||Start-up Timer
80SsCl — Oscillator Power-on 5
Reset
SOSCORS HHEE
Timer P
recision
MCLR1) — | Single-Supply| Brown-out ¢~ Band Gap %
Programming Reset Raiea
In-Circuit Fail-Safe
Debugger Clock Monitor|

—_— Data Bus<8>
Table Pointer<21
able ﬂl; r | 2 A
= - 8 8
| inc/dec logic |
21
20
Program Counter
31-Level Stack
Address Latch
Program Memory STKPTR
(8116/32/64 Kbytes)
Data Latch
8
Table Latch

Instruction Bus <16>

osc1t —
osc2@ ——p
S0SCl —¥

SOSCO —W

v IO
Irstruction State machine

Decode and ’ control signals

MCLR™M — |

Control PRODH[ PRODL
8x8 Multiply
b r
BroP] [ W _jd—=p
Internal P
Oscillator o:er_uP
Block —
< Osci\\apr
LFINTOSC Star NN eX
Oscillator Power-on
Reset
64 MHz
Osillator il
Timer
Precision
Single-Supply Brown-out | g | Band Gap VR,
rogramming | R.esm Reference
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Divers - JTAG in-circuit Programmer/Debugger

Sans bootloader déja programmeé dans le processeur, nous devons
utiliser une sonde JTAG (Join Test Action Group) afin de charger voire
debugger le programme depuis I'IDE sur ordinateur vers le MCU cible.
Un StarterKit embarque déja une sonde de programmation a coté du
processeur cible de test. Sinon, nous pouvons utiliser des sondes
externes plus polyvalentes (ICD4, PICKIT4, etc chez Microchip).

External PICKIT4

PIC18F27K40 JTAG in-circuit programmer/Debugger

SPDIP 28 pins package

MCLR\/rr/REAL]1 ~ g RB7/ICSPDAT
RA0[|2 27 1RBB/ICSPCLK
RA1[]3 28 JRBB
RAZ[[4 25 ]RB4
RA3[]5 24 ]RB3
rpia i 2o CURIOSITY HPC Starter Kit
vss[ls 21[RBO with JTAG in-circuit programmer/Debugger
RA7[|9 20 1vop
RA6[]10 19 ]Vss
Rcol]11 18[JRC7
rci[]12 17[]RCs
rc2]13 16 JRC5
RC3[]14 15[ JRC4
. e Data Bus<8>
Architecture processeur MCU PIC18 [roe ez o % 3 3 v
- * - 8 8 Data Latch
| inc/dec logic |
Data Memory
bl REUATH
20 v
[PCUTPCH] PCL
Program Counter
yw!wx
Address Latch
$35 il |
Data Latch
21-bit 16-bit

ADDRESS BUS INSTRUCTION BUS

Instruction Bus <16>

Instruction ’State machine
Decode and confrol signals
Control

PRODH| PRODL

12-bit 8-bit BEMIMy ]

g y

ADDRESS BUS y
BITOP] [ W |t

DATA BUS

.................................. -
: Internal 3

] 0sc1id —p Osillator : Power-up
i Block : e
i osc2@ ——p |g-ipp]| _Oscillator

1 LFINTOSC || ~ & |Start-up Timer
: soscl Osdillator : Power-on
H . Reset
1 64 MHz :
i sosco Oscillator || i || Watchdog
H ] Timer
Precision FVR

e S P Brown-out || g Bardlcan
Programming R.esfﬂ Reference
In-Circuit Fail-Safe
Clock Monitor

Debugger
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- Divers - Oscillateur et horloge de reference

La référence d'horloge du systeme peut étre réalisée par résonateur
externe (Quartz) ou interne (MEMS, RC, etc). Les résonateurs externes
offrent une meilleure précision (dérive de quelques ppm) mais nécessite
un composant supplémentaire sur la carte.

CLKIN/OSC1

‘Xbi

Extemal
Oscillator
(EXTOSC)

CLKOUT/OSC2

SOSCIN/SOSCI COSC<2:0>

[X}—]secondary

Oscillator
(S0sC)

111
010
100

SOSCO

~LFINTOSC
101

I
i

31kHz i
Oscillator |
i

i

| >

Reserved—

110,

011
001
000

Reserved—

HFINTOSC Reserved—

FRQ<‘3:0>

12,4,8,12,16,32 48,64
MHz

Oscillator

|LFINTOSC is used to,
‘ monitor system clock

Post Divider

E e
:‘N ‘& ‘m ‘0’ ‘N ‘

CDIV<4:0>

o
N

~
8

N
3

3
2

System Clock

} Peripheral Clock

» To Peripherals
»- To Peripherals

2
i
a
=
P
22 (ox
33
§a
8
=
F
w

» To Peripherals

To Peripherals

Architecture processeur MCU PIC18

21-bit
ADDRESS BUS

12-bit
ADDRESS BUS

16-bit
INSTRUCTION BUS

8-bit

DATA BUS

Langage C
#pragma config FEXTOSC = OFF
#pragma config RSTOSC = HFINTOSC_64MHZ
#pragma config MCLRE = EXTMCLR
#pragma config DEBUG = OFF
Langage ASM
CONFIG FEXTOSC = OFF
CONFIG RSTOSC = HFINTOSC_64MHZ
CONFIG MCLRE = EXTMCLR
CONFIG DEBUG = OFF

—_— Data Bus<8>
Table Pointer<21
= A A
= - 8 8
| inc/dec logic |
21 PCLATU[PCLATH
20 Y
[PCUPCH | PCL
Program Counter
31-Level Stack
Address Latch ;
Program Memory STKPTR
(8116/32/64 Kbytes)
Data Latch

Instruction Bus <16>

Table Latch

State machine

Instructi
e e ’mmm\signa\s

Decode and

Control PRODH| PRODL
8x8 Multiply
3 y 8
BITOP| [ W |
8 o 8
osc1l@ »l Internal
i Osdillator Pﬂ:er-up
Block L
osc2@ ——p Oscillator
LFINTOSC ||~ |[Start-up Timer,
s0sCl —# || Osdllater Power-on
Reset
64 MHz annnsssnssssnd
S0OSCO —P|| Oscillator Watchdog
Timer
: Precision FVR
MCLR™M — S\ngle&ugply Dw;mmu. Band Gap
Programming .55"1 Reference
In-Circuit Fail-Safe
Debugger Clock Monitor|
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Divers - Watchdog

Un watchdog est a ajouter en fin de développement, de test et de
validation fonctionnelle d'une application afin d'ajouter une ultime
possibilité de redémarrer le programme en cas de défaut grave
(application bloguée dans une fonction, boucle infinie, etc). Un
Watchdog est un timer pouvant réaliser un RESET (redémarrage) du
processeur si il arrive en fin de comptage. Il doit étre forcé a zéro par
appel de I'instruction CLRWDT en certains endroits clés d'un
programme.

uuuuuuuuu

SYSTEMES EMBARQUES

~ Divers - Mode vellle

Les PIC18 supportent un mode veille et des modes Idle permettant
de manager les périphériques activés et ainsi de contréler la
consommation du processeur en phase repos. L'application doit
explicitement demander a passer en veille via I'appel de I'instruction
SLEEP. Il pourra alors étre réveillé par interruption, reset ou par le Watch
dog. Une fois en vellle, le CPU cesse d'exécuter des instructions mais
meémorise néanmoins le contexte d'exécution (registres W, STATUS, BSR,
etc) pour le réveil afin de pouvoir restaurer I'état de la machine avant la
mise en veille




Data Bus<g>

Architecture processeur MCU PIC18 frtio’ T 2 4 'y ¥
| inc/dec logic | o i
Data Memol
il PCLATH| i
v

[PCUPCH [ PCL

Program Counter

31-Level Stack

[ Address Latch |\
- | Program Memory | STKPTR

:|eriersiss Kytes)|:
! DamLawh |

21-bit
ADDRESS BUS

16-bit
INSTRUCTION BUS

Table Latch
ROM Latch

Instruction Bus <16>

Instruction ’Slale machine
Decode and control signals
Control

12-bit 8.bit
ADDRESS BUS DATA BUS
2) — Internal
osc1f Oscillator Power-up
Block Timer
0sC2i8 ——» Oscillator N
LFINTOSC ||~ ||Start-up Timer|
s0scl —# || Oscillator Power-on 8
Reset .
64 MHz I>
S0SCO —— P ‘ Osdillator Watchdog
Timer
" B 0 Precision FVR
MCLR™ — || Single-Supply own-out flig | Band Gap »
Programming | Reset Reference
In-Circuit Fail-Safe
Debugger Clock Monitor|
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| : / / o
~ Divers - Placer des donnees en memoire programme

Les PIC18 offrent une architecture de Harvard et par défaut une
faible empreinte de mémoire donnée (application de controle). Il est
néanmoins possible de manipuler des données chargées en mémoire
programme, transformant ainsi I'architecture en processeur de Von
Neumann (solution lente). En langage C, utiliser les classes de stockage
rom ou ram (par défaut) afin de forcer les outils a utiliser les
Instructions associées. Par exemple, rom char foo ou ram char foo/char
foo

DATA MEMORY <+ PROGRAM MEMORY OPERATIONS

TBLRD* Table Read 2 0000 0000 0000 1000 |None
TBLRD*+ Table Read with post-increment 0000 0000 0000 1001 [None
TBLRD*- Table Read with post-decrement 0000 0000 0000 1010 |None
TBLRD+* Table Read with pre-increment 0000 0000 0000 1011 |None
TBLWT* Table Write 2 0000 0000 0000 1100 |None
TBLWT*+ Table Write with post-increment 0000 0000 0000 1101 |None
TBLWT*- Table Write with post-decrement 0000 0000 0000 1110 |None
TBLWT+* Table Write with pre-increment 0000 0000 0000 1111 [None
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Divers - Placer des données en meémoire programme

Microchip propose I'acces gratuit a ses outils de développement,
notamment ses chalnes de compilation en version LITE. Ces versions ne
permettent pas de lever toutes les options d'optimisation a la
compilation. Sous XC8 et C18, les versions payantes permettent
notamment d'offrir au compilateur C I'acces aux instructions suivantes

16-Bit Instruction Word

return

LI EmEE, Description Cycles Blals
Operands MSb LSh Affected
ADDFSR  f, k Add literal to FSR 1 1110 1000 ffkk kkkk None
ADDULNK k Add literal to FSR2 and return 2] 1110 1000 11kk kkkk None
CALLW Call subroutine using WREG 2 0000 0000 0001 0100 None
MOVSF z,, fy |Move z,(source)to 1stword 2 aialal @) B (0 AN None
f4 (destination) 2nd word 17790 EEEf BEEE EREf
MOVSS 2,24 |Move z  (source)to 1stword 2 1110 1011 1zzz ZzZzZZ None
z,4 (destination) 2nd word 1900 e IXZZE ZZEZ
PUSHL k Store literal at FSR2, 1 1110 1010 kkkk kkkk None
decrement FSR2
SUBFSR f k Subtract literal from FSR 1 1110 1001 ffkk Kkkkk None
SUBULNK k Subtract literal from FSR2 and 2 1110 1001 11kk kkkk None

X
COMPILER

-

SYSTEMES EMBARQUES
Merci pour votre attention ...
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NDatasheet
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Program Counter
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Address Latch
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Instruction Bus <16
PORTC
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0SC112 ——p
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SOSCl —W RE3M
Watchdog
sosco —#|| Oscillator 5 —
cision
TR —»{ [Single-Supply Brownout i | Band Gap L%
Programming Reset Reference
In-Circuit Fail-Safe
Debugger Clock Monitor
Timerl || Timer2
BOR NYM FUR
TimerD || Timer3 || Timerd ZeD  |ICRC-Scan DAC [4—
HLVD Controller Timets || Timess
v CCP1 PWM3 || MSSP1 |[EUSART ADC R
DAC,|  ‘ciic2 || ccp2 | Pwms | MSSP2|EUSART2 EENG:) B, || SENG 10wt (€
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Daotasheet

16-Bit Instruction Word
LSb

Status
Affected

Mnemonic,

Operands Description

Cycles

BYTE-ORIENTED OPERATIONS

ADDWF f d, | Add WREG andf 1 0010 0lda fees sesr | C,DC, Z, 1,2
a OV, N
ADDWFC| f,d, | Add WREG and 1 0010 00da cees sesr | C,DC, Z, 1,2
a CARRY bit to f OV, N
ANDWF | f d, | AND WREG with f 1 0aol 0lda fEff FfEfE Z N 1,2
a
CLRF |fa Clear 1 0110 | 10la | f£££ | EfEf £ 2
COMF | f,d,  Complement f i) 0001 | 1llda | £££f | £fff Z. N 1,2
a
CPFSEQ | f,a | Comparefwith |1(20r3) 110 | gota | ses2 | g2es None 4
WREG, skip =
CPFSGT | f,.a | Comparefwith |1(20r3) ;110 | o010a | fee8 | gres None 4
WREG, skip =
CPFSLT | f,a Compare fwith |1(20r3)| 5110 | o0g0a | gee8 | gees None 1,2
WREG, skip <
a OV, N 4
DECFSZ f, d, Decrement f, Sklp if |1 (2 ar 3) 0ala 1lda FEFF FEEE None 1, 2, 3,
a 0 4
DCFSNZ | f, d, | Decrementf, Skipif |[1(20r3) ;100 11da fres fees MNone 1,2
a MNot 0
INCF | f, d, Increment f 1 poto | 1oda | eeee | eree | G DG Z, | 1,2,3,
= | OV, N 4
INCFSZ | f,d,  Incrementf, Skipif | 1(2or3) .11 11da fees cees None 4
a 0
INFSNZ fi d, Increment fI Sklp if |1 (2 ar 3) o100 1lda £EEF [l None 1, 2
a Not 0
IORWF | f d, Inclusive OR 1 0001 00da fres fifs Z N 1,2
a WREG with f
MOVF | f,d, Move f 1 0101 | ooda | £EEs | ggsf ZN 1
a
MOVFF | f;, fs | Move f; (source) ta 2 1100 | ggEr | grEr | ogrif None

1st word
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Mnemonic' L 16-Bit Instruction Word Status
S — Description Cycles o Lsp | Affected
fg (destination) 2nd 1111 £EEE £EEE £EEE
word
MOVWF | f a Move WREG to f 1 a110 111a FEFE FEFE MNone
MULWF | f,a | Multiply WREG 1 0006 | ooia | seee | esee | None 1,2
with f
NEGF | f a Negate f 1 0110 110a £EEE ¢esz | C,DC, Z,
OV, N
RLCF |f.d,| Rotate Leftf 1 el e e EFN | 4D
a through Carry
RLNCF | f, d, Rotate Lefi f (No 1 a100 A FEEE FEFE Z N
a Carry)
RRCF |f d.| Rotate Rightf 1 o011 | ooda | eeee | see | GLZN
a through Carry
RRNCF |f, d, Rotate Right f (No 1 Q100 00da ez sess Z N
a Carry)
SUBFWE | T, d, Subtract f from 1 0101 o1da || £ees ||| zee£ || G DESE
a WREG with oV, N
borrow
SUBWF |f d, Subtract WREG 1 P (e (e eae 5.3
a from f OV, N
SUBWFB f,d, Subtract WREG 1 oior N 1oce N cece N coec (R EENS
a from f with OV, N
borrow
SWAPF |f,d, | Swap nibbles in f 1 o1 | 10as | seee | esee | None 4
a
TSTFSZ [fa | Testfskipif0 [1(20r3)| o110 | o11a | zec6 | ceec | None 1,2
XORWF | f.d, | Exclusive OR 1 o ae (B s Z.N
a WREG with T
BIT-ORIENTED OPERATIONS
a
BSF T, b, Bit Set f 1 1000 | bhba | S££f | £EEf None (e
a
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Mnemonic_ L 16-Bit Instruction Word Status
Operands Description Cycles MSh sp | Affected Notes
BTFSC |f b, | BitTestf Skipif |1(20or3)| ;511 bbba seEs ez None 3.4
a Clear
BTFSS | b, | BitTestf Skipif |1{(20r3) .., Tl EFEE EEEE MNone 3.4
a Set
BTG f,b, Bit Toggle T 1 0111 | bbba | £fff | E£ff None 1,2
d
CONTROL OPERATIONS
BC n Branch if Cary 18 ran (|| aman (S None 4
BN n Branch TfNEgﬂme 1 @ 1110 0110 nnnn nnnn None

BNC n | BranchifNotCarry K 1@ ermims emmmmedll e I e None

BNN n Branch if Not 112 ST hon [l | MNone
Negative

BNOV | n Branch if Not 1@ i | | — None
Overflow

BNZ n | Branch if Not Zero 1 e [ P e Nane

BOV n | Branchif Overflow | 1 S [ | S None
BRA n Branch 2 1101 Onnn nnnn nnnn None
Unconditionally
BZ n Branch if Zero 16 1110 0000 nnnn nnnn None
CALL | ks Call 2 1110 110s kkkk zikk Naone
subroutine 1st word
2nd word 1111 | kkkk | kikkk | lkkkk
CLRWDT —  Clear Watchdog 1 oooo | oooo | oooo || oloo TO, PD
Timer
DAW = Decimal Adjust 1 0000 0000 pooo | 0111 c
WREG
GOTO k | Go to address 1st 2 1110 | 1111 | kkkk | kkkk None
word

2nd word 1111 kkkk | kkkk | kikkk
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Mnemonic, - - _ 16-Bit Instruction Word Status .
escription ycies oles
Operands MSb Lsp | Affected
NOP = No Operation 1 0000 0000 0000 0000 None
NOP | — | No Operation 1 1111 | x| s | x| NORE
POP — | Pop top of retum 1 Q000 0000 0000 0110 None
stack (TOS)
PUSH | — | Push top of retun 1 0000 | 0000 | 0000 | o101 | Nonme
stack (TOS)
RCALL n Relative Call 2 1101 lnnn J— — None
Reset
RETFIE | s Retumn from 2 0000 1 0000  o0oz N 000 EEE T
RAEGHEL EIGES- PEIE/GIEL
RETLW | k |Retunwithliteralin| 2 0000 | 11200 | xxx | xxxx | NOmE
WREG
Subroutine
SLEEP | — | Gointo Standby 1 T (e e e T PR
mode
LITERAL OPERATIONS
ADDLW | k | Add literal and 1 s | ain s ol coe 2
WREG OV, N
ANDLW | k AND literal with 1 aooo 1011 kkEk | kkkk Z N
WREG
IORLW | k | Inclusive OR literal | 1 N | | —
with WREG
LFSR f, k | Move literal (12-bit) 2 1110 1110 QoEs ekl MNone
2nd word
to FSR(f) 1st word 1111 0000 kiikk | kikkk
MOVLB k Move literal to 1 2000 0001 0000 kkk None
BSR<3.0=
WREG
MULLW | k | Multiply literal with | 1 o000 N 2101 e B i IRNEES
WREG
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rdne.-noni(:II - - o 16-Bit Instruction Word Status —
escription ycles otes
Operands MSb LSb Affected
WREG
SUBLW k Subtract WREG 1 A T . ek | C.DEZ,
from literal OV, N
XORLW | k | Exclusive OR literal 1 Q000 1010 Kickl P Z N
with WREG
DATA MEMORY « PROGRAM MEMORY OPERATIONS
TBLRD* Table Read 2 0000 0000 2000 1000 None
TBLRD*+ Table Read with D i s il None
post-increment
TBLRD*- Table Read with 0000 0000 0000 1010 None
post-decrement
TBLRD+* Table Read with 0000 0000 0000 1011 None
pre-increment
TBLWT* Table Write 2 0000 0000 3000 1100 Naone
TBLWT*+ Table Write with ST T T T MNone
post-increment
TBLWT*- Table Write with 0000 ooao o000 1110 None
post-decrement
TBLWT+* Table Write with 0000 2000 2000 1111 Mone
pre-increment
Note:

1. When a PORT register is modified as a function of itself (e.g., MOVF PORTB, 1, 0}, the value used
will be that value present on the pins themselves. For example, if the data latch is *1' for a pin
configured as input and is driven low by an external device, the data will be written back with a ‘0"

2. If this instruction is executed on the TMRO register (and where applicable, ‘d’ = 1), the prescaler will
be cleared if assigned.

3. If Program Counter (PC) is modified or a conditional test is true, the instruction requires two cycles.
The second cycle is executed as a NOE.

4. Some instructions are two-word instructions. The second word of these instructions will be
executed as a wor unless the first word of the instruction retrieves the information embedded in
these 16 bits. This ensures that all program memory locations have a valid instruction.
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GLOSSAIRE Systemes Embarques

ABI : Application Binary Interface

ADC : Analog to Digital Converter

ALU : Arithmetic and Logical Unit

AMD : Advanced Micro Devices

ANSI : American National Standards Institute

APl : Application Programming Interface

APU : Accelerrated Processor Unit

ARM : société anglaise proposant des architectures CPU RISC 32bits
ASCIl : American Standar Code for Information Interchange

BP : Base Pointer
BSL : Board Support Library
BSP : Board Support Package

CCS : Code Composer Studio

CEM : Compatibilité ElectroMagnétique
CISC : Complex Instruction Set Computer
CPU : Central Processing Unit

CSL : Chip Support Library

DAC : Digital to Analog Converter

DDR : Double Data Rate

DDR SDRAM: Double Data Rate Synchronous Dynamic Random Access
Memory

DMA : Direct Memory Access

DSP : Digital Signal Processor

DSP : Digital Signal Processing



GLOSSAIRE Systemes Embarques

EDMA : Enhanced Direct Memory Access

EUSART : Enhanced Universal Synchronous Asynchronous Receiver
Transmitter

EMIF : External Memory Interface

EPIC : Explicitly Parallel Instruction Computing

FPU : Floating Point Unit
FLOPS : Floating-Point Operations Per Second
FMA: Fused Multiply-Add

GCC : Gnu Collection Compiler

GLCD : Graphical Liquid Crytal Display
GNU : GNU's Not UNIX

GPIO : General Purpose Input Output
GPP : General Purpose Processor

GPU : Graphical Processing Unit

IA-64 : Intel Architecture 64bits

I2C : Inter Integrated Circuit

ICC : Intel C++ Compiler

ICC : Interface Chaise Clavier - les problemes viennent le plus souvent de
cette interface !

IDE : Integrated Development Environment

IDMA : Internal Direct memory Access

IRQ : Interrupt ReQuest

ISR : Interrupt Software Routine

ISR : Interrupt Service Routine



GLOSSAIRE Systemes Embarques

L1D : Level 1 Data Memory

L1l : Level 1 Instruction Memory (idem L1P)
L1P : Level 1 Program Memory (idem L1I)
LX : Level x Memory

LCD : Liquid Crytal Display

LRU : Least Recently Used

MAC: Multiply Accumulate

MCU : Micro Controller Unit

MIMD : Multiple Instructions on Multiple Data
MIPS : Mega Instructions Per Second

MMU : Memory Managment Unit

MPLABX : MicrochiP LABoratory 10, IDE Microchip
MPU : Micro Processor Unit ou GPP

MPU : Memory Protect Unit

OS : Operating System

PC : Program Counter

PC : Personal Computer

PIC18 : Famille MCU 8bits Microchip

PLD : Programmable Logic Device

POSIX : Portable Operating System Interface, héritage d'UNIX (norme IEEE
1003)

PPC : Power PC



GLOSSAIRE Systemes Embarques

RAM : Random Access Memory

RISC : Reduced Instruction Set Computer

RS232 : Norme standardisant un protocole de communication série
asynchrone

RTOS : Real Time Operating System

SDK : Software Development Kit

SIMD : Single Instruction Multiple Date
SIP : System In Package

SOB : System On Board

SOC : System On Chip

SOP : Sums of products

SP . Stack Pointer

SP : Serial Port

SPI : Serial Peripheral Interface

SRAM : Static Random Access Memory
SSE : Streaming SIMD Extensions
STM32 : STMicroelectronics 32bits MCU

Tl : Texas Instruments

TNS : Traitement Numérique du Signal
TSC: Time Stamp Counter

TTM : Time To Market

UART : Universal Asynchronous Receiver Transmitter
USB : Universal Serial Bus

VHDL : VHSIC Hardware Description langage
VHSIC : Very High Speed Integrated Circuit
VLIW : Very Long Intruction Word
























