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Microcontrollori — CPU

PROGRAM | STACK —
Bus Interface Unit ™ counter [® POINTER [
I X - .
-l
PROGRAM > SRAM || )
Data 4 = l—
Code Cache FLASH -'I
TLB |Cache 2KB TLE BTE
KB —4?7
MoTRC TN | cEneEraL —
Prefetch Buffer ) " PURPOSE |,
Hicrocode REGISTERS
Instruction Decode ROM y 2 X
- INSTRUCTION |-+ Y "
Control I I DECODER L Z
| | |
Unit v
u-Pipeline | u-Pipeline Floating CONTROL
Point LINES [«
TT Pipeline
. STATUS -
‘ Register ‘ REGISTER [~ |

Instruction set
-CISC Complex Instruction Set Computing (Intel x86 family; Motorola 680x0)
-RISC Reduced Instruction Set computer (ARM family, ATMEL AVR Family)

Architecture (respect integer operand maximum dimension)
-8 bit (Intel 8051, ATMEL AVR, PIC)
-16 bit (Intel 8088, Motorola 68000, TI MSP430)
-32 bit (x86 family, Motorola 680x0, ATMEL AVR32, Power PC)
-64 bit (x86-64 family, Power PC)
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Microcontrollori - CPU

Costituita da una unita aritmetica e una unita di controllo
che interpreta le istruzioni e gestisce il trasferimento dei dati nei

Registri.
Registers
¢ «— 3] Control Unit
ALU
I | I |
Datapath Control Section

(Data Section)

System
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Microcontrollori - Architettura

Informazioni presenti in un programma:

Codice di Istruzioni per l'esecuzione
Dati utilizzati dalle Istruzioni

ARCHITETTURE

/ \
VON NEUMANN HARWARD
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Microcontrollori - Memoria

VON NEUMANN HARWARD
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Microcontrollori - Architettura
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Microcontrollori - Architettura
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Microcontrollori — Registri Interni
Registri dedicati:

"Program Counter (PC):

Puntatore alla prossima istruzione che deve essere letta ed eseguita dalla CPU.

sStack Pointer (SP):

Utilizzato per memorizzare informazioni sullo stato delle istruzioni
(instructions: store by PUSH, retrieve by POP);

utilizzato per 1 parametri delle routine (PUSH, POP in calling routine)

urato dalle subroutine per memorizzare il punto di ritorno al programma (RET).

sStatus Register (SR):

Registro di stato della CPU, aggiornato automaticamenete dalla CPU.
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Microcontrollori — General Purpose

Register
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Microcontrollori — General Purpose
Register

AVR 12| D

Pic |1 2 D

Hcos (1 2 Done!
Register File ‘c51 1 2
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Microcontrollori — Processor Size

eUnita di Misura: Bits

eCorrisponde alla dimensione massima dei dati
che puo elaborare la CPU

eRispecchia la dimensione del bua interno e della
memoria die registri della CPU

eArchitetture standard : 8 , 16, 32 Bits
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Microcontrollori- Performance Metrics

Elaborazione:

eClock Speed
eMIPS (instructions per sec)
e atency
eThroughput
Elettrciche:

ePower Consumptions
e\/oltage Supply
eNoise Immunity
eSensitivity
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Microcontrollori- Power Consumption

Contributi al consumo di potenza nei dispositivi CMOS:

eConsumo dinamico (Ppyy)
eConsumo di corto circuito (Psyort)

eConsumi di Leakage (P gax)

P = PDYN T PSHORT T

Progettazione Sistemi Elettronici
12/03/2014 2013/2014

14



Microcontrollori- Power Consumption

NN Poy=A-C-V*-f

Vin

LRI

A : Attivita del Gate

C: Capacita di carico

= V: Tensione di alimentazione
f: Frequenza del clock
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Microcontrollori- Power Consumption

T PSHORT:T'A'V'ISHORT'f

Vin

% K ——c t=Tempo di corto circuito
A : Attivita del Gate
— — Io,orre Corrente di corto circuito
Vss V: Tensione di alimentazione
f: Frequenza del clock
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Microcontrollori- Power Consumption

12/03/2014
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Microcontrollori- Power Consumption

Active Clock Domains Oscillators Wake Up Sources
MainClock | Timer TWI SPM/

Sleep Source Osc Address EEPROM Other
Mode Clkepy | clbe ooyl clkg | Clkane | ClRyey| Enabled | Enabled | INT7:0|  Match | Timer0| Ready |ADC| VO
Idle X X X X X&) X X X X X| X
ADC
Noise X X X X&) X X X X X
Reduction
P‘:‘fwer' X1 X
down
Power- X2 X2 X X K12
save
Standby'" X X X
Standby!" X X X X X X
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Microcontrollori — Clock System

Asynchronous General 10 - Flash and
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Microcontrollori - Crystal
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Microcontrollori - Crystal

Specifiche:

Quality Factor

Rapporto fra I'energia immagazzinata e quella
dissipata . Q alto - lentezza nella partenza

Load Capacitance

Capacita necessaria per far oscillare il quarzo

ESR

Resistenza serie equivalente

Frequency Stability

Massima deviazione della frequenza dalla specifica
in un dato range di temperatura

Frequency Tolerance

Massima deviazione della frequenza dalla specifica
a 25°C.
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Microcontrollori — Reset Logic
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Microcontrollori — Reset Logic
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Microcontrollori — Reset Logic

Watch dog Reset
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Microcontrollori — Reset Logic

12/03/2014

RESET

TIME-OUT < trout ™

INTERNAL
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Microcontrollori — Reset Logic

In quale stato riporta il dispositivo?

Power-On | External Waichdog | BOD BOD33 ::':r ocD

Reset Reset Reset Reset Reset Reset Reset
CPU/HSB/PBA/PBB Y Y Y Y Y Y Y
(excluding Power Manager)
32 KHz oscillator Y N N N N N N
RTC control register Y N N N N N N
GPLP registers Y N N N N N N
Watchdog control register Y Y N Y Y Y Y
Voltage calibration register Y N N N N N N
RCSYS Calibration register Y N N N N N N
BOD control register Y Y N N N N N
BOD33 control register Y Y N N N N N
Bandgap control register Y Y N N N N N
Clock control registers Y Y Y Y Y Y Y
0s5c0/0sc1 and control registers Y Y Y Y Y Y Y
PLLO/PLL1 and control registers | Y Y Y Y Y Y Y
OCD system and OCD registers Y Y N Y Y Y N
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Microcontrollori - Timer
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PWM - Pulse Width Modulation
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PWM - Pulse Width Modulation
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PWM - Pulse Width Modulation
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PWM - Pulse Width Modulation

OCn Interrupt Flag Sat

OCRn Update

TOVn Interrupt Flag Sat

w /N
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Microcontrollori - Interrupt

Permette di rispondere ad un evento “Esterno”senza polling

“Esterno”: tutto cio che e al di fuori del Core e
tutto cio che puo attivare i flag di interrupt
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Microcontrollori - Interrupt

Figure 2-4. Interrupt Priority

Priority High Low
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Microcontrollori - Interrupt

Vector | Program
No. | Address? | Source Interrupt Definition
External Pin, Power-on Reset, Brown-out Reset,
1 $0000 | RESET Watchdog Reset, and JTAG AVR Reset
2 $0002 INTO External Interrupt Request 0
3 $0004 INT1 External Interrupt Request 1
4 $0008 INT2 External Interrupt Request 2 Address LabelsCode Comments
5 $0008 INT3 External Interrupt Request 3 $0000 jmp  RESET ; Reset Handler
50002 Jmp EXT_INTO ; IRQO Handler
6 $000A INT4 External Interrupt Request 4 i ) )
50004 Jjmp EXT_INT1 ; IRQl Handler
7 $o00C INTS External Interrupt Request 5 40006 Smp EXT_INTZ ; IRQ2 Handler
8 $000E INTE External Interrupt Request 6 50008 jmp  EXT_INT3 ; IRQ3 Handler
000a i EXT_INT4 ; IRQ4 Handl
9 $0010 | INT7 External Interrupt Request 7 ¢ e - Of Handier
s000c jmp EXT_INTS ; IRQS Handler
10 $0012 TIMER2 COMP | Timer/Counter2 Compare Match S000E jmp  EXT_INTEé ; IRQ6 Handler
11 $0014 TIMER2 OVF Timer/Counter2 Overflow $0010 jmp  EXT_INT7 ; IRQ7 Handler
12 $0016 | TIMER1 CAPT | Timer/Counter! Capture Event sootz Jup TIMZ_COME ; Tiner2 Compars Eandler
- 50014 jmp TIM2_OVF ; Timer2 Overflow Handler
13 $0018 TIMER1 COMPA | Timer/Countert Compare Match A <0018 jmp  TIML CAPT ; Timerl Capture Eandler
14 S001A TIMER1 COMPB | Timer/Counteri Compare Match B 50018 jmp  TIM1 COMPA; Timerl CompareA Handler
15 $001C | TIMER1 OVF | Timer/Countert Overflow $001a jmp  TIMI_COMPB; Timerl Comparek Handler
= T T o _ — — 5001c Jmp TIM1 _OVF ; Timerl Overflow Handler
S001E Jmp TIMO_COMP ; Timer( Compare Handler
50020 Jmp TIMO_OVF ; Timer( Overflow Handler
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Microcontrollori - Interrupt Overheads

Interrupt arrives o
Complete current instruction Interrupt
Save essential register information Latency
Vector to ISR

Save additional register information v
Execute body of ISR

Restore other register information

Return from interrupt and restore essential | Interrupt
registers Termination

Resume task
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Microcontrollori - GPIO

DATABUS

PINJ ~—
i
T

Wihe: WRITE DDFxx
2L PULLUP DISABLE Rl READ DDR
SLEEP:  SLEEP CONTROL WP WRITE PORTx
clk WO CLOCK RRu READ PORTx REGISTER
RPu READ PORTx PIN
PORT NOT EQUAL TO PIN IHTIIEEREE R e e e e e e e e e e
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Microcontrollori - GPIO

DDx T
0 A S Pull-Up

PORTX

Physical Pin

]
PINX ” ;\
5

?

Direction: INPUT
Pull-Up: OFF
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Microcontrollori - GPIO

pox| Switch On Pull-Up -
L A Pull-Up
| PORTx | v )03
1 o o
PINX >3 Physical Pin
? O $ 2

12/03/2014

Direction: INPUT
Pull-Up: ON

Progettazione Sistemi Elettronici
2013/2014

38



Microcontrollori - GPIO

______________________

________

Pull-Up

12/03/2014

Physical Pin

O—1Q—0 ./.

Direction:
Pull-Up:

OUTPUT
OFF
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