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Architettura: microcontrollore semplificato

CPU

IR

PC

ADDRESS BUS

CLOCK

<

DATA BUS

ROM

IR = INSTRUCTION REGISTER

A = ACCUMULATORE

Y
A

RAM

PORTE I/O

PC = PROGRAM COUNTER

Z = STATUS REGISTER




Architettura
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Architettura

Famiglie composite:

Periphgrals

_@‘.\

)

s

©
PIC1BCTIO 4 13 B0-80 | Yes | Yes 18-pn DIP, SQIC;
20-pin 550P
PIC1BCTI 20 {16 | 36 [meamg N - I 13 | 2080 | ¥Yes | — [18-pin DIP, BOIC
PICTECTTY 20 | 1K | BB NTHBFED —_ - - 13 | 2060 | Yes | Yes [18-pn DIP, SOIC;
: _  |20-pin s5OP
PICIBLTE 0 | 2k | 128 TR, 1} 8pIES | — 5 4 |22 | 2540 | Yes | ¥Yes |29-pin SDIP, S0IC, S50P
THMR1, TMAZ
PICIBCTS 20 | 4K | 192 |TVRD, alseic| — | 5 |11 | 22 | 3060 | Yes | — |28-pin SOIP, S0IC =
TRARA, TRAR2 IUEHHT
AICTIECTIAN | 20 | 4k | 182 MR, alseie| — | 5 |10 22 | 2.560 | ves | Yas |28-pin SDIP, SOIC
TMR1, THRZ | | USART :
PIC1GCTA 20 | 4Kk | 192 {Taemo, 2lsewic, | vas | 8 |12 | 33 | 3060 [ ves | — lacpnoip; ]
ThaR1, TRR2 USART d44-pin FLOC, MOFP
PIc16CT4al™ | 20 [rax | 132 [Teame, |2 SPIWC, | Yes | A 12 | 33 | 2560 | Yes | Yes [40-pn DIF;
TMAL, TMAZ | [USARAT 44.pin PLCC, MOFP, TOFP

All PIC1GMT Farmily devices have Pawer-on Flesel, selectable Watchdag Tiener, seleclably ecde protect and high 140 currant
ity

Al PRCISCT Y Family devices use sarial programming wilth clock pin ABE and dala pin RET

Moke 1:

Flaase comact your focal sales office for avadabdity of these devices,

Microchip, PIC16C7x
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Memoria Programma

Tipo:
« ROM ReadOnlyMemory (mask programmed)
e OTP OneTimeProgrammable (user programmed)
 EPROM
PLC<12:0
« E2PROM | A
CALL, RETUIEN £
RETFIE, RETLW .r 1%/
<b
vd
Stack Level 1 I
] . Stacx Lavel 8
Dimensione: pochi kbyte
Reset Vector | ocoon
s o, NP
: A
Interrupt Vector 0004k
Qan-chip Program aoosh
Memary (Page ©)
gz s 5 3 a7FFh
Contenuto: istruzioni firmware On-chip Pragram €800h
Memary (Page 1)
OFFFh
100Ch
1FFFh




Memoria Datli

Tipo:

« SRAM il LC puo lavorare fino alla DC
« DRAM il uC avra una f,., minima
 E2PROM file system (dati non volatili aggiornabili a run-time)
File MF;ile
Address ross
[ s - 18h[ RCSTA TXSTA | 08h
ogoh| INDFY INDFM B0h 19h T THAES 5
oth|  TMAD OFTION | 81h b e SeBHN gi:
. . . 0zh PCL PCL 2h '
. 1Bh
Dimensione: pochi byte on | STATUS | &TATUE ] e oy B Bh
04h FSR FSR Bah {Dh " C5PE0n gg:
osh| PORTA TRISA 85h bl et g
osh| PORTB TRISBE 86
oth| PORTC TRISC | &7h ;E: el e ADCON1 | oFh
o8h | PORTOM TRISO® | 8ah Alh
ash| PORTEW TRISEX a5h
0an| PCLATH FPGLATH BAh E:r';?;:; Fﬁfrﬂism'
0Bh [ INTCON INTCON _ | BBh Register Ragister
. ) ) och|  PIRT1 PIE1 ach
Contenuto: dati temporanei ooh | PiR2 FiEz | eDn
OEh | TMRAIL FCON BER — s
OFh | TMAIH aFh =
10n | T1CON 90h n Bank 1
1h| TMR2 1h
12h| T2COM PHZ g2h (] U"i_;_"ﬂ'ﬂmleﬂ data memory locations, read
- as .
13h| SSPBUF SSPADD | 93h MR R s
14h | SSPCON SSPSTAT | 84h s slctes s N
5 15h | CCPRIL gsh mented on the PIGI6GT3734, read as 0"
. : 16h | CCPRIH agh
truttura: banchi o Fommon o

Bank O Bl { f/{-ﬁdf.‘d}



Registri

Special Function Registers:

« controllano le periferiche

 passano i dati alle periferiche

 contengono i risultati (ADC...)

PIC16C7X

PIC1ECTHTIATATAA SPECIAL FUNCTION REGISTER SUMMARY

‘Walse on: 'I'-ivnanI
Addreas | Narms BT Bit& Bit § Eit4 Bty Btz Bt 1 Bty POR, it resats
BOR [}
Bank 0
oot | INDF Adddreseing this kaca o ks of F5A D it iy [not o physkal mgisied 2020 0000 | 0900 oooo
h TMAD Tima modu s regstar e g e NER PR ERET
gt | PoL Program Cranies (PC) Loas Signifcard Brie : ooy Doon | otes codo
i |saus | we0 | mei® | Ao | T | P | 2 p¢ | & o 1mec|oma gan
ot FaR Indireci dats Fwimry aoduss pointar oK NOOEE, | Lrega LREAL
poRTa  [adis il | PORTA Dsta Lach whin wiifian: PORTA pins whan rasd e G20 | - -ba D000
aeh FORTE | POATE Drts Lassh when w iitian: POFTE pins when resd WPl WK | W R
™ PORTC: PORTEC Dala Liich whon wiitherc FORTE pirs when ed K KEEK | wuuu wmRa
oan®™ | PoRTD mmmmﬂmwmpmmm s s | DL AR
sl | PORTE ﬂg:__iﬁ‘g.' = ok Teee Jo=o e | Aer | AED |- | o s
oan™A | poLat (ST il — 5 %mbmmsw ol tha Program Counter ---0 0000 | ---0 OoOp
panl | INTeOM E PEIE INTE ABIE TowF INTF FEIF | oooo oom | gom Dot
on © | PIRY psAE® | ADIF TXIF S5PIF | GCPUF | TMAZFE | TMANIF | 000U 000D | 8908 GO0
ah PIRZ e T R P T - = COPRIF | -=mm --- o | i iyl
Eh THRIL mmmhmmwmuw1mmmm SO OUOE | WER LML
0 | TMEM | Heldieg regisier forma Sos: Signiticant Byt ol e 15-bi TMR reglster e p—
wh | TicoN sk 5 —a¢ | Tickest | Tickeso | TOSCER| TTSVRE | TMR1CS | TMATON | 00 0000 | - oo
11h THR2 Tirar2 maoduby’'s rogister 0000 GO4R | 000D DoDD
120 TICON [V — | TOUTPS3 | TOUTFaZ | TOUTPS! mesu | Tmmzom | T2cKPE: | T2c0PS0 | -000 0340 | -000 anon
Lk SEPRUF | Synchronces Sers Port Baceive BullaoTransmit Faeg sier e
14h EEPOON | wood ! SSFOY | S5PEN ] =P LSSFM: | EEFM2 E S5PM | 58P0 | D00 0DDD | 0000 ooon !.
i%h CCPRIL | Copbure/Compans™Whi Regleten (LS8} anemed weasd | LMAIL WUUL
18N COPRIH | CapluraCompana® Wi Foegistar! (W30} W0 K00e | @aa we
m COPICOM [i =i il =T | coprx | coPiy | COPIMD | COPIMZ | COPIM | COPIMO | —-ob 0000 | --00 005
ith | AGSTA BPEN | SMEM | CREM [» —' | eemm | OERR | RAX0D | oooo -oow | oood -t
190 THRES  |USART Tranemi Daie Ragiser oodn 0000 | 0000 DEED
14h BCRES | USART Rscalve Dain Fogisior codn oo | 005 bhD
12h CoPRs. | Capura/Compana® WM Registan? (L5B) SCCE 000K | WU U
1Ch CoPREH | Capbure'Gompans® Wi Pegistend (M38) aooor wooex | nmn Ui
ith | Corecon [k ek | corex | coeay | copaws | coeamz | ooPa | coPaw | —oe 0030 | --ou coo
1ER ADRES AT Fosull Begsiar IV KOO | AL UsEiL
1 ADCOMG | ADCSi | ADCET | CHEZ | CHEN | CHED |¢3.\:|.W!L— ? _I ADON | ©0DD 000 | 0000 GO-0
Legernd: = unknawn, o = uchangsd, g = value depands an condibon, - = unimpemented reed s 0,

Shaded lozations ara unimplemented, read gs 0.

Hale 1:

temts arg traasfared to the upper byle of fha program counler.

Hoaomapm

Oter [nen power-up) resots incude exdemal reset thiaugh MCTR and Watchdog Timer Resel.
Bits PSPIE &nd PSFIF e resanved on e PICTECTATIA, alvays maintain these bits clear.
Thasa regision: can be addressad from efther bank.

FORTD and FORTE ara not physically implementad on the PIC1BCTRTIA, read B 0.
Brown-cot Resed is nol imolemanied on the PIC1ECTE of the PIC16CTY, read as 0

The IRP and AP bits are resenved on tha PIC16CTX, aways maintain thase bits clear,

Tha upper byta of the progrem courter is nol directly accessible. PCLATH is a helding register for the PC<12:8» whase can-




R

egistri

Status Register (indirizzi 03, e 83,,) del PIC16C73/74

0 RW0 RWO  RI1_ Rl AWk AW« e
P | met [ Ar0 [ O [ BB | z [ oc C | [R=Readablebi

bit?

bit 7:

bit 6-5:

bit 4:

bit 3:

bit 2:

bit 1:

bit 0:

ity | W = Writable bit
U = Unimolemented bit,
read as ‘0’
- N = Value at FOR resel

IRP: Register Bank Select bit (used lor indirect addressing)

1= Bank 2, 3{100h - 1FFh)

0=Bank0, 1(00h - FFh}

The IRP bit is reserved on the PICI16C7X, always maintain this bit clear,

RP1:RPO: Register Bank Select bits (used for direct addressing)
11 = Bank 3 (180h - 1FFh)

10 = Bank 2 (100h - 17Fh)

01 = Bank 1 (80h - FFh)

00 = Bank 0 (00h - 7Fh)

Each bank is 128 bytes. The RP1 bit is reserved on the PIC16CTX, always maintain this bit clear,
T0: Time-out bit

1 = After power-up, CLAWDT instruction, or SLEEP instruclion

0 = AWDT time-out oocurred

PD: Power-down bit

1 = After power-up or by the CLRWDT instruction

0 = By execution of the SLEEP instruclion

Z: Zero bit
1 =The result of an arithmetic of lagic operation is zera
0 =The resull of an arithmetic o logic oparation is not zero

DC: Digit carry/barrow bil (ADIWE, ADDLI, SUBLI, SUBWF instructions){for borrow the polarity is reversed)
1 = A carry-out from the 4th low order bit of the result occurred
0 = No carry-out from the 4th low order bit of the result

C: Carry/borrow bit (ADDWE, ADDLIN, SUBLW, SUBWF instructions)

1 = Acarry-out from the most significant bit of the result occurred

0 = No carry-oul from the most significant bit of the result occurred

Note: For borrow the polarity is reversed. A subtraction is executed by adding the two's complement of the

second aperand, For rotate (RRF, RLF) instructions, this bit is loaded with either the high or low order bit of
the source register.

AW-1

Option Register (indirizzo 81,,)

ARW-1 RW-1 RW-1  RW- R RW-1

[P0 [ineoa [ Tocs [ Tose | psa | pPsz | pst | pso |

bit?

bit 7:

bit &

bit &

bit 4:

bit 3:

HEPU: PORTB Pull-up Enable bit
1= PORTB pull-ups are disabled

0= PORTB pull-ups are enabled by individual port lateh values

INTEDG: Interrupt Edge Select bit
1 = Interrupt on rising edge of RBONT pin
0 = Interrupt on falling edge of RBO/INT pin

TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCK! pin

0= Internal instruction cycle clock (CLKOUT)
TOSE: TMRO Source Edge Select bit

1 = Increment on high-te-low transition on RA4/TOCKI pin
0 = Increment on low-to-high transition on RA4TOCK] pin

PSA: Prascaler Assignment bit
1 = Prescaler is assigned lo the WDT
0 = Prascaler is assigned to the Timer) module

bit 2-0: PS2:PS0: Prescaler Rate Select bils

BitValue TMAO Rale WOT Rate

o0 1:2 11
001 1:4 1:2
010 i.8 1:4
01 1:16 1:8
100 1:82 1:16
101 164 1:32
110 1:128 1:64
111 1:256 1:128

R =Readable bit

W = Writable bit
U = Unimplemented bil,
read as "0’

-0 = Value at POR reset




Istruzioni Assembler

PIC14000/PIC16CXXX

INSTRUCTION SET
Elenco Istruzioni: e | S L T el b
. cporands MSD Lsp | Affected
BYTE-ORIENTED FILE REGISTER OF ERATIONS
ADDWF fod | Add W and f 1 ful] 0111 darer feer | C.0C2E 1,2
AMDWF f,.d | AND W with t 1 il 0101 Afff fEffL | Z 1,2
CLRF ] Cloar 1 il ool LEEEF ££EF | X 2
CLAW e Claar W 1 o0 gogl  oQpo ooll | Z
COMF f,d | Complernent f i fili} 1001 Afff f£££F | X 1,2
DECF f.d | Dacrement 1 oo o011 Affe  ffEE | Z 1.2
DECFSZ {,d | Decrement f, Skip it 0 1(2 | oo 1011 AfLf ffff 1,23
INCF 1,d | Increment { 1 o0 1010 QEfff £EEE | Z 1,2
INCFS5Z f.d | increment §, Skp i ¢ 12} | oo 1111 d4arrr  Iffs 1,23
IORWF f.d | Inclusive OF W with 1 1 o0 0100 AfFf ffef | Z 1.2
MOVE 1,d | Bowe 1 1 o0 1p00 argr  f£EF | 2 1.2
MOVWF 1 Bove Wi f 1 oo 0000 LEEL  LfEE
HOP - Mo Ciparation 1 i) 0000 Ossel  0OOD
RLF 1,d | Potate Lebt f through Carry 1 i) 1101 Aares £fff | C 1.2
RAF f.d | Rotate Aight f through Carry 1 L] 1100 afer et (G 1.2
SUBWF 1.4 | Sublract W fiom f 1 a0 o010 Af£f € | CDCZ 1.2
SWAPF f.d | Swap rbbles n | i oo 1110 Afef FEEE 1.2
XORAWF t,d | Exctusive OF W with 1 1 an 0110 afer ffef [ F 1.2
BIT-ORIENTED FILE REGISTEA OPERATIONS
'BCF b | Bil Chearf 1 01  Obbo DEEE  EfEE 12
BsF f. b | Bit Setf 1 01 Olbis bEEE FEEE 1.2
BTFSC f, b | Bit Test 1, Skip if Clear 12 | o1 ith bEEE £EEE 3
BTFSS f,b | Bit Tastf, Skip if Sat 1(2) (o2 11kl hEEf  fEEE 3
LITERAL AND CONTROL OPERATIONS
ADDLW K Add Meral and W 1 11 111x kkkk kkkk | GDCZ
AMDLW k ARD literal with W 1 11 1001 el leledeke | Z
CALL K Call subrouting 2 in Okkk  kkkk kkkk
CLRWDT - Clear Walchdog Timer 1 an goog  oi1io  oioo | TO.PD
GOTO [ Go o address 2 10 1dckeke  Jedede  kekk
1ORLW k Inchusive OF lilaral with W 1 11 1000 kkkk kkkk | Z
MOVLW K Rhova literal to W 1 11 Olnoe  kickk  kkkk
RETFIE - Fuesturn from irtermpt 2 oo gpoe 0900 1061
RETLW K Flisturr with literal in W 2 11 Olxx skl kkk
RETLURMN - Praturn rom Subrouting 2 il 4oae  0a00 1000
SLEEF - Go irlo slandby mode i a0 gpoe  oi1io oeoii | TO.FD
SUBLW k Subtract W from 18aal 1 11 110x  kkkk kkik | G.DG.E
HORLW 3 Exclusive OF lileral with W 1 11 16160 kikkk kkkk | Z
Mote 1 When an 12 register is modified as a function of Asell { 2.9, HOUF BORTE, 1), the valoee used will be that value present

on tha pins ihemseheas. For exampse, if the data latch is “1' for a pin conligurad as input and s driven low by an sxdemal

device, the data will be writlen back with 8 0",

2 it this instruction is executed on the TRMAO register (and, whara applicabla, d = 1}, ther prascaler will be cleared if assigrad
1 the Timend Module,

3: I Program Counter (PC) is moditied or a8 conditienal test is truae, the instruction requires two cyclas. The second cycla is
expculed as a NOP,



Istruzioni Assembler

Diretto ed Indiretto:

Direct Addressing

Indirizzamento

Indirect Addressing

(MpP1 RPO 6 from opcode 0 IgpN 7 FSR register 0
HNEEEREEN ) LI T TTTTT]
. “ - 23 “ —A — J
bank select  location select! bank select location select
. > 00 01 10 1 -
T 00h

T

-y
-+

Data
Memory

7Fh ol 7ER

Bank 3

Bank0 Bank1 Bank2

For register file map detail see Figure 4-5, Figure 4-6, Figure 4-7, and Figure 4-8.
Note 1: The RP1 and IRP bits are reserved, always maintain these bits clear.

ADDW f ,d
op-code = 00 0111 dfff ffff ADDRESSI NG
Movl w 0x20 :
Esenpi o: ADDWF 45h, O Movwf FSR :
NEXT clrf | NDF ;
incf FSR F :
btfss FSR, 4 ;
ADDLW K goto NEXT ;
op-code = 11 111x kkkk kkkk CONTI NUE ;

; | NDI RECT

initialize pointer
to RAM

cl ear | NDF register
I nc pointer

all done ?

no - clear next

yes — continue



Ciclo i1struzione

Cadenza delle operazioni:

Q| G2 ]Q3 | Q1 Q1| G2|Q3| Q4 Q1| Q2] Q3| Q4

0SsC1
Qt y— T\ — \ |
Q2 ; I / \ ! / || intemal
Q3 ol Fe /s W
—
<) ) Sl |
PC ¢ FC X PC+i X | Jo7¥]
DSCEE%LKD&JT Ik—/—k__/—__(_—f-—Jl
(RC mode) ! Falch INST (PC) |
l Execite INST (PC-1) Felch INST (PC+1) L
! Exacuta INST (PC) Felch INST (Po+2)
[ | Execute INST (FL+1)
Architettura pipeline:
Tey0 Teyl Tey2 Tey3 Tey4 Teys
1. MOVIW 55h 1 Fetch 1 Execute 1
2. MOVWF PORTB Fetch 2 Execute 2
3. CALL SUB_1 Fetch 3 Execute 3
4. BSF  PORTA, BIT3 (Forced NOP) Fetch4 [ Fiish
5. Instruction € address SUB_1 Fetch SUB_1| Execute SUB_1

All instructions are single cycle, except for any program branches. These take two cycles since the fetch
instruction is “flushed” from the pipeline while the new instruction is being fetched and then executed.

1 istruzione in 2-Tcy, ma il throughput e di 1-Tcy

Esempio fck=20MHz, 1 istruzione in 200ns



Esecuzione di un programma: start-up

Fase 1: Accensione scheda

Fase 2: Reset generale dei FF; il registro PC viene
caricato con I'indirizzo 0x0000

Fase 3: La CPU esegue il fetch della prima istruzione

Fase 4. La CPU decodifica ed esegue la prima istruzione

Fase 5: La CPU esegue il fetch della seconda istruzione e
cosi’ via



