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Cronograma de Aulas
Semanan®. Tema
1 Apresentacdo da Disciplina. Introducae a Linguagem de Maguina.
2 Estrutura interna PIC 16F628A
‘ Memadria de programa e meméria de dados. Conceituagbes e utilizagoes.

4 Introdugdo a registradores. Conceituagao, classificagdo

) Registradores especificos: contador de programa, pilha e registradores de fungdes especiais (SFR).
Conceito e funcionamento. Exemplos.

6 Registradores TRISA, TRISB, PORTA, PORTB

7 Introdugdo a Interrupgdes. Conceito, funcionamento, categorias, utilizagoes

B Intredugdo a Linguagem de maguina. Conceituagdo. Instrugdes em binario e hexadecimal. Exemplos e
EXercicios.

9 Atividades de Avaliagao.

10 Introdugdo a Programagao em linguagem Assembly.

11 Programacao em linguagem Assembly.

12 Programacao em linguagem Assembly.

13 Programacao em linguagem Assembly.

14 Aula pratica em laboratorio de hardware.

15 Comandos e fungdes em linguagem C para manipulagao de registradores. Revisao de operadores
logicos e aritmético em C. Diretivas de compilag@o. Retornos de fungoes,

16 Confinuacdo da abordagem da linguagem C

17 Aula pratica em laboratorio de hardware.

18 Prova Escrita Oficial

19 Exercicios de revisao.

20 Prova Substitutiva
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OsmicrocontroladoresMicrochip PIC16F62X possuem a seguinte distribuicao de pinos:
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Para as tabelas a seguir com a descricao dos pinasatocontroladorPIC 16628,
utilizaremos as seguintes convencoes:

O = Output ( pino de saida);

| = Input ( pino de entrada);

AN = Entrada/ Saida Analdgica;

TTL= pino compativel com a tecnologia TTL;

CMOS-= pino compativel com a tecnologia CMOS;

ST Sy (i N} R$chimit@ NXi A BB NI T

obrr alF NRIF R2 (AL a5NBYy2 |0SNI2ET

__=nao utilizado;
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Name Function | Input Type | Output Type Description
RAO/AND RAO ST CMOS  |Bi-directional I/O port
ANO AN — Analog comparator input
RA1/AN1 RA1 3T CMOS  |Bi-directional I/O port
AN1 AN — Analog comparator input
RAZ/ANZ/VREF RAZ ST CMQOS Bi-directional I/O port
ANZ AN — Analog comparator input
\/REF — AN VREF output
RA3/AN3/CMP1 RA3 ST CMQOS  |Bi-directional I/O port
AN3 AN — Analog comparator input
CMP1 — CMOS Comparator 1 output
RA4/TOCKI/CMP2 RA4 ST oD Bi-directional 1/O port
TOCKI ST — Timer0 clock input
CMP2 — oD Comparator 2 output
RA5/MCLR/Vpr RAS sT - Input port
MCLR ST — Master clear
VPP — — Programming voltage input. When configured
as MCLR, this pin is an active low RESET to
the device. Voltage on MCLR/VPP must not
exceed VoD during normal device operation.
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RAB/OSC2/CLKOUT RAB ST CMOS Bi-directional /O port
0&8C2 XTAL —_ Oscillator crystal output. Connects to crystal
or resonator in Crystal Oscillator mode.
CLKOUT —_ CMOS In ER/INTRC mode, OSC2 pin can output
CLKOQUT, which has 1/4 the frequency of
05CA1
RA7/OSC1/CLKIN RAT ST CMOS Bi-directional I/O port
0sC1 XTAL — Oscillator crystal input
CLKIN ST — External clock source input. ER biasing pin.
RBO/INT RBO TTL CMOS Bi-directional |/O port. Can be software
programmed for internal weak pull-up.
INT ST — External interrupt.
RB1/RX/DT RB1 TTL CMOS Bi-directional I/O port. Can be software
programmed for internal weak pull-up.
RX ST — USART receive pin
DT ST CMOS Synchronous data 1/O.
RB2/TX/CK RB2 TTL CMOS Bi-directional I/O port.
TX —_ CMOS USART transmit pin
CK ST CMOS Synchronous clock 1/O. Can be software
programmed for internal weak pull-up.
RB3/CCP1 RB3 TTL CMOS Bi-directional /O port. Can be software
programmed for internal weak pull-up.
CCP1 ST CMOS Capture/Compare/PWM /O
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RB4/PGM RB4 TTL CMOS Bi-directional /O port. Can be software
programmed for internal weak pull-up.

PGM ST —_— Low voltage programming input pin. Interrupt-
or=pin change. When low voltage program-
ming is enabled, the interrupt-on-pin change
and weak pull-up resistor are disabled.

RBS RBS TTL CMOS Bi-directional /O port. Interrupt-on=pin
change. Can be software programmed for
internal weak pull-up.

RB&T10SOTICKIPGE RES TTL cMog§ | Bi-directional /0 port. Interrupt-on-pin
change. Can be software programmed for

internal weak pull-up.

T1050 —_ XTAL Timer1 oscillator output.
T1CKI ST —_— Timer1 clock input.
PGC ST _— ICSP™ Programming Clock.
RBT7/T10SI/PGD RBY TTL CMOS Bi-directional /O port. Interrupt-on=pin

change. Can be software programmed for
internal weak pull-up.

T105I XTAL —_ Timer1 oscillator input. Wake-up from SLEEP
on pin change. Can be software programmed
for internal weak pull-up.

PGD ST CMOS |ICSP Data I/O

Vss Vss Power _— Ground reference for logic and 1/O pins

VDD Voo Fower —_— Positive supply for logic and 1/O pins
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Contador de Programa ‘ PC<12:0>
CALL, RETURN 13
RETFIE, RETLW 7
Stack Level 1

Stack Level 2

Stack .LE.“uﬁEl 8

Pilha com 8 niveis

RESET Vector a00h

Vetor de reset

Vetor de interrupcao Interrupt Vector 0004

0005

On-chip Program
Memory

PIC16F627 and
PIC16F628

Memoria interna

03FFh

On-chip Program
Memory

PIC16FE28 only

Memoria interna

L1

07FFh
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Registradores Especiais do banco 0

Value on

Address | Name Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR
Reset(!

Bank O
O0n INDF Addressing this location uses contents of FSR to address data memory (not a physical registar) IO ICHICHC
01h TMRO Timer( Module's Register HHICH MK
02h PCL Program Counter's (PC) Least Significant Byte 0ooo 0000
03n STATUS IRP re1 | mro | T8 | B8 | =z e c 0001 1soex
O4h FSR Indirect data memory address pointer HHICH HHIHK
05h PORTA RAT RAS RAS RLad RA3 RAZ RA1 RAD xaocxx 0O00
0&h PORTE REBT RB& RBS RE4 RB3 RB2 RE1 RBO WA AR
0Th — Unimplemantad p—
08h —_ Unimpleamantad —
0on —_ Unimplemantad —_
QAR PCLATH — — — VWrite buffer for upper 5 bits of program counter -==0 0000
OBh INTCON GIE PEIE TOIE INTE RBIE TOIF INTF REBIF 00C0 000X
oCh PIR1 EEIF CMIF RCIF TXIF —_— CCP1IF TMR2ZIF TMR1IF cooa -000
0Dh — Unimplemeanted p—
0OEh TMR 1L Holding registar for the Least Significant Byte of tha 16-bit TMR1 HHIEH HHHCH
OFh TMR1H Holding register for the Most Significant Eyte of the 16-bit TMR1 HAIEH  HHICK
10n T1CON — | — | r1ickes1 | Tickeso | Tioscen | Tisvne | TMrics | TMrion | --c0 cose
11h TMR2 TMR2 module’s ragitter 0goQ CQCd
12h T2CON — | Toutes3a | ToutPs2 | TOUTPS1 | TOUTPSO | TMR2ON | T2CKPS1 | T2CKPSO | -0ce oeee
13h — Unimplamentad —
14n — Unimplementad —
15h CCPR1IL Capture/Compara/PVWM register (LSB) I I
168h CCPRRI1H Captura/Compara/PWM registar (MSB) I ICHOEHT
17h CCP1CON — — CCP1X CCP1Y CCP1M3 | CCPIM2 | CCP1IMAI CCP1MO | --00 0000
18h RCSTA SPEN RS SREN CREN ADEN FERR OERR RXaD 0000 -00x
18h THAREG USART Transmit data register pooo o000
1AR RCREG USART Receive data register poga o000
1Bh — Unimplemeanted —
1Ch — Unimplameanted —
1D —_ Unimplamantad —_
1Eh —_ Unimplemeanted —_
1Fh CMCON C20uT | c1ouT | Ccainv | Ccunv | cis | cm2 | om1 | Ccwmo 0000 0000




Reqistradores Especiais do banco 1

Value on

Address Mame Bit 7 Bit & Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR
Reset!!

Bank 1

A0 IKNDF Addreseing this locaton uses contents of FSR o addrese data memory (not 8 physica ICMICIC ICIICR
=l =3 7=0y

B1h OPTIOM REFLU | INTELE | TOCS | TOSE | FSA | = | =0 | FPS0 13113 13113

32h PCL Program Countars (PC) Least Significant Byle pi s [ic] s [ s Bl

83h STATUS IRP | RP1 | RPO | TO | PD | z | DC | C £O01 lioex

B4 FSR ndirsct dats memory address pointsr ICMICIC ICIICR

A5h TRISA TRISAT TRISAS TRIEAS | TRISAL TRISA3 TRISAZ TRISAM TRISAN 1313 13113

A5h TRISH TRISBT TRISBES TRISBS | TRISE4 TRISE3 TRISB2 TRISB1 TRISBO 1113 13113

a7Th — Unimplemeanted —

a8h — Unimplemeanted —

A — UInimplemeanted —

AN PCLATH — — — Wirite bwffar for upper § bits of program cowunbsr -—--a Bada

ABh INTICOM EIE FEIE TOIE HNTE RBIE TOIF INTF REIF s [ QoL it

aCh FIE1 EEIE CMIE RCIE THIE — CCP1IE TMRZIE TMRIIE ocasa -aoa

A0h — Unimplemeantsd —

8Eh PCON — — — — OSCF — POR BOD ---- i-fx

aFh — UInimplemeanted —

Sl — Unimplemeanted —

S — Unimplemanted —

S2h PR2 Tim=rd Paricd Registsr 13113 1313

3 — Unimplemeanted —

Sulh — Unimplemanted —

S5 — Unimplemeanted —

S5 — Unimplemeanted —

aTh — Unimplemanted —

SBh THETA CERC T=G THEM 5% MC — BREH TRMT TXSO cafa -aia

S8hn SFERE HS=zud Rate Gensrator Regster el [ila Qi Ta Biclu

SAhR EEDATA CEEFPROM data register ICMICIC ICIITIC

SBh EEADR — EEFROM =ddrese reqister ICMICIC ICIICR

8Ch EECOM1 — — | — | — |wsesr| wren | ws | RD ---- x020

SD0h EECOMN2 EEPROM controd register 2 {not 8 physeicsal registery | == mmme--

SEh — Unimplemeanted —

oFh VRCOM WVREN wvrRoe | wvar | — | wea | w2z | w1 | wrRo pa0- 6000




Reqistradores Especiais do banco 2

Value on

Address Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR
Resetl!
Bank 2
100h IMDF Addreseing this locaston vses contents of FSR to addrese data mamory (not a physical reg- | ssooc oo
stEr]
101h THRD REPFL | NTEDGE | ToOCS | TOSE | FSA | = | P51 | PS0 11331 131323
102h PCL Frogram Countar's (FC) Least Significant BEyle 0ao0a oand
103h STATUS IRP | RP1 | RPO | TO | PD | z | DC | C 0001 liook
10 h FSR Indinect data memory sddress pointer ICHOCIC IO
105Sh — Unimplamenitad —
106h PORTE =67 | RrRes | Res | mReEa | mE2 | BRE2 | RE1 | REC i -
10T h — Unimplemented —
108h — Unimplemented —
108h — Unimplemented —
10&hR PCLATH — — — Wirite buffer for upper 5 bis of program counter -—--0 4aoa
10Eh INTCOM ZIE PEIE TOIE INTE REIE THIF INTF REIF fa00 80t
1 — Unimplemented —
100 — Unimpleamentad —
10EhR — Unimplemented —
10Fh — Unimpleamentad —
110h — Unimplemented —
111 — Unimpleamentad —
112h — Unimpleamentad —
113h — Unimpleamentad —
11dh — Unimpleamentad —
115h — Unimpleamentad —
116h — Unimpleamentad —
117h — Unimpleamentad —
118h — Unimpleamentad —
118h — Unimpleamentad —
1140 — Unimpleamentad —
11Bh — Unimpleamentad —
11 — Unimpleamentad —
1100 — Unimpleamentad —
11Eh — Unimpleamentad —

11Fh

Unimplamentad




Registradores Especiais do banco 3

Value on
Address Name Bit 7 Bit & Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR

Reset!)
Bank 3
180h IMDF Addreseing this location uses contants of FSR o0 addrese daia memory (mot 2 physical reg- | scecoe oo

gtar)

181h OPTIOM REFL ||‘4TEE!G |le'_'“.5 |TjEE | ~5A | = | P51 | S0 11313 313313
182h PCL Program Countar's (PC) Least Signifizant Byis i s [ s [ s
183h STATUS RP ||=:=- |EF'I3 |ﬁ |=_ |z | DIC |-: £O01 licex
18dh FSR Indirsct dats memory sddrese poinbsr ICICIC ICMICIC
185h — Unimplemeanited —
185h TRISE TRISET | TRisEs | TRises | TRiSB4 | TRISEA | TRISEZ | TRISE1 | TRISED 1111 1111
187Th — Unimplemeanited —
188h — Unimplemeanited —
1880 — Unimplemeanited —
18AR PCLATH — — — Write bwiffar for uppsr § bite of program counbsr -——0 Ga8a
1EEh INTCOM EIE PEIE TOIE INTE RBIE TOIF INTF REBIF il [ Lo QoL Fice
18Ch — Unimplemeanited —
18D — Unimplemeanited —
18Eh — Unimplemeanited —
18Fh — Unimplemeanited —
1300 — Unimplemeanited —
1810 — Unimplemeanited —
1820 — Unimplemeanited —
1830 — Unimplemeanited —
1840 — Unimplemeanited —
185h — Unimplemeanited —
19850 — Unimplemeanited —
1897Th — Unimplemeanited —
1880 — Unimplemeanited —
1580 — Unimplemeanited —
184K — Unimplemeanited —
18Eh — Unimplemeanited —
18Ch — Unimplemeanited —
1800 — Unimplemeanited —
18EhR — Unimplemeanited —
18Fh — Unimplemeanited —




bit 7

bit 8-5

bit 4

bit 3

bit 2

bit 1

bit O

STATUS REGISTER (ADDRESS: 03h, 83h, 103h, 183h)
RAW-0 RAN-0 RAW-0 R-1 R-1 RA-x RAW-x RM-x

IRP RP1 RPO TO PD r.a DC c

bit 7 bit O

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

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

1 = Bank 0, 1 (00h - FFh)

RP1:RP0: Register Bank Select bits (used for direct addressing)
¢ = Bank O (00h - TFh)

1 = Bank 1 (B0Oh - FFh)

¢ = Bank 2 (100h - 17Fh)

11 = Bank 3 {180h - 1FFh)

TO: Timeout bit

1 = After power-up, CLEWDT instruction, or SLEED instruction

2 = AWDT timeout occurred

PD: Power-down bit

1 = After power-up or by the CLEWDT instruction

7 = By execution of the SLEEF instruction

Z: Zero bit

1 = The result of an arithmetic or logic operation is zero

2 = The result of an arithmetic or logic operation is not zero

DC: Digit carry/bormow bit (ADDWF, ADDLW, SUBLW , SUSWF instructions) (for bormow the polarity
is reversed)

1 = A carry-out from the 4th low order bit of the result occcurred
= No carry-out from the 4th low order bit of the result

S N T

C: Carmry/borrow bit (ADDWF, ADDLW, SUBLW, SUBKWF instructions)
1 = A carry-out from the Most Significant bit of the result occurred
7 = No carry-out from the Most Significant bit of the result cccurred

Mote 1: For borrow the polarity is reversed. A subtraction is executed by adding the two's
complement of the second operand. For rotate (RRF, RLF) instructions, this bit is
loaded with either the high or low order bit of the source register.



bit 7

bit &

bit 5

bit 4

bit 3

bit 2-0

OPTION REGISTER (ADDRESS: 81h, 181h)

RAN-1 RAW-1 RA-1 RAV-1 RAN-1 RAW-1 RAN-1 RAN-1
RBPU INTEDG TOCS TOSE PSA PS2 P51 FSO
bit 7 bit O

REBPLU: PORTE Pull-up Enable bit
1= FORTE pull-ups are disabled
1 = PORTE pull-ups are enabled by individual port latch values

INTEDG: Interrupt Edge Select bit

1 = Interrupt on rising edge of RBOVINT pin
2 = Interrupt on falling edge of RBO/INT pin
TOCS: TMRO Clock Source Select bit

1 = Transition on RALTOCKI pin
2 = Internal instruction cycle clock (CLKOUT)

TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transition on RALTOCKI pin
2 = Increment on low-to-high transition on RA4/TOCKI pin

PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
1 = Prescaler is assigned to the Timer0) module

FPS2:PS0:- Prezcaler Rate Select bits
Bit WValuea TMED Rate WDT Rata

ood 1:2 1:1
ool 1:4 1:2
o1o 1:B 1:4
o11 1:16 1:8
100 1: 32 1:16
101 164 132
1140 1:128 1: 64
111 1: 256 1:128




bit 7

bit &

bit 5

bit 4

bit 3

bit 2

bit 1

kit O

INTCON REGISTER (ADDRESS: 0Bh, BEh, 10Bh, 18Bh)

RAW-0 RAW-0 RAW-0 RW-0 RAN-0 RAW-0 RAW-0 R/W-x
GIE PEIE TOIE INTE RBIE TOIF INTF RBIF
bit 7 bit O

GIE: Global Interrupt Enable bit

1 = Enables all unmasked intermupts
7 = Disables all interrupts

FEIE: Penipheral Interrupt Enable bit

1 = Enables all unmasked peripheral interrupts
7 = Dizsables all peripheral interrupts

TOIE: TMRO Overflow Intermmupt Enable bit

1 = Enables the TMRO intermupt
1 = Disables the TMRO interrupt

INTE: RBO/INT External Intermupt Enable bit

1 = Enables the RBO/INT external interrupt
7 = Disables the RBO/INT external interrupt

RBIE: RB Port Change Interrupt Enable bit

1 = Enables the RB port change interrupt
2 = Disables the RB port change interrupt

TOIF: TMRO Overflow Interrupt Flag bit

1 = TMRO register has overflowed (must be cleared in software)

2 = TMRO register did not overflow
INTF: RBO/INT External Interrupt Flag bit

RBIF: RB Port Change Interrupt Flag bit

1 = The RBOINT external interrupt occurred (must be cleared in software)
7 = The RBO/INT external interrupt did not occur

1 = When at least one of the RB7:RB4 pins changed state (must be cleared in software)
2 = Mone of the RBY:RB4 pins have changed state
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Os pinos da PORTAenderecosh). podemser utilizados como entrada e
saida e sédo configurados pelo registrador TRISA ( endereco 85h).

Um ndmero de 8 bits define como sera a configuracao eletronica dos pinos
S dzY LAYy2 dziAfAl I R2 0O2Y SYiN}RI RS@S

Se o pino for ser utilizadeomo saidg ou n&o utilizado na aplicagao) deve
d&SNJ) O2y FAIAdzZNI R2 0O02Y2 anéo



CIRCUITOS DOS PINOS DA PORTA ( EXEMPLO: RAGIAm@Ipuers
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