Architecture &

Plpellﬂlﬂg (PIC 16F877A)




What is PIC?

= The term PIC or Peripheral Interface Controller,
has been coined by Microchip Technology Inc.

» Low-end range, mid-range and high end range of
controllers.




P1C Architecture: Background

We’re used to the Von-Neuman Architecture

» Used In: 80X86 (PCs), 8051, 68HC11, etc.)
= Only one bus between CPU and memory

+ RAM and program memory share the same bus and
the same memory, and so must have the same bit
width

» Bottleneck: Getting instructions interferes with
accessing RAM

CPU e Fata




P1C Architecture: Background

PICs use the Harvard Architecture

Used mostly in RISC CPUs (we’ll get there)
» Separate program bus and data bus: can be different

widths!
» For example, PICs use:

o Data memory (RAM): a small number of 8bit

registers

a Program memory (ROM): 12bit, 14bit or 16bit

wide (in EPROM, FLASH, or ROM)

Memory

(Data) /| cru |

8 12
14
16

Memory
(Program)




CISC

Traditionally, CPUs are “CISC”

» Complex Instruction Set Computer (CISC)

» Used In: 80X86, 8051, 68HC11, etc.

» Many Instructions (usually > 100)

» Many, many addressing modes

+ Usually takes more than 1 internal clock cycle
(T cycle) to execute

« Example:

MC68HCO5: 1000 | 1100

01010101




RISC

PICs and most Harvard chips are “RISC”

+ Reduced Instruction Set Computer (RISC)

+ Used In: SPARC, ALPHA, Atmel AVR, etc.

» Few Instructions (usually < 50)

» Only a few addressing modes

» EXecutes 1 instruction in 1 internal clock cycle
(Tcyc)

» Example:

PIC16CXXX: 1100XX || 01010101




What is New In PIC?

+ High performance RISC CPU with 35 no. of
Instruction set only

» Harvard Architecture

+ Pipelined Instructions

= And a large number of Peripherals In-built




Pin Diagram
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+ 8KB of flash program
memory

+ 368bytes of Data
memory

«~ 256-EEPROM data

memory
« 15 Interrupts
+ In-clrcult programming

« 3 Internal hardware

timers

Features

» Capture/Compare/PW

M modules

» Up to 8 channels of 10-

Bit A/D

« Bullt-in USART for

serial communication

» 9 digital 1/0 ports (Up

to 22 lines)




/O Ports

+ PIC 16F877A has FIVE 1/O Ports
» Atotal of 33 pins are used for 1/O operations.

PORT A
. Port A'is 6 bit wide and bi-directional.
ts corresponding data direction register is TRISA.

f TRISA port pin is set to 1,corresponding port A pin
will act as an input pin and vice versa.

» Port A'is used for analog inputs.




= Port B Is 8 bit wide and bi-directional.
= Its corresponding data direction register is TRISB.

« IT TRISB port pin is set to 1,corresponding port B
pin will act as an input pin and vice versa.

« Port B i1s used for Data Transmission.




= Port C is 8 bit wide and bi-directional.
s Its corresponding data direction register is TRISC.

+ 1T TRISC port pin is set to 1,corresponding port C
pin will act as an input pin and vice versa.

+ Port C is used for control registers(serial
communication, 12C functions,serial data transfer).




« Port D 1s 8 bit wide and bi-directional.

=+ |ts corresponding data direction register Is
TRISD.

« IT TRISD port pin Is set to 1,corresponding port D
pin will act as an input pin and vice versa.

» Port D 1s used as Data port




+ Port E 1s 3 bit wide . They are for read, write and
chip select operation.

» Each pin is individually configurable as inputs
and outputs.

+ Port E Is generally used for controlling purposes.




Machine Cycle

4 cycles per4 cycles per instruction on the PIC16F87x
micro controllers. instruction on the PIC16F87x micro
controllers. T T, T,

Clock

Tl
Instruction  / \_ .
Decode
Instruction = J \

Execute | i —
Instruction !
Store Result / L

Oscillator circuits generate a clock signal.




Calculations

= A Machine cycle is the time taken for a data
transfer from or to memory/ 1/O Ports.

+ Machine cycle Is calculated using the formula:
Clock Frequency=6.144MHz
Machine cycle frequency= 6.144 MHz /4

Hence 1 Machine cycle(Time taken for a data
transfer)= 1/T

= 4/ 6.144 MHz
= 0.651 s




Instruction Cycle

+ An Instruction cycle is the time taken to complete
an instruction.

= All Instructions in 16F877A are single cycle
Instructions except for Branching instruction. They

take two machine cycles to complete an
Instruction.




PI1C overview

Different PICs have different on-board peripherals some
common peripherals are:
« 3 Timers (0 & 2- 8bits, 1-16 bits)
» 2 Compare/Capture/PWM Modules
» Analog to Digital Converters (ADC) (8, 10 and 12bit,
50ksps)
» Serial communications: UART (RS-232C), SPI, 1°C,
CAN
+ Pulse Width Modulation (PWM) (10bit)
+ Voltage Comparators
+ Voltage Reference Modules
+ MSSP — Master Synchronous Serial Port
+ 12C (Master and Slave)
+ SPI (Master and Slave)
+ Watchdog timers, Brown out detect, LCD drivers

- /




Overview

« Instructions

+ Memory Organisation




FIGURE 2-1:

FPICT1eF876AMS T Fo

PROGRAM MEMORY MAP

AND STACK

C2n-Chip
Program -~
Flermory

- i
RETFIE,

i

FC=1220=
Pl
RETTUET] 1= -
RPETLW
r

Stschk Lewsl 1

LLR

oOd Ol

Imterrupt Wecior oOddh
COOCSh

Fags= DO
OTFFh
=20 0h

Fage= 1
OFFFh
1aOa0h

Fagse 2
17FFh
1=0 0k

Fags =

1FFFh




Data Memory Organisation

= The data memory partitioned into General Purpose
registers and Special Function Registers.

» BIts RP1 and RPO are the bank select bits.

RP1 RPO Bank
0 0 0
0 1 1
1 0 2
1 1 3




File
Address
Indirect addr.| 00h
TMRD O1h
PCL 02h
STATUS 03h
FSR 04h
PORTA 05h
PORTE 06h
PORTC O7h
porTD! | 08h
PORTE!" | 09h
PCLATH OAR
INTCOM 0Bh
FIR1 0ch
PIR2 0Dh
TMRIL OEh
TMRIH OFh
T1CON 10h
TMR2 11h
T2CON 12h
SSPEUF 13h
SSPCON | 14h
CCPRIL 15h
CCPRIH | 16h
CCPICON | 17h
RCSTA 18h
THREG 19h
RCREG 18R
CCPR2ZL | 1Bh
CCPR2H | 1Ch
CCP2CON | 1Dh
ADRESH | 1Eh
ADCOND | 1Fh
20h
General
Purpose
Register
97 Bytes
7Fh

Bank 0

File
Address
Indirect addr!™| agh
OFTION_REG| 21h
PCL 82h
STATUS 23h
F3R 24h
TRISA a5h
TRISE a6h
TRISC a7h
TRISDIT | ash
TRISET | aon
PCLATH 8Ah
INTCOM 8Bh
FIE1 ach
PIE2 abh
FCOMN 8Eh
a8Fh
&0h
SEPCOM2 91h
PR2 92h
S5PADD &3h
SSPSTAT g4h
95h
G6h
&7h
TXSTA G8h
SPBRG S4h
SARN
S9Bh
CMCOM aCh
CVRCON a0oh
ADRESL SERh
ADCOMNT SFh
AOh
General
Purpose
Fegisier
80 Byies EFh
accesses FOh
TOh-7Fh
FFh
Bank 1

Filz
Address
Indiract addr!" | 100h
TMRO 101h
PCL 102h
STATUS 103h
FSR 104h
105h
PORTE 106h
107h
108h
108h
PCLATH 10AR
INTCOM 10Bh
EEDATA 10Ch
EEADR 10Dh
EEDATH 10Eh
EEADRH 10Fh
110h
111h
112h
113h
114h
115h
116h
General 117h
Purpose 118h
Register
15 Bytes 119h
114h
11Bh
11Ch
11Dh
11Eh
11Fh
120h
General
Purpose
Regisier
80 Bytes
16Fh
accesses 170h
70h-TFh
17Fh
Bank 2

File

Address
Indirect addr | 1a0n
OPFTION_REG| 181h
PCL 182h
STATUS 183h
FSR 184h
185h
TRISB 186h
187h
183h
18%h
PCLATH 1840
INTCON 18Bh
EECOM1 18Ch
EECOMZ 180h
Reservedi2) 18Eh
Resarved@ 18Fh
180h
181h
182h
193h
184h
185h
5 186h
Sorose | 197N
Register 192h
16 Bytes 195h
1940
188h
18Ch
18900
19Eh
19Fh
140h
C:_‘:eneral
Register
a0 Bytes 1EFh
ACCESSEs 1FOh
TOh-7Fh
1FFh
Bank 3




Timers

PIC16F877A has 3 Timers
= Timer 0 - 8 bit

can be used as a Timer/counter
« Timer 1 — 16 bit

can be used as a Timer/counter
= Timer 2 —8 bit Timer

can be used as the PWM time-base for the PWM
mode of the CCP module.




REGISTER 6-1:

hit 7-6
hit 5-4

hit 3

hit 2

hit 1

hit 0

T1CON: TIMER1 CONTROL REGISTER (ADDRESS 10h)

U-0 U0  RWO RWO  RWD  RW-D RWD  RWD
| — | — [rickest1|Tickeso| Tioscen |TisYNC |TMR1cs [TMR1ON]
bit 7 bit0

Unimplemented: Read as '0'

TACKPS1T:TACKPS0: Timer! Input Clock Prescale Select hits

11 = 1:8 Prescale value

10 = 14 Prescale value

01 = 1:2 Prescale value

o0 = 1.1 Prescale value

T10SCEN: Timer1 Qscillator Enable Control bit

1 = Qscillator is enabled

o = Oscillator is shui-off (the oscillator inverter is turned off to eliminate power drain)
TASYNC: Timer1 External Clock Input Synchronization Conirol bit
When TMRICS = 1:

1 = Do not synchronize external clock input

0 = 3ynchronize external clock input

When TMRICS = 0:

This bit is ignored. Timer1 uses the internal clock when TMR1CS = 0.
TMRACS: Timer1 Clock Source Select bit

1 = External clock from pin RCOM10SQM1CKI {on the rising edage)

o = Internal clock (Foscid)

TMR1ON: Timer1 On hit

1 = Enables Timer1
0 = Sfops Timer1

Legend:
R = Readahle hit W = Writable hit U = Unimplemented bit, read as 0
-n =Value at POR 1" = Bit Is set ‘" = Bit is cleared ¥ = Bit is unknown




+ The data registers of Timer 1 are TMR1H and TMRI1L.

+ The 16 bit value to be loaded in the timer iIs given to
Data registers

= The Control register is TLCON.

» The timer ON and oscillator enable operations are
controlled through the control register.

= To determine if the timer has completed its operation,
the timer overflow bit TMRL1IF of the PIR1 register is
checked continuously.




USART

» Universal synchronous asynchronous receiver
transmitter i1s also known as a serial
communication interface.

+ USART can be configured in the following

modes:
o Asynchronous - FULL DUPLEX
o synchronous - HALF DUPLEX




Serial Communication

» For serial Communication, the SFR involved are
TXSTA, TXREG, RCSTA, RCREG and SPBRG.

+» SPBRG Is used to set the required baud rate.

« In TXSTA,TXEN Is set high to enable
transmission.

+ The transmitted data Is stored in a temporary
buffer, TXREG.

+ In RCSTA, SPEN and CREN are set high to enable
reception.

+ The recelved data Is stored in a temporary buffer,
RCREG.




REGISTER 10-1:

Bit7

bit 8

bit 5

bit 4

bit3
bit 2

bit 1

bitD

TXSTA: TRANSMIT STATUS AND CONTROL REGISTER (ADDRESS 93h)

R0 Rw-0 Rw-0 RW-D U-a

RAW-0 R-1 RAN-D

CSRC TxH TXEN SYMNC —

| BRGH | TRMT | TXED |

bit 7

CSRC: Clock Source Select bit

Asynchronous mode:
Don't care

Symehronous mode:
1= Master mode (clock generated internally from BERG)

0 = Save mode (clock from external source)
TX9: 8-bit Transmit Enable bit

1= Selects 9-bit transmission

0 = Selects 3-bit transmission

TXEN: Transmit Enable bit

1= Transm{ enabled

0 = Transm d'sabled

MNote: SREMN/CREM owemides TEEN i SYNE mode.

SYMNC: USART Mode Select b
1= Synchroncus mode

0 = Asynchronous mode
Unimplemented: Read as T
BRGH: High Baud Rate Select b4
Asynchronous mode:

1= High speed

0= Low speed

Synchronous mode:

Unused in this mode

TRMT: Transrmit Shifi Register Status bit
1=TER empiy
0= TER full

TXAD: 9th bit of Transmit Data, can be Panty bit

bit O




REGISTER 10-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER (ADDRESS 18h)

RW-D  RWL  RW-D  RW-D  RWD R0 R-D R-x
SPEN RXg | SREN | CREN | ADDEN | FERR | OERR | Rx@D
bit 7 bit 0
bit 7 SPEN: Serial Port Enable b

1= Sena port enabled (configures RCTIRX/OT and RCETXICK pins as senal port pins)
0 = Senial port disabled
bit & RX¥A: 3-bit Receive Enable bt
1= Selects 9-bit reception
0 = Selects 3-bit reception
bit 5 SREN: Single Recsive Enable bit
Asynchronous mode:
Deon't care
Synchronous mode - Master:
1= Enables single receive
0 = Dizables single receive
This bit is cleared after receplion is complete.
Synchronous mode - Slave:
Den't care
bit 4 CREN: Confinuous Receive Enable bi
Asynchronous mode:
1= Enables continuous receive
0 = Disalbles continuous receive
Synchronous mode:
1= Enables continuous receie until enable bit CREM is ceared (CREN owemides SREN)
0 = Disakbles continuous receive
bit 3 ADDEMN: Address Detect Enable bit
Asynchronous mode 8-bit (BXE = 11:
1= Enables address detection, enables interrupt and load of the recene buffer when

FSR<8> iz st
0 = Disables address detection, all bytes are recsived, and ninth kit can be used as party bit
bit 2 FERR: Framing Ermor bit

1= Framing error (can be updated by reading RCRES register and receive next valid byte]
0 = Mo framing error
bit 1 QOERR: Owermun Ermor bt
1= Cwerrun emer {zan be cleared by clearing bit CREN)
0 = Mo owerrun emor

bit 0 RESD: Eth bit of Receved Data (can be parity bit. but rmust be calculated by wser fimmware]
Legend:
R = Readakle bit W = Writable bit Il = Unimplemented bit, read as ‘0"
-n =Value at POR 1" = Bit is =&t ‘0" = B is cleared % = Bit is unknown




TABLE 10-1:

BAUD RATE FORMULA

SYNC

BRGH =0 (Low Speed)

BRGH = 1 (High Speed)

0
1

(Asynchronous) Baud Rate = Fosc/(64({X+1))
(Synchronous) Baud Rate = Fosc/(4(X+1))

Baud Rate = FOSC/(16(X+1))
N/A

X =value in SPERG (0 fo 255)

REGISTERS ASSOCIATED WITH BAUD RATE GENERATOR

TABLE 10-2:
Value on: Value on
Address Name Bit 7 Bit 6 Bit 3 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS
98h TXSTA CSRC TX9 | TXEN | SYNC — BRGH | TRMT | TX9D | oooo -0l0 | 0000 -010
18h RCSTA SPEN RX9 | SREN | CREN | ADDEN | FERR | OERR | RX9D | 0000 000x | 0000 000
9%h SPBRG |Baud Rate Generator Register ooo0 0000 [ 0000 0000
ELE] TEZTA CERC | THE | THEN | SYMNC = BRGEH | TRMT | TXED | oood -010 [ o090 -010
1En RCSTA SPEN R¥9 | SREM | CREM | ADDEN | FERR | OERR | RX3D | o000 o00x | 0000 000X
SPBRG | Bawd Rate Genarator Raglster 000 0000 | 0000 0000

2En

Legend: x = UNEnoan, -

= unimplementad, read as 0", Shaded cells are not usad by the BRG




FOR BAUD RATE:

For asynchronous mode,
Baud rate=Fosc / 64(x+1)
For synchronous mode,
Baud rate=Fosc / 4(x+1)

FOR RECEPTION:

Check RCIF flag till it is set. This indicates that the data is
completely received in the RCREG. Move this value to working
register for further manipulation.

FOR TRANSMISSION:

To transmit the calculated data, move the value to TXREG. Check
the TXIF flag till it is set. This indicates that the data is completely
transmitted out.




REGISTER 2-3: PIR1 REGISTER (ADDRESS 0Ch)

S0 S0 A= A= R0 R0 S0 Rit-0
| :5F|=¢“| ADIF | RCIF | THIF | SEPF | CCPIIF | TMRZIF | TMR1IF
BT oitd
bitv? PSEIF: Parallel Slave Port Reanvime Intermupt Flag bal

1= A read or 3 write aperation has [3ken place (mes? b= cleared In oSwars)
0 = Mo nead of Wite nas occurmed

Hote 12 P32IF Is resenved on PICT16F3TIAGTEA devices, always maimaln this bE clear.

ot & ADIF: AT Comeerter inbemupt Flag bit
1 = An AD comversion completed
0 = The &D comversion ks not complete
ot s RCIF: UZART Recelve Intemupt Flag it
1 = The UZART recelve buser Is full
0 = The USART recelve Duser ls emply

bt 4 THIF: USART Trarsmit internugt Slag b
1 = The USART trarsmlt buffar E-EITlF[}'
0 = The USART transmit buffar ks full
oit 3 S3PIF: Synchroncus Serlal Port (S5P) Interrupt Flag bit
1=Tha 3= I'|1E|TI.I|:I1 condilon hias cccurred, and miust b= dearad In sofhware befars I'E1I.I'I"|ﬂ'g
trom ihe Infemupt Sandce Rowine. The condiions that will set ihls b are:
= 5P|
- A transmisslonireception has taken placs,
= B2 Slave
- Atransmisslonrecention has taken place.
= 1C Master
- A transmisslonireception Ras taken placs,
- The Inkiated START condllion was completad by Mg SSP moauks,
- The Inkaked SToS conolion was ﬂ{lI'I'IFIE'.EI: by the SSP moaule.
- The InfiaEd Restar congltion was ﬂ{!mplE'.E[: ]I'IIHE S2P mooule.
- The Inklated Acinowledge condiion was complztad by the S2P madule.
- A START condiion cocurmed whiks the S50 maule was iz (Mulll-Kasier sysiam,
- A STOR condilon ccowred whlie the S5F module was Kie (Mulll-Master system),
o= Mo ZE2 IFIIETI'LIFIZ condiion has cccumed

btz CCPIF: SCF Imternaps Flag it

Capturs mods:
1= A TR reglster capiure ccourmad (must be clearad in softwars)
0 = Mo TR ragisler capiure oocumas

Lompare mogde:
1 = A THMA1 register compare mabch cocurmed (must e deared In sofbware)
0 = Mo TR 1 register compare match occumed
~&Ad mpde:
Jnused In this mode
ot 1 TMRZIF: THRZ 1o PR2 Match Intenupt Flag bt
1 = TRIR2 to PR2 makch eccumed (must be deared In solbwane)
o = Mo TMARZ 1o PR2 match occurred
oo TMRIIF: THR1 Overfiow Intennupt Flag bl
1 = TKIR1T register overfiowed (must be clearsd In soffvare)
o = TrIR1 register did not overflow

LEgend:
A = Readabie bit W= "Wrllsbke bR U = Unimplemented 2R, read as ‘I
-n=Wale 3P0R 1" =515 Bet T =51 15 clearan X = 515 LnEnoan




Interrupts

» PIC16F877A has 15 sources of interrupts.

= Only one vector location is allocated for the
Interrupts.

+ The Global interrupt enable bit Is set, so that any
Interrupt can be acknowledged.

» Regardless of the Global enable bit, the user

should ensure,the appropriate interrupt flag bits
that needs to be executed, is also set.




REGISTER 2-3:  INTCON REGISTER (ADDRESS 0Eh, 8Bh, 10Bh, 18Eh)
RiW-0 RW-0 RW-0 RAW-0 RW-0 RAW-0 R0 Riff-x

GIE PEE | TMRDIE | INTE | RBIE [ TMROIF | INTF | RBIF

bit ¥ bit 0

bit 7 GIE: Global Interrupt Enable bi
1= Enables all unmasked intermupis
0 = Disables all imtermupis
bit & PEIE: Peripheral Interrupt Enabée bit
1= Enabes all unmasked peripheral interrupts
0 = Disables all peripheral interrupts
bit5 TMROIE: TMRD Cwerflow Interrupt Enable bit
1= Enab'es the TMRD interrupt
0 = Disables the TMRD interrupt
bit 4 INTE: REDVINT External Interrupt Enalle bit
1= Enabes the REDINT extemnal intermupt
0 = Disables the RBOIIMT external imtermupt
bit 3 RBIE: RE Fert Change Intermupt Enable bi
1= Enables the RE por change interrupt
0 = Disables the RE port change interrupt
bitZ TMROIF: TH=D Owverlow Interrupt Flag bit
1= TMRD register has overflowed [must be cleared in software)
0 = TMRD register did not overflow
bit 1 INTF: RE0/IMNT External Inferrupt Flag bit
1=The REDIMT external interrupt cccurmed (must be cleared in sofftware)
0 = The REDANT extemnal interrupt did not occur
bit O REIF: RE Port Change Interrupt Flag b

1= At least one of the REV-RB2 pins changed state; 3 mismatch condition wil confinue 1o set
the bt Readng PORTE will end the mismatch condition and allow the b1 o be cearsd
{must be cleared in softwars).

0 = Mone of the RET:RB4 pins have changed state

Legend:
R = Readable bit W = Writable kit U = Unirnplemented bit, read as T
-n=Value at POR 1" =Bit iz =21 U'=Biscleared 3 =Bitis unknown




PIC18F - Address Buses

e Address bus
e 21-bit address bus for program memory addressing capacity: 2 MB of

memory
e 12-bit address bus for data memory addressing capacity: 4 KB of
memorv
Power
Vss ———="—p :
ALU Registers
Vop Ground 9 21-Bit
Clock > Address Bus
WREG Bank Select Program
Register Memory
16-Bit
Status File Select Instruction/Data Bus
Registers
Instruction
Decoder Program S
Counter 12-Bit
Address Bus Data
Reset ——» Memory
Interrupts——— < 8-Bit Data Bus >
Control Unit ——» Read
- Write




Data Bus and Control Signals

- Data bus

— 16-bit instruction/data bus for program memory
— 8-bit data bus for data memory

- Control signals

— Read and Write

Vss
Vob
Clock

Power

Interrupts———»

— .
Ground ALU Registers —— >
> Address Bus
WREG Bank Select Program
Register Memory
16-Bit
Status File Select <Instruction/Data Bus>
Registers
Instruction
Decoder
E’ﬁrr‘fg 12-Bit >
Address Bus Data
Reset ———» Memory
< 8-Bit Data Bus >
Control Unit —— Read

oo Write




PIC18F452/4520 Memory

e Program memory with

addresses (Flash)

21-Bit
Address Bus

Program
Memory
32K

)

Unused
Memory
Space

Read '00’

000000

I

007FFF

A

 J

IFFFFF

(a)

e Data memory with

addresses

000
Data
Memory
4K
12-Bit (Data Registers)
Address Bus

(File Registers)

FFF

FFF=212=16x256=4096=4K




4 N

Prcmtgm I\/Iemory

store up to 16K of single

word instructions S—
2000h

L~
The RESET vector | FC<200-
ddress Is at 0000h and CALL, RCALL, RETUR
the lnterrupt vector Stack Level 1
addresses are at 0008h N\ :
and 0018h. \ Stack Level 31
RESET Vectar 0o0o0h
N / High Priority Interrupt Vector |0008h
Low Priority Interrupt Vector |0018h
- \
ﬁl l531[8F41§|2: E%Qh?ave 32 __onchp .
esS o rogram Memory
me%/nory //7 &
This means that it can - § o]
=
2

< >

Read 0’ <

1FFFFFh

K 200000




e

Data Memory Organizatior

o Data Memory up to 4k
bytes

e Divided into 256 byte banks

e Half of bank O and half of
bank 15 form a virtual bank

that is accessible no matter
which bank is selected

000h
07Fh

080h
OFFh

100h

1FFh
200h

2FFh

DOOh

DFFh
EOOh

EFFh
FOOh
F7Fh

F80h
FFFh

Access RAM

™

PIC16F8F2520/4520

Bank 0 GPR

Bank 1
GPR

Bank 2
GPR

Bank 15 GPR

Access SFR

Register File Map

Access Bank

00h
7Fh

80h
FFh

Access RAM

Access SFR

256 Bytes




Data Memory with Access Banks

Bank
Address
00 000
0 { ---------------- 07F These registers are always
EE accessible regardless which
00 bank is selected —acting as a
1 { virtual memory -
FF
200
00
2 {m
BSR holds 2FF
4-bit Bank Address 3 { 00 Access Bank 00
fromOtoF SS GPR's 7F
B5R 4 { " sFRs |8
4-Bit 500
{ 00
5
FF : 5FF
We will discuss the access to
every region later, while talking
about PIC18 instructions
F80 FFF=212=16x256=4096=4K
FFF

/




Accessing Data Memory

- The machine code for a PIC18 instruction has only 8
bits for a data memory address which needs 12 bits.
The Bank Select Register (BSR) supplies the other 4

, - 0x00
PIC18 mstruct
mstruction Bk 0 gigg
| oP | s-bit address | D8
J 0x00
Bank Select Register ) M Bank 1 h
c - OxFF
lower 4 bits 0x00
“ y Bank 2 X
Y\ OxFF
0x00
12-bit address Bank 15

OxFF

Access Ram (GPR)




PIC18F452 1/O Ports

Five 1/O ports

— PORT Athrough PORT E

— Most I/O pins are multiplexed

— Generally have eight 1/0 pins with a few exceptions

— Addresses already assigned to these ports in the design stage
— Each port is identified by its assigned SFR

> RA6 -

+» RAS/AN4/SS/LVDIN
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Parallel I/O ports Main Features

e Simple memory mapped access

e Can be configured through software as either input
or output

 Ability to set or reset individual bits

e Can have internal pull-ups

e Can drive small loads like LEDs

e Can be multifunction

 Different capability for pins (i.e. larger current)
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Parallel I/O ports

e For most ports, the 1/O pin’s direction (input or output) is controlled by the
data direction register TRISx (x=A,B,C,D,E): a ‘1’ in the TRIS bit
corresponds to that pin being an input, while a ‘0’ corresponds to that pin
being an output

e The PORTX register is the latch for the data to be output. Reading
PORTX register read the status of the pins, whereas writing to it will write
to the port latch.

. (PORTB is an 8-bit port. Each pin is
iIndividually configurable as an input or output).

bcf STATUS, RPO :

bcf STATUS, RP1

clrf PORTB :

bsf STATUS, RPO :

moviw OxCF :

movwf TRISB : ,
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lllustration: Displaying a Byte
at an 1/O Port @ of 5)

e Problem statement:

e Write instructions to light up alternate LEDs at
PORTC.

e Hardware:

e PORTC

bidirectional (input or output) port; should be setup as
output port for display

e Logic 1 will turn on an LED in Figure 2.10.




lllustration  of 5)

e Interfacing LEDs to
PORTC

e Port C is F82H

e Note that PORT C
IS set to be an
output!

e Hence, TRISC
(address 94H) has
tobe setto 0
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lllustration ( of 5)

e Program (software)
e Logic O to TRISC sets up PORTC as an output port
e Byte 55H turns on alternate LEDs

MOVLW 00 ;Load W register with O
MOVWF TRISC, 0 ;Set up PORTC as output
MOVLW 0x55 ;Byte 55H to turn on LEDS
MOVWF PORTC,0 ;Turn on LEDs

SLEEP ‘Power down




