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PIC Overview: Block Diagram
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Instructions and Machine Code

PIC Overview: Main Components

@ Memory

e Store program
e Store data

@ Support Functions

Power, timer

@ Arithmetic Logic Unit

e Logic operations (AND, OR, etc.)
e Additions, subtractions

@ Peripherals

e Digital inputs/outputs

e Timer, interrupt
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PIC Overview: Memory Description

Program Memory
@ Program memory is loaded with program instructions to be executed
® Range of the program memory is 0000 to 03FF (hexadecimal)
@ Program counter always holds address of the next instruction

Stack

@ Temporary memory that stores values of the program counter in case
of special instructions (CALL, RETURN)

Configuration Word

@ Define configurable features of MC at program download (not during
operation)
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PIC Overview: Program Memory

l PC<12:0> |
CALL, RETURN 13, y
RETFIE, RETLW
Stack Level 1
Stack Level 8
1 ¥ 3FFh
¥ RESET Vector T
[ Peripheral Interrupt Vector | 0004h <
1FFFh
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PIC Overview: Memory Description

Data and Special Function register memory (RAM)

@ Two memory banks

e Bank 0: Address 0x00 to Ox4F

e Bank 1: Address 0x80 to OxCF

e Address 0x50 to Ox7F and 0xDO to OxFF are not implemented in
PIC16F84A

@ Special function registers (SFRs): configure interaction between CPU
and peripherals

@ General-purpose data memory
EEPROM

@ Non-volatile memory for holding data values for long term operation
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PIC Overview: Memory Banks

66
. General Mapped
File Address File Address Purpose (accesses)
00h | Indirect addr™ | Indirect addr.™ | § 80h F{‘s Liﬁf in Bank 0
01h TMRO OPTION_REG | | 81h
02h PCL PCL 82h
03h STATUS STATUS 83h
04h FSR FSR 84h
4Fh CFh
05h PORTA TRISA 85h 50h ooh
0sh PORTB TRISB 86h
07h - ~ 87h k
08h EEDATA EECON{ 88h \\______‘_-'""\

ogh EEADR eeconz®™ | { ash ﬁ
0Ah PCLATH PCLATH 8Ah _— —

0Bh INTCON INTCON 8Bh Bank 0 Bank 1
0Ch B8Ch i [] Unimplemented data memary location, read as '0".
Note 1: Nota physical register.
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PIC Overview: Supporting Functions

Description
@ Timer for power-up of MC
holds MC in Reset state until Pawer-up
power stabilizes ISWEEHDQ Oscillator
@ External oscillator can be goode & <= ® | Start-up Timer
H Power-on
connected for stable timing ybt
@ Watchdog timer forces Reset if Timing Watchdog
MC crashes Generation [ Timer
OSC2/CLKOUT MCLR  Vpp, Vss
OSC1/CLKIN
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PIC Overview: Arithmetic Logic Unit
Description B
@ Performs logic instructions such STATUS reg <I:| —

as AND, OR, XOR

@ Performs additions, subtractions .LL J[
MUX
8

@ Operates on 8bit data from the \
working register W and the data I
bus 1
ALU
l' -
W reg
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PIC Overview: Peripherals

Description
@ PORTA and PORTB

TMRO

@ Digital inputs/outputs —‘ |
@ Timer input at RA4 1 . {X] RasocKi
° n

°

Interrupt input at RBO

Each pin is configured in the SFRs

11O Ports

‘ N

Daté-

e RB7:RB1
Bus ;::>E
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PIC Overview: Basic Program Structure
Directives
@ Program is processed by the Assembler

@ Pass information and instructions to the assembler using directives

Assembler directive Summary of action
list Implement a listing option
#include Include another file within the source file;

the included file is embedded within the source file

org Set program origin; this defines the start address
where code which follows is placed in memory

equ Define an assembly constant; this allows us to
assign a value to a label

end End program block

Listing options include setting of radix and microcontroller type.
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PIC Overview: General Operation

Basic Program and Instructions

list  p=16F34A
org 00

oooooo

oooooo
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Instructions and Machine Code: Instructions

14 bit Instruction Word
MSB (bit 13) LSB (bit 0)

OPCODE Operand 1 Operand 2

@ Opcode: specifies the instruction type

@ Operands: specify the operation of the instruction (one or two
operands)

@ Bit sequence of instruction represents the machine code
Types of Instructions

@ Byte-oriented Instructions

@ Bit-oriented Instructions

@ Literal and Control Operations

@ CALL and GOTO Instructions
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Instructions and Machine Code: Byte-oriented Instructions

Byte-oriented File Register Operations
13 8 7 6 0

OPCODE d f (FILE #) |

d = 0 for destination W
d = 1 for destination f
f = 7-bit file register address

Examples
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Instructions and Machine Code: Table

Byte-oriented File Register Operations

ADDWF fd |AddW and f 1 oo 0111 dfff  £fff |CDCZ 1,2
ANDWF f.d | ANDW with f 1 00 0101 dfff f£fff |£ 1,2
CLRF f Clear f 1 00 0001 1fff  Efff |Z 2
CLRW - Clear' W 1 00 0001 Qoo ook | £
COMF f.d | Complement f 1 00 1001 dAfff  £fff | £ 1,2
DECF f d |Decrement f 1 00 0011  Afff £ffff |7 1,2
DECFSZ f.d |Decrement f, Skip if 0 1(2) 00 1011 dfff f£fff 1,23
INCF f d |Increment f 1 o0 1o0lo A4fff  Efff (£ 1.2
INCFSZ f,d |Increment f, Skip if 0 1(2) 00 1111 dfff f£fff 1,23
IORWF f d |Inclusive OR W with f 1 00 0lo0 Afff  f£fff | £ 1,2
MOVF fd |Movef 1 00 1000 Afff £EfE | Z 1,2
MOVWE f Move W to f 1 00 0000 1fff  Efff
NOP - Mo Operation 1 00 0000 Owxx® QOO0
RLF f,d |Rotate Left f through Carry 1 o0 1101 dfff  £fff (C 1,2
RRF f d |Rotate Right f through Camy 1 o0 1loo0  dfff  £fff (C 1,2
SUBWF f,d | Subtract W from f 1 o0 oolo  dfff  £fff |CDCZ 1,2
SWAPF f,d |Swap nibbles in f 1 o0 1110 Adfff f£fff 1,2
XORWF f d |Exclusive OR W with f 1 00 0110 dAfff £ffff |7 1,2
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Instructions and Machine Code: Bit-oriented Instructions

Bit-oriented File Register Operations
13 10 9 7 6 0

OPCODE b (BIT #) f(FILE #)}

b = 3-bit bit address
f = 7-bit fite register address

Examples
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Instructions and Machine Code: Bit-oriented Instructions

Bit-oriented File Register Operations

Mnemonic, . 14-Bit Instruction Word Status
Operands Description Cycles VMSh sp | Affected Notes
BCF f b |Bit Clearf 1 01 00bb bfff f£fff 1,2
BSF f,b |Bit Set f 1 01 01bb bfff f£fff 1,2
BTFSC f,b |Bit Test f, Skip if Clear 1(2) 01 10bb bfff f£fff 3
BTFSS f,b |Bit Test f, Skip if Set 1(2) 01 11bb bfff f£fff 3
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Instructions and Machine Code: Literal and Control

Literal and Control Operations

13 8 7 0
OPCODE k (literal)
k = 8-bit immediate value
Examples
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Instructions and Machine Code: Literal and Control

Literal and Control Operations

; 14-Bit Instruction Word
hg;;;z:;on':;g' Description Cycles MSh sh Asf;:::[t‘z d Notes

ADDLW k Add literal and W 1 11  111x kkkk kkkk [CDCZ

ANDLW k AND literal with W 1 11 1001 kkkk kkkk |[Z

CALL k Call subroutine 2 10 D0Okkk kkkk kkkk

CLRWDT - Clear Watchdog Timer 1 o0  oooo o110 o100 [TOFD

GOTO k Go to address 2 10  1kkk kkkk kkkk

IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk |£

MOVLW k Move literal to W 1 11 DO kkkk  kkkk

RETFIE - Return from interrupt i 0o 0000 0000 1001

RETLW k Return with literal in W 2 11 0l kkkk kkkk

RETURN - Return from Subroutine 2 00 0000 0000 1000

SLEEP - Go into standby mode 1 o0  oooo o110 o011 (TOFD

sSUBLW k Subtract W from literal 1 11 110k kkkk kkkk [CDCZ

XORLW k Exclusive OR: literal with W 1 11 1010 kkkk kkkk |Z
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Instructions and Machine Code: CALL and GOTO

CALL and GOTO Instructions

13 11 10 0
CPCODRE k (literal)
k = 11-bit immediate value
Examples
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Instructions and Machine Code: Example Program
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Instructions and Machine Code: Hex file

Example :02 0000 04 0000 FA
:04 0000008C010028 47
:04 0004 00 00340034 90
:00000001 FF
General Format of Each Line-— :BBAAAATT HHHH....HHH CC

@ BB: Two digit hex byte count (number of data bytes on the line)

@ AAAA: Four digit hex starting address of the data record

@ TT: A two digit record type:

e 00 Data record

e 01 End of File record

e 02 Segment Address record
e 04 Linear Address record

@ HH: Two digit hex data byte in low byte/high byte combinations.

@ CC: Two digit hexadecimal checksum
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Instructions and Machine Code: Explanation
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