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N
MicrocHIP

PIC

Peripheral Interface Controller

Microcontroladores

e Low-End
e MidRange

e High-End




Low-End

* Conjunto reduzido de instrucdes

Sem tratamento de interrupcdes

Menor disponibilidade de meméria RAM

Sem I/O avangado
Ex: PIC 12C5xx

Naéo deve ser utilizado para novas
aplicagGes ou para aprendizado

MidRange

Baseado na organizac¢do dos Low-End

Tratamento do interrupgdes

Timers

Quantidade razoavel de memoria RAM

Tipos avangados de I/O
Ex: PIC 16C7xx
Caracterizado como sendo de uso geral




High-End

Tudo dos anteriores € mais...

Acesso a todos os registradores diretamente

Multiplos vetores de interrupgdo
Ex: PIC 17Cxx

Arquitetura:
* Arquitetura Harvard:

Harvard von-Neumann
Data P P
a ram and
Memory[*7g CPU ¢ 7 Mrgfgnory cPU 8 |, Data
Memory




* Instrugdes longas:

— Utilizagdo mais eficiente da memdria de
programa.

* Instrugdes de apenas uma palavra:

— Cada instrugdo € recuperada da memoria em
apenas um ciclo.

* Pipeline de instrugdes:
— Pipeline de 2 estagios.
— Um ciclo para fetch e outro para execugéo.
— Uma instrugdo € executada por ciclo.
— Intrugdes de “Branch” gastam 2 ciclos.

Tcy0 Tevl Tey2 Tev3 Tev4 Tcys
1. MOVLW SSh I Fetch 1 Execute 1
. MOVAF PORTE Fetch 2 Execute 2
. CALL SUB_1 Fetch 3 Execute 3
. BSF  PORTA, BIT3 (Forced NOP) Fetch 4 Flush
. Instruction @ address SUB_1 Fetch SUB_1| Execute SUB_1

noE W N

Fetch SUB_1 + 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.




* Conjunto reduzido de Instrugdes:
— Facilidade de aprendizado.
— Menor tempo de programagao.
— 35 instrugdes.

* Registradores sdo mapeados em memdria:

— Todos os registradores de fun¢des especiais,
incluindo o program counter, podem ser direta
ou indiretamente acessados.

* Interrupgoes:

— Controle de até 12 origens de interrupgéo
independentes.

e Timers:

— 3 timers podem ser programados para controlar
entradas, saidas ou eventos internos ao PIC.




e Power-on reset € brown-out protection:

— Garantem que o PIC s¢ ird operar quando os
valores de voltagem estiverem dentro das
especificagdes.

 Watchdog timer:

— Reseta o PIC se ele apresentar qualquer sinal de
mal-funcionamento.

e Power-up Timer

— Permite que a corrente de entrada alcance um
patamar aceitdvel de operagdo.

— Atraso de 72 ms.

* Oscillator Start-up Timer

— Garante que o oscilador foi iniciado e esta
estavel.

— Gera um atraso correspondente a 1024 ciclos do
oscilador.




» Sleep Mode:

— Quando o comando “sleep” € executado, o
oscilador que gera o clock para o circuito €
desligado.

— E o estado que consome menos energia.

— O usudrio pode “acordar” o PIC através de um
reset externo, do reset do Watchdog timer ou
através de uma interrupgéo.

_______ A
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V4
2 35 3 X 35

CCPs Comparators SSe) rial Port USARTs
Other Paraliel .
Modul Slave Port LCD Drivers

3

REREE

v v

Data EEPROM
Rthage upto
elorence 2568

i

RE1

RE4
RES-
REG

RFO
RF1
RF2
RF3
RF4
RF§
RF6
RF7

RGO
RG1
RG2
RG3
RG4
RG5

RG7

o Classificagdo quanto a memoria:

— PIC 16 Cxxx - Memoéria EPROM
— PIC 16 CRxxx - Memoria ROM
— PIC 16 Fxxx - Memoéria FLASH
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Digital Clock/Termometer




* MPASM

— Assembler capaz de gerar cédigo para todos os dispositivos da linha
PICMicro;

— Disponivel em linha de comando "DOS" ou interface Windows;

 MPLAB

— desenvolver e editar aplicagoes;

— simular a aplicagdo com estimulos externos e modificar registros
internos;

— programar um chip;

— prover uma interface de emulador de hardware similar ao simulador;

» Keelog - algoritmo e fonte PICMicro para permitir controle externo de dispositivos;

* Fuzzy Tech - sistema de desenvolvimento para simplificar o esforgo em
desenvolver aplicagdes com légica fuzzy para PICMicro
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FLYPIC — KIT DIDATICO DE ENSINO E SISTEMA DE DESENVOLVIMENTO EM PICs
PROF ELMO DUTRA — CENTRO TECNOLOGICO DE MECATRONICA - SENAI - RS

O FLYPIC foi desenvolvido com base em 16 anos de experiéncia na area de
microcontroladores — ensino e projetos. A linha de chips da Microchip tem sido largamente
utilizada pela sua versatilidade — vocé encontra em versdes de 6 a 33 I/Os, com diversos
periféricos, tudo em um mesmo chip.

Este kit didatico atualmente € composto de 7 modulos:

Gravador de PICs: Possui conector para ligagdo ao PC para transferéncia de
arquivos .HEX. Permite a gravagéo de PICs da linha basica e média de protocolo ICSP (In
Circuit Serial Programing) — atualmente 75 tipos de PICs — conforme lista do fabricante.

Placa soquete 18 pinos: esta placa permite o trabalho com o chip mais utilizado
do momento: o 16F84A (flash, 13 I/0s). Tem alimentagéo e clock independente, e possui
saida lateral para as 13 1/Os. Para a gravagéo de outros PICs basta trocar o soquete.

Placa de aplicagdes I: para estudo e exercicios basicos em PICs, possui 8 leds e
teclado 3X4 telefonico (Portb), 2 teclas, conector para display LCD e buzzer.

Placa de aplicagdes Il: também desenvolvida para aplicagées e estudos, possui 4
teclas e 4 displays de 7 segmentos ligados multiplexados — o objetivo € implementar
contadores e um relégio digital ou timer programavel.

Soquetes: 8, 28 e 40 pinos: estas plaquetas apenas servem de suporte na
gravacdo de outros tamanhos de PICs que o fabricante dispbe — veja no site do
fabricante: www.microchip.com.

Os esquematicos constam neste manual. Foram incluidas dezenas de rotinas de
exemplos que podem ser modificadas e implementadas no kit com as devidas
modificagdes de hardware e sotware. O pacote inclui:

Disco1: disquete que contém verséo do compilador MPASM e simulador MPSIM
do fabricante Microchip, além de software de transferéncia executavel FLYPIC (porta
COM-2) e FLYCOM1 (porta COM-1). Estes softwares rodam no modo DOS. Também
foram incluidas diversas aplicagdes e exemplos para estudo e modificagao.

Disco2: novo disco com curso em HTML de PICs, nova versdo do MPASM e
dezenas de novas aplicagdes e exemplos para seu kit didatico de ensino.

Para descompactar utilize o software Pkunzip.exe (incluso) ou ainda melhor o

Winzip (o curso em HTML — excelente — deve ser descompactado com winzip — com 0s
subdiretdrios restaurados.

PROCEDIMENTO DE INSTALAGAO E TESTES INICIAIS DO FLYPIC:

Ligue o cabo de comunicagéo ao Porto Serial do PC (DB-25). Se seu computador
tiver saida do tipo DB-9 adquira uma adaptador DB-9 / DB-25. Certifique-se que a COM
do seu micro esta habilitada e sem conflitos. Para utilizar a COM-2 use o software
executavel FLYPIC. EXE de transferéncia do arquivo .HEX do compilador. Se utilizar a
COM-1 use o software de transferéncia FLYCOM1.EXE.

Ligue o cabo de comunicagédo ao gravador, o gravador a placa soquete 18 pinos
com o PIC 16F842 . A alimentacédo pode ser tanto pela placa gravadora quanto pela placa
soquete. Utilize uma fonte de alimentagdo com tensdo de 12 a 15 Volts — conector
positivo do meio. Ndo alimentar com tensdo menor — ndo graval

Ligue a placa soquete a placa de 4 displays 7 segmentos (aplicagdes Il). Como a
placa soquete veio ja gravada com um software demonstragéo, ira aparecer nos displays
um contador.

Vocé pode ligar a placa soquete a placa de aplicagdes | (leds) e testar com o
seguinte exemplo (estando ja no diretério do disquete 1):



flypic seqxt.hex

O software para DOS aparece. Vocé pode entdo apagar o PIC gravado

instantaneamente (comando E — erase), e gravar por cima (comando P — programagZo).
Ira aparecer nos leds um sequencial.

Outro exemplo:
Digite S (sair) e no prompt digite:
flypic ledxt.hex

Vocé entra novamente no menu do software e regrava por cima um novo
programa: led pisca pisca. O apagamento é instantaneo e a gravacao leva alguns

segundos (10 ms por cada byte gravado, mais o check). Programas muito longos podem
demorar minutos!

Seu kit foi amplamente testado antes de ser enviado. Oferecemos garantia de
funcionamento, se seu micro estiver corretamente configurado e com a COM funcionando.
A garantia cobre somente uso NORMAL do kit, ndo cobre sobrecargas ou uso indevido
fora dos parametros do fabricante (consulte datasheet).

A garantia ndo cobre sobrecargas de corrente das portas de I/Os ou uso indevido.
Alguns periféricos “carregam” a porta na gravagéo (exemplo: display LCD — néo deve ser
gravado na placa —pode sobrecarregar os portos do PIC. Vocé grava sem o display e
apo6s a gravagéo coloca o display). ‘

A garantia também ndo cobre problemas como transientes (excesso de tensao,
picos, raios, espurios). Todo o microcontrolador é sensivel a ruido elétrico.

A garantia cobre defeitos normais do equipamento e o reparo é feito mediante o
envio do kit para conserto. Os cursos de transporte correm por parte do usuario.

N&o esquecer que cada tipo de PIC requer configurago préprialll

LEIA O MANUAL ATENTAMENTE !1!I

Estude as rotinas e exemplos, faga as devidas adaptacdes que forem necessarias
para o devido funcionamento no kit. Ndo se esquega: o fabricante possui dezenas de
chips de diversas capacidades de meméria e periféricos embutidos.

NAO SE ESQUECA DE COLOCAR A DIRETIVA CONFIG NO SEU PROGRAMA
ASM - O FLYPIC NAO FUNCIONA SEM O CONFIG PROPRIO — VEJA NO MANUAL —
O ESQUECIMENTO DO CONFIG PODE DANIFICAR A GRAVACAD DO PICHINIIIIIIII

PARA DUVIDAS E ESCLARECIMENTOS — CONSULTE POR E-MAIL:

Elmo@malbanet.com.br (tudo mintisculo)

Site: www.malbanet.com.br/professorelmo {(breve novo site — portal em
Automagcaollll)

Faca um bom uso de seu kit didatico — INVISTA SEU TEMPO EM CRESCIMENTO
E ATUALIZACAO PROFISSIONAL! Fico & disposigéo — Um grande abrago

PROF ELMO DUTRA, Msc — Centro Tecnolégico de Mecatrénica — SENAI - RS
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;*******************************************************************************

i/ Programa: sequencial de led no Portb
7 arquivo: seqgxt.asm

*****************************************k*************************************

list p=16f84

include "P16F84.INC"

config CP OFF & PWRTE ON & WDT OFF & XT OSC
*x o * * _***:******:**I******************i-***

;*******************************************

; area de declaracao de equ

;*******************************************************************************

led equ 0

idetermina saida para o led
;*******************************

************************************************

; vetor do reset

;*******************************************************+*****************i*+***

org Oh ;endereco do vetor do reset
goto start ival para o inicio do programa
;**************************************************************************f****

; Area de subrotinas

;*******************************************************************************

; delay (utiliza TMRO sem habilitar interrupcao)

**********************************************************k****++***

delay: clrf TMRO ;zera TMRO
movlw QOffh ;valor maximo do TMRO
Xorwf TMRO, W ;Ccompara W com TMRO
btfss STATUS,z ise igual finaliza funcao
goto $-3 /Senao repete o ciclo
return

; Segmento de inicializacao

*********************************;**********************************

start: bsf STATUS, RPO jativa Bank1l
movlw Oxc?7 iconfigura o registro option habilitando
movw £ OPTION_REG ;timer0 com prescaler 1:256
clrf TRISB ;configura PORTB como saida (todos os bits)
bef STATUS, RPO ;ativa BankO

;*****************************************************************************+*

; Segmento principal
;************************************************
' movlw 0x01

movwf PORTB

becf STATUS, C jzera carry
loop: call delay

call delay

rlf PORTB, f

goto loop ;repete o ciclo
;*******************************

*******************************
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;*******************************1***k*****************************************
; Programa: pisca led no Portb

; arquivo: ledxt.asm
;*******************************************k********************#A*************

list p=16f84

¥ %

r

include "P1l6F84.INC"

config CP OFF & _PWRTE_ON & _WDT OFF & _XT_OSC

;******************************************I************************************

? area de declaracao de equ

;*******************************************************************************
ledl equ 0 idetermina saida para o led
led2 equ 7

;*******************************************************************************

; vetor do reset
;********{**********************************************************************
org Oh iendereco do vetor do reset
goto start

N

Area de subrotinas
;***************************************k**********************+****************

; delay (utiliza TMRO sem habilitar interrupcao)
;*******************************************************************************
delay: clrf TMRO izera TMRO

movlw 0ffh ;valor maximo do TMRO

xorwf TMRO,W ;jcompara W com TMRO

btfss STATUS, Z ;se igual finaliza funcao

goto $-3 ;senao repete o ciclo

return
;**************************************************************#**********}*****
; segmento de inicializacao
;***********#*******************************************************************
start: bsf STATUS,RPO ;ativa Bankl

movlw 0xc7 ;configura o registro option habilitando

movwf OPTION REG itimer0 com prescaler 1:256

clrf TRISB iconfigura PORTB como saida (todos os bits)

bcf STATUS, RPO ;ativa BankO

;*******************************************************************************

; segmento principal
;*******************************************************************************

movliw O ;inicializa PORTB
movwf PORTB

loop: bsf PORTB, ledl

bcf PORTB, led2

call delay

call delay

call delay

bcf PORTB, ledl

bsf PORTB, led2

call delay

call delay

btfss PORTA, 0

goto loop jrepete o ciclo

btfsc PORTA, 0

goto $ - 1

goto loop
;**********************************************************************t}*******

end

*******************************************************************************



ANEXOS

e "basic code template for assembly code
generation on the PICmicro PIC16F84A"

e "header file defines configurations, registers,
and other useful bits of information for the
PICloF84™"

e Primeiro lab.: programa elementar de exemplo
(prog0.asm)

e Segundo lab.: Crondmetro de 1 seg na PORTB do
FLYPIC! utilizando timer e interrupcgdo
(progl.asm)

e Exemplo de complexidade alta de uso do PIC:
"FILE : LCD DIGI.ASM
CONTENTS : Simple low-cost 7-digit digital
Scale using a PIC16F84"

e Links para site do curso e afins



;**********************************************************************

: This file is a basic code template for assembly code generation *
; on the PICmicro PIC16F84A, This file contains the basic code *
3 building blocks to build upon. *
; *
7 If interrupts are not used all code presented between the ORG *
: 0x004 directive and the label main can be removed. In addition *
; the variable assignments for 'w_temp' and 'status temp' can *
; be removed. *
’ *
H Refer to the MPASM User's Guide for additional information on *
; features of the assembler (Document DS33014). *
i *
; Refer to the respective PICmicro data sheet for additional *
; information on the instruction set. *
; *
7 Template file assembled with MPLAB V4.00.00 and MPASM V2.20.12. *
. *
7

;**********************************************************************
. *
I

3 Filename: XXX .asm *
. Date: *
s File Version: *
. *
r

F Author: *
7 Company: *
. *
I

; *
;**********************************************************************
. *
r

;- Files required: *
. *
7

. *
’

/ *
;**********************************************************************
. *
r

M Notes: *
. *
I

. *
I

. *
4

; *
’-**********************************************************************

list p=16F84A ; list directive to define processor
#include <pl6F84A.inc> ; processor specific variable definitions

__CONFIG _CP OFF & WDT ON & PWRTE ON & RC_OSC

; '__CONFIG' directive is used to embed configuration data within .asm file.
; The lables following the directive are located in the respective .inc file.
; See respective data sheet for additional information on configuration word.

j*¥**** YVARIABLE DEFINITIONS
w_temp EQU 0x0C ; variable used for context saving
status_temp EQU 0x0D ; variable used for context saving



’-**********************************************************************

ORG 0x000 ; processor reset vector

goto main ; go to beginning of program

ORG 0x004 ; interrupt vector location

movwf w_temp ; save off current W register contents
movf STATUS,w ; move status register into W register
movwf status_ temp ; save off contents of STATUS register

; isr code can go here or be located as a call subroutine elsewhere

movf status_temp,w
movwf STATUS

swapf w_temp, £
swapf w_temp,w ; restore pre-isr W register contents
retfie ; return from interrupt

retrieve copy of STATUS register
restore pre-isr STATUS register contents

Ne Ne

main

; remaining code goes here

END ; directive 'end of program'



; P16F84A.INC Standard Header File, Version 2.00

LIST

NOLIST

Microchip Technology, Inc.

; This header file defines configurations, registers, and other useful bits of

; information for the PIC16F84 microcontroller.

; the data sheets as closely as possible.

; Note that the processor must be selected before this file is

; included. The processor may be selected the following ways:

1. Command line switch:

C:\ MPASM MYFILE.ASM /PIC16F84A
2. LIST directive in the source file
LIST P=PIC16F84A
3. Processor Type entry in the MPASM full-screen interface

These names are taken to match

Revision History

;Rev: Date: Reason:
;1.00 2/15/99 Initial Release
¥ Verify Processor

IFNDEF _ 16F84A

MESSG "Processor-header file mismatch. Verify selected processor."

ENDIF
. Register Definitions
W EQU H'0000'
F EQU H'0001'
P Register Files————————mmmm oo
INDF EQU H'0000"
TMRO EQU H'0001"
PCL EQU H'0002"
STATUS EQU H'0003"
FSR EQU H'0004'
PORTA EQU H'0005"
PORTB EQU H'0006"
EEDATA EQU H'0008"
EEADR EQU H'0009'
PCLATH EQU H'O0O0OA"
INTCON EQU H'000B'
OPTION REG EQU H'0081"'
TRISA EQU H'0085"
TRISB EQU H'0086"
EECON1 EQU H'0088"
EECON2 EQU H'0089'



IRP EQU H'0007'
RP1 EQU H'0006"'
RPO EQU H'0005"
NOT_TO EQU H'0004"
NOT PD EQU H'0003"'
Z EQU H'0002"'
DC 2 EQU H'0001'
64 EQU H'0000'
Pt INTCON Bits ——————— e
GIE EQU H'0007'
EEIE EQU H'0006'
TOIE EQU H'0005"
INTE EQU H'0004"
RBIE EQU H'0003"
TOIF EQU H'0002"
INTF EQU H'0001'
RBIF EQU H'0000"'
§ ——— OPTION_REG Bits ————
NOT RBPU EQU H'0007"
INTEDG EQU H'0006"
TOCS EQU H'0005"
TOSE EQU H'0004'
PSA EQU H'0003"
PS2 EQU H'0002'
PS1 EQU H'0001"
PSO EQU H'0000'
§s EECON1 Bits ———=———— e e
EEIF EQU H'0004"
WRERR EQU H'0003"
WREN EQU H'0002'
WR EQU H'0001"
RD EQU H'0000"

; RAM Definition

__ MAXRAM H'CF'
__BADRAM H'07', H'50'-H'7F', H'87'

3 Configuration Bits

_CP_ON EQU H'000F'
_CP_OFF EQU H'3FFF'
_PWRTE ON EQU H'3FF7'
_PWRTE_OFF EQU H'3FFF'
_WDT ON EQU H'3FFF'
_WDT OFF EQU H'3FFB'
_LP_0sC EQU H'3FFC'
_XT _0sC EQU H'3FFD’
_HS OsC EQU H'3FFE'
_RC_0sC EQU H'3FFF'

LIST



;**********************************************************************
: This file is a basic code template for assembly code generation

] on the PICmicro PIC1l6F84A. This file contains the basic code

; building blocks to build upon.

If interrupts are not used all code presented between the ORG

: 0x004 directive and the label main can be removed. In addition

: the variable assignments for 'w_temp' and 'status_temp' can

: be removed.

Refer to the MPASM User's Guide for additional information on
features of the assembler (Document DS33014).

Refer to the respective PICmicro data sheet for additional
information on the instruction set.

Template file assembled with MPLAB V4.00.00 and MPASM V2.20.12.

w***********************‘k*********************************************

*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
Filename: PROGO.ASM *
Date: OUT/2004 *
File Version: 1 *
*

*

*

2

*

*

*

*

*

&*

*

*

*

*

*

*

*

*

*

Author: AAJ
Company: UFRGS/EE/DELET

*********************************************************************

Files required:

*********************************************************************

Notes: PRIMEIRO EXEMPLO DE LAB

**‘k**************'k***************************************************
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~; **% TEMPLATE FLYPIC **%
~; list p=16£84
N include "P16F84.INC"
__config CP_OFF & _PWRTE ON & _WDT OFF & XT OSC

list p=16F84A ; list directive to define processor
#include <pl6F84A.inc> ; processor specific variable definitions
7 __CONFIG _CP _OFF & _WDT_ON & PWRTE ON & RC_OSC
"7 '_CONFIG' directive is used to embed configuration data within .asm file.

-7 The lables following the directive are located in the respective .inc file.
7 See respective data sheet for additional information on configuration word.

s X¥*¥xx*x VARTABLE DEFINITIONS
w_temp EQU 0x0C ; variable used for context saving
“status_temp EQU 0x0D ; variable used for context saving

,-**********************************************************************

ORG 0x000 ; processor reset vector
goto main ; go to beginning of program

;-**********************************************************************

ORG 0x004 ; lnterrupt vector location
* movwt Ww_temp ; save off current W register contents
7 movf STATUS, w ; move status register into W register
3 movwf = status_temp ; save off contents of STATUS register

isr code can go here or be located as a call subroutine elsewhere

i movf status_temp,w ; retrieve copy of STATUS register

R movwf STATUS ; restore pre-isr STATUS register contents
swapf w_temp,f

3 swapf w_temp,w ; restore pre-isr W register contents

y retfie ; return from interrupt

» **********************************************************************
main
, remaining code goes here

um EQU 0x0D ; variavel a decrementar de 10 até 0

movlw d'l0'’
movwf num

“e_novo
decfsz num, f
goto de novo
fim
goto fim
END ; directive 'end of program'

,-**********************************************************************



;**********************************************************************

; Filename: PROG1.ASM
: Date: OUT/2004
; File Version: 1.1

H Author: AAJ
: Company: UFRGS/EE/DELET

* ok ok ok % F o *

Rl R  E  E  E E B

- *
i Files required: %
; *
;**********************************************************************
*

; Notes: PROGRAMA OTIMIZADO POR: %
- *
i Ricardo Kusiak *
? José Mariano Arigony *
H Jonathan Henrique Oliveira *

*

;**********************************************************************

; *%* TEMPLATE FLYPIC **%*
; list p=16£84
H include "P16F84.,INC"
__config CP_OFF & _PWRTE_ON & _WDT OFF & _XT OSC
list p=16F84A ; list directive to define processor
#include <pl6F84A.inc> ; processor specific variable definitions
; __CONFIG _CP _OFF & WDT ON & _PWRTE ON & _RC_OSC

7 '_CONFIG' directive is used to embed configuration data within .asm file.
i The lables following the directive are located in the respective .inc file.
; See respective data sheet for additional information on configuration word.

; errorlevel -302

j****%* VARIABLE DEFINITIONS

contl EQU 0x11

cont2 EQU 0x12

cont3 EQU 0x13

valorl EQU D'012"

valor2 EQU D'254"

valor3 EQU D'255"

seg EQU Oxle

;******************************************************i***************
ORG 0x000 ; processor reset vector
goto main ; go to beginning of program

;**********************************************************************

ORG 0x004 ; interrupt vector location
bcf INTCON, TOIF ; para desligar o bit de overflow

incfsz contl, £
goto fimint
movlw valorl
movwf contl

incfsz cont2, f
goto fimint
movlw valor2
movwf cont2

incfsz cont3, f
goto fimint
movlw valor3
movwf cont3

incf seg, f



fimint

movf
sublw
btfss
goto
movlw
movwf

retfie

seg, w
D'60'
STATUS, 2
fimint
d'o!’

seg

; return from interrupt

jJ **********************************************************************

main

; remaining code goes here

; configuragdo

; configuracgdo

; principal

espera

fim

bsf STATUS, RPO
clrf TRISB

do timer

becf OPTION_REG, TOCS
bef OPTION_REG, PSA
bef OPTION_REG, PS2
bsf OPTION_REG, PsSl
bef OPTION_REG, PS0
das interrupgdes

bsf INTCON, GIE
bsf INTCON, TOIE
movlw valorl

movwf contl

movlw valor2

movwf cont2

movlw valor3

movwf cont3

bef STATUS, RPO
clrw

movwf  TMRO

mov £ seqg, w

movwf PORTB

goto espera

goto fim

END

; escolhe funcdo Timer, ndo Contador
; habilita saida do prescaler

;i PS2, PSl, PSO: coloca 1:8 no prescaler

’

’

; habilita todas int
; habilita int pelo timer

; directive 'end of program'

> **********************************************************************



; FILE : LCD DIGI.ASM *
; CONTENTS : Simple low-cost 7-digit digital scale using a PIC16F84 *
; COPYRIGHT: Peter Halicky OM3CPH *
; AUTHOR : Peter Halicky OM3CPH & Peter Halicky Jr., OM2APH *
; PCB : Tibor Madarasz OM2ATM *

; E-Mail: halicky@cepoe.minv.sk or om3cph@oe3xbs aut.eu
: peto-h@writeme.com or om2aph@omOpbm.svk.eu

; Bratislava, Slovakia, December 1998

; This is 7-digit digital scale counting up to 35 MHz. The decimal point
; 1s after MHz digit.

; It adds or substracts RF according signal level at RA2:
; +5V - adds RF
; disconnected - substracts RF

; Hardware is very simple:

; It contains : PIC 16F84

H 1 NPN low power HF Si transistor,

; 16 character (2x8) in 1 Line LCD display,

; Xtal 1..10 MHz,

; some resistors, capacitors and 2 Si switching diodes.
; (see schematic in lcd digi.pcx)

; Note:

; LCD display is 16 character in 1 line LCD display PVC160101PTN which
; seems to be compatible with TWO LINES HITACHI LCD display, exept
; that it has only 8 characters in 1 line.

; The counter uses internal prescaler of PIC as low byte of counter,
; TMRO as middle byte and some register as high byte of counter.

; Some ideas were taken from "Simple low-cost digital frequency meter

3 using a PIC 16C54" (frgmeter.asm)

7 written by James Hutchby, MadLab Ltd. 1996
; LCD interfacing was taken from AN587 and mainly from LCD.ASM written

; by Peter Ouwehand.

; This software is free for private usage. It was created for HAM radio
; community members. Commercial exploatation is allowed only with permission
; of authors.



; The measuring period is 100 000 us.
; Procesor cycle is T = 4/fx [us,MHz], fx is Xtal frequency

; Number of procesor cycles per measuring period:

e

N =

N

The

100 000/T procesor cycles
fx x 100 000/4 = 25 000 x fx

main steps of measuring period:

decode 3-byte value into 7 decimal numbers,
decode decimal value of digit to chars,

set decimal point if needed,

output to PORTB (LCD),

start measurement,

test TMRO overflow bite, if YES increase TimerH,
goto 5 until measuring period is done,

stop measurement,

shift out precounter content,

. Add/substract RF according signal from optocoupler,

P OWoOoJoyO0 s WN -

goto 1

; Total timing formula:

.
’

; N =25 000 x fosc[MHz]

; Example:

; N =25 000 x 4
; N =25 000 x fx

Index
Count
Help

LEDO
LED1
LED2
LED3
LED4
LED5
LEDG6

LCD_ TEMP
TimerH
LowB
MidB
HigB

TEMP
HIndex

fosc

= 4 MHz

= 100 000

= ((9*T1+4) *T2+4) *T3+1+ (9+4X) *T4+6

equ 0Ch ; dummy register

equ 0Dh ; inkremental register

equ OEh ; dummy register

equ OFh

equ 010h

equ 011h

equ 012h

equ 013h

equ 014h

equ 015h

equ 0léh ; LCD subroutines internal use
equ 017h ; the highest byte of SW counter
equ 018h ; low byte of resulted frequency
equ 019h ; middle byte of resulted frequency
equ 01Ah ; high byte of resulted frequency
equ 01Bh ; temporary register

equ 01Ch ; index register

BRCOLA DE EMGENHARIA
BIBLIOTECA



LEDIndex

R1
R2
R3

; FREQ
DELAY15

LINEO
LINE1

Tl
T2
T3
T4

Start

equ

equ
equ
equ

EQU
EQU

equ
equ

equ
equ
equ

clrf
clrf
clrf
clrf
clrf

clrf
clrf

clrf
clrf
clrf
clrf
clrf
clrf
clrf

clrf
clrf
clrf

bsf

movlw
movwf

movlw
movwft
bsf

01Dh ;

01Eh ;
01Fh
020h

.4196 ;

.19 ;

040h

STATUS
INTCON
PCLATH
PORTA
PORTB

Index
LEDIndex

LEDO
LED1
LED2
LED3
LED4
LEDS
LED6

LowB
MidB
HigB

STATUS, RPO

b'00010000" ;
TRISA ;

b'00000000" ;
TRISB

LED pointer

Timing counters

Xtal frequency in kHz
(HIGH((4000/FREQ) *15000/770)) +1

PORTA bits

LCD Enable control line

LCD Read/Write control line

LCD Register-Select control line

timing loop values

must be from 1 to 255!!!
first timing loop

second timing loop

third timing loop

last timing loop

values for 4 194 kHz Xtal

; Do initialization, Select bank 0
; Clear int-flags, Disable interrupts
;7 Keep in lower 2KByte
; ALL PORT output should output Low.

RAO..RA3 outputs
RA4 input

RBO..RB7 outputs

OPTION_ REG,NOT RBPU



ICycle

clrwdt
movlw
movwf
bcft

clrf

movlw
movwf
clrf

decfsz
goto
decfsz
goto

movlw
call

. movlw

call

movlw
call

movlw
call

movlw
call

goto

; Disable PORTB pull-ups
b'10100111" ; Prescaler -> TMRO,
OPTION REG ; 1:256, rising edge
STATUS,RPO ;
; Initilize LC-Display Module
; Busy-flag is not yet valid

PORTA ; ALL PORT output should output Low.
DELAY15 ; Wait for 15ms for LCD to get powered up
R1
R2
R2,F
LCycle ; 3*256
R1,F ; 3*256+1
LCycle ; (3*256+2) *R1=770*R1 in procesor cycles

B'00111000"' ; 8-bit-interface, 2-lines

PutCMD

B'00001000" ; disp.off, curs.off, no-blink

PutCMD

1 ; LCD clear

PutCMD
B'00001100' ; disp.on, curs.off

PutCMD

B'00000110" ; auto-inc (shift-cursor)

PutCMD
Go

;*************************‘k**********************************************

; LCD Module Subroutines

'-***'k********************************************************************

; Busy: Returns when LCD busy-flag is inactive

; PORTA returns as RAO..RA2 output, RA3,RA4 input
; PORTB returns as full output

[ —

bsf

movlw
movwf

movlw
movwf

bcf
bcf
bsf
bsf

movft

bcf

STATUS,RP0 ; Select Register page 1

OFFh ; Set PORTB for input
TRISB
b'00011000" ; PORTA should be set RAQ..RA2 output
TRISA ; RA3,RA4 input
STATUS,RPO ; Select Register page 0
PORTA, RS ; Set LCD for command mode
PORTA,R W ; Setup to read busy flag
PORTA, E ; LCD E-line High
PORTB, W ; Read busy flag + DDram address

PORTA, E ; LCD E-line Low



andlw 080h ; Check Busy flag, High = Busy
btfss STATUS, Z

goto Busy

bcf PORTA,R W
bsf STATUS,RPO -; Select Register page 1
movlw 0
movwt TRISB ; Set PORTB for output
bcf STATUS,RP0 ; Select Register page O
return

; PUTCHAR Sends character to LCD, Required character must be in W

PutCHAR
movwf LCD TEMP ; Character to be sent is from W saved
call Busy ; Wait for LCD to be ready
; Busy routine sets PORTA&PORTB adequately
bcf PORTA,R W ; Set LCD in read mode
bsf PORTA, RS ; Set LCD in data mode
bsf PORTA, E ; LCD E-line High
movf LCD TEMP,W ; Restore character into W
movwf PORTB ; Send data to LCD
bcf PORTA, E ; LCD E-line Low
return
; PutCMD Sends command to LCD, Required command must be in W
PutCMD

movwf LCD TEMP ; Command to be sent is from W saved

call Busy ; Wait for LCD to be ready
; Busy routine sets PORTA&PORTB adequately
bcf PORTA,R W ; Set LCD in read mode
bcf PORTA, RS ; Set LCD in command mode
bsf PORTA, E ; LCD E-line High

movf LCD TEMP,W

movwf PORTB ; Send data to ILCD

becf PORTA, E ; LCD E-line Low
return

,-***************‘k********************************************************

; End of

LCD Module Subroutines

;************************************************************************

; Numeric routines

; 3 byte
; result

substraction of the constant from the table which sets carry if
is negative

clrf TEMP ; it will TEMPorary save C

movf Index, W ; pointer to low byte of constant
movwft HIndex ; W —=> HIndex

call DecTable ; W returned with low byte of constant
bsf STATUS, C ; set C

subwf LowB, F ; LowB - W -> LowB

; 1if underflow -> C=0



btfsc STATUS, C

goto Stepl
bsf STATUS, C
movlw 1
subwf MidB, F ; decrement MidB
; 1f underflow -> C=0

btfsc STATUS, C
goto Stepl
bsf STATUS, C
movlw 1
subwf HigB, F ; decrement HigB
btfsc STATUS, C ; if underflow -> C=0
goto Stepl
bsf TEMP, C ; set C

Stepl decf HIndex, F
movf HIndex, W ; pointer to middle byte of const
call DecTable
bsf ) STATUS, C
subwf MidB, F ; MidB - W -> MidB
btfsc STATUS, C ; 1f underflow -> C=0
goto Step2
bsf STATUS, C
movlw 1
subwf HigB, 1 ; decrement HigB
btfsc STATUS, C ; i1f underflow -> C=0
goto Step2
bsf TEMP, C ; set C

Step2 decft HIndex, F
movf HIndex, W ; pointer to middle byte of constatnt
call DecTable
bsf STATUS, C
subwf HigB, F ; HigB - W -> HigB
btfsc STATUS, C ; 1f underflow -> C=0
goto ClearCF
bsf STATUS, C
goto SubEnd

ClearCF rrf TEMP, C ; C => STATUS

SubEnd retlw 0

; 3 byte addition of the constant from the table which sets carry if
; result overflows

Addc24 clrf TEMP ; register for TEMPorary storage of C
movf Index, W ; pointer to lower byte of const into W
movwft HIndex ; save it into HIndex
call DecTable ; W contains low byte of const
bcf STATUS, C ; clear C
addwf LowB, 1 ; W + LowB -> LowB
btfss STATUS, C ; test overflow
goto Add?2
bcf STATUS, C ; clear C
movlw 1
addwf MidB, F ; increment MidB
btfss STATUS, C
goto Add?2

bcf STATUS, C



movlw 1

addwf HigB,F ; increment HigB
btfss STATUS, C ; test overflow
goto Add2
bsf TEMP, C ; store C
Add2 decf HIndex, F ; pointer to middle byte into W
movf HIndex, W
call DecTable
bcf STATUS, C
addwf MidB, 1 ; W + MidB -> MidB
btfss STATUS, C
goto Add3
bef STATUS, C ; clear C
movlw 1
addwf HigB, 1 ; increment HigB
btfss STATUS, C
goto Add3
bsf TEMP, C
Add3 decft HIndex, F ; pointer to higher byte into W
movf HIndex, W
call DecTable
bsf STATUS, C
addwf HigB, F ; W + HigB -> HigB,
btfss STATUS, C
goto ClarxCF
bsf STATUS, C
goto AddEnd
ClarCF rrf TEMP, C ; C —> STATUS
AddEnd retlw 0

DecTable addwf PCL, F ; W + PCL -> PCL
retlw 0 ; 10
retlw 0 ;
retlw 0Ah ;
retlw 0 ; 100
retlw 0 H
retlw 064h ;
retlw 0 ;1 000
retlw 03h ;
retlw OE8h ;
retlw 0 ; 10 000
retlw 027h H
retlw 010h ;
retlw 01lh ; 100 000
retlw 086h H
retlw 0AOh ;
retlw OFh ; 1 000 000
retlw 042h :

retlw 040h x



; Table for RF shift - it is needed in the case of digiscale
;7 Example: 10.7 MHz is set as 1 070 000 = 10 53 BO hex
; Note: direct definition using compiler directive is possible too...

MFTable addwf PCL, F
retlw 010h
retlw 053h
retlw 0BOh

,-************************************************************************

; Entry point for main cycle
,-************************************************************************

Go
movlw 6*3-1 ; pointer to dec. table
movwf Index ; 6*3-1 -> Index
movlw 9 ; maximum of substractions
movwf Count ;9 => Count
clrf Help
movlw 6
movwf LEDIndex
Divide call Subc24 ; substract untill result is negative,
btfsc STATUS, C ; add last substracted number
goto Add24 ; next digit
incf Help, F
decf Count, F
btfss STATUS, Z
goto Divide
movlw 3
subwf Index, F
goto Next
Add24 call Addc24
movlw 03h
subwf Index, F
Next movlw 9
movwf Count
movlw LED1 ; LED1 -> W
addwf LEDIndex,W ; LED1l 4+ LEDIndex -> W
movwf TEMP
decft TEMP, F ; LEDIndex+LEDl1-1 -> TEMP
movf TEMP, W
movwf FSR ; W —=> FSR
movf Help, W ; Help -> W
clrf Help ; save result at LEDx
movwf INDF ; W -> LED(6..1)
decf LEDIndex, F
movliw 1

EBOOLA DE ENGENHARIA
BIBLIOTECA



[ —

Index,W
STATUS, Z
Divide

LowB, W
LEDO ; the rest -> LEDO

LEDCycle

NoDot

movlw
addwf

movwf
movf

iorlw
call

movlw
bsf
subwf
btfss
goto
movlw
call

decfsz
goto

movlw
addwf

movwf
movf

iorlw
call

movliw
iorlw
call

movlw
call
movlw
call
movlw
call
movlw
call

LEDIndex

LINEO
080h ; Position cursor leftmost on first line
PutCMD

LEDO ; LEDO -> W
LEDIndex,W ; LEDl + LEDIndex -> W

FSR ; W -> FSR

INDF, W ; LED(0..6) -> W

030h

PutCHAR ; Display character

5 ; test for decimal point
STATUS, 2

LEDIndex, W

STATUS, Z

NoDot

v ; this can be ' " or ',' ......
PutCHAR ; Display character
LEDIndex, F

LEDCycle ; continue with next number
LEDO ; LEDO -> W

LEDIndex,W ; LEDO + LEDIndex -> W

FSR ; W => FSR

INDF, W ; [FSR] -> W

030h

PutCHAR ; Display character

LINE1 ; continue at right half of display
080h ; Function set
PutCMD ; Position cursor leftmost on first line

1 1

PutCHAR ; Display character

'Ml

PutCHAR ; Display character

IHI

PutCHAR ; Display character

IZI
PutCHAR ; Display character



movlw LINEO
iorlw 080h ; Function set
call PutCMD

clrf TimerH

clrf TMRO

nop ; it is SUGGESTED...

nop

clrf LEDIndex

movlw T1 ; set initial counter values
movwf R1

movlw T2

movwf R2

movliw T3

movwf R3

clrf INTCON ; global INT disable, TMRO INT disable

; clear TMRO overflow bite

movlw b'00010000"' ; all ports set L, RA4 set H
movwi PORTA

bsf STATUS, RPO :

movlw b'00011111" ; RAO..RA4 input

movwf TRISA

bcf STATUS, RPO

Cycle
btfss INTCON,2 ; 1 Test for TMRO overflow
goto Nothing ; 3
incf TimerH,F ; 3
bcf INTCON,2 ; 4
goto Nxt ; 6
Nothing
nop ;4
nop ;5
nop ;6
Nxt
decfsz R1,F s 7
goto Cycle § 9
movlw T1 ; 9*T1
movwt R1 ; 9*T1+1
decfsz R2,F ; 9*T1+2
goto Cycle ; 9*T1+4
movlw T2 ; (9*T1+4) *T2

movwf R2 ;(9*T1+4)*T2+1



decfsz R3, F ; (9*T1+4) *T242
goto Cycle 2 (9*%T1+4) *T2+4
; ((9*T1+4)*T2+4)*T3-1

; movliw 1
2 movwf Help
;CCC
; decfsz Help, F
; goto CCC
nop ; ((9*T1+4)*T2+4) *T3

movlw T4 ; ((9*T1+4)*T2+4) *T3
movwf Help ;((9*T1+4)*T2+4) *T3+1
Cycle? :
btfss INTCON, 2 ;A
goto Not2Do ; 3
incf TimerH, F ;3
bcf INTCON, 2 ; 4
goto Nx ;6
Not2Do
nop ;4
nop iP5
nop ;6
Nx
; nop ; fine tuning nops
; nop
; nop
decfsz Help, F ;o 7+X
goto Cycle2 ; 9+X
; Stop the measurement
clrw ;7 (9+X) *T4
movwt PORTB ;1
movlw b'00010000" ; 2 RAO..RA3 =0
movwf PORTA ;3 W -> PORTA
bsf STATUS,RPO ; 4
movlw b'00010111" ; 5 RA3 output
movwf TRISA ;6 RAO..RA2,RA4 input
bef STATUS,RPO ;

movf TMRO, W
movwt MidB ; TMRO -> MidB

movf TimerH, W



movwf HigB ; TimerH -> HigB

clrf TEMP
CountIt
incf TEMP, F
bsf PORTA, 3 ; _| false impulz
bcf PORTA, 3 ; |
bcf INTCON, 2
movf TMRO, W ; actual TMRO -> W
bcf STATUS, Z
subwf MidB, W
btfsc STATUS, Z
goto CountIt
incf TEMP, F
comf TEMP, F
incf TEMP, F
incf TEMP, W
movwf LowB

; Frequency shift according value on RBO pin
; Both routines are simplified Subc24 and Addc24 routines

movlw b'00010000"

movwf PORTA

bsf STATUS, RPO

movlw b'00000100" ; set RA2 as input

movwf TRISA

bcf STATUS, RPO

btfss PORTA, E

goto SubMF

goto MFAdd
SubMF

clrf TEMP

movlw 2

call MFTable

bsf STATUS, C

subwf LowB, F

btfsc STATUS, C

goto S1

bsf STATUS, C

movlw 1

subwf MidB, F

btfsc STATUS, C

goto S1

bsf STATUS, C

movlw 1

subwf HigB, F

btfsc STATUS, C

goto Sl

bsf TEMP, C



Sl

CCT

zZero

MFAdd

AddMF2

movlw
call
bsf
subwf

btfsc
goto
bsf
movlw
subwf

btfsc
goto
bsf

clrw
call
bsf
subwf

btfsc
goto
goto

btfss
goto

clrf
clrf
clrf
goto

clrf
movlw
call
bcf
addwf
btfss
goto
becf
movlw
addwf
btfss
goto
becf
movlw
addwf
btfss
goto
bsf

movlw
call
bcf
addwf
btfss
goto
bcf
movlilw
addwf

1
MFTable
STATUS, C
MidB, 1

STATUS, C
S2
STATUS, C
1

HigB, F

STATUS, C
S2
TEMP, C

MFTable
STATUS, C
HigB, 1

STATUS, C
CCT
zZero

TEMP, C
ToMFEnd

LowB
MidB
HigB
ToMFEnd

TEMP

2
MFTable
STATUS, C
LowB, F
STATUS, C
AddMF2
STATUS, C
1

MidB, F
STATUS, C
AddMF2
STATUS, C
1

HigB, F
STATUS, C
AddMF2
TEMP, C

1
MFTable
STATUS, C
MidB, F
STATUS, C
AddMF3
STATUS, C
1

HigB, F



btfss STATUS, C

goto AddMF3
bsf TEMP, C
AddMF3
clrw
call MFTable
addwf HigB, F
ToMFEnd
goto Go ; start new cycle - line 434
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Compilado por

Prof. A. Junqueira
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A maior parte do material PIC e deste CD estd disponivel em:

http://www.lapsi.eletro.ufrgs.br/Disciplinas/ENG-SemAcad-PIC/

Veja também material adicional em:

http://www.lapsi.eletro.ufrgs.br/Disciplinas/ENG04475/ (Microprocessadores)

http://www.lapsi.eletro.ufrgs.br/Disciplinas/ENG ELETRICA/ (diversos...)
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