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Introduktion

Til radioamatgrformal anvendes
microcontrollere ofte

VI har tidligere haft et teoretisk foredrag
Manglet praktisk indgangsvinkel

AVR Introduceret og brugt, men PIC
bruges stadig mange steder
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PIC-familien

Microchip

WWW.Mmicrochip.com

PIC10, PIC12, PIC14, PIC16, PIC17, PIC18,
PI1C24

6, 8, 14, 18, 20, 28, 40, 44, 64, 80, 100 pins

www.microchip.com/stellent/idcplg?ldcService=S
S GET PAGE&nodeld=74

F.eks. Microchip PIC16-familien

www.microchip.com/ParamChartSearch/chart.aspx?bran
chID=1002&mid=10&lang=en&pageld=74
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PIC16C84, PIC16F384

Features
18 pins
13 1/O pins
Program memory: 1024 bytes
RAM: 68 bytes

PIC16C384

Meget brugt
Produceres dog ikke laengere

PIC16F84
Minder om PIC16C84

H_.'.'..E —— E #
RAY =—[]2
RALTOCK =—=[]2

MCLE —=[]

Voz—= [ 5
SEOINT =—=[] €
REY =[] 7
RE2 =[] &

RE3 =—=[] 2

Yred9l 2ld

et

—_ g s I

120 ]=—= RAi

17 =—= RAD

18 [] =— OSC1/CLEIN
15 []—= QSCACLKOUT

(] =—"ao
[ | =—=RET
[ ]=— =E6

11 []=—=RES
10 == RB4

Produceres stadig, men er pa vej ud

Forholdsvis dyr
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PIC16F628

Anbefalet frem for PIC16F84

Features:
18 pins
16 1/0
Indbygget 4 MHz oscillator

Program memory: 2048 bytes
RAM: 128 bytes

Billigere og nyere end PIC16F84

http://www.microchip.com/stellent/idcplg?ldcService=SS
GET PAGE&nodeld=1335&dDocName=en010210
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PIC16F628

Pin-layout

FAaZiaNIVrer —
FAZANICMP] —

RASTOCKICMPL

RASMCLRVer

e ——
| |

RED/INT +—
RE1/FXDT +—=
REZTXICH -—

REICCH] -—=

PIC18F82TA/SZBAMIE A

13
17

1d

14
13
12

11
10

Jo— RATIANT

Ja—= RADAND
Je— RATIOSC1CLKIN

:I-—- RABIOSC2ICLKOUT
}7 Voo
]-H RETTI0SIPGED

[«+— RBET10S0TICKIPGE
[+— RE5

4+ = RB4PGM

Slide 7



Block

diagram

13 4 B
Daia Bus
::’?' Program Counter |<:':, =
Flash U
Program
Mermaony =
B-Level Stack i
e File
113-bit) Registers
Program 44 4 o
Bus RAM Addr (1) o FORTA
itk
S Bddr MU
Instruction Reg _ —
Direct Addr 7 ‘]|' ndirect || || -
g . Status Reg 77—
7 .||: 'L{!f
k|
Fower-up o MUK / PORTE
Wb Tirmer =l '-.l'_!r
Instruction COiscilator -
Decode & FF=- | Start-up Timer , :LLI HI
Zontral — R S
oWEr-0n
Reset B ot
Timing |4 ‘Watchdog . -
E‘f::h' Generation - Tirmer m
DSCHCLEIM Bircawm-cut
QSCHCLEOUT =
Low-Yoltage
Frogramming
MCLR Voo, Waa
EG'TIFIGF-E'.I:IF Tirmerld Timeri Tirmer2
£ .-’T N i)
[ | | i
| I 4
v v i

Pl
L]

USART

Data EEPROM

0

RADAND

RA1TIAN1
RAZIAN2VREs
RAIANIITMP
RAHTOCK/CMP2
RASMCLRVES
RABIOSC2/CLKOUT
RATIOSC1ICLKIN

REMIMNT

REB1RXDT

REHTXICK

RECCP1

RB4APGM

RBS
RBE&M10SCHTICKIPGC
RETT105WPGD



Udviklingsveerktgjer

Mulighed 1:

Ren tekst (Notepad kan bruges, eller faerdige programmer hentes)
Kraever compiler (MPASMWIN)

Mulighed 2:
Integreret udviklingsmiljg (IDE): MPLAB
Gratis (Microchip)
Assembler og C
Compiler, simulator, debugger
Link:
www.microchip.com/stellent/idcplg?ldcService=SS GET PAGE&n
odeld=1406&dDocName=en019469&part=SW007002
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Udviklingsprocessen

Kodning i MPLAB

MPLAB IDE M= B
Ele Prowct £d Debug

ynur name

rided..
ishifts LEBs bo Ehe LeFt in a kndght ridee-like aisplay

Mst  petdfee
radix

: assign labels te registers
porth  equ  Gweh

hift e R
mcount equ Rdd
ncount equ  wbe

start program at address o
start  mwlu 20 A s

each all oF porth to be sutputs

inain progran

again | meb shift,
portn
Pause
v snift,
gots  again

i
£

e1ay
te bits im shiFt one te the left
sep contineesiy

S| wE ot NS OIS el e epdee B O S MHe L

Programmering vha. PIC16PRO-
boardet med PICALLW

PICALL/P16PRO PIC-AVR-5X-24CX</PIC Programmer T B

Help

Eile Edit Action Settings

£1%% 2%% 0l

[P16PRO_ =] [MICROCHIP

=] [PicisFs4 =]

Piogram Memory

0818: 3FFF 3FFF 3FFF
8820: 3FFF 3FFF 3FFF
08828: 3FFF 3FFF 3FFF

BA0B: 3FFF 3FFF SFFF FFF 3FFF 3FFF 8FFF <] [ white/Read Program

0008: 3FFF 3FFF SFFF 3FFF 3FFF 3FFF SFFF % Wiite Config.#Prot.

8010: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF i ]
3FFF 3FFF 3FFF 3FFF anih. helofe prog
FFF 3FFF 3FFF 3FFF ¥ Werily after program.
3FFF 3FFF 3FFF 3FFF ¥ Wite/fiead Data

8p38: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF

8638: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF e Bl T e

BBuA: 3FFF 3FFF SFFF 3FFF 3FFF 3FFF SFFF Start Prog.

00ug: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF End Prog.

8050: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF

0658: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF <Y

0060: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF Fuse/Prot.

®B68: IFFF 3FFF 3FFF 3FFF SFFF 3FFF 3FFF

8p78: 3FFF 3FFF_3FFF_3FFF_SFFF_3FFF_3FFF -

Data Memary " 1sp

BABA: FF FF FF FF FF FF FF FF . .

BARE: FF FF FF FF FF FF FF FF . .

8818: FF FF FF FF FF FF FF FF . .

0018 FF FF FF FF FF FF FF FF . .

8020: FF FF FF FF FF FF FF FF . .

6028 FF FF FF FF FF FF FF FF . .

F3 FACHLS  F5 6 F7 F8 Fa Flo
Config Program Verify Read BlankCh. | ProgConf. Erase Clear Buf. Exit

Destinationsprint
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Programmeringssprog

Assembler
C
Basic
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Assembler

35 Instruktioner

Fordele
Effektivt, hurtig eksekvering

Ulemper
Langsom udvikling, stor fejlrisiko

Slide 12



1. Skriv koden

A MPLAB IDE v7.30

File Edit Wew Project Debugger Programmer  Tools  Configure  Window  Help

D & B S#A?| oD@ & @ | Checksum: Dxdab |

I D:\Data\Microcontroller\PIC\Programmeritut1_1\tut1_1.asm : §| [E|

;Tutorial 1.1 - MNigel Goodwin Z00Z
LIZT p=16F&z8 ;£ell assewhler what chip we are using
include "Pl&F&zZ8_inc" ;sinclude the defaults for the chip
__cnnfid Ox3013 ;sets the configuration settings (oscillator type et

.

org Ox0000 ;org sets the origin, 0x0000 for the 16F&zZE,
;sthis is where the program starts running
morl Ox07
CMCON ;turn comparators off (make it like a 1&F84)

STATUS, BEPO ;select bank 1
L'oooooooo! ;set PortE all outputs

Tekst-editor
(.asm fil)

BTATITE, ;select bank 0

;set all bits on

I PIC16FG2E Wil zdocc bank0 Lnd, Col 13
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Mnemonic L 14-Hit Dpcode Status
! Diescription Cycles Notes
Operands MSh Lgp | Affected
BYTE-ORIENTED FILE REGISTER OPERATIONS

ALDHE f, d Sdd W and f 1 oa 0111 arfr rrrr |CDCE 1,2

ANDWE f, d AND W with £ 1 oo 0l01 Aaffr rLIff |Z 1,2

CLRF f Clear § 1 oo ooDl 1ffr frff |2 2

CLEW — Clear W 1 oa D001 daaMx x¥oE |2

COME f.d Complement f 1 i} 1001 affe fofe | £ 1,2

LECF f, d Decrement f L oa 001l Affr rrff |Z 1,2
35 DECFSE f.d |Decrementf, Skipif D 102 oo 1011 Afff Crer 1,2, 3

INCF f.d Inerement f 1 [ali] 1010 Aafee feer (2 1,2
. INCPSE f.d |Increment f. Skip if O 1(2) o0 1111 Arfr Crer 1,23
I n Stru k- ICEWFE f, d Inclusive COR W with f 1 0a o100 Affe rfrff |Z 1,2

MOVFE f, d Mowe f L oo Affs rrrr |£ 1,2
tioner MOWWE f Mowe W to f : E:I '_'___' 1ffr EEEI

Ll = — Mo Opsration o0 0000 0xx0 0000

RLF f.d Rotate Left f through Carry 1 (1] 11201 afee feee |C 1,2

REF f, d Rotate Right T through Camy 1 oa 1100 afft rrff |C 1,2

STUENFE f, d Subtract W from f L oo 0010 arfr rrrr |CDCZ 1,2

SWAPF f.d Swap nibbles in f 1 i} 1110 afff frfr 1, 2

TLORWE f, d Exclusive OR W with f 1 oo 0110 Aafft rIff |Z 1,2

BIT-CRIENTED FILE REGISTER GPERATIONS

BZE f.b Bit Clear f 1 01 o0o0bb bBLfff f£Iff 1,2

BSF f.b Bit Setf L o1 Olbb bBLff fL£Lffrf 1,2

BTFEC f.b | Bit Testf. Skip if Clear 1(2) 01 1l0bb bCLE CLLE 3

BTFSS f.b | Bit Testf, Skip if Set 102 01 1llbb LELEf CLfr 3

LITERAL AND CONTROL OPERATIONS

ADDLW k Add literal and W 1 11 111x kkkk Ekkk |C0CZ

ANDLW k AND literal with W 1 11 1001 KKKk KKk |Z

CALL k Call subroutine 2 1a Okkk kkkk kkkk

CLRWDT — | Clear Watchdog Timer 1 o0 0000 0110 o100 |TOPD

0T k 30 to address 2 1a 1kkk kKkkk Ekkk

LORLA k Inclusive OR literal with W 1 11 1000 KKKK KKKk |Z

MOVLW k Mowve literal to W 1 11 00X kkkk kKkkk

RETFIE — Return fram intermupt 2 o0 0000 0000 1001

RETLW k Return with literal in W 2 11 0lxx KkKkkk kKkkk

RETURH — Returm from Subrowtine 2 oa Qo00 4000 1040

SLEEP — | Gointo Standby mode 1 o0 0000 0110 0011 |TOFPD

SUBLW k Subtract W from litera 1 11 110x kkkk kkkk (CDCZ

HORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk (2




Kode-strukturen

c:hZprogra™1implabApicl_asm

;HORTH
:turn the fFirst 4 LEDs on
list p=16fBL
radix hex
= equate port B to 8x86 register
portb equ Bx 86
org ex 000
start mouluw a=x88 :load W with 8x88
tris porth ;copy W tristate into, making port B outputs
mouluw A= af :load W with B8=8f
mouwf porth ;load port B with contents of W
circle goto circle ;done
end
Data-felt Kommentarer
(startes med ;)
Instruktioner
Label-felt
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2. " Assemble” (kompiler) koden

» MPLAB IDE v7.30

File Edit Wiew Project Debugger Programmer Tools  Configure  Window  Help

e —

= : | Checksum: Dx4aib
D:)

l [ B OQutput

| Build | Yersion Contral | Find in Files |

Clean: Deleting intermediary and output files.

Clean: Done.

Executing: "CAFrogram Files\MicrochipFASM Suite\MMPAsmWin exe" /o /p1BFEZE "utl _1.asm" /
hMessage[302] DADATAWICROCONTROLLER\RICWPROGRAMMERNTUTT _INTUTT_1.ASM 13 F
tMessage[302] DADATAMWICROCONTROLLER\PICA\FROGRAMMERYTUTT _TWTUTT _1.ASM14: F
Loaded DhData\MicrocantrolledFICWrogrammeriut] _14utl _1.C00.

BUILD SUCCEEDED: Tue Feh 14 22:34:34 2006

PIC16F&2E W20 zdcc banl, 0
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Objektfil

oi=1E3

# MPLAB IDE v7.30 - [D:\Data\Microcontroller\PIC\Programmertut1_1\ut1_1.Ist]

:| File Edit Wew Project Debugger Programmer Tools Configure  Window  Help = ¢
0O = = b 7 o o | & Checksum: 0x4afb
_LVP_OFF QO00ZF7F —
_LVP_ON O0003FFF ﬁ
_MCLRE OFF QO00ZFDF
_NMCLRE_ON O0003FFF
_DPWRTE OFF O0D0ZFFF
_PFURTE_ON OO0003FF7
_WDT_OFF O0D0ZFFE
_WDT_0ON OO0003FFF
_HWT_0&C 00003 FED
_ 1&FgEs 00000001
MpasM E5.01 TUT1_1.A5H 2-14-Z00& EE:34:34 PAGE &

MEMORY TEZAGCE MAD ('X' = Used, == Umased) I I' f'I
ASt (list) 11

211 other memory blocks unused.

1&

Program Memory Words T=sed:
Program Memory Words Free:

Errors

WMarnings - 0 reported, 0 suppresse=d
Messages - Z reported, 0 suppressed W
< | k4
I PIC16FE2S W zdcc bank 0  Ln 225, Col 1 NS Wh
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Hex-fil (som senere overfgres til kredsen)

 MPLAB IDE v7.30
Fil=  Edit

 DSH|ima | ST 1 hex fil
B D;\Data\Microcontroller\PIC\Programmeritut_1Mut1_1.Ist E| |E| |3| :

B D:\Data\Microcontroller\PIC\ProgrammerMut1_1%ut1_1.HEX g@ V
=

Wigw Project  Debuoger  Programmer  Tools  Configure  Window  Help

t0EZ0000040000FA
1000000007203 F0023316002026002500821EZFF308E
slo0oolooo250026000000000000202500860007286E
t0Z400E001232DER
t00000001FF

Wilinexe" fq /p1BFBZE

ARARERNTLUTT 1N TLIT

- PMMERNTUTI_TATUT =
n.cob.

211 other mewmory blocks unased.

0z
|0l assembler what chip we ar:
Drmcrram Mamwmorsrs TTavds TTead- 14 ——
Il | < | 5 luade the defaults for the cl
— < — — the configuration setting:
org Ox0000 ;org sets the origin, 0x0000 for
thds ds rmhara Fhe mracran ot arieel
| ¥

I PIC16FG23 i3 01 zdcc bank 0 | Ln6&, Call INS  WER : Slide 18




3. Download til kredsen

Vha. PIC16PRO-boardet og PICALLW-softwaren

PICALL/P16PRO PIC-AVR-SX-24CXX/PIC Programmer,

X

File Edit Ackion  Settings  Help

BBy B PBB3 B3 @)  [mePro -] [MicrochiP -] [Pici6Fe2s ~]
Program: D:\Data\MicrocontrollerA\PIC\Programmeritut1_T4%tut1_1 HEX ~ :RED - FREEWARE
g8808: 3087 BB9F 1683 3000 0886 00885 1283 3IO0FF NEN NEN. ~ v Erase before program.
G868 : B85 BO8G BOGG BOGE 30008 BESS G686 2867 NN NEN  BlankCh. before prog.
8818: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF _______. :
8618: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ........ ] e
@020: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ... ..... ¥ Wiite/Read Data
@828: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF _______. W Verify after program.
@838: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF _______. ¥ White Config./Prot.
@838: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ........
@848: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ........ Sl S
8848: 3IFFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF _____ ... End Prog.
@858: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ___ ... ..

8058: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ........ SN/ID
8068: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ... ..... Fuse/Prot.
@868: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF _______.

@878: 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF 3FFF ... ... .. v
Data Memory [ ISP

@888: FF FF FF FF FF FF FF FF  ........ ~

@888: FF FF FF FF FF FF FF FF ........

8818: FF FF FF FF FF FF FF FF _____._..

@818: FF FF FF FF FF FF FF FF  _______.

8828: FF FF FF FF FF FF FF FF _____._..

@828: FF FF FF FF FF FF FF FF _....... v

F3 F4 Ctil+5 F5 F& F7 F8 F9 F10
Config Program | Yerify Read BlankCh. | ProgConf. Eraze Clear Buf. E xit

Valgt PIC-kreds

Hvor den skal sidde
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Fordele

Hurtigere udvikling, mere overblik,
kan struktureres mere logisk

Ulempe
Langsommere eksekvering
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Eksempel pa C-kode

#include <pic.h>

#define PORTBIT(adr, bit) ((unsigned)(&adr)*8+(bit))
static bit button @ PORTBIT(PORTA, 1);

main(void)

{

unsigned i;
unsigned char j;

TRISB = 0; /*
3 =0;
for(::)
{
PORTB = 0x00; /*
for (i = 16000 ; —--1 ;)
continue;
PORTB = ~j; /*
for (i = 16000 ; -1 ;)
continue;
if (button == 0) /*
J++;
}

all bits output */

turn all on */

output value of j */

iT switch pressed,

increment */
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Basic

Programmering af PIC | BASIC-sproget

http://www.mikroelektronika.co.yu/english/produ
ct/books/picbasicbook/00.htm
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Programmer

Mange muligheder

OZ-programmer
Fordele: Simpel, billig

Ulemper: Afhaengig af PC-hastighed,
kun PIC16C84/PIC16F84

PIC16PRO

Fordele: Alsidig
Ulemper: Mere kompleks
Klubben har en liggende til medlemmernes brug

Slide 23



PIC16PRO

Print og schematics
www.picallw.com/pdf/pl6pro.pdf

Software (PICALLW)
http://picallw.com/zip/paw016.zip
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Projekter

PIC Tutorial
http://www.winpicprog.co.uk/pic_tutorial.ntm

Main board
LED board
LCD board
Switch board
ADC board

+ mange flere
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Andre nyttige links

Alt om microcontrollere
www.microcontroller.com

Demo-Tech (demo-boards mv.)
www.demotech.dk

OZ6HR’s projektside

www.0z6hr.dk
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Demonstration!

MPLAB
Nyt projekt
Ny .asm-fil, kopier kode fra PIC Tutorial
Kompilering (Build All)

Overfarsel til PIC-kredsen vha. PIC16PRO-
boardet og PICALLW-programmet

Demo pa "PIC Tutorial Main Board”
Simulation 1 MPLAB

Minimal udvikling
.asm-fil og MPASMWIN
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