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MicROCHIP Tools Requirement

Regional Training
Centers

e Software

— MPLAB X IDE v2.30 (Or New)

— MPLAB C Compiler C18 v3.40 Lite Mode (Or New)
e Hardware

— MPLAB PICKit 3

— APPO01/APPOO1T Rev.3 EVM

— MCU PIC18F4550-I/P
e Reference

— MPLAB C18 Compiler User’s Guide & Library

— APPOO1 Rev.3 User Manual

e You can download all at microchip Taiwan website.
— www.microchip.com.tw
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PIC18F Family Architecture
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R PIC18 Family %

MICROCHIP

Regional Training

o “ffig high performance of the PICmicro® microcontroller can be

attributed to the following architectural features:

— Harvard Architecture
— Instruction Pipelining
— Large Register File

— Single Cycle Instructions

— Single Word Instructions

— Long Word Instructions

— Reduced Instruction Set

— Orthogonal Instruction Set
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R\ PICmicro® B9ZE4&

MICROCHIP

Regional Training
Centers

Von Neumann (—f&MCU) ° e EICIENEW =S g%ﬁfﬁﬁf
AR HRE AT HGE R

Prooram - iR HIERMEE A BRI
'Memory Hl"ﬂﬁﬁﬁ
= 8.gits — ggﬁﬁm’ ZE 4SS EE M

Harvard (PIC Micro)

o {5 FE WA [E]HY B0 T 2= i B
/ﬁuwﬁ AR HUE S FHE

H
12/14/16-Bits Data ® FHEMCUR D EAAREEENE
Program Memory et B E R LR

Memory
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A PIC18F4520 ZE#El(—)

MICROCHIP

| Table Pointer<21> |

'

| inc/dec logic |

21

[PCU[PCH [ PCL]
Program Counter

0

31 Level Stack

Address Latch

Program Memory | STKPTR |
(16/32 Kbytes)

Data Latch

8

Tahle Latch

Data Bus<8>

Data Latch

Data Memory
(3.9 Kbytes )

Address Latch

12

T Y Y OYON

-~ DataAddress<12>

£l

ROM Latch
Instruction Bus <16>

Instruction State machine

Decode and control signals
Control

. .

FSRO
FSR1
FSRE2

[

Y

inciged
logic

Access
Bank

T

Address
Decode

12

¥ ¥ 7¥T¥ ¥ Y Yy~nw

YYyyYyrvYrvyvwyvyyvy

[PRODH| PRODL|
A A

RAD/AND

RA1/AN1
RAZIAMZAREF-ICVREF
RAANINREF+
RA4/TOCKICIOUT
RAS/ANASSHLVDINIC2O
osc2/cLKOBYRAR
OSC1/CLKIBYRAT

RBO/INTO/FLTO/ANT2
RB1/INT1/AN10
RB2/INT2/ANS
RB3/aNg/ccp2tY
RB4/KBIO/ANT1
RB5/KBI1/PGM
RBG/KBI2/IPGC
RB7/KBI3/PGD

RCOT10SOM13CKI
RC1/T108ICCeP2
RC2/CCP1/P1A
RC3/SCK/SCL
RC4/SDI/SDA
RC5/SDO
RCBTX/CK
RC7/RX/DT

© 2008 Microchip Technology Incorporated. All Rights Reserved.

Slide 6




]g{g

MICROCHIP

PIC18F4520 ZR#EE(Z)

osc1® DF—»
osc2i® X—»
T108 DX—»

T1080 [X—»
MCLR2 D—»

VoD, Vas D—»

Internal
Oscillator
Block

INTRC
Oscillator

8 MHz
Oscillator

Single-Supply
Programming

In-Circuit
Debugger

Power-up
Timer

Oscillator
Start-up Timer

Power-on
Reset

Watchdog
Timer

| 8x8 Multiply |

Brown-out
Reset

Fail-sSafe
Clock Monitor

Precision
Band Gap
Reference

Data
EEFROM

Timerd

Timer2

Comparator

EUSART

yyvyyd

RDOPSPO:RD4/PSP4
RDS/PSPO/F1B
RDG/PSPE/PIC
RO7/PSPFID

REQ/RD/ANS
RE1/AWR/ANS
REZ/CS/ANT
MCLR/PR/RE3
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A\ PIC18F4550 EA{Z# PIC18F4520
il Z%‘.‘?

Centers
' 5 BMI‘I; | PORTD
X ultiply
Voo, Vss X | : 3 8
nterna
: Power-u :
osc1@ e Oscilat Timer s 8 -<|RD5/SPPEP1B
osc2@ X Oscillator "R RDEISPPEPIC
s E;Z‘JEEW P Start-up Timer : -5 RD7/SPP7/P1D
E 8 MHz Power-on v
T1oso Oscillator Reset ALU<8>
Watchdog g
IcPGCH DX Single-Supply Timer l
IcPGDB @""‘ ngra.mm_lng Brg:;;ut PORTE
In-Circuit =] REDIANSICK1SPP
ICPORTS®ID—»{| Debugger Fail-Safe =] RE 1/ANGICK2SPP
Clock Monitor Band Ga +— X RE2/ANTIOESPP
TTRaT @ »> g P RELA
ICRST Reference MCLRVPRRE3M
MoR DX JSB Voltag
Regulator
VusB e
BOR Data _
HLVD EEFROM Timer( Timer1 Timer2 Timer3
Comparator ECCP1 CCP2 MSSP EUSART
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MICROCHIP

Regional Training

0sc2

OSC1

T10S0

T10SI

PIC18F4520 IRZE s

FI0

______

-

PIC18F2420/2520/4420/4520

LP, XT, HS, RC, EC._\

>

______

______

L

.;L—' 4 x PLL
: _ OSCTUNE=<6> — —\T\i

HSPLL, INTOSC/PLL

1Secondary Oscillator N T10SC | x¢ Peripherals
41 2 ! gE g
: — T10SCEN
| . Enable
.  Oscillator OSCCON<64> Internal Oscillator
. > CPU
OSCCON<6:4> . 8 MHZ_%ﬂJ\ | I
I T —oTo—
Internal . =110 |
Oscillator 2MHz ) | IDLEN
Block o 1 MHz Clock
8 MHz S =100 X Control
- -
Source Mz . S00kHZ 111 3 ]
nTRC || e 250kHZ |51 FOSC<3:0> OSCCON<1:0>
Source 125 kHz__ 001
T1 31 kHz Clock Source Option
31 kHz (INTRC) W for Other Modules

OSCTUNE<7>

WDT, PWRT, FSCM
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MICROCHIP

Regional Training
Center

R RAE

PIC18F2455/2550/4455/4550

—_—— e e e e e e e e e e e e e e e e e e e e e o e e e e e el o o

PLLDIY USE Clock Source

UsBDIY

96 MHz

E:;'

=101 | {4 MHz Input Only) 3
=14

= PLL L

PLL Prescaler

HSPLL, ECPLL,
ATPLL, ECRIO

PLL Postacaler

(5] s T
xT.hs EC.ECiO | |8 Y t-—------- . CPU
2 Primary
ks Clock IDLEN
.............. 18 FOSC3:FOSCD _
1 Secondary Dsmllator I [ - Peripherals
T1OSDE’ . . Cgf Tos2] 2 -
\ T10SCEN |
) Enable ,
T10S! E’_ Oscillator |
OSCCON<6:4= Internal Oscillator
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A PIC18 Family 47 5% 3=k % 4

MICROCHIP
Regional Training
Centers Reset Vector 000000h
o Ei_l%_\i ZMB ( 1 MW ) ﬁﬁ}ﬁﬁ:%??ﬁ High Priority Interrupt Vector 000008h
E/\J E 'E:—Et EEl’ % E. I FEﬁ Low Priority Interrupt Vector 000018h
On-chip Program Memory
21-bit Program Counter —
Stack Level 1 007EFER
Stack Level 2 008000N
Stack Level 30
Stack Level 31

Unimplemented
31 Level Stack Program Memory
(Read as ‘0’)

1FFFFEh
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R\ Data Memory Organization

MICROCHIP

R enidata Memory B K TE i 22 E3E

4k bytes

e AILAMERABERE TR
FEUEZE®E Instruction

words)

o 1AL 256 byte BE{, A
bank B 77 3\ 2R E 4t Data
Memory(= & — 1B Instruction
word BEEfL S BSR E1F:9)

e bank 0 BYBTEXZB10 EE bank 15
& RS0 #E S K — {45 5k
A9 bank(Access Bank). TE4F7E
BT AHIEEMEA Access Bank
R, 5@ BSR IE R E &S
Access it bank !

000h
07Fh

080h
OFFh

100h

1FFh
200h

2FFh

DOOh

DFFh
EOOh

EFFh
FOOh
F7Fh

F80h
FFFh

Access RAM

PIC18F8F2520/4520

Bank 0 GPR

Bank 1
GPR

Bank 2
GPR

Bank 13
GPR

Bank 14
GPR

Bank 15 GPR

Access SFR

Register File Map

Access Bank

Access RAM

Access SFR

256 Bytes

00h
7Fh

80h
FFh
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N

Development Tools
MPLAB IDE & MPLAB X IDE
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Mncpﬁ'\cmp MPLAB® IDE

Regional Training
Centers

e MicrochipiR VB S NFARIRE, TES R F8-Bits, 16-Bits &
32-BitsBIMCU, FTBERIMCUEB A E BB RVIRIERHEEE, Bl
RETI RS 2&v8.92,

o MEESENMIEZFE/MRZZZ(MPLABC, Hi-TECH C, etc.),FAZ T
B (PICkit3, ICD3, Real ICE, etc..) o

o Labt Tl - MIEA 1K it i)
B Bla Yo feet Debuger Prpasser ok Qosfipes Hader el :
D il SN T Rl GH B @O & EHER | Checoum bxesbe R [
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Mlcfnocmp MPLAB ® X IDE

Regional Training
Centers

M—RANESKHERIRE, IXEL2RVIMCU, BB ERH
TheeEa 45, Java Base, AILAEF A, B AR FTHVIRA ZVv3.05,

7FS'Z¢§|CDZ, ICE2000/4000, ProMATE Il, PICStart Plus.

:Classes

previick = O
direction = 1

TeT static BITE
798 static WCRD
708 £8.J_HEACER
800 SLIDER

a0t LISTROX

BOS static DWORD previine = 0;

BOE WORD i o)
Egi? Quick Start ‘ Minute Videos () rorums

B | woLema_PIte
Deviee

d o T 1A 10 L .
@ 44 Chedesum: 0aFaCe 808 Af (GOLFANACLIect {10 STATICTENT) f= HULL) @ MPLAB IDE v8 Users - IMPORTANT & Differences from MPLAB & () weLas x 10 Forum
- ' Compder Tookhan Fl m
T £30 (v3_308} [ Program Bl Microctippplabe 3. D] -
=1 Memery ST s E?:> Take a Tour All Tutorials > @ MPLAB X IDE Wiki
= [ PAM 8192 (0x2000] bytes SEEPROM Test (Budd, Lond, ..} % | Debugoer Conssle w | REALICE * | Confgurancd
R R : <

A RAM Used: 0 (0x0) Free: 8192 (0x2000) @ MPLAB X IDE Beta Limitations

S RAM Reserved: Producton tnage Connecting to MFLAB AEAL ICE...

= [ Flash 44030 (DXABFE) wirds Fismwace Fuite 01.26.57
1 Firmure sype.. L..BIC1EF
88 Flash Used: 0 (00 Free: 44030 (OxABFE)
B Flach Reserured: Producton image Targes desested
@ Rescurces Derice 1D Revision = 0x7 =2
[l Program 87 Used: 0 Free: 4 | Open Sample Project

[ Data 09 Used: 0 Fres: & Progeimaing -
Programming Verify coeplete

[l Dt Cophre BP Lineds 0 Frees 4 8
O 50 - Disablad | | create Hew Project
<1 A% Debuy Toul Runsning
ﬂ]mv! Connection: Resl ICE: 1072093517
import MPLAB Legacy Project

Halting. ..
Targer Halted N

;:} New (Hex) Prebuilt Project

| @ MicrocHIP Show On Startup % NetBeans
T

Slide 15
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Regional Training
Centers

MPLAB® X IDE Overview

Integrated Development Environment

Project Manager

Language . Source Level Debuggers RO Plug-Ins
Tools
MPASM™/ASM MPLAB SIM _— Microchip
Assemblers Simulator A B e sl PRl e Supplied
MPLAB® XC y . rd
C Compilers 3" Party MPLAB" ICD 3 3" Party
MPLAB® REAL ICE™
rd H
3" Party In-Circuit Emulator ECTEITRE

Starter Kits

3 party and Legacy Instruments

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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B ——————————————————————————————————————————————————
M.]:@CH.F, MPLAB® PICkit™ 3

Regional Training Debugger/Programmer Probe

Centers

e Full-speed real-time emulation with run/halt, step and
breakpoints

e Firmware upgradable via the free MPLAB® IDE
e USB 2.0 Full Speed communications for fast downloads

e USB powered with target
power, up to 30mA

e VDD range 3-5.5V

e VPPrange3-13V
e CE and RoHS-compliant

0

MPLADB

CERTIFIED

© 2008 Microchip Technology Incorporated. All Rights Reserved. Slide 17



A5 AP B

MICROCHIP

T L8 ] o G o o, G i
“ et by So kB0 S el e s LN T 1

CERTIFIED

MPLAB® C Compilers
Lite & Standard Versions
Support for PIC18, PIC24,

dsPIC & PIC32

T HI-TECH C

N

Lite Support
for all
PIC®

> MCUs

oay

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MicRocHe EVM:APP001 Rev.3

Regional Training
Centers

L e B O
P i

TR
.
w

AL ==

-

DI g

0
. —_——
al -

L] L
ﬂ:' m: WY Simm T

—
el —1

* 2229029930099 90555 2[5
_ .

117 i
=

el g0

. BE35533000000000.00 ol
:

-

y

a8 8 na
L] " I e -
10 P | - ] .
=3 .-‘*E!' LS i T @ M i
J=.u' ] ot | 2 aTAL MO e i
.,,-'_'J s L T
l )(r= PR —_).,, = — -
-] o -y

VS IEIRIA NN
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[
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Development Tools
C Compiler : MPLAB C18
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Mz’ﬁ\ MPLAB® C for PIC18
Overview

Regional Training
Centers

e ANSI x3.159-1989 compliant except when
standard conflicts with efficient PIC® MCU
support

e Optimizing compiler
e Includes language extensions for PIC18
e Works as a component of MPLAB® IDE

e Compatible with MPASM object modules

m MPLAB® C for PIC18 Lite /Evaluation version are
available for free from the Microchip web site.

© 2008 Microchip Technology Incorporated. All Rights Reserved. Slide 22



R\ Development Tools Data Flow

MICROCHIP
Regional Training . _ _
Centers ¢ Source Files [ C Compiler C Header Files
(and Preprocessor)

Compiler
Assembly Source Files Driver
| Program
Assembly Source Files @[ I}QPA?I\{I @ Assembly Include Files
[ MPLIB | Object
(Librarian) Files Executable

e o

Object File Libraries [ MELKH\)IK
MPLAB IDE
Debug Tool
Linker Script COFF
Debug File

© 2008 Microchip Technology Incorporated. All Rights Reserved. Slide 23



R\ MPLAB® C for PIC18

MICROCHIP _
P—— Header Files
{! My Computer Header files are included as part of the
== Local Disk (C:) MPLAB C installation:
) Program Files
@ microchip
S et p18cxxx.h
| v3a7 pl8cxxx.h is a generic header file which
) h automatically includes processor specific
| header files based on project settings
@ p18cxxx.h

@ p18f4520.h

e One header file per device:
— Provides access to registers as C variables
— Defines labels for bit manipulation

— Defines macros to utilize instructions not normally accessible
from C

© 2008 Microchip Technology Incorporated. All Rights Reserved. Slide 24



R\ MPLAB® C for PIC18

MICFIDCHIP _ _
_______________ Linker Scripts

- My Computer

= _ Linker Script files are included as part of the
== Local Disk (C:) MPLAB installation :
| Program Files

D microchip r Universal Linker Script
Q mplabc18 @ p18f4520_g.lkr

@ p18f4520_g.lkr

e One linker script file per device:
— Defines memory sections and boundaries

— Defines both debug and release modes

e Automatically selected and used by MPLAB unless
specified in project tree

© 2008 Microchip Technology Incorporated. All Rights Reserved. Slide 25
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N

Tools Installation
MPLAB X IDE & MPLAB C18
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Regional Training
Centers

+ P8 Microchip RTC MBI N B T B R L HEFFE

Tools Installation

http://www.microchip.com.tw/Data_CD/

e MPLAB IDE v3.05
MPLAB C18 v3.47

MPLAB® X IDE

v3.05 Windows(local)

S Y| " I DR R
W microchipg.comjdeveiopmentools)

Windows Version Linux Version Mac Version Detail Info.

MPLAB® IDE v8. cal
MPLAB® XC8 v1.34(Local)
MPLAB® XC16 v1.24(Local)
MPLAB® XC32 v1.40{local) v1.34(local)
MPLAB® C18 Lite v3.47(Local)
MPLAB® C30 Lite v3.31{Local)
MPLAB® C32 Lite v2. ocal
HI-TECH C for PIC10/12/16 v9.83(Local)
HI-TECH C for PIC18 v9.80(Local)

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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MICROCHIP Install Status Check

Regional Training
Centers

o ZHALSERKZ, O LI{EFAMPLAB X IDELIEEZR H FUTools\Options3K

EE EIL\;\ °

AN

~ Q Filter (Cl+F)
—
Yo Il @

) 5"6 % T%TOO I S\O pti on S’ G?nfgl Editor Fonts & Colors Keymap [Embedded| Team Appeerance Miscellaneous

'/fé 5 BB « E b d d d ” | MPLAB® Code Configurator | Build Tools | Project Options | Generic Settings | Suppressible Messages | Diagnostics | Other|
/\\\ m mpe e ) ' —

E 5& T% “ B u i I d TO O I S” ’ p (v;ﬁz) [C:‘\Pro Files it

rmpasm £5.54) [C:Progrem Files (eff

A _ — HCL6 fo1.24) [C\Progrom Files (4
EE =9\J C 1 8 E J_— EE ﬁ AL o HC32 (v1.40) [C:\Progrem Fil
A/LY | < HCE (v1.34) [CAProgram Files (86

Thpe: 18

Bhsz Directory: | CAProgram Files (x86) \bicrochdptplabe18% 3.4 Tibin

O Compiler: CAProgram Files (860 \Microchiphmplabe 1 8% 3 4 Mbintoec ] 8 exe

j;rmbler: CAProgram Files (B6)Microchiphmplabe 1 8% 3 4 7bdn. vnpasrb{P L SM WIN exe
k

Command ;| Z:\Program Files (a88) Microchip\MPL A B W 2 05 emmBinsvGn Win 225bdn make exe

[ 404 Costom Compiler.. |

[ Remove ] [ Defanlt ]

woan for Build Tools

4|

2

[ Expoat... H Import...

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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PIC18 GPIO Review

* Exercises, First Project & LED Control

© 2008 Microchip Technology Incorporated. All Rights Reserved. Slide 29



ﬂ/
ek 1/0 Port Block Diagram

Regional Training
Centers

e PIC18HYIO Port/nREl, MNEIFA7 -
o FRARMIO PortEBEATRISX, LATXERPORTX— B 45 94A INEEE 1728 -
TRISX FH 28 5 7€ i ) 2X 8 A
R AE m"0”, T ERERL”, F/RARE A -

o R AEILET, ANE LAYARRE

iE\/\ LATXHEZ PO RTX”, %’WT’E‘E E/‘J X: A,B,C, etc..
7= BIRXN ﬁjﬁ ﬁ ﬁﬁ'ﬁ ) AN TRISxn n:0,1,2, etc..

. < TRISXn:
A - } Lt 0:Oupt
o gilEM A H%, o] DB BEYPORTXN LATxn or PORTxn

B

Rxn

ANB/RPB8/CTED1{0// RBB

v

ERRY

—EEI— :5;_[3\ - PORTxn
ijb » Gy

YCTEDS/PMAS
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MicROCHIP 1/0 Port Manipulation

Regional Training
Centers

o TRISX, LATXERPORTX 45 A1 BEE 17 s &l = — 18 Bits IV E F&s, &
Fes B {EBitEF 1= E ¥ FERYI/OE M -

e LIPortDAI TRISD, LATD, PORTDHYBIt 0,32 HEIIRDOTZEM -

o ZEFHRDOIZEHILEDRS, PAZR SCHETRISDAYBIt 05% A0(Hi 1), FA1E 1T
i L AV AR BE IH A LATDRYBIt O ©

o ZEFIRDOEHUZ BEARRRHS, Rl

o \ 7B TRISD LATD PORTD
WZEETRISDAYIBIt 05% A1 a0l 211 > Reo
(BB ), 2212 5, o] LLIEPORTD Bit1|| 0 | > RB1
AIBit OEVZINEBRVAR BE - Bit2(| 0 || > RB2

Bitn|| 1 |F> RBn

© 2008 Microchip Technology Incorporated. All Rights Reserved. Slide 31
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MicRocHIP Access SFRs (i1t #H R (E)

Regional Training
Centers

o FRWMCUIZHELE (Header File) WE S, O] LU FHEADatasheet1E
] py A T 2K EE BYSFRs ©

e For Example:

TRISD = 0x00; // Eﬁﬁﬁﬁﬁ HJ PORTD MIfiI A Output
LATD = Ox88; // 52 EFRBARY PORTD M 1 High
TRISB = Oxff; // & E AR PORTB MIMIA Input
Value = PORTB; //EENFTAR) PORTB BUAARE

e For Example:
TRISD &= ~0x01; // & E PORTD Bit0 (RDO)HI{iI & Output
LATD |= Ox01; // aﬁi PORTD Bit0 (RDO) Ml i i 1 High
TRISB |= 0x01 ; // 5% E PORTB Bit0 M4 Input

Value = PORTB & ~0x01: // 32EY PORTB Bit0 HUAREE

© 2008 Microchip Technology Incorporated. All Rights Reserved. Slide 34
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MicrocHiP Access SFRs ({iI7ciE{E)

Regional Training
Centers

e MCUZFE1E(Header File)d, T E & [ [ EISFRsHIAE 1R, ALt
o] PIB @ 4515, 7 ANSFRsN BRI 45 B Y & (SFRNAMEDits. BITNAME) °©

e For Example:

TRISDbits.TRISDO = 0; // 5& 7€ RDO M4 Output
LATDbits.LATDO = 1; // 58 7€ RDO Bl %A High
TRISBbits.TRISBO = 1; // 52 7€ RBO M1 A Input
Value = PORTBbits.RBO; // sEHY RBO BOAKEE

o TRISxXTRISxbits&}£>%E 2l [E] —SFRsAYNI L, K LL IR ETRISXEL,
TRISxbits45 R = HERY -

o FESFRsIVETBAIREERENA G, EZ B 1ET] FH1Z184E (Header
File)’REAZZEE -

© 2008 Microchip Technology Incorporated. All Rights Reserved. Slide 35



ﬁ
Mn::?cmp MCU’s Header File

Regional Training
Centers

e P18f4550.h MCUTZ8E%E (Head File)lWAA A F E2

C:\Program Files (x86)\Microchip\mplabc18\v3.47\h\

extern volatile near unsigned char  PORTD;
extern volatile near union

Struct

unsigned RDO:1;
unsigned RD1:1;
unsigned RD2:1;
unsigned RD3:1;
unsigned RD4:1;
unsigned RD5:1;
unsigned RD6:1;
unsigned RD7:1;

L
Struct

unsigned SPP0:1;
unsigned SPP1:1;
unsigned SPP2:1;
unsigned SPP3:1;

uns!gned SPP4:1;  [rorTE RDPUI3) — — — RE3(®) RE213) RE1® REDR® [ n-—- xzooo | 56, 125
uns!gneg ggggi' PORTDI?) RD7 RDE RD5 RD4 RO3 RD2 RD1 RDO xxxx xxxx | 56, 124
unsigne :1;
unsigne d SPP7'1" PORTC RCT RCE RC5(8) RC4(®) — RC2 RCA RGO xxxx -xxx | 56, 121
. ' |rORTB RB7 RBE RBS RB4 RE3 RB2 RB1 RBO uxxx wxxx | 56, 118
Vi
} PORTDbits; PORTA — RAGIH RAS RA4 RA3 RAZ RA1 RAD -x0x 0000 | 56, 115

© 2008 Microchip Technology Incorporated. All Rights Reserved. Slide 36
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Mn::?cmp MCU’s Header File

Regional Training
Centers

e P18f4550.h MCUTZ8E%E (Head File)lWAA A F E2

C:\Program Files (x86)\Microchip\mplabc18\v3.47\h\

extern volatile near unsigned char  ADCON1;
extern volatile near union

struct

unsigned PCFG:4;
unsigned VCFG:2;

’

Struct
{

unsigned PCFGO0:1;
unsigned PCFG1:1;
unsigned PCFG2:1;
unsigned PCFG3:1;
unsigned VCFGO:1;
unsigned VCFG1:1;

} A}I')CON 1bits;
ADRESH AJD Result Register High Byte xxXxx xxxx | 54, 274
ADRESL AJD Result Register Low Byte xuxx xxxx | 54, 274
ADCONO — — CHS3 CHS2 CHSH1 CHSO GODONE ADON -—-00 0000 | 54, 265
ADCONA1 — — VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGD --00 Oggg | 54, 266
ADCONZ ADFM — ACQT2 ACQT ACQTO ADCS2 ADCS1 ADCS0 0-00 0000 | 54, 267
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Microcrp Labl — LED Control
. SBBEERE, S —SHEITHE—EEE © e aopena
. %E%‘E?FU%Lablﬁ%’z‘tﬁﬁ%;EfHW%IJLED(Dl, RDO)HYE 1, i

M FER RSB

RIEH EPREE -

[/
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Regional Training
Centers

PIC18 Timer Architecture

* Exercises, Timer2 Polling
* Exercises, Timer2 Polling with Scale
* Exercises, TimerQ 16 Bits Mode Polling
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Microckip What’s Timer ?
Regional Training
. Tlmer%ﬁm;ﬁf — (B = F B AETRVETEZE ATimer® Clock
H=miEAE

o Timer—fx B M= TimersyCounter °
Clock$8ZR R N5, {EBEF A ET 222 /ME Clock,#8 A Counter ©
CIockﬁE“E%ﬂ B, Eo] LURE K IS5, 8 A Timer ©
HEZ SRR -

TMRx | Clock {0000 0anna
|

If Condition Meet
Notice < l
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Microckip What’s Timer ?

Regional Training
Centers

o PICIBHIMITimer&EIZE th 22 EEM"0"HIBsTE - E4H
o] PIER T2 Z D Clock B EBANCPU -
BREBIBEBT RN TimeriG BT B AT E, PICISE AT B E4S
EEEISEN AmEFRE. Hlanal LAz Ti E5T801,00018
Clock#®, & H @4l

o WERENEXN, HEME P EEZ (Interrupt Flag) » EiB K
FEAZ 0] LL¥fCcPUZE AP ETEESK (Interrupt Request)o

o EHUSIL—KRE E?:ﬁlé’k*ﬁT, EXTUETREXEEN
AR RE ﬂiﬁﬁmn'f%lﬂ’]ﬂj(
‘E%ﬁ Sl :&%CPUQHE’; 2, W ITPETRBEE,
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MICROCHIP What’s Timer ?

Regional Training
Centers

e TimerBE BRI BZEHFEAERIETEE ATimer®F Clock
H=I1EA -

e Timer— R AMEM L TimergCounter - EEZ—1XMIEM -
Clock#EZ R H{EBE1F A 5T ERIZ WM ME Clock, # A Counter °
Clock#EZ B2 . o] LUE— T E H 15[, S Timer ©

e 16 Bits MCURTimer&iEIZA T, S EE 1L 0"FHIRETE
RO DI EHZ/ VIS ZBAICPU -

N8 E 51 2LZ1,0001E ClockiZ, @ %ICPU -

o ILERISRVETN, T P ETFERZ (Interrupt Flag) - S 2 Z|HAEE
I, PENEE S HWIRAR E A1, EICPUEE P EFE K
(Interrupt Request) °
MR P ETZEPREERN, I HETGESHEEEE -

MR PENEHEER, EBEEATEREZL -
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Mlc:c?cmp P|C18H§TlmerSEﬁ

Regional Training
Centers

e PIC18F45208E MWAHTimer,
TimerO, Timerl, Timer2 X Timer3,

e TimerO, TimerlEdTimer3 B £ BUS M B (& B 2%t AP B,
Timer2 B 2 £ S PTit Y (5243 E BB #8 [=] BF 38 H A BT o

o Timer2 R 3% #28 Bits(0~255)&K
Timer0A] X 28 Bits(0~255)E&16 Bits(0~65535)iE =,
Timer1E&Timer3{E X 16 Bits(0~65535)f& =\,
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MicRoCHIP Timers’s 5T BF/5TEHE I

Regional Training
Centers

o FEILH HTimertVERGIRE, HE T

e Clock#ZIBFEBREZE,1E ATMRxo. TMRxIE”0”BIRIELE, Compare
= N ET L EBPRXEETMRXIY B, EZPRxAE [E] B8 HH P ETEESR, IF B
BTMRXIVEERE

o BB, FBRERT,,R0.25uS, FBEFHES0uSHIBER, RIS TARR
a9a% A BR1, PR 25200, A — R, BB Z12001@ ClockB,
TimerF R EF ENEZE, B HPETER, WIEBRTMRx -

o MEBHEEFRE, MCURE B By 1Y T AR FE#E =X,
=& th A E IR iR F

' PRx
(PO”mg)I:PEﬁ-EE Interrupt _ (— (Equal 2
ﬂ$1¢m ‘Eé_&u Request ' ComTpare
TMRx < + e Ty

Reset
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MICROCHIP Timer2 Architecture

Regional Training
Centers

e Timer2 TIREIIN T, Timer2 B L& B ETimer, REARKIR
AMEgEEEARARIBIT, B, ZARBISEHER A LUEBBRIR
25, BRI ETRV SRR,

1:1
1:4
To PWM < PR2 1:16
Equal v
TMR2IF — + | o - Compare
I 0
T20UTPS<3:0> > TMR2 |~ + |— Tg

Reset i
T2CKPS<1:0>
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MicRoCHIP Timer2 Example

Regional Training
Centers

o Timer2BV#)2G{LEE I
E.g.:

T2CONDbits. T20UTPS = 0x00;
T2CONDbits.T2CKPS = 0x00;
T2CONDbits.TMR20ON = 1;
PR2 = 200;

o Timer2BUFNIG{LIE ATLAR] oo wve mir s wo e

— [ m2outps3 | T20utPs2 | T20UTPS1 | T20UTPSO | TMR20N | T2CKPS1 | T2cKPSO

RiPolling TMR2IF

Legend:
TI l I l e r 2 7_]'\ R = Readable bit W = Writable bit U = Unimplemented bit, read as ‘0’
§E %u _|_ gﬁ J -n = Value at POR 1" = Bitis set ‘0" = Bit is cleared X = Bit is unknown
= TImEFZIE =) x | |

bit 7 Unimplemented: Read as ‘o

%E H‘H E bit 6-3 T20UTPS<3:0>: Timer2 Output Postscale Select bits

0000 = 1:1 Postscale

0001 = 1:2 Postscale

|f(PIR1b|ts TMR2IF)

1111 = 1:16 Postscale

{ bit 2 TMR2ON: Timer2 On bit
= Timer2
PIR1bits.TMR2IF = O: o = Tmerz s of
’ bit 1-0 T2CKPS<1:0>: Timer2 Clock Prescale Select bits

o0 = Prescaler is 1
01 = Prescaler is 4
} 1% = Prescaler is 16
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MicROCHIP Lab2 — Timer2 Polling

Regional Training
Centers

o Elab1WWEXNER L EFMFEHTimer2 K2 H|Buzzer(RC2)HY, =
§2 18 25 (Buzzer) EE 4 i 10KHz(100uS) V& & o




o
MICROCHIP Prescaler & Postscaler

Regional Training
Centers

e PIC18 FYTimer, 5T &EE A0~255(8 Bits)E20~65,535(16 Bits)o
'I|§'§I;/IR>; PRx&R A OB, MRFEWNFTEEE B, L EEBTE
SS2{ETE

. ?EF?%%‘IUE?MEk‘ﬁ&%EIO RSk R, BAFTEIE,

o UUTimer2&%I IR ClockA0.25uS, ZZER 100mSHY B HY, 5TH
TEJZ\ BERE A400, BN400 * 0.25uS = 100mS. 1Bt B{E &K

IBPR2EGE, IhAF O] LAFEIB FEBREFEVER E, WA 5T BUE,

(Zn—l)SPsz Peroid THHHHHHHHFL[ fonnnnnnng

Clock x Scale [ Count 1

50mS . IDononog [%Z

. PRx > 255 oun +

X PR = S 25us 1 — [%

50mS _Count/4 ) (44
| .,

VP 0 25uS x 2  PRX <255 [ Count/s =g
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mcroctie - Lab3 — Timer2 Polling with Scale

Regional Training
Centers

o FElLab2MVEENER L EFMEHTImer22RIEZEFILED(D1, RDO)HYEE
HE(Toggle, 1->0->1->...) » Timer2ViIAHIEX B 1mS, BIEE S
BV ET ), IZ R LED ToggleEFR A500 mSHVEK ,
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MicRoCHIP Timers’s 5T BF/5TEHE I

Regional Training
Centers

o FEURNMNETimerVERGIRE, WE T

e ClockAJLLEIZEAES, & BAPIZME A, KIBFERRSTR, &
ATMRxo TMRx#E R EERIRIELY, B 255 {37 B 28 H P ETESK,

o LL16 Bits TimertR =0 2R B 2R ER, (RER T =20.25uS, B EFTE
S0uSRYBFR, Bl I Clockifi AZRTE AT,,, TABRESEX A FR1, PRx
5% 4365,536-200,
itk — 2K, TMRx & 1£65,336 85T E, B 7 2001EIClocki®, B4
B, AR EPENERE, ZHAPETEKR,

o MEBHEEFRE, MCURE B By 1Y AR #E# =X,
=&t A& B (Polling) PENEZE B NEHRERA,

< TxCKI
Interrupt _ Qverflow | _ N
Request TMRx ) : {

€ TCY
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MicRoCHIP TimerO Architecture
Regional Training
Centers
o T| mel"OjIl_iﬁ yu —F o o ﬁﬁ/?:ii __Overflow TMROL P
. = =+ ) N
TimerOBx KRV 45 24 -
A 1%%58 Bi:csﬁl?. 1: TOCKI Tj\cs PSA
16 Bits 5T B /5T & 116 Tose I \1L|
*E_to 1§64 Tcy ‘} J = J
5 AR B TR || aase e
¢ / ‘ TOPS
A EBEY TCYjZ B 16 Bits Bt /B USSR
SRS A o TMROIF < 2erflow TMROH TMROL [
* 16 Bits T, &l SEZ|| s
==y 1%%] A LRG| 1 || TOCK \Ll PSA
=/ e || T B I
" = Tcy o 2
™ ROH/TM ROLANE || v S M
1:256
2 Y [ RE ' TOPS
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Regional Training
Centers

Timer0 Example

e Timer0 16Bits Mode Y ¥ 25 {L E5HI:

E.g.:

TOCONDits.TO8BIT = 0;
TOCONDits.TOCS = 0;
TOCONDits.TOSE = 0;
TOCONDits.PSA = 0;
TOCONDits.TOPS = 0x00;

TMROH = OxFF;
TMROL = 0x38; // 65,536 - 200

TOCONDbits.TMROON = 1;

REGISTER 11-1: TOCON: TIMERO CONTROL REGISTER

R/W-1 RAW-1 R/W-1 R/W-1 RW-1 R/W-1 RW-1 RMW-1
TMRooN | ToeBiT [ Tocs | Tose | epsa | Toes2 TOPS1 | TOPSO
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit, read as "0’
-n = Value at POR "I"=Bitis set ‘0" = Bit is cleared x = Bit is unknown
bit 7 TMROON: TimerQ On/Off Control bit
1 = Enables Timer0
0 = Stops TimerD
bit 6 TOBBIT: TimerD 8-Bit/18-Bit Control bit

1 = TimerQ is configured as an 8-bit tmer/counter
0 = TimerD is configured as a 18-bit tmer/counter
bit 5 TOCS: TimerD Clock Source Select bit
1 = Transition on TOCKI pin
0 = Intemal instruction cycle clock (CLKO)
bit 4 TOSE: Timer0 Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: TimerQ Prescaler Assignment bit
1 = TimerD prescaler is not assigned. TimerD clock input bypasses prescaler.
0 = TimerD prescaler is assigned. TimerD clock input comes from prescaler output
TOPS<2:0>: TimerD Prescaler Select bits
111 = 1:256 Prescale value
110 = 1:128 Prescale value
101 =184 Prescale value
100 =1:32 Prescale value
011 =1:18 Prescale value
10=18 Prescale value
001 =14 Prescale value
Prescale value

bit 2-0

[;
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MicRoCHIP Timer0 Example

Regional Training
Centers

o TimerOMV#G1L1E, AT LAFRI A Polling TMROIF(TimerORY AR Ef iEAZ)

WAER, REATimer0REETEEIFAHE.
FEUR B Timer4ZH B 1TReload HT{E, AFER FXAWETRELE
T,

e Eg.
if(INTCONbits. TMROIF)
{
INTCONbits.TMROIF = O;
TMROH = OxFF;
TMROL = 0x38;
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Regional Training
Centers

Lab4 — Timer0 16 Bits Polling

e 1ELab38Y7

RE(Toggle,

SREMR F ESFEATImeroRIEFILED(DS, RD7)HY &
1->0->1->...) o B R ToggleIBIFREZA1S o
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Regional Training
Centers

PIC18 Interrupt

* Exercises, TimerO Interrupt
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MicrRocHIP What’s Interrupt ?

Regional Training
Centers

e E—MMIBERT,CPURKRBENNREMRFIHNIT, ENR
b B 5 L 538 % B BNIS CPURY AR %, Itk Bt AT LAIE 1B A [, 47 &
B Bl IEESITHRER A B, Bk 23 P BT Ry IR & =X A (ISR,
Interrupt Service Routine) o

o FETHIIIR, B EFZ A REMTimer, ADC, UART, SPI,Zh B 7 i, etc..
etc.., ZB AT LAFT B CPU,

e HENRHFMAKIL,BELHEMEHEER:
A &7 ZE 5K (Interrupt Request): FEMCU R, B2 &21F 18 5% & F B iE
R (xxIF) 2R 12 H P ETE K,
A BT B8E (Interrupt Enable):{F A3 & B LAiFE 18 A & BU8E 1 7T (xxIE)
RREBEZEZNPEERK,
R ER, L 2 & xxIFERxxIEER A 185, 5 8EFT BT CPURY 11T, Bk £
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MicRoCHP Interrupt Architecture

Regional Training
Centers

. P|C18El’9Elﬂlﬁﬁ?%'i’é”buéﬁﬂﬁ—ﬁlﬂlﬁ?rﬂ%ﬁﬁ”o

e BE—HEImERI:
BEE—PERER ASHIR—EOE, HitAEERENXF
BITHIET P ETRAREEEEZ M,

o fNEREAL.
PICISEVHAETIR N AT LLUEE R A X EBE LB E,
EEMMELEMER FRETUEEPETNELEER
(ngf\i)m%ﬁﬂilu\tﬁlﬂlﬁﬁm‘ﬁ o fFE4E, HIEEES B LES
AR

o FRVELEMPRIF SE 5T o= 2 A0x0008, K& T
Bl A0x0018.

o FARAE TR, 7 [0 & 59 A0x0008,
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MicRocHP Programs Architecture

Regional Training
Centers

— {E S E /Y P BT SR 487

23 1 B, WA T D A3 AL

TE & H B AR 7% B4 = (Interrupt Service Routine):

B REED

T ER5TISR. 540

CPUE Bk ZISRHPE1TIES, K kb A E ST PR RY
Timer2, TMR2=PR2BF, EToggle LED,

— BREeEl Bl o T DA R & 18 P
UIFASAFRER, PR AR BRI BEE, F@ B FERE, T EHMCPUER, Bt

BRI R,

HE T FERY (XxIE)ER 71" o

A LAMERAXXIE = 1;2REBER KT, WREHEREXEMPEENXE, EEE
BXxXIP = 1; or xxIP = 0; REZFEFE L,
SER BB P ETAY B EER, EX A 2B A BT B EER RN, P ET R B BE

BIE1T,

— ¥R BB ER, 3% E 2 W P T SR Ay B
REFASEEEEMESET, 2HPETER, Hla0: ADCEHESE K
% Timer0j& &, S{Timer2, TMR2=PR2BF, 2 H R EER,
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MicracHIP Timer0 Code Example
Regional Training
Void ISRHigh( void ){ * A

/Em{E%EE’JEF%THEi%Tﬂ‘EEF AN BITimerORY S5 444
if TMROIF && TMROIE )

{
/] BB Timero BT iEAE,
TMROIF = 0;

TMROH = Ox7B; > SEERTEREES
TMROL = OxE1;

}

“
<

void main( void ){ *
/] 1Rt Timer0,
TOCONbits. TOPS = 0x07;
TOCONbits. TMROON = 1;
TMROH = Ox7B;

TMROL = OXE1;

// BEE{E Bl BE 2 15 A T
INTCONbits. TMROIE = 1; > WL Timer0BEBRAE P BT F2 =X 5 BT
INTCONDbits.PEIE = 1;

INTCONDbits.GIE = 1;
while( 1);
1< /
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MicROCHIR Interrupt Service Routine

Regional Training
Centers

Void ISRHigh( void )

{
//ESE RN T ERIERI T, AITimeroR B4,
if( TMROIF && TMROIE )

{
// &R Timero BT iEAE,
TMROIF = 0;

TMROH = 0x7B;

TMROL = OxE1;

}
}

e ¥MMA—EEHBRE, HETimeroREBREPEIEK,
AR, PETRBERXN T UAEEAREREE, AL EERE Hvoid B RE

e EHETIRBEHINAP, —EEREHENFEIEESRAS
EHENEEL vEEEShEERA"L, 153_6@@]/55?%3,3@ BEN
i FEIHEBR,

o LFEURMNETimerAZE B TReload TMRIIE, T REMER T AN EHEMERA,
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MicROCHIP Priority arbitration

Regional Training
Centers

o HABHEMNEBLERE, BMRERELENFTERKEE
H—r RZRTE SCERIEBAEIE?

e MRPICISHHFEIRBENRE —PEIQER, KL RFEF
BRI BEIE R, SBAEEELEERNORE, TR
BRENTER HEXEEARLERS,

e void ISRHigh(void)

{
If( XXIF && XXIE )

/] ...
If( yyIF && yylE )

// ...
If( zzIF && zzIE)

/] ...
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MicROCHIR Interrupt Vector Redirect

Regional Training
Centers

o TECISHVmZSRZEBA, PICISHIMETERER, Y ALEMEQ R MEF
AR, PETT s IEREIETT,
#pragma code HighlVT = 0x0008
void IVTHigh(void){
_asm goto ISRHigh _endasm // E#T& [ F ISRHighBH X (S8 £ ).
}

#pragma code

#pragma interrupt ISRHigh
void ISRHigh (void){
I 0 S5 AR M R A T %

#pragma code <

J
H#pragma code LowlVT = 0x0018
void IVTHigh(void){
_asm goto ISRLow _endasm // E#1i& [ 2 ISRLowE =\, (K18 £ )
}

#pragma code
#pragma interruptlow ISRLow
void ISRLow(void){

_ {600 S5 Ao B R T %

#pragma code <
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MicROCHIP vloatile Qualification

Regional Training
Centers

MREFISREFEXNPEHLAINE S8 AHEFEE TR, &
B0 EvolatileHI A F .
Ex: volatile unsigned int Ticks = 0;

o volatileBA#EF = F Rl 52.C CompilerE EITRE(LE, SIS EE
FERECHBRERR SHEXNRIE LIS,

extern_yolatile unsizned int PORTD _ attribute_ {(section{"sfrs")))
typedef wnion
struct {

4

— BB B, SFREVEREE(L, EREBR
ERHFSER TMRIEEH K, FAHFESRE!

}“" B=A; TMR1=A;
S - C=B; C=TMR1;

SEoEoSDoRoEoE
CEEEROR TRE RO

S BREpERNT S

o3 0% 09 09 0% R e W e 0n 0%
R
ARl R AL L AL B B B B

o1 Bt et e bt B e B

} _PDRTDh its_t:
extern valatile PURTD‘D tz_t PORTDbits _asm__ ("PORTD") _attribute sectiont"sfrs / /

axtern volatile signed int PORTDCLE _attribute_ ({=ection{"sfis

extern volatile unsigned int PORTDEET __atiribu t

extern volatile unsigned int PORTDINV —aitribud .
exter yglggllg signed int LATD _stiribute ((

"))
ectl ="
ion("sfr=")3};
twdf m {
e C=A; C=A;
signed LATDO0:1; 2 2
w &
w i

d LATDL:1;

* A B HISFRsTEEMCUIETERE Fh T & & Bvolatile,
1&5613:_!@5]-9/]/\ &E&%ﬁé’ffﬂﬂto

ruct |
unsigned wi3Z;

} LATDh
1 l __LaTDhits_t LaTDbits _asm__ ("LATD") _attribute_ (({section("sfrs" 1))
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MicRoCHIP Lab5 TimerO Interrupt

Regional Training
Centers

o ElLabdWEENEMR L EATimer0o B2 H| 7 X HIERH
Polling(¥m &)1 X A P BT 2248,

v o
@,
Tes
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Regional Training
Centers

PIC18 10 Bits ADC

* Exercises, ADC Basic
* Exercises, Bits Read/Write Mode
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et What’s ADC ?

Regional Training
Centers

e ADC : Analog Digital Conversion, 28 Lt Sy B #1385,
— B AT #& FE L B SR B L By E R VAR A

e ADCHVEIBE, Tl AMEI R M TEFR & EEELE
sRIE 1T AV, R A AN SRV L SR SADCA SR NEBR T E,
EMESASELEHRNER EEHRBESHER ML EL,
ESE{LRBHBIEFR,

A LA AR HOA L]

p /\\\ Ifl> /T
/\/\/D/ V Al F ‘h[
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MICROCHIP

PIC18 ADC Architecture

Regional Training
Centers

e PICISEE —iHERFHSAR
CEEITLUE)BY
10-Bits ADC,
Bhit12¥1c b2 T8,
ERZEEEEINEE,

o HlIbEsRERAN

Value,, = (VAD Vo, 2”] -1
VR+ _VR—

« BEERAFER
Veer, (AN3), Veer (AN2)
LAV, AV, o

ANO
AN1

AN2

AN12

CHO0S<3:0>

vDD

AN3

VSS

AN2

VCFG<0>

ADON

ADC

Value,p
¥
A
4 N\
> ADRESH | ADRESL

VR+

-

VCFG<1>

VR-
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Slide 67



o .
Mcracwie — ADC Sample and Conversion

Regional Training
Centers

e ADC ModulelEiBGO/DONE BitHY 5% E, RHEITADEH,
FIBADE#E ADC Module & 5&

iE A BB ER (Sample Stage), IE R R E, BN ERE,

FETHE,

B A E RS ER (Conversion Stage), 1RIZEVS Y EBRE

ESRE,

« ERERER, GRBEFA
ADRESH:ADRESL, ADCONbits.GO_DONE

e AILUEIBHEEGO/DONE Bit, | — an - -
RYETADRE ST E, L/\ <

&

£21t,

NN
el

Sample
Stage

Conversion
— Stage
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MICROCHIP Analog Mode

Regional Training
Centers

o FHLbEm A M(ANN) IR ZUVIOE M (Rxn) R AR, EEHFADCH
i A BZRIBE, AEERE A EE T (Analog Mode)o

o FFHERXBERTE A LB IBADCONDbIits.PCFG<3:0>RE o

bit 3-0 PCFG<3:0>: A/D Port Configuration Control bits:

PCFG3:
PCFGO

oooo!!

0001

an1n

0011

0100

0101

0111

1000

ANS/RPBS/CTED10/RB8
ANY/RPBY/CTED4/PMAT/RBY |
J/RPB10/CTED11/PMA13/RB10 [ |
TDO/AN1T1/PMA12/RB11 | |

1001

TCK/AN12/PMA11/RB12

TDI{AN13PMA10(RBIZ

YCTEDEFPMA

ololo|olo|o|o|o| »|»|=|»| x> x| >| AN7?)

o|olo|o|o|o|o|o| o|o|o|o|o| »|»|»|| AN12
ololo|o|lo|o|o| »| »|»|=|»| > > x| >| ANe?)
ololo|olo|o|»| =] »|»|=|>| 2> > >| AN5?)

O|o|o|o|o|o|o|o| O|0|0|0| »|»|»| >»|| AN11

O|0|0|0|0|0|0|0| O|0|0|>»|»|>»|>| > AN10

O|o|o|o|o|o|o|o| O|0|»|»| | >|>|>]|| AN9

O|o|o|o|o|o|o|o| O|»|»|>»|>»|>»|>»| >| AN8

O|0|0|0|0| 22> 2|2 > > > > > >| AN4

0|00 0| 22> 2|2 > > > > > > AN3

0|00 |22 2l P 2l > lr P> > | AN2
O|O| 2| 2| 2| 22| 2| 2|2 2|2 2| >|>| >|| AN1
O|2| 22> 2e> 2|2 > > > > > > ANO

A = Analoa inout D = Diaital VO
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MiCROCHIP 10 Bits ADC Example

Regional Training
Centers

e 10 Bits ADCHYFI IR 1L £ 51
E.g.:
XDCONObitS.CHS = 0x00; // Set to ANO
ADCON1bits.PCFG = 0x0e; // Enable Analog Mode for ANO f A4 ADC )
ADCONObits. ADON =1; // ADC Module Turn On L )
e ADCHIHA{ b#%, A LAFIGO_DONEZR T RREAHR
R ADS R 501 B2 75 5% PR BB 2 _omone-s
E.g.:

ADCONObits.GO_DONE = 1;
while(ADCONObits.GO_DONE);
ADValue = ADRESH:

FEFEBRTK

while(GO_DONE);

[ BB R ]

ADvalue = ADRESH;
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Muc§ocmp Lab6 — ADC Basic

Regional Training
Centers

o ElLabsHVIEENEM® b EF P ILADC, M FHADC Module i #A
VRIMERE, &R P8BS I8 Bits, B /R ELED(D1~D8) Lt
ADCEE A Y SA R ZE A Timeroi2 &, F#'10)X,
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MicRocHP Right and Left Justified

Regional Training
Centers

e 10 Bits ADCHV#E R, EE M EBytesTF X, ADC ModuleEZ#i§ H &
B 17N 1EADRESH:ADRESLA,

o ERABTFLREER, BEFEERNERE

. — MR,

Right Justified 5% TE KBV 2 #5 )

=, VAR 2 {E10 BitskY BB,

Left Justified Al R Er ¥ FAERABENIEZS, ERHE SIS

Bits&{H.,
ADRESH ] ADRESL
000000 10Bits AD Value < Right Justified : ADFM =1
10Bits AD Value 000000 Left Justified : ADFM = 0

© 2008 Microchip Technology Incorporated. All Rights Reserved.
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mcrociie - Sample and Conversion Sequence

Regional Training
Centers

o ADCHYEURFFEEEHRFEHERE

%‘FI%SRH%:' Fﬂﬁ Elgiﬁﬁk, an-l_ H‘.l'

PWERETEEARERERIEHE, KFERE i EfHDatasheet

SRIFME,
-Wﬁhﬁ%ﬁk#ﬂw
HRGEREEE12T,, o
e PICISFRIIMNT, HZD
WHEB0.7uS, BEH
R TEFRE, A LLEIBR
ADCON2bits. ADCSER
ADCON2bits. ADQTIRE o
o ADCS :ZRIET,, KA,
e ADQT:HEITEEHRET,, -

B LR

€C—————IC————>!
BB | RS

BENERS
LHNERE

: IR HY MR I
7y i 2 it el
: : | IS BB R R R
1 1 \:\

HREREZE,

’ B R R i
PUAEE o KR

© 2008 Microchip Technology Incorporated. All Rights Reserved.

Slide 73




T —
k) How to Display

MICROCHIP
Reglonal Tralning Additional Information ?

Centers

A] LAE 8245 F IR (45 BB LCD Module Control Function,
(APPO01_LCM.c, APPO01 LCM.h)o

o EMELTZEFunction:
void LCM_Init( ) //#1#31LLCD Modules
Void LCM_SetCursor( char X, charY) // 32 EIBEEE,
void LCM_PutASCII( unsigned char ) // B = It
Void LCM_PutHex( unsigned char Hex ) //#& 2 &8 AHex#i .
Void LCM_PutROMString( const unsigned char *String ) // i tHconst F &,
Void LCM_PutRAMString( unsigned char *String ) //% HH = &R,
void LCM_PutNumber( unsigned int Number, unsigned char Digit );

/] BN B EE,
e BHERIBMEREFEEHTCRIIEE, ATAEITEN,
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Lab7 — 10 Bits ADC and LCM

"X
MQHIP

Regional Training
Centers

e TELab6HYj

== L, Bk {LADC, 3

/ {sF FHADC Module &

VRIERE, 15T (10 Bits) B /RTELCD Module L,

ADCHE £ {1y $ 2

REE A Timerof2 &l 110K,

© 2008 Microchip Technology Incorpo
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MQHP

Regional Training
Centers

PIC18 CCP/ECCP - PWM Arch.

* Exercises, PWM Output
* Exercises, PWM Output By VR Value
* Exercises, Breathing Light
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ﬁ
M'c:?'cmp What’s PWM

Regional Training

o EEEFE(PWM, Pulse-width modulation), —IEFHE T/E
BHINE . EBSBTENGTEES A EN T/EERRET
T RS —(EELLERNERE TR

o PWMELE{UZEFIZRIZFFELLFAR —BIEEBTRIHE . E
RREERTHE, BERDRZEHHEBREEE S,

e PWMEZEFHIMEEZEESH
B HA (Period) . b4l (Duty) o

Duty, .= T
Duty}::‘_
T
erlo;:

Hed=-
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MICROCHIP Motor Control

Regional Training
Centers

o LIESERFIAH ﬂU.FﬁfTE’JHBrldge%ﬂﬁ% ZRHER, AE
FAPWMIZEH IE R EEE R E RV IR E

V +V
N N
] P I l—l r \ ] P
& i &

—~_ N N

A\
) o—__motor f——¢ e B ) o—— motor 14 e B

', J

P R

GND GMND
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ﬁ
R PIC18 CCP/ECCP Module

Regional Training
Centers

e PICI8 EF—HEESNNRFEESEEEUEACCP/ECCP,

e CCP, Capture/ Compare/PWM Module,
Capture AR ERINZHARNRE, IBEAZE, Compare AXREXE
FEBES T/EEBNAGRR L. PWMEBEMRARELEPWMEA
Fﬁ:o

e ECCP, Enhanced Capture/ Compare/PWM Module, EZ 238N
TPWMH EREHEFZHN THERR, EXNIIAEECPPIE
B
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Mcrocte  P]C18 CCP - PWM Architecture

Regional Training
Centers

e PWM{E A Timer2YEATimer Base(Period), Duty Cycle Bll FHCCPRxL
RE. HAREW T BTR:

CCPxCON<5:4>

CCPRxL
Load -
TRIS CCPRxH
v
‘_&" Q R "4l compare
CCPx :
S (_.Bgs_eq TMR2 < + Ty
Equal v |
TMR2IF < + [ o Compare T2CKPS<1:0>
0

|
T20UTPS<3:0> PR2
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]4
M'c:?m PWM Mode

Regional Training
Centers

e CCPxM<3:0> = OxcORF, CCPE= 1 APWM Modes

o LRI, TMR2ERIRT JEE, EHELECCPRXLEETMR2RY
BB,

o ECCPRXL = TMR2BFCCPx pin =& 5k Lowa H,
& PR2 = TMR2BFCCPx pin® £ B High$i H .

e PRVRTEIEEA(Peroid), A TMR2 Count
CCPRxLAZRE T4E PR2 | | ,
1B HH (Duty Cycle)o cePRad

CCPxM=0xCO0

CCPx Pin
; ; ; >

| Clear by: Clear by: Clear by
user user user
CCPxIF e T e N

Slide 81
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MicRoCHIP C18 PWM Function & Macro

Regional Training
Centers

o C18IRHAIPWMIRSE Function, REFEH P M BT BEE &I
PWM:
— void OpenPWMXx( char period );
// EILPWMX;
— void SetDCPWMx(unsigned int dutycycle);
// X EDuty Cycle; [ ——

e
23 -8 TFT-E BE

=

FIED

HEIH )
PIC18F Peripheral

— void ClosePWMx(void); e R

@ PIC18FO7.60 Family PWM (45xx Family)

@ PIC18F87.J10 Family

This peripheral library module:
P W M Q PIC18F85.J90 Family
// Eg Fzﬁ 0 @ PIC12FB5J11 Family + Configurable for single-pulse or continuous pulse
0 PIC18F45110 Family a;aarlil;an?ronngoenn::\agg:‘put event, or continuous PWM
0 PIC18F8621 Family
@ PIC18FEE80 Family
@ PIC18FE722 Family
Q PIC18F8490 Family
@ PIC18F8410 Family
@ PIC13F4321 Family

m

Functions

@ PIC18F4685 Family OpenPWM1
@ PIC18F4680 Family
E SetDCPWM1

@ PIC18F4620 Family
@ PIC18F4610 Family SetOutputPWM1
@ PIC18F4580 Family

@ PIC18F4550 Family ClozePUNL
@ PIC12F4450 Family — OpenPWM2
@ PIC18F4523 Family J— ]
= (3 PIC18F4520 Family -
(7] PIC18F4520 ClosePWM2
[7] PIC18F4420
[7] PIc18F2520 PWM Examples

[91 B~ 40E9490
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MicROCHIP PWM Initial & Example

Regional Training
Centers

e |nitial Example
#include <pwm.h>
#define InstructionFrequency 16000000 / 4
#define T2Peroid 1000
#define TMR2Value InstructionFrequency / 16 / 1 / T2Peroid

T2CONDbits.T20UTPS = 0x00; // 1:1

T2CONDbits. T2CKPS = 0x02; // 1:16

PR2 = TMR2Value;

T2CONDbits. TMR20ON = 1; // Timer2 Turn On

OpenPWM1( TMR2Value );
SetDCPWM1( ( TMR2Value /2)<<2); //50% Duty Cycle

© 2008 Microchip Technology Incorporated. All Rights Reserved. Slide 83



m

MICROCHIP

Lab8 PWM Output

Regional Training
Centers

o TELab7MIERNERE £, #1IR{LPWM1,

E# H — A 1KHz, Duty Cycle 20%HIPWMEA 3%
s21E, PWM1BYTimer Base&Timer2, FTrATimerEiE 552 E,

e PWMIFEEZIEEZEAPPO01/YBuUzzZEr, EC
Pin(RC2) B, BHIhERER, ATLAER
o BEMARKEEECCPI KR,

o ST, i E s N [EDuty Cycle
FTI&E BB R -
0%, 2%, 5%, 50%, 100%,
(Note:BuzzerB] LAEBIPAREBA, LN R &RV 1)

B EE #EBuzzerdV1/0
|BuzzerZ V&,

g
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MicROCHIP PWM Duty Cycle Control

Regional Training
Centers

e 100% DutyEW{ARTE ?

— PWM Mode T, 1 E8 & fR {4
1.TMR2 = CCPRxL Pin =Low, 2.TMR2= PR2 Pin = Higho

- ;it,mloO% DutyBJ 15 %, Bl CCPRxLAAZEPR2 » iR {E R4
D[RRI T . &K TR R (Glitch) H 3,

- %Tf_ﬁlﬂsfﬁgﬁéi WA R
Bll CCPRxL=PR2

- At EERT, aT R IF RS
CCPRXLEZR EMY LEPR2 K — B,
70tk — 3R CCPRxL=PR2 BV R Fh 2

BRI,

(TMR2=PR2f, TMR2E B B) BB %, TimerBY SRBEE)o
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MicROCHIP PWM Set Example

Regional Training
Centers

e CCP1PWM Duty Cycle Set Example
if( DutyValue >= PR2 )
SetDCPWM1( PR2 +1);

else
SetDCPWM1( DutyValue << 2);

— EXTECCP1HYDuty Cycleo
& DutyValue >= PR2BF(100% Duty Cycle), #%CCPRxLIE A
PR2+1, LAUHPBRZRIR (Glitch)E R,
H {th i1 FZ B (0~99.999%Duty Cycle) Bl B 18 A DutyValue
E,
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Mcroctie - | 39 PWM Output By VR Value

Regional Training
Centers

o ELab8WEEXNERE L, EEIMAADCHIIEE, W RIFVRIERR
RFFEPWM2HIDuty Cycles PWM2SEREHRERE B 1KHzZ,

o FBEHRILA
VR:0V ~ 5V <=>PWM Duty:0% ~ 100%

e CCP2(RC1)AJLAiEIBFHEIPCCP2EELED(DY),
BiZ, BEEEBLEDRERE
PWM Duty Cycle¥f ALEDIV S E, ——

o AT LUBE 7R R RR B BR CCP2 ‘
FY & ORI
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ﬁ
M.cé?,cmp Lab10 Breathing Light

Regional Training
Centers

« EXNHAE, BFEFRE,

o BERBRHMIPWM DutyE BEBIELRVIREE. BB BEBELA
LAfEHILEDRY SR T‘“’%U?%’E-?H—r, B RRMERAEFR—HK,

e FALb7HER, BPWMHIThEENE & B B,
== PWMEY Duty Cycle AT LA 12
0% -> 100% -> 0% -> ... T~ETRY &b,

. PWME B REIRRIZREE 25T,
e Hint:

Timer Event to do below:

unsigned int Duty = 50; /

char DutyDistance = 2;

Duty +=DutyDistance; \
if (Duty >=100 || Duty<=0)

DutyDistance = -DutyDistance; //TQ\ \\
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A 35 —1{8 MPLAB X IDE B2

MICROCHIP

o FRAERKFERRERAREYSER
o HIRAESRFEPEENEERE
s BRUMBEHCERNTE

o A Labl WIED EHMEREVESR
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?’x&\ MR W ER

MICRDCHIP

o HE—FIRHANRRERERARE
M ¥TRY MPLAB® X B

> fEHBE—M source code:
> Labl LED Control.c

o {EiNiRA D1 LEDL TEREPIME
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z’s\ BUVRVYERSH

MICRDCHIP

.ﬁﬁéiﬁ”
- EERiEEER / B HEkER

- EEERBBEAVE
- IREMABERR
- BITER

1
2
3
i IEEMmES
S)
6
7
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ﬁ{?

MICROCHIP
O rEreExRE

EZ7/ N

9% MPLAB X IDE v1.0C
File Edit View MNavigate Source Refactor Run Debug Team Tools Window Help
@D - L-ud

EL N | ew project. (Cutssniften) s~ P
File ( XX¥ ) >

New Project...

( MEEXER..)

1.4
ﬁf Quick Start

N Q MPLAB IDE v3 Use
i Take a Tour

=
2
~
il
viai

Ctrl 4 shift

1]
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T —
ﬁ@\

MICROCHIP

=
2
~
il
viai

e 1E “Categories” (JEH[|) T
HERE

Microchip Embedded Alg..
(Microchip #R AZR)

Projects:

s ) Micrachip Embedded

(), Samples
O 7 “Projects” (HFE) T

Q Existing MPLAE IDE v8 Project
Q Prebuilt (Hex, Loadable Image) Project

Q Library Project
Standalone Project

(FBIrEE)

Description:

Creates a new standalone application project. It uses an IDE-generated makefile to build your
project.

= Cancel || Hep
© # T [Next> | e
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"X
Ml/?:x?cmp

© 1 “Family” (#51) e :
Advanced 8-bit MCUs

=
2
~
il
viai

Zelect Device

(PIC18)

. Choose Project
. Select Device

O 7 “Device’ (Gofe) g : | & B

. Belect Plugin Board

PIC18F4550 | St oms s Fldr

G E—T | Next> |

Finish Canel ][ Help
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"X
lwzz§tmp

=
2
~
il
viai

e HETE 5 New Project
%ﬁ?{% P I Ck It S_FH,\J?% Steps Select Tool

1. Choose Project

EMTEXESEL 2. Select Device  Hapdrge Teols A
g o0 PICIGH)
Foo PICki3
m USB # , 5t X IDE
o\
% % () ....OCJ? 1‘}53_11]11@
o Selater |
SSRGS T HL - A IR T
HFF9E > AGR] PICKit 3T J5RT = Lﬁ%—?\ Starter Kits
- @ M ]
e s MICROSTICK
: SN
E L Eﬁﬁﬂ IEE AJ 1‘;{ o SKE DIPISEY M
EIAMEIRTE
=R
— B PICKit 3
—HICD 3

0 T | Next > I <Back || Next> || Fimsh || Camcel || Help
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ﬁ{?

MICROCHIP

@ n—rEEmEREY - NewProjct
WAV . o it gl

=
2
~
il
viai

> 1. Choose Project ; ;
!ﬁ ¢ ﬁﬁﬁ C 18 E-F 7. Select Device B-_E?Ignmler Teclchains
C 18 3 47 3. Select Header R (18 (v3.47) [C:\Program Files (x
(V . ) 4. Select Tool ~HI-TECH PICCI8-PRO (None found)
¥ / ~HI-TECH PICCI18-STD (Nene found)
5. Select Plugin Board Empasm
i - empasm (v3.62) [C:\Program Files (x86)\WhicrochiptMPLABX\v3.05\mpasmx]
el Cqmp]]er - ~empasm (v3.60) [C:\Program Files (x86)\Microchip\MPLABX\mpasmx|
7. Select Froject Name o mpasm (v5.54) [C:\Program Files (x86)\Wlhicrochipimplabe18\w3.4 mpasml]
and Folder =XC8

=2 XCR (v1.33) [C:\Program Files (xR6)YMicrochin\xe8\wl.33\bin]

AR nEay 218 NEAEIRA
¥t > RIETREE SRR as R 258X
IDE SEAEIREZmaFas -

< Back Next > Finish Cancel Help

0 E—T | Next> |
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MICROCHIP

egional Training

AV AVA S S

0 BEERBBNERRRE X REE

O vrzx=xE:
Labl LED Control

O srzzpF:
C:\..\Exercise\Lab1l

arEa R T EAEEE
ERTEDEI K -
[ WM (co

— PC18F Competition 20150717

| S—

" Exercise

~ ) Labl = EREPRR
| Lab1 LED Control.X
- L X

© #—T (Finish |

Steps

New Project

Select Project Name and Folder

1. Choose Project

= R e

Select Device
Select Header
Select Tool

Select Plugin Board
Select Compiler
Select Project
Name and Folder

Project Name: Labl LED Cantrol
Project Locat... CAPCIEF Competition 2015071 T\Exercises\Labl Browse...
Project Fald... tion 2015071 NExercises\Labl\Labl LED Control. X

Overwrite existing proj...

Also delete sol
Set as main pr

BB XA R M R A
MBET —REEAHRH

L~

Encoding: UTE-8 v

[ ] Use project lod

FEL

<Back | Next> Finish Cancel Help
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A BERPURERER

Regional Training
Centers

o 35% MPLAB X IDE £ UTF-8 FY A R i A& =X

> FREAE#EEXIDE T , EERRSEAREEPXERNHEE
e {B MPLAB IDE v8.x BY # 3Z {# i Big-5 %ﬁﬁ%)ﬁ‘t IZ?JIE
£ X IDE th —#Z A Big- 5 4R AE R ﬂu%me
R UTE-8 & b S8 R BLEE..

¢ ﬁ?F/j{j?l_/ft

> &R £ MPLAB v8.x R IRFETNHRE (*.C) ST B EA"F X
B A Save as ATVIERE UTF-8 fiRiG & Bl 1%,

(E): [UTF-8 || =me |

ANSI
??Zﬁﬁ#ﬁﬁ UE:Egdz g endian -
AT @
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]g{g

MICROCHIP

1

o S 24 e m——

© FEEzxt > FIAZEE
1% > (TR ThRE R s

£ . Add Existing Item...

(MABRBTEFHREE...)

FIF PR » (EoH R
g

Add Library/Object File
(IMABENE/ BHIE...)

RHEBEREZ IR LL N &R
A

® <Header Files

® <Source Files

@ -Libraries
(FERT—H)

e : Projects 0 2

: Files

s Classes

-6

-- Header Fileg
-- Linker Files
-- Source Files
ﬁ' Important Fj

-- Libraries
- Loadables

Add Library Project...

Add Library/Object

Properties...

File...

Mew (3
Mew Logical Folder

Add Existing Itermn... .,

Add Existing Itemsfrg'r‘?n Folders...

Find...
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R\ E I

MICROCHIP

[ 8

Projects X |Files | Classes | Lab1_LED_Control - Dashboard =
7 X IDE Labl1.X H##£77 /& Labl LED Control
/( ; 8 Header Files
7\_‘;‘ jj # 'ﬁ' Important Files

68 Linker Files

ﬂ?ﬁbﬂ*ﬂ"] %% ' Source Files

B@ Libraries
& Ioadables

ﬁ Header Files =3 Select [tem

% Source Files

d Lab1 LED Control.c

bk Labl v ¥R E-

| Lab1 LED Control.X

=D
L -
2iregE | Lab1.X
= # Lab1 LED Control
L

= Store path as:
E: () Auto
@ Libraries e (® Relative

™ () Absclute

Q ﬁ ﬁ;ﬁﬁﬁ P [ ] Copy
@ FEZEZFE(N): |Labl LED Control.c
RS FEZEEEANT): | C++ Source Files (.C .c++ .cc
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Mﬁ?cmp ﬁ?—:ﬁﬁﬁ:@%

....

EERMAZFEET (&......)

TR ENMEER

Projects X | Files Classes Lab1_LED Control - Dashb--- —

=& Labl LED Control
& Header Files
& Tmportant Files
@ Linker Files

o Labl LED Centrol.c
£ Libraries
& Loadables
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k) FR4G¥S Labl Bres

MICROCHIP

) REANBTEE

MPLAB X IDE v3.05 - Lab1 LED Control : default

QF A.%E —_— Eﬁ{% E%B_—LE File Edit View Mavigate Source Refactor Run Debug Team Tools Window Help
= ZL = _‘I 7 “T-E-PR-E2-ABE-D0@ 08 B E R & PC: Ol [novzde e s WiOnD: bank 0| |
S H:Hlj S R B /\ =4 b e = i

Prejeets % | Filen

—~ P @ Labl LED Contral
E 7D o ) Header Files
t =3
nim T Files

¥%#—1 Debug Project E%
fReEEE) ER -

2 E YIRS -
11E Grgg =\ TR

(make) BHZ -
2 E¥THE PICKit 3H#R
3. RME VRS 22 H AR AY
PIC18F4550 {4
4. 817 C BBE= (R
£ main() EH=R)
5.4 EH TR REAGE T
S

3 | Labd_LED Control-Daahb- | —

Srart Page %W MPLAR X Store *| B Labl LED Comrole *

[ Source | Hivery |[BE-8-[RSFR0G(Pe T anon|aai
e -

23

3 gma config FORC=HS, WDT=0FF, BOR = ON_ACTIVE, BORV = 1, LVP=CFF, PRADEN=OFF, XINST = OFF, MCLRE = 0N
4

5 void main(void)

& i

T unsigned int i

&

9 LATDbits.
10 TRISDbits

11
12 le(l)

13 {

14

(] D0
16 }

17 1

18

19
5

Variables | Call Stack | Droakpoints  Quiput * |

Progect Loading Wammg * | PICKit 3 * Labl LED Control (Build. Load. ...) * | Debugger Console *
Target voltage detected

Target device PICI8F4550 found,

Device ID Revision = 7

The following memory area(s) will be programmed:
program memory: start address = 0x0, end address = OxTdbf

configuration memory

Programming/Verify complete

Running
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MICROCHIP

Regional Training

ﬁ%%%%

() somesrmmsnsss mpmess
© #t:3haekhiRE : Tools ) Optlons

© iziE Embedded BT

9 #EFE Generic Settings (&

HEE ) BHEF

0 ESYiay Debug startup (BREEEL

) B EE:

1.Main (Reset Z £/ Main)
2.Reset vector (f£4F Reset {irht)
3.Run (Reset 78 B Z#7/TFZ=)

ile C:\JJsers\rob\,QppData@wplab_ide\deu\,bems\var\,lo

Close open source file on project dose

Clear output window before build

eeeeee breakpoints upon importing a file

Halt build on first failure

Synchronize debugging on all projects

Maintain active connection to hardware tool

filent build

Reset @
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