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o MK ILE
MPLAB IDE v8.70 (B 5 i A)
MPLAB C18 v3.38 Lite Mode (85 # i A)
MPASM , MPLINK , MPLIB

. [FEEETE

MPLAB ICD 3
Microchip APP001 Rev. 3 Bl (PIC18F4520)

o ZEER
— MPLAB C18 Compiler User’'s Guide & Library
— MPASM User’s Guide with MPLINK and MPLIB

— MPLAB IDE User’s Guide
— APPO0O01 Vre. 3 {HHFHFI}
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Downloadithe
VIPCAB®IDE (Free)

[N | S e T T
A1 by SO Sl edea aiin

2 AFIHIG3%E

Programmer

FomhESR|

H R THZ 5

SelectiaDebuggery.

SelectaYour
c compiler

4

MPLAPR’
CERTIFIED
MPLAB® C Compilers
Lite & Standard Versions
Support for PIC18, PIC24,
dsPIC & PIC32

+ HI-TECH C

C O M P I L E R 5
by Microchip Technology
i ; :} Lite
HI-TECH C° :
STD
PRO
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R\ MPLAB® IDE and

MICROCHIP

Regi%r;:;ltzrrasining CO m p O n e n tS
MPLAB®

Integrated Development Environment

Third Party

Programmer’s Source Level Project
Editor Debugger Manager

® Application
MPLAB® C MPLAB® A MPLAB® PM3 e
Compilers SIM
Simulator

Data

MPLAB® ICD Monitor
_ & Control
Compilers Interface

PICkit™
Proteus
SPICE
® i
Software Tools PLAB® Starter Kits

Version MATLAB Emulators and
Control Debuggers
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Compilers, \
Viewer

RTOS,

PC Lint

Production, Gang,
Hobbyist
Programmers
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others




R\ PICkit™ 3

MICROCHIP

-mreme Depugger/Programmer Probe

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

Firmware upgradable via the free MPLAB® IDE

USB 2.0 Full Speed communications for fast
downloads -

USB powered with target
power, up to 30mA

Voo range 3 - 5.5V
Ver range 3 - 13V
CE and RoHS-compliant .

kit 3D eb UG g e Erogrammer, ﬂ

MPLAB

CERTIFIED

© 2011
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K MPLAB ICD 3

MICROCHIP

e New In-Circuit Debugger

Full PIC portfolio support

Many other Improvements

—  Can provide limited target power (100mA)
— Fast - USB HS, HW accelerator, SRAM
—  SW breakpoints (1000)

Completely USB powered

No external power supply
required

High Voltage protection on ICSP
Over Current Protection

Test Interface Module
— Validate interface and connection integrity
— Helps isolate target faults vs. tool issues

. MPLAB’
—  Test module includes small PIC CERTIFIED

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 8
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% .
wescewe  MIPLAB® REAL ICE™ Probe Kit

Regional Training
Centers

e MPLAB IDE compatible

e Standard Driver Board

e Complex Breakpoints

e Real Time Data Watchpoints

e Stack/WDT/Sleep Breakpoints
e USB High Speed Connection

DV244005 MPLAB REAL ICE List $499.98

7

MPLAB

CERTIFIED

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 9
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ﬂ{?

BEbreE THEEARTIRE

MICROCHIP
Regional Training '::
Centers $& z
Feature PICkit 2 ICD 2 PICkit 3 ICD 3 REAL ICE
USB Speed Full Full
USB Driver HID Custom
USB powered Yes Yes
External power supply required No Yes
Programmable VPP Range (3-13V) (10-14V)
VPP Current Supplied 30ma 30ma
Power to Target Yes 5V only
Programmable VDD 3-5V No
VDD Current Supplied 30ma 200ma
VDD drain from target 20ma 20ma
Over voltage Protection No Yes
Over current Protection Yes Yes
Emulation Support Full Speed Full Speed
Software Breakpoints No No
Program Image 128K bytes No
© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 10
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| AR

Fres TEIIREBEER

| E@rsa

Selection criteria/ Recomm. tool

Advantage / comment Pickit2

Pickit3

Debug capability

limited

Can program all PICs & dsPICs

Fast Project Development

Faster daily debug / programming

Tool cost

PIC10/12/16 (except PIC16E)

PIC16 Enhanced

Need Vpp = 8.5V

PIC18 std (non J, non K)

limited

ICD2

adap. Need

ICD3

PIC18FxxJxx

PIC18FxxKxx

Need Vpp = 8.5V

PIC18 fast programming

max 15s up to 128KB

16 bits fast programming

max 15s up to 256KB

32 bits fast programming

max 15s up to 512KB

Programmer-To-Go

Standalone programming

Real-Time variables watch

PIC18J, 16/32 bits except dsPIC30

Real-Time measurement of program
execution time (STOPWATCH)

PIC18, 16/32 bits except dsPIC30

SW breakpoints

PIC18, 16/32 bits except dsPIC30

Real-Time Data Monitoring (RTDM)

dsPIC30/dsPIC33 PIC24H

TRACE (Instructions)

PIC32 only

TRACE (Ports / SPI)

PIC18, 16 bits (not PIC32)

External breakpoint Trigger

For all PICs

REAL-ICE

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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o APPOO1 EEstV(E,

weece  APPOO01 B BB {E FH Tt

HFM - B
B 5 HRCHIERAZZ 1] DATE
Microchip &/2ay4805 T =k

o APPO01 EFESHGA =

HﬁZ[S: vi. O

v2.0 REETHY vS. 0;
7 H

ARZ ]
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B =mam APP001 REV.3a EHEiN

Regional Training

Vil Rs-232 CAN  AD#A Reset ICD3 PICkits ~ Debug & Prog.
B A ~ RS-485 VR1 g B #EfE Jumper
Nt If / < PR T . :
5V & 3.3V + ‘ 3 | i‘J ‘; g U ’ § " \'/J l ) i el : ~.¢
fem . | i
5V e - N (/-7 gl £ o M s fv Jumper
PR 5§ ===
12C & SPI zi= ﬂ ICSP
EEPROM = = |
Al TR
E: -::". l';ﬂ( 0o %
9V & USB Dot 25 o : : : |
i ¢ [IaS )l%
. 1 oK
CCP1 /s j' : ! &
® Q eeoooea
USB PORTD BE 16MHz ﬁﬁﬁﬁﬁﬁ
U LED x8 EHIZS  Crystal SW3 & SW2
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MPLAB® C18
ia & LRI



)

MICF!DCHIP
Regional Trainin ing
Centers

o HA;

o jJ[[/\—‘ﬂ: Z% PIC18 fl’_;'fu =

SAEN|

MPLAB® C18
R A
o FHZSH ANSI x3.159-1989 fy C 4magss
SER BHTRE
=R
B

e J§ MPLAB® IDE %&

o HHZS MPASM K MPLINK

MPLAB® C for PIC18 Lite /Evaluation BYRRZATE] DL
£ H Microchip WE# NEiZE

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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2 C18 4B

Regional Training
Centers

C Header Files

C Source Files [ C Compiler

(and Preprocessor)

Assembly Source Files

Assembly Include Files

Assembly Source Files [ MPASM

(Assembler)

(Librarian)

[ MPLIB
ERFT

e
™, o

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 17

Object File Libraries

(Linker)

[ MPLINK

Linker Script




S MPLAB® C for PIC18

Regional Training %EE% (H ead er Fl I eS)

Centers

S f

E] Program Files Header files B&%%E MPLAB C18 &RATx#ZHY
=) microchis AT TR
E] mplabc18
] v3.38 @ p18CXXX.h
! p18cxxx.h B—{EH F BHVARSEE - ez
@ pl8cxxx.h MPLAB IDE Fir{&#RrVE R TRl A& -
6B prsnszon AT P SRR S5 ITEAG ( p1814520.h ) o

o ZILHHIBEERIERRAL T
- RS E R A
- ARSI TR AR
— ERERIES LA C AR RS

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 18



Low  D184520.h sESER

Regional Training
Centers

o EE18FA520 HiFETHACHT HEADCONOE{F 8L FEF
Fas(SFR) By K AHRRAL rton nene wmon e
TLEH " et oo

> fir®& :C:\Program Files unsigned :1;
\Microchip\mplabc18\v3.38\n unsigned GO:1;

unsigned CHSO:1;

° %% .ﬂ:b FHH[J — ,Eg unsigned CHS1:1;
g BN unsigned CHS2:1;

> NOP( ) ext?r?[%gﬂ:? unS::Lgned ADCS0:1;
> ClrWdt( ) unsigned ADCS1:1;
} o
struct {
> Sleep( ) unsigned :2;
PY ﬁﬁﬁﬂ%ﬁﬁ #include . unsigned NOT DONE:1;
<p1l8fxxx.h> struct

unsigned :2;

> P18fxxx.h Ryﬁﬂ%'[‘iﬁgﬁﬁg unsigned DONE:1;
» fh&— MPLAB IDE 8 A b

struct {

E"]ﬁﬁ‘%*ﬁ@ﬁﬂ@fﬂﬂ/\% unsigned :2;
ﬁ{':FB,‘] h % ° unsigned GO DONE:1;

} o
} ADCONObits ;

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 19



M@:Hlp C 1 8 E,j{iljtf:%
e (p1814520.h

o FTEREEEFas KAHR izni@“‘?%@riﬁﬁ*%
(Header file) HESR
—  #: PIC18F4520 & fEEBEESE “pl8f4520.h”

o FEEIESNF - HEHE Data Book FiEmHYATE{E
0 %ﬁﬁ’éﬂ'ﬂ/ﬁnéiﬁ.%@ﬁ%ﬁ%bnt “bits”

\

1. SXEPORTD Lyl - f: 2. ¥ PORTD K bit3 & bit5
ik 055 Y163 EHIH{E e E] e q
PORTD : RS
TRISD =0 : PORTDDbits.RD3=1;

PORTD = 0x55 : PORTDDbits.RD5=1;

2011 Microchip Technology Incorporated. All Rights Reserved. ~ TLS2118 Slide 20



R MPLAB® C for PIC18

MICROCHIP

Regional Training LGSR (Linker Scripts)

Centers

] Program Files Linker Script files are included as part of the

@ e MPLAB installation :
__] mplabc18 r 0 R EREERAAIUE
%“;:.: L) p1814520_g Ikr
LKR

@ p18f4520_g.lkr

o F—ETHEE Y EEGHIE:
- EFZITHHEEAR/D ~ filE e AUt
— %EZ debug 1 release By TAERER

o MPLAB IDE 15 35 B IUE » BRIEIRA R
HY+E B £ H

© 2011 Microchip Technology Incorporated. All Rights Reserve
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Regional Training
Centers

18f4520 g.lkr #H3LFs

LIBPATH

FILES c018i.o0
FILES clib.lib
FILES pl8£4520.1ib

R E R EEIIA

r  #IFDEF _DEBUGCODESTART
CODEPAGE NAME=page START=0x0 END=_CODEEND
CODEPAGE NAME=debug START=_DEBUGCODESTART END=_CEND PROTECTED
#ELSE
CODEPAGE NAME=page START=0x0 END=0x7FFF
BAZER < s\
CODEPAGE NAME=idlocs START=0x200000 END=0x200007 PROTECTED
CODEPAGE NAME=config START=0x300000 END=0x30000D PROTECTED
CODEPAGE NAME=devid START=0x3FFFFE END=0x3FFFFF PROTECTED
CODEPAGE NAME=eedata START=0xF00000 END=0xFO00FF PROTECTED
f ACCESSBANK NAME=accessram START=0x0 END=0x7F
#FI
DATABANK NAME=gpr0 START=0x80 END=0xFF
DATABANK NAME=gpril START=0x100 END=0x1FF
DATABANK NAME=gpr2 START=0x200 END=0x2FF
DATABANK NAME=gpr3 START=0x300 END=0x3FF
By DATABANK NAME=gpr4 START=0x400 END=0x4FF
ZoRiEm <
#IFDEF _DEBUGDATASTART
DATABANK NAME=gpr5 START=0x500 END=_DATAEND
DATABANK NAME=dbgspr START=_DEBUGDATASTART END=_DEND PROTECTED
#ELSE //no debug
DATABANK NAME=gpr5 START=0x500 END=0x5FF
#FI
K ACCESSBANK NAME=accesssfr START=0xF80 END=0xFFF PROTECTED
-
#IFDEF DEBUGDATASTART
B B < STACK SIZE=0x100 RAM=gpr4
7o #ELSE
::.FEﬁ STACK SIZE=0x100 RAM=gpr5
-
© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 22



M@:Hlp C E/\] Llnker ﬁﬁ@

Regional Training
Centers

code .code filename PR ThE

romdata .romdata filename B ELEEN EEBER

udata .udata filename IEYIRER B
idata .idata_filename B YGENER
stack (udata) .stack C BEX# Tk e

o Linker gr¥tmg—(Eig AfEE (*.0) BIUFE

o FTLMREIDUEIL/RE CHYRNE > MiARFHBRHYED
ERSE LR E

© 2011 Microchip Technology Incorporated . All Rights Reserved . TLS2118 Slide 23



4
B MPLAB® C for PIC18
Regional Training EXENEAR IR TE

goto startup | 4m Reset Vector

MPLINK & HEin A EREIELE - —K2
HETRE IOl c018i.0 (_startup label)

_startup:
o «@ c018i.0 (NEE)
call _main C BB TR MHGLATRE - S -
EEREELE S ETRBERFIEHIERLS
_ main() (JEZBEZEE : c018*.c)
_ma:Ln:
SR « ) mainc

------ fREY main( ) BKE > Linker & BEZHETT
fir kY

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 24
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LA (EFHEIE

C HIBABH B HIIEE

gn{e] {58 FH IERERY B ENRAH

TERYRENRAE F] DU Ikr TR R ERAH R 27

ECRENEH - SR H ]

// File: 18£f4520i.1kr

// Sample ICD2 linker script JEEFH

LIBPATH . - 3
(¢ PIC18F {84 #5254

FILES c018i.0

FILES TLS2118.1ib
FILES clib.lib
FILES pl8£4520.1ib

CODEPAGE
CODEPAGE
CODEPAGE
CODEPAGE
CODEPAGE
CODEPAGE

NAME=page
NAME=debug
NAME=idlocs
NAME=config
NAME=devid
NAME=eedata

c018i.0 idata& udata

c018iz.0 idata & zeroed udata

c018.0 udataonly
sz 75 PICISF A4
START=0x20 c018i __€.0idata & udata
START=0x30 c(018iz_e.0 idata & zeroed udata

START=0x3F
starT=0xr0 CO18 __€.0 udataonly

71

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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ﬂ/& - — =4 B z 1
c018i.c B ENEIHEZ

Centers
#pragma code _entry _scn = 0x000000 .
static void RESET ﬁ[i_[l:
entry (void) 0x000000
{ asm goto _startup _endasm }
#pragma code _startup_scn N % STACK &
static void _startup (void) S
{ TBLPTRU #FI{E(E

_asm

/Il Initialize the stack pointer

LFSR 1, stack LFSR 2, stack CLRF TBLPTRU, 0O
// Initialize rounding flag for floating point libs

BSF FPFLAGS,RND,0

_endasm
_do_cinit ();
oo R
/[ Call the user's main routine
main ();
goto loop; _ :
} [* end _startup() */ H% EE%ME&Q mam( )

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 26



meoce  018f4520.11b JE 72 pREEAE
= JEFR 18FA4520 Fra Rk EEE Fas (SFR) Bk
m p18F4520.asm 4H:%7% 1L obj AYZRIEEIFE(T Y p18f4520.lib
n JRIGTE U S e E R
u C:\Program Files\Microchip\mplabc18\v3.38\src\traditional\proc

= p18f4520.lib iRt BB IR R
m AHEIHY EEIEHREL - S EH P TREERY L ob) BURSIFAE N
p18f4520.lib
B FEEIES R ES 228 MPLAB C18 Reference Manual
= A/D,USART, Timer x, EEPROM ... =

m  JR4RFEFRAE C:\Program Files\Microchip\mplabc18
\v3.38\src\pmc_common BYH&E T

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 27



Loe PIC18FA4520 ={HTTi: 7 2

Regional Training

. 3 MBS B2 ra 2k
e p18f4520.0 (asm) -

NOLIST

— IEQ%S JEEJi %ﬁ%% /j ; MPLAB-Cxx PIC18F4520 processor definition module
{Ei_d: [:[ C18 {E}EH ; (c) Copyright 1999-2007 Microchip Technology,
Y T O (55 S L 1P

SFR_UNBANKEDO UDATA_ACS H'F80'
PORTA
® 1 81:4520 h PORTAbits RES 1 ; 0xF80
p . PORTB
PORTBbits RES 1 ; 0xF81

o ZE.%Z?FEJ Liﬁﬁ & ggingits RES 1 ; OXF82
1:5 E% {E 7—[:% i\ i ggingits RES 1 ; O0xF83

PORTE
PORTEDbi ts RES 1 ; 0xF84
RES 4

_ LATA
® p18f4520.|nc xg:blts RES 1 ; OxF89
LATBbits RES 1 ; OxFSA

- mlegaEswm  F
AESO [ g Y LATCbits RES 1 : OxXF8B

E/jJEE:I %ﬁﬁfﬁg ﬁigbits RES 1 ; 0xF8C
I/E'I\A*I;S KT/EB/ ﬁgzbits RES 1 ; OxF8D

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 28
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N
Mﬁg:mp I/O Ports

Regional Training
Centers

e High Drive Capability 21— © }
e Can directly drive LEDs RESESJ D_@ Hior
e Direct, single cycle wiite TRISK y — @_
bit manipulation 2 1
e Each pin has individual <

Read PORTx

direction control under software

e All pins have ESD protection diodes

e Pin RA4 is usually open drain

o AN - BrA/Y /0 N ES s A A (S8 AR » BTRA
FERRAHEAZERY /O RIFREHARE

o FE: MRZ /O MIfrABEIEThsE (30 AD B A) - B E
N EThRE R EERYE ATIRE

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 30
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MICI§CHIP

Regional Training
Centers

. /

/O Ports

/O Pin Direction Control

TRISB‘1‘1‘0‘1‘1‘0‘0‘0‘

HEERERN

In Out OutOut|Out

Go-G-o00040

PORTB

LY TRISX EffFEsH

1Ry Bit n JRELE

PORTX B

THYEE n A& HA

WP

e 1 =Input, 0 =0utput

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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ﬂ‘\ Digital 1/O Ports — PIC18

Regional Training
Centers

Internal Data Bus

Write PORTX

Write LATX Read LATX

Read PORTXx

LATX Register
(PORTx Output ‘ ‘ ‘ ‘ ‘ ‘
Latches) !

PORTX I/O Pins ll él Iil Iil Iil I%I I%I

SEE—T : PORTX 58 LATX 7ERBHHEM AR » ThEE LA IR 2

© 2011 Microchip Technology Incorporated . All Rights Reserved . TLS2118 Slide 32



A EEEAIA LATX VS

Regional Training 5%'3}% Read - M O d |fy'Wr | te %}J{?E@E&Bﬁ

Centers

EETEERRE/NNENERS
BSF PORTX,PINy BSF PORTX,PINz
V on PORTX,PINy Q4 i QL Q2 Q3
: | 10 PR
VA N S
t

FE[EFEE R L EAEA&TTE High Level

£ = T A B8 3R R B K B FE B B

BSF PORTX,PINy : BSF PORTX,PINz
V on PORTX,PINy Q4Q1Q2Q3Q4

o2

/0 B R &L

— |

FEEFEERR L EA R TA B High Level » & High!

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 33



e Analog or Digital I/O?

Regional Training
Centers

o FL /O RINIAVTHRE B A S 2 TERIRY
(Power On 18 FEESIE & “analog mode”)

— PR RIa bR e & A AR (3 FH & Digital
/O AN A7 #1 &) & Digital mode !
e 7E PIC18F4520 4= , ADCON1 # A= Eig tedt A
BERE R PR B ]

Bit 7 Bit O

ol - x P x ] ] ] ]

VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO

Set lower 4 bits to ‘1’ to make all multiplexed pins digital

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 34
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N /O Ports 44k

Regional Training
Centers

® i PIC18 Family @ & * ** 1/O 41 0% 3 £ 7

® TRISX
@3- 1/0O port en w
®PORTX
@4t 1/O port 3 B~/ B » * ehii 3 B
O ATX
Ot I/Oport @ » FFrenixgf s B — 223, e * W

W BT AEE aff it
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AR L ab Exercise 1
Regic::r;a':tZasining %ﬁ_‘ﬂﬁl MPLAB® C18 ﬁﬁ%%

FEIIE—{E MPLAB C18 HYEZX » (£ C18 RémsZIHLEXIL
HEE BB TIES DUERRNEE] “Hello, TLS2118!” By
B HE~FE APP001 Demo Board #y LCD.

i

Hello, TLS2118

R — MR HE (R R P AT
MPLAB C18 FYEAERZE -

Ilhil'-lé
|

2011 Microchip Technology Incorporated. All Rights Reserved. ~ TLS2118 Slide 37



N Lab Exercise 1

MICROCHIP
: 77 —{E MPLAB® C18 F2XH %

Regional Training
Centers

TER

i

£ MPLAB IDE THY Project #7E ESUEEADE

T FARCERERER :
Project » Project Wizard...

After the Project Wizard opens

Click i Next > i to continue...

. Welcome!

Thig wizard helpz you create or configure a new MPLAE IDE
project.

[ Next > |[ Cancel l [ Help

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 38



Y Lab Exercise 1

MICROCHIP
: 77 —{E MPLAB® C18 F2XH %

Regional Training
Centers

TER

i

IR IERERYE R T34 7
PIC18F4520

Project Wizard

Step One:
Select a device

PIC18F4520 w

Click i Next > i to continue... <Back || Nea> | [ Cancel | [ Hebp

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 39




MICROCHIP

N Lab Exercise 1 £

Regional Training
Centers

TER

i

277 —{E MPLAB® C18 E{EEZE

FEZ S =23 T 558 (Toolsuite) 3EHE

Microchip C18 Toolsuite

Project Wizard
Step Two:
Select a language toolsuite
Active Toolsuite: | Microchip C18 Toolsuite
Toolzuite Contents
. er (I xe] Y
MF'LINK EII:||ec:t Llnker [mpllnk e:-:e] S
MPLAR C18 C Compiler [mec8.exe) -
MPLIR | ikrarian (ranlib aval o
Location
|E:"~F'r|:|gram Filez\Microchiphh PASHM SuitetMPASMYWIN. exe | [ Browse...
[ Help! My Suite |sn't Listed! ] [ ] 5how all installed toolsuites
Cllcki Next > i to continue... [ <Bock [ Nea> | [ Cancel | [ Heb
© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 40




N Lab Exercise 1

MICROCHIP
: 77 —{E MPLAB® C18 F2XH %

Regional Training
Centers

i

TER

G 1T [ Browse. | T HIAME REE

C :\RTC\TLSZ 1 1 8\La b 1 Project Wizard
Exr4mEe Labl.mcp

Step Three:
Create a new project, or reconfigure the active project?

o e e e = e = e e =
-

——————— .{ (#) Create New Project File -7 = :
- == I z T
______ : CARTCATLS 211,8’1fab1 WLabl mop
--" -7~ > 7

-
-
-
-
-
-
-
-
-
-

o o
@ Create New Project File

C:\RTC\TLS2118\Lab1\Lab1

.

Click i Next > i to continue... cBack || Ned> | [ Cancel | [ e

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 41




N Lab Exercise 1

MICROCHIP
Regi%r:gt'grrasining Zé%ﬁ_‘@ MPLAB® C18 ﬁﬁ%%

TER

MAFRBEANZIERE - LS
RYE ] DIEEE :

C:A\RTC\TLS2118\Lab1 — |
Add exdsting files to youllproject

%2 Labl.c
1 3 1 Projects ”~ A CARTCATLS 211845 ab14ak 2
el Add >> = RTC I

] A CARTCATLS 2118 TLS 2118 _LIBY
(] COM3390

[ comM4zo
BEEBIE TR AR Rt

EER/ Library Labi c

C:\RTC\TLS2118\TLS2118_LIB O Lz

[ Lab4 g
| > < *

st TLS2118.1ib < 3

CIle i Add >> i < Back ” Neat = l[ Cancel ][ Help

TLS2118 Slide 42
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Y Lab Exercise 1

MICROCHIP
Regic::r;a’:t"rerrasining E%ﬁ_‘@ M P L A B ® C 18 Eﬁ%%
2 7

o MPLAB EBGHINRAE BT R{EMHEEZEEIVE
Shenm g ( LKR 1EBREEE)

o FREEBTIMABGSREIE - RFEEREL
MPLAB HJTERYI8EHE o

o ERETDIAE CEIANEFEEIMA—{EEGS I
}= — Linker Script (#40 : p18f4520 g.l1kr)

o —f&IME @ FRIMEAHBZEEBINIENERNTECEREA
A B1TE B s s
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Lab Exercise 1

i

277 —{E MPLAB® C18 E{EEZE

£

BRI I B8P ( B B fH 0 [E B IE 52 )

#IFDEF _DEBUGCODESTART

CODEPAGE NAME=page
CODEPAGE NAME=debug

START=0x0

#ELSE
CODEPAGE NAME=page START=0x0
#FI
CODEPAGE NAME=idlocs START=0x200000
CODEPAGE NAME=config START=0x300000
CODEPAGE NAME=devid START=0x3FFFFE
CODEPAGE NAME=eedata START=0xF00000

#IFDEF EXTENDEDMODE
DATABANK NAME=gpre
ACCESSBANK NAME=accessram

#ELSE

ACCESSBANK NAME=accessram

#FI

DATABANK NAME=gpr0
DATABANK NAME=gprl

START=0x0
START=0x60

START=0x0

START=0x80
START=0x100

END=_CODEEND
START=_DEBUGCODESTART END=_CEND

END=0x7FFF

END=0x200007

END=0x30000D
END=0x3FFFFF
END=0xFOOOFF

END=0x5F
END=0x7F

END=0x7F

END=0xFF
END=0x1FF

PROTECTED

PROTECTED
PROTECTED
PROTECTED
PROTECTED
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N Lab Exercise 1 £

MICROCHIP
Regi%r;agt'(rerrasining Zé%ﬁ_‘@ MPLAB® C18 ﬁﬁ%%

TER

‘i’iﬁ?f Finish | RS MBS A

MRS IS -
View P Project

Project Wizard ['5__(|

. Summary Lab 1 Project Tree

Click “Finizh' to create/configure the project with these

pararneters. =] |:| Labl.mcp
Source Files
Project Parameters = D

-y
OENEP | C18F 4520 Labl.c

Taclsuite: - Microchip C18 T oalsuite [ Header Files

File: CARTCLTLS 21184 abT5Labl mep (] Object Files

=-I_1 Library Files
= TLS2118.lib

[ Linker Script

A new project will be created and added to the cunent

workspace. Mate that the selected device applies to all D Other Files
projects in the current work space.

] Fies | *i# Symbos |
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N Lab Exercise 1

MICROCHIP
Regi%:::gt'grrasining Zé%ﬁ_‘@ MPLAB® C18 ﬁﬁ%%

TER

0 2 EEENA4REZIEIE Project P Build Options » Project

Project Wizard...

Open...
Close r
Set Active Project 4

Package in .zip

Clean

Locate Headers

Export Makefile

Build Al Ctrl+F 10
Make F1d
Build Configuration

Build Options. filename.c

M i Pl e =l B

BCfE :
EEEEEEHEEZEE
HIERYHEEGRE IR 2L
F B3R EE R frcFas B E

E EREBERAEARIE T
i i A E]
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AR Lab Exercise 1
217 —1E MPLAB® C18 f2 B %

Regional Training
Centers

i

TER

5eF=E Directories ¥E5IH

SRR EAES KEATEHERY
PASHCTTC10 St FEERRAR - BT 7 DA

BT A B R Y TR RS IS B BAE:
C:\RTC\TLS2118\ HYH##% T

SRE—HY Project #E1E:
C:\RTC\TLS2118\labl\labl.mcp

Suite Defaults
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217 —1E MPLAB® C18 f2 B %

Regional Training
Centers

i

C18 v3.37 DIBRA AN EZ28s
BEAHZ c:\mccl8\ i
X(&| C:\Program Files\ 77T

Bnild Options For Froject "Labl.mep"

MPASM Assembler MFPLINK Linker MFLAE C138
Directories | Cnstom Build Trace MPASMACITIC1E Suite

Select Include Search Path
from the combo box

Directories and Zearch Paths

Show directaries far: Include Search Path

MNew Click on New

TOAFESERR : . \Microchip)
mplabc18\v3.38\h (Default ZkEER)

C:\RTC\TLS2118 (JuAZTHYHE =)

TLS2118 HYsRIZER T NERY
R EINENAREEE
IO ARYBEERERS S
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Y
m 28t Header R HMEIAE?

Centers

1. #include <p18cxxx.h>
2. #include “TLS2118_LIB/P18F_LCD.h”
3. #include “P18F_LCD.H”

> B—EEA < xxxx.h> BFF5REREM

.\Microchip\mplabc18\3.38\h gE& T HY Header File

> SBIEEEA “xxxxxx/xxxxx.h” 53235 HEiHY
Project H#% » F N —J@RYTEERRK

- BRI EAR “xxxx.h” 5 [5REFEHEH HAl
Project BV H §%
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N Lab Exercise 1

MICROCHIP
: 77 —{E MPLAB® C18 F2XH %

e <
g
st : b= C18 v3.37 MEIRAAN E &4

& C:\Program Files\ 7T

Build Options For Project "Labl. mecp"

. MPASM Assembler . MFPLINK Linker MFLAB C18_
Directories Costom Build Trace MPASMICIT/CIS Suite Sel ect L I b rary Sear C h Pat h fro m
Directories and Search Paths th e CO m b O b OX
Show directories for; | Library 5 |
New Click on New
CARTCATLS2118
POABERR

: . ____— .\Microchip\mplabc18\v3.38\lib
; E : —T]
RN R R 8 C:\RTC\TLS2118\TLS2118_LIB

R T N ERERERKRS
TLS2118 LIB HYRRIRIEAR
BEEEERFEER -

Suite Defaults

Clickf OK ‘iwhenfinished
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MICROCHIP

Regi%rzayt'grrasining Zé%ﬁ_‘@ M P L A B ® C 18 ﬁﬁ%%
Bk

¥ abl.c IMARERFTFZIE S
£ project f8E H, Double click Lab1.c TT&%R T 5§ fk b

#include FFEHERVEBEE R —IREVEHEZINE
o JLHFERERE (MAFIEL THIINE &RLHE)
o A C K Microchip EHEAEREE (iIf used)

N Lab Exercise 1

\l

o BfTEZRNRNBATEEAREEE (if used)

#include <pl8fcxxx.h> B (e FE Y A B R AR S
#include "TLS2118 LIB/P18F LCD.h"4@ Z7E project options %f

BETLE | iE
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N Lab Exercise 1

MICROCHIP
: 77 —{E MPLAB® C18 F2XH %

Regional Training
Centers

TER

i

®) e Lablc FMARERF RIS
EREXPEMAEconfiguration bits B E LD

o {#fH #pragma config
o ZEZX help file % device BIBHFIF , BIBR T AT K ER
o AMEEMNREBEMREERELERE

g hlpPIC18ConfigSet.chm

. Labl.c #0FE{EF C18 Lite fiAZEZHEF extend instruction THEERREA

#pragma config OSC=INTIO7, WDT=OFF, BOREN”= ON, BORV = 1, LVP=OFF,
PBADEN=OFF, XINST = OFF, MCLRE = ON

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 52



MICROCHIP

N Lab Exercise 1

Regional Training
Centers

TER

PR BURHY R &S T L2580 .
Debugger P Select Tool »

i

Debugger
Select Tool 2 None
Clear Memory  p|EARYF\=R(e]p}

2 PICKit 3
3 MPLAB ICE 4000
4 MPLAB SIM
5 MPLAB ICE 2000
v 6 REAL ICE
7 PICKit 2
v 8 MPLAB ICD 3
9 PIC32 Starter Kit
10 Starter Kits

277 —{E MPLAB® C18 E{EEZE

AR TH -

- MPLAB PICKit 3
- MPLAB ICD 3

* REAL ICE

* MPLAB SIM

B A TR T L
Z| APPO01 By

m the Programmer menu.

DO NOT enable tool from

© 2011 Microchip Technology Incorporated. All Rights Reserved.

TLS2118

Slide 53




N Lab Exercise 1

MICROCHIP
: 77 —{E MPLAB® C18 F2XH %

Regional Training
$477 Debug A7Z55E

Centers

i

M Lab1 - MPLAB IDE
File Edit “iew Project Debugger Programmer Tools Coghsio

[ = ?| Debug ¥

@s| Deb ; Debug ~ When programming [=
elect Debug mo e-‘Helease completes,click i}

Reset button.

@ Click Build All button. | §, @ Click Run button. D
Rad

If no errors reported,
m Click Program D& @ Click Halt button. |:| |:|

button.
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Mesoce Exercise 1 By45E
o #Fa]PIEE| LCD gErnmHIA

“Hello, TLS2118!”

» D1 LED fEPiHE
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ﬂ{?

MICROCHIP L

Regional Training

Centers

Ibrary Exercise

Labl IhEE Review

fEFHECHY Library /Y functions 2K¥EfE LCD

DVEYGFTEESEY Library file & A project file 5

RV ES ARE % Library 20/ES04 header file:

P18F LCD.h

Labl {2 Y f
TLS2118.lib &

unction 75 OpenLCD() - putrsLCD()

void puts

void putc
void puth

V.V V VYV VY

Y

e FH Y function B

void OpenLCD (void) ;

LCD( char *) ;

void putrsLCD( const rom far char *) ;

LCD(unsigned char ) ;
exLCD(unsigned char ) ;

void LCD_ Set Cursor(unsigned char , unsigned char) ;

© 2011 Microc
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M@:Hlp 3_‘\" LIB j-ba—

Regional Training
Centers

o HIEIET AL
Project —g& > & C
FEZU0E] Project #

= [ TLS2118.mep
- Source Files
FIC18F_LCD_APPOOL.C
-] Header Files
P1F_LCD.hH

o EfHobj Mg | i
Linker & &—1{EX&1L 8 ot i
f52H > Linker &% H
?EBL_IEKE\ A
R Library #Hr
ARG ZZ ]

35"
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Mlcég:mp g.:i LIB i’b%:

Regional Training
Centers

® y a P I OJ eCt 9 B u | I d Build Options For Project "TLS2118. mep"
- - MPASM Assembler MPLINK Linker MPLAB C18
O p t I O n S 9 P r OJ e C t I Directories Custom Build Trace MPASMICITICIS Sutte

A I S 5l . 0

Generate Comemand Ling

Library Output
‘ L I b rary O u t p u t }%IE CJBuild narmal target finvoke MPLINK)
(®)Build library targst (invoke MPLIB)
%E L B u I I d [ ] Build genericlibrary

Single File Assembly Projects

Library Target @sen

() Generate absolute code
(") Generate relocatable code

o I NERRRER e

[ ] Generate stack-analysis report
o EYEh Build All Ba46E:
TLS2118.LIB -

build-librany

1l
<!
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Special Features



o PIC18 Oscillator Options

Regional Training
Centers

XT Standard frequency crystal oscillator 100kHz - 4MHz
HS High frequency crystal oscillator DC - 40MHz
HS+PLL High frequency crystal with 4x PLL 4MHz - 10MHz
LP Low frequency crystal oscillator 5kHz - 200kHz
RC External RC oscillator DC - 4AMHz
RCIO External RC oscillator, OSC2=RA6 DC - 4MHz
INTRC Internal RC oscillator Various

EC External Clock, OSC2=f . /4 DC - 40MHz
ECIO External Clock, OSC2=RA6 DC - 40MHz

e Selectable clock options provide greater flexibility for
the designer:

— LP Oscillator designed to draw least amount of current

— RC or INTRC provide ultra low cost oscillator solution

—  XT optimized for most commonly used oscillator frequencies
— HS optimized to drive high frequency crystals or resonators

e Speed ranges are guidelines only
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R POR, OST, PWRT

Regional Training
Centers

e POR: Power On Reset v _/:/—

—  With MCLR tied to Vp, a reset

I
pulse is generated when V, MCLR /: |

rise is detected

l PWRT
e PWRT: Power Up Timer PWRT—::jl_
—  Device is held in reset for 72ms OST | | ' ' l
|

(nominal) to allow V to rise to |
an acceptable level (after POR > > >

only) 9

e OST: Oscillator Start-up Timer

— Holds device in reset for 1024
cycles to allow crystal or
resonator to stabilize in
frequency and amplitude; not
active in RC modes; used only
after POR or Wake Up from
SLEEP
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MICROCHIP

Regional Training

Centers

Sleep Mode

e The processor can be put into a power-down
mode by executing the SLEEP instruction

System oscillator is stopped
Processor status is maintained (static design)
Watchdog timer continues to run, if enabled

Minimal supply current is drawn - mostly due to leakage (0.1 -
2.0pA typical) , XLP device is much lower than std. device

Al LL{sE FHAZE Sleep Mode MiEE CPU HI/E:& KR

MCLR | Master Clear Pin Asserted (pulled low)
WDT | Watchdog Timer Timeout
INT INT Pin Interrupt
TMR1 | Timer 1 Interrupt (or also TMR3 on PIC18)
ADC A/D Conversion Complete Interrupt
CMP Comparator Output Change Interrupt
CCP Input Capture Event
PORTB | PORTB Interrupt on Change
SSP Synchronous Serial Port (I°C Mode) Start / Stop Bit Detect Interrupt
PSP Parallel Slave Port Read or Write

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118




o Watchdog Timer

Regional Training
Centers

e Helps recover from software malfunction

e Uses its own free-running on-chip RC oscillator

e WODT is cleared by CLRWDT instruction

e Enabled WDT (WDTEN) cannot be disabled by software
e WODT overflow resets the chip

e Programmable timeout period: 18ms to 3.0s typical

e Operates in SLEEP; on time out, wakes up CPU

Counter

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 64
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R\ In-Circuit Serial

MICROCHIP

Programming ™

o RTEIRHE Vpp(MCLR) #fdl5t, R
FES/ REERBI T ETH PIC18

device BItEE%EL PR R

— ICSP Data
— ICSP Clock

{# In-System Programming
— Calibration Data
— Serialization Data

e MPLAB®ICD3, PICKit 3, Real

Al LR 75 (E i A 1T T SR ECIERE

ICE F1E&%/PREEaT AR AT LLGE AL T8
AHtAE PIC18 device 1EsEFE M At

fThREE

Vep Programming Voltage = 13V
Vo Supply Voltage
Vgs Ground
RB6 | Clock Input
RB7 Data I/O & Command Input
Application PCB Voo Vop
MCLRIV ¢ % T ICSP™ Connector
< T ICSP Connec tor
> =
I L
°_°| Voo ]
O ve {]
o RB6 {1
RB7 {1
To application circui ! Iat_iton
¢ D CCCCCC S
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MICF!DCHIP
Regional Trainin ing
Cen

I{’EE
n;; T HENEAE

E

BOR — Brown Out Reset

I!-Wl

BRI (K215 EHYE

TEAREE

5 BRI

o BHL

o [F{EREA » HER[E
o HREL - BYFH BOR B »

-—EEEHEEEA |

-
15MERY BOR EES
Th#t

B RRF I

FERS

HYE

5 R L

J1[IZN
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K PBOR

MICROCHIP

~mme  Programmable Brown Out Reset

o Configuration 3% 38 (&4 IC - HHRK )

— @& it X enabled / disabled (XLP i 715 £ 3% 40
B B BOR # st 78 » ¥ % Sleep Mode ™ B B¢)

o F T RFERDBV, F =8FIH [ (7 P device BB ¥ 5 7
LhALal=ge 5

— 2.5V
- 2.1V
— 4.2V
— 4.5V

o Jri device PEHTRFBANPEG R, Fuid b
supervisor (MCP1xx, MCP8xx/TCM8xx, or TC12xXx)
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R PBOR - Programmable

MICROCHIP

Brown Out Reset
e Holds PICmicro® MCU in reset until ~72ms after V rises back above
threshold

VDD
\]/ ................................................... BVoo
§ 72ms
-—

Internal
Reset

72ms

Internal ‘
Reset <72ms

Vop N, BVoo

72ms
Internal
Reset
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A PLVD - Programmable Low

MICROCHIP

Regi%r;a':tzrrasining VO I tag e DeteCt
o H[LAEL brown out B re LVDCON
%t device fif®
HEEER .
e 16 selectable trip §
pomts: % DLVDIF
~ 1.8V upto 45V in g

0.1to 0.2V steps

— External analog
Input

VRer
e Internal Vgge LVDIN @
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% . . .
o Configuration Bits?

Regional Training
Centers

° R ETUFHYEI TIIRE:

— Code Protect Reset Vector

High Interrupt Vector

d

— Watchdog Timer
— Oscillator Options
— Debug Options

Low Interrupt Vector

User Flash
— More...
CONFIG 7SR Ar A E R0 B ZERy Data EEPROM
Eﬁ*%ﬁﬁﬁﬁg%ﬁﬂggﬁﬁ%ﬁ@ —> Configurations Registers
(#E4BfArik @ 0x300001)

Device ID
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- 4 . . .
Lo Configuration Bits
R onters = PIC18F4520 Registers (4 of 11)

CONFIG1H Register

R/W-0 R/W-0 R/W-0 R/W-0

FOSC3 FOSC2 FOSC1 FOSCO

bit 0

CONFIG2L Register

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

BORV1 BORVO BOREN1 BORENO PWRTEN

bit 0

CONFIG2H Register

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0

WDTPS3 WDTPS2 WDTPS1 WDTPSO WDTEN

bit 0

CONFIG3H Register

R/W-0 R/W-0 R/W-0

LPT10SC PBADEN CCP2MX

bit 0

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 72



) doiP mARN Y B EK T

MICROCHIP

o Configuration Bits

Syntax

#pragma config setting-list

o EEEFEMENRIHLMARESIE » Config WRAEERE
hIpPIClBConﬂgSet.chm

E] Program Files

] microchip Values for the setting list are defined in the
__] mplabc18 PIC18 Config Set help file.
) v3.38
@ p— [ ]
2 | hlpPIC18ConfigSet.chm
hipPI1C18ConfigSet.chm

{52 FHEERT

#pragma config OSC = INTIO67, WDT = OFF, BOREN = OFF
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Y,
2 Configuration Bits gz EH

Regional Training
Centers

g2 hlpPIC18ConfigSet
& = A e

BEEE = T8 B I
PIELC) ] EFID ] =4 PIC18F4520 E

(7] FIC18F4411 ~
[7] FIC18F44.JR0 ]

[7] PICT BF44K20 Oscillator Selection bits:

@ FICT18F4510 0z = LP LP oscillator

FICT18F4515 _

[2] PIC18F 452 02C = T AT oscillator

%gg::‘g;g 0S¢ - HS HS oscillator

(7] FICT8F 4525 oSt = RO External RC oscillator, CLKO function on RAG
PIC18F4539 _ _

2] PIC18F4550 0z = EC EC oscillator, CLKO function on RAG

% EEEE:E:B 03C = ECIODA EC oscillator, port function on RAG

[9] PICT8F4580 0S¢ = HSPLL HS oscillator, PLL enabled (Clock Frequency = 4 x FOSC1)
[7] PIC18F4585 : .

2] PICT 8F45.10 03¢ = RCIODA External RC oscillator, port function on RAG

[2] PICTBF45.11 03C = INTIOB? |Internal oscillator block, port function on RAG and RAT

[7] FIC18F4550

[9] PICT8F45K20 Internal oscillator block, CLKO function on RAS, port function on

0sC = INTIO?

[7] FIC18F4E10 RAT

[7] FIC18F4E2D -

i:gg;‘ggg Fail-Safe Clock Monitor Enable bit:

[7] FIC18F 4685 FCMEN = OFF |Fail-Safe Clock Monitor disabled

[7] FIC18F4E11
@ PIC18F4EJ5EI

[0 caems

FCMERM = 0N | Fail-Safe Clock Monitor enabled
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Regional Training
Centers

Feature Symbol

OoSC

PIC18F4520 A HYEEIE (Part 1)

Description

Oscillator Selection

Setting Options

LP,XT,HS,RC,EC,ECIO6,
HSPLL,RCIO6,INTIO67,INTIO7

How to Set Configuration Bits

FCMEN

Fail-Safe Clock Monitor Enable

ON, OFF

IESO

Internal/External Oscillator Switchover

ON, OFF

PWRT

Power Up Timer Enable

ON, OFF

BOREN

Brown Out Reset Enable

ON,OFF ,NOSLP, SBORDIS

BORV

Brown Out Reset Voltage

0,1,2,3

WDT

Watchdog Timer Enable

ON, OFF

WDTPS

Watchdog Timer Postscale Select

1,2,4,8,16,32,64,128,256,512,
1024,2048,4096,8192,16384,32768

MCLRE

MCLR Pin Enable

ON, OFF

LPT10SC

Low Power TMR1 Oscillator Enable

ON, OFF

PBADEN

PORTB A/D Input Enable

ON, OFF

CCP2MX

CCP2 Mux

PORTBE , PORTC

STVREN

Stack Overflow/Underflow Reset Enable

ON, OFF

LVP

Single Supply ICSP Enable

ON, OFF

XINST

Extended Instruction Set Enable

ON, OFF

DEBUG

Background Debugger Enable

ON, OFF

CPn

Code Protection Enable Block n (n = 0-3)

ON, OFF

CPB

Boot Block Code Protection Enable

ON, OFF

WRTh

Write Protection Enable Block n (n = 0-3)

ON, OFF

WRTB

Boot Block Write Protection Enable

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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,ﬂ‘\ How to Set Configuration Bits

Regiona aiin PIC18F4520 BEAHEEIE (Part 2)

Feature Symbol Description Setting Options

Configuration Register Write Protection

Data EEPROM Write Protection

Table Read Protection Block n (n = 0-3)

Boot Block Table Read Protection Enable

o BILIEHIEEEBEFAATAE @ R ERINER
o fEHIREE T BIF/EK Watch-Dog Timer B

o TE4mEIT/HIEREEH Debug/Release?F;'i‘E DAIETERE)
Config. #1Y “Debug Bit” BV 1E

e hlpPIC18ConfigSet.chm @ia‘ﬁﬁﬁﬁﬁ PIC18F By
> WEFTTHRES TR - 355 % MPLAB C18 HYRRA

o FHZEXITHHY Data Sheet #EFF configuration Ej{Z2sHY
SIERER
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R\ TLS2118 #k4e #

MICROCHIP

Configuration Bits €73 Z_

o RTefg;N % & TLS2118 #r5 e ¥ 42
* k& Z_Configuration Bits
#pragma config OSC=INTIO7, WDT=0OFF, BOREN = ON,

BORV =1, LVP=OFF, PBADEN=OFF, XINST = OFF,
MCLRE = ON

> ,_.f{:ﬁﬁ?’\’f 7 LR WDT 2B EM P LVP » £ & B
F}9 MCLRE = 3% ON r1gz* MCLR Pin ¢ % Reset #
Ak ©

> %7 4% C18 £.# * Lite %< % » Extended Instruction
Sets # it ¥ LMF o
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S MPLAB® C for PIC18
BRI R Al

Regional Training
Center

o Hifli Byte DI EHYERHE
endian” BYR=

— LSB BERER AL

B

=LA “little

— MSB S#ERUERE S VAL
0x4321 HJER @ 0x100 (RAM)
7 0
OXOFF
0x100 21
0x101 43
0x102

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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o MPLAB® C for PIC18

Regional Training gﬂ &
Centers S8 E&!%

char, signed char -128 127
unsigned char 0 255
short, signed short -32768 32767
unsigned short 0 65535

int, signed int 16 -32768 32767
unsigned int 16 0 65535
short long, signed short long 24 -8,388,608 8,388,607
unsigned short long 24 0 16,777,215
long, signed long 32 -231 231 _1

unsigned long 32 0 232 .1
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i) MPLAB® C for PIC18

MICROCHIP

Regional Training )‘g‘%ﬁﬂl\]*ﬁﬁ
W

Centers

e MPLAB C18 # * |EEE 754 ¢ 3¢

32fir EAEREE
BFERE R NEY (B 32{ {1 TR RS -

1 8 23 V&

S Exp Fraction

I0E23
31 RIEE (Eh=RRY 2220 (il (femiEiss0)

AR 12T )
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R MPLAB® C for PIC18

MICROCHIP

Regional Training ﬁ@ﬁ;& Efj-ﬁ*\’:{ [[&E
Centers YY) N EEJ.J&LE

. Minimum Maximum S ;

Type Size - nent  E nent Minimum Normalized Maximum Normalized
SLENE (R S 128 [ 2125~ 1.17549435¢ - 38 | 2128 * (2-21%) ~ 6.80564693e + 38
Szl S| Sa 128 [2125~117540435¢ - 38 | 2728 » (2.271%) = 6 80564693e + 38

o double [ float Y& R} RIAE E—FERY
e C18 1~ #& 64-bit 7Y double &RIEIHI|
e C30 L& 64-hit #Y double
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S MPLAB® C for PIC18

Regional Training
Centers

TETRIDRR

o EETO]DIFEL data memory B {EH Ta
=HNEL program memory

o FEERVEREIRA memory model

o FETERVERE D] DUE

ble Read

.‘,[/%\‘%_’—‘?‘: “ near” 'E—(Z “fFar”

RES
2= GELiEE(rom) BErELiEE(ram)
- 2M bytes EHMER, 4K bytes FEHFER,
(FH24-bitHyFgiE ) (FH16-bitEyF5E )
<64K bytes EHFHES, Access RAM FEHFER,
e (Ae-bityisE) (FA8-biteH5E )
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. fiITTAH (byte) HIEEEX

Regional Training
Centers

BRUA

B s 18

o [FRENEHVTFaLHEE ESHREMEMN char
. ?El{iﬁ’l‘%ﬁﬁ%ﬁﬁﬁ IV fFas Bl E R Data Sheet

Example

PORTB = 0x31; // Write 0x31 to PORTB
AtoD Result = ADRESH; // Read A/D Result (High)

TXREG = 'a'; // Send 'a' out UART
if (RXREG == 'x') { ..} // If received char is 'x'
while (RXREG) { .. } // While char is not '\O'
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NﬁiéiHP ﬁ¥§afﬁ§€§§§§%Qfﬁ=’€;;

Regional Training DL PIC18F4520 A5

PORTA Variable Declaration from p18f4520.h Header File

extern volatile near unsigned char PORTA;

o extern: PORTA WA EEZEE
p18f4520.0

e volatile: jE8E
BE) > T AS
BB R

o near %%z’é‘ﬁ%z‘a Access RAM EEEER

%]H
=4
oo 8
Q
-
=~
5
N>
T
i
%
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f/
MICI§CHIP

Regional Training
Centers

+

o

{udata/idata)”’ 3R $5 E B8

ZHEBRHINLE

(RAM Location)
. Access Bank NS Bh /TR

IATERHE < “#pragma

#pragma udata [data-qualifier] [section-name [=address]]

#pragma idata [data-qualifier] [section-name [=address]]

o

#pragma udata/idata

KR

ERAMBYRF ENLE.

JRiBEEHETES “#pragma udatal/idata”

RéERTE EREBLERIIESR

© 2011 Microchip Te
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f/
s #pragma udata

Regional Training
Centers

e #pragma udata [data-qualifier] [section-name [= addr]]
~ #pragma udata [xxx] LA NPT E SIS SRR EIMLEZHE

1T REZ 5k

» HFEEFFES “#pragma udata” A HETTHEHEZS
— udata : B EHEYIIREAVER B (Idata G UG EHYER)
Option — [data-qualifier] : SER S B HEEAT HS— [ 35§
° “access” ==> ZHEFE ACCESS Bank #Y RAM (0x00-0x7F)
° “2H " ==>ZHEFEIE ACCESS Bank (GPR)

Option — [section-name [= addr]] ;SR BRI HE
e F5xEsection-name: B2 LinkerfY B &EHE AL A Hsection-namefH
5 > RS HREEHMENEIE EETTZHE
o FR¥5iEsection-name: BEIBIIHYZE » WFREE LinkerfyE4EHS
LS N HYsection-namefHE] » FLEF SRS BifEunprotected &

o =addr: FTLAREIS EETEALHE

]
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f{?

weoe  HpPragma udata 54 (FHI)

Regional Training
Centers

#pragma udata
near unsigned
near unsigned
near unsigned
near unsigned

#fpragma udata
unsigned char
unsigned char
unsigned char
unsigned char

#fpragma udata
unsigned char
unsigned char
unsigned char
unsigned char

#pragma udata

access AccessSection T DR > SO Access Bank

char Temp Code[4]; o1 > FLinker 5 {T2eHkA Ak
char Rec Data;

char PWM Duty;
char On_Flag;

abc=0x100

J; HEMU TN Z8RBAEGPRF

i; Ar ik Es0x 1008935

e,

£;

test

EE Write Data; HEUT ZBEBAEGPRY » FHLinker 1T
EE Addr; ?E‘Fﬁlﬁt » Y section name A4 FFE ER G
Err . ’ SECTION NAME=test RAM=gpr2
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LBow RS

Regional Training
Centers

R

REGNAMEbits . BITNAME

o WEEMiTEEE LIS EE ER
— p18f4520.h

o KT FasHYERELTEIN L "bits'

o UTHYTEEZREL data sheet fH[F]

LATBbits.LATBS = 1; // Set bit 5 of PORTB
Flag = PORTBbits.RBS5; // Read bit 5 of PORTB

while ('ADCONbits.DONE) { .. } // While A/D converting
ADCONObits.ADON = 1; // Enable A/D
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o AT A TR TR E

Regional Training Example for PIC18F4520

Centers

TRISEbits Variable Declaration from p18f4520.h Header File

extern volatile near unsigned char TRISE;
extern volatile near union { <= Bit Field Structure Definitions
struct {
unsigned TRISEO:1;
unsigned TRISE1l:1l; Primary Bit Names
unsigned TRISE2:1;
}i
struct {
unsigned :4;
unsigned PSPMODE:1;
unsigned IBOV:1;
unsigned OBF:1;
unsigned IBF:1; Bit Field

Secondary Bit Names

};

Variabl
} TRISEDitS; (r———— ariable

Declaration
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M,@cmp Register and Bit Field Variables

Regional Training Definition in Processor Specific Library

Centers

e Both REGNAME and REGNAMEDits defined in a
processor specific library

e Both are allocated at the same address

Excerpt from p18f4520.asm (p18f4520.lib) Library File

SFR _UNBANKEDO UDATA ACS H'F80'

PORTA
PORTAbits
PORTB
PORTBbits
PORTC
PORTCbits
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/O Port ByFHSlEH 28
MPLAB SIM - ?%FFET%%%%H’JFE ,
LCD pREEHRIER

C18 EER B ENER




AR Lab Exercise 2

Regional Training I/O _E_? lerar‘y Ejf, 5'-\“ ﬁj-}.‘.—_ﬁ. '3

Centers

EHZEArE: C:\RTC\TLS2118\Lab2\Lab2.mcp

T E40a[{E Microchip Frigftey Head File (p18f4520.h) #&
HYZ4 T E B AR EH S TH T fras B a8y -

TEATSE RN S AEA TR ESR K E
NEFEFRITIA

W - SGRERY

G
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f{?

) ~ el
&E _BFEHR
e EYF MPLAB SIM + Stopwatch &= H 100mS
{JEKEE Delay

—  BCETHGIRBEYARE Sy SMHz

e Debugger =2 Setting:--

—  [HFHETELEE  Bi22 Stopwatch P {THINEE]

o Debug TELYIE ICD3 14 BEREmB B0
RRET
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Y Lab Exercise 2

MIcRoCHIP
Regional Training I/O _E_? lerar‘y ‘;3», ;\" ﬁ’?‘/“é s

Centers

Lab Exercise 2 &

o 2% 1/0 HIRE

- 275 APPOO01 HyEER&[El, Rz el LED gyl Az Fie i 2kl 37 PAE
ffEA s (£=: LCD & LED.Z Mz YEET)

~ {3 C18 FYSE AL (i TTAHHE, S AR L AR E L L A (2
o SRE[EA MPLAB SIM 2RE 22 delay( ) R FT R YRR

o M Library — TL82118 lib FEEfEHY LCD function

libraries ZRABFEER %&%TF‘EEHE’J@%&Q{E-
o iHF MPLAB C181 ,.\EI’J standard library
—  HI7H itoa(int value char *string ) 72 fZ£E ;K ETHYTHREIE?

— el RYEE Key_Count & Loop_Count ¥t S RS 1% (H
putsLCD() EItH 2 LCD

'I'I'l

\\'
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PIC18 Family p z£
AR P

Interrupts

2 i
2



f{?

18F4520 hEgpait
o 18FA452074 FN1E S Eh = & Eh
— =EESerE==>E e = {171:0x0008
— AEABSE R ==> T [ B HF0x0018

— FHE A

|

g
E‘

2l S

[ERS= VSR AVAT
FETERRERR==>B1T
T HEEg E Ena
o ERPICI8RFIHI G E
TS (B ESrE

JE

nleskDisa

Pt N =
NE=/8

ple

CEFEH AR ()
H iR (Flag)

55

EAPIC16FXxXX %4

HYEXE
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Incorporated. All Rights Reserved.

1111111

Slide 97



f/
MICI§CHIP

Regional Training
Centers

TMROIF
TMROIE

Other Core
Interrupts

TMR1IF

TMR1IE
Other
Peripheral
Interrupts

D

R e RS
{HAREE

Core Interrupts

Wakeup
to CPU

Peripheral
Interrupts

Vector to 0x0008

GIE

PEIE
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) R E

MICROCHIP

Regional Training ; 5[‘5 *%E *E —]
Centers E > J:

P = INTOIF INTOIE
IE
IR GIEH
Vector to 0x0008
High Priority
Interrupt to CPU

:D—> Wakeup to CPU

Low Priority
IF - GIEL

B

el

gLV

0

Interrupt to CPU

Vector to 0x0018
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f{?

MICROCHIP

Regional Training

Centers

Shadow ¥

Fas

18F4520%F “Shadow Register’fyg%st » fEIR = HETTE

A BRI B

= B ST RE T
— W BSR > STATUS #y&E AJHLH 5 FH Shadow Register
—  FEICHYIR[E] - retfie FAST

{EIBSo i R BT
— W BSR » STATUS #Yf7 AJEUH RN 725 aE ok A HE A
—  FE=(AYR[E - retfie O

M EEE - fF C18 4R sy TaLs

BHERE
&ham. C HyE

e

i3

Hpm]

AOsh==
[

i

B A G

ajtd
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ke , :
MICI§CHIP %‘K {% @;&_‘ 1':& ¢ %PR;Z’%E. 5\4

Regional Training
Centers

® % % § kd2ip 4 “Hpragma code” #-AE; % F
e BEI AT R B EY ¥re £ 4k - 0x0008 >
f € % goto 3p & #drHEEMS L BPRIAR
® % % § i 4 “#pragma interrupt” kg
S¥ch BBAEY MRS (F AN IR
) 2R E ¢ p (7% retfie FAST £ w
#pragma interrupt func-name save=symbol list
> func-name : % BL Y BIRIBEN LA

> save=symbol list : & @ ¥FPRI-FEN ¢ » JFALEE ¢}
%7 th3 #(5]: save= FSRO, PRODL)
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K , y .
MICROCHIP % ];i v '&"?; _'}E'? ISR m““—,i i‘#ﬂ l}l]

Regional Training
Centers

#pragma code hi_vector=0x0008 // ERTEPBIEARS
void isr high code (void)

{
asm FERNEHSES IR » B
goto isr high FHIER| P ETHR B IES (isr_high)
_endasm

}
#pragma code

//************************************************

//* Function: isr high(void) *
//* - Received a serial data from RS-232 *
//* - Save the received data to Rec Data *

//************************************************
#pragma interrupt isr high
void isr high(void)

{
HETR#ES (1sr_high)

Rec Data=ReadUSART() ;
PORTD=Rec_Data;

}
#pragma code
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"
&ﬁw ¢ Brea B R 2

Regional Training
Centers

o d - F kG ERIBIRTANRHE
o MR TR - B FARLL 0 o
1 € E &t i (T (L USART edg dz 3 51))

1 B P i ek 2 RCONDits.IPEN=1;
2.3 T USART gk iz = % B4 IPR1bits.RCIP=1;
3.enable USART endgjc @ %7 PIE1bits.RCIE=1;

4 fcde B BLE Y W INTCONDits.GIEH=1;

o Zo ¥ Breng AR E_
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Lo R B IR

Regional Training
Centers

® % g &d2ip 4 “#pragma code” K2 T B ihde
BLR 33 kLY e £ -4t - 0x0018 > | & #*
goto 4p & #-IHIHER A A& ¥ TIRIAE S

® $|* “#pragma interruptlow” ki L I s ML
FE ¢ YrPRIAAE ;N > iEw 3 38§ retfie

#pragma interruptiow func-name save=symbol list
> func-name : M i Y BPIRIAES LAL

> save=symbol list : £ 7 FFRIFARN P » FARIF M s enBic (
¥ : save= FSRO, PRODL)
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R . .
e ¢ BEEIEAZS (ISR) LR F

Regional Training
Centers

o ¥ ¥rdficEiz Bl

o ¥ BroTié ¥ PlenPcF 4c » volatile thz £

o P¥TSIBGEA &R T Local ¥k BEY EE
J B

o ISR BAXEARYF » 7 B s $hRJde > ¥ UK T
Flag & < 3 4 723" e

o ¥ 5EEME T I tmpdata & % > F ISR ¢ § 4F
Feamt B (f v g s M ReEE ) 0 AL F R save
tmpdata i& B & % - #F L8 3 A28 ol Tl 4R

o FrixinCl8 . ¢ p B ik 3 tempdata
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f/
R tmpdata vs. g

Regional Training
Centers

o tmpdata 3 A2\ ¢ Yrandcs 3

o ATH:CL8 § A 475 tmpdata » 7 14k ¥ E74E 50
s > 24 FE GG tmpdata T Bk E R € B R
£

o 4r¥k P Er4p5\E fi&?ﬁm}; A N
tmpdata )]} PLE R a0 N e oY AR RGE B

#pragma interrupt isr nosave=section(".tmpdata")
void isr (void)

{

}
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PIC18 Family p 2= e
RAT B P

mers



k) PIC18 % 5| eh% ¥

MICROCHIP

Regional Training

Timer0

e Timer0 ¥ & % % 8-Bits & 16-Bits #i-3"

e 16-bitmode ¥ » TMROH ¢ &3 B TMROL B¥ 4 Z i ot 3f !
& 8 » Timer0

— ¥ Bgyend 8-bit < Data Bus % 3 B~ 16-bit < Timer &
o PEA 4 F P FFhto00h (FFFFhto0000h)» 2 4 ¢ %5

FOsC/ dm—

Sync with Zet Interrupd
intarmnal | TMRO
D_ . Clocks THMROL High Byta__[— Flag it TMROIF
i

Programmabbe f— 1 ray " on Ovarflow
TOSE ;m:aler (2 Tov dalay) *
3 Raad TRREOL
TOPSZ, TOPS1, TOPSOD I F
TOCS PSA Wirite TMROL
oy
o 1° i}

TMROH

3
AV E Crata Bus<7 0=

Note: Upon RESET, Timeard is enabled in 8-bit mode with clock input from TOCK] max. prascala.

TOCKI pan
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i) PIC18 )% 5|t i¥

MICROCHIP

Timerl and Tlmer3

Centers

o 16-bit fic;t et B 3t B

o 43 BTH/BenBbit - HKER Ma

© %E',ﬁ%;‘&" e fhiEdE <+l +20+4> 0r+8

o ZEARCPFE FAHESPEE AR HEN
BE(RARB TR B?I-i@?ﬁ'_)

o B LHFRFTTEV IT5 IR & & SUpF
E ( System Clock ) :5 #

o FFHEBAVFEZ S F >pF FFFFh to 0000h » &
498
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S PICI8 ZFIHfEE

Regional Training Timerl and Timer3 (continued)

Centers

Data Bus<7:0>

N AIATMRIH 77581 Latch DUfE/SEEREREN I
” A | EYE $8%): 15
8

N

CCP Special Even Trigger

EIL RS
FERIZD R

TMRON J—

T1SYNC

T13CL1/
T10S0

5 = T10SCEN Inter
. . Enable oc 2 .
TI0ST XP==0=="  0scillator ® TMR1CS ’I’ SLEEP input

T1CKPS1:T1CKPSO
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N

3 Timerl 0¥ {7 ) 2

T10SI _ﬂ_ﬂ_ﬂ_
T10S0 JUL

f | f | f | Fosc/4
Tick! AL TMR1H TMR1L

pin

synchronize

Timerl Control Register (TLCON)

scale

Timerl On

1:8 LP Oscillator Enable 1 = Enable Timer1

1:4 1 = T10SC selected Clock Source Select
1:2 0 =T1CKl can beused 1 =External (T1CKI)

11 0 = Internal (Fosc/4)
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Y PIC18 % 5 en% ¥

MICROCHIP

Regional Training I I I I le r2
Centers

o 8-bit IHAMVETRFES » HTHFRES M ARERES ZTIRE
o PWMEGHIIRIUT » EARHISERAIR
o TMR2 R—H[5H - REAHHEATIREHETRF =8

o TMRZ gHZN—IEEEEMMEMLE : EHEFREH
ANt £ RERESEE L TET © WM HERECERRE

EHETiY

o H[URMSSP (SPI") X RAVEE
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Mlcég:mp

Regional Training
Centers

Timer2 7

piliz

A
TMR2
B
A JL_1vro
————5 TR JITL (1[0 e [ola
1 1:16
Fosc/4 - l}L
BFEE
[_’t@%g 1:1-> 1:16

PR2 T\r PIR1

1[1]2[1[2ToTolo
TMR2IF

%%JEZ%"—%% (T2CON)
OUTPSS3ITOUTPS2|TOUTPS1|TOUTPSO] TMR2ON IT2CKPS1]1T2CKPSO



ab Exercise

Timerl KRS ELFE FE
hET AR FEFE X AT HE B pR B
C18 ¥R Timers BN BIFEFE




) Lab Exercise 3

MICROCHIP )
Regional Training Tlmer _E;’ Interru pt ﬁﬂ% *

Centers

&RE = HiZ

HZAr'E: C:\RTC\TLS2118\Lab3\Lab3.mcp

THRAMEIER] MPLAB C18 H-h BB I 53 B o
Bt S

Timer &&& &5 2 RBUREFHE]
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) 5 —
3 — F=h
MicRocHe éﬁéj . FE/) Tﬁl‘)fl B %ﬁ
Centers @5‘5[ 3-1
FEIL Timerl WYETREEBRE » PERREERE R 1nS

1. F|F #pragma code HYFFZETHALHE 0x0008 By E#ERE
2. €3 TIMER] 1ms VALUE By 1mS %E(E

HE 3-2
ZE1L Timerl HYFETRRZ @ PEHIFHEEE R 1S
1. FIH #pragma interrupt KYTEE]HEESTHE PETR=
2. EHE A TIMER] 1ms_VALUE B9 1mS $REHE
3. THEHESRHYEERER E

ERL: Timerl EFESANEZZ —BSEEEFIEMAERRE
sHAIF MPLAB SIM + Stopwatch HYTHEEMAHEIEREHEIE

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 116



MICROCHIP _
Regional Training Tlmer _E_? Interru pt ﬁﬂ% *

Centers

Lab Exercise 3 & ¥

o EHF(ER C18 By Library ZK#HE| Timerl
—  Z Timerl g5 1 ms Er CPU —X
o EH(HA MPLAB SIM 3 KR#EIZZ Timerl ETHIAERE
o 1 C B ZHEETiEny FER R
o (EREAENEIIRETRRY @ 58] HH:MM:SS RYE&H
o (£ LCD RiFfE#R

Y Lab Exercise 3
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MicrocHIP _
Regional Training Tl mer 1 E"f’j"‘—.’; i

Centers

Y Lab Exercise 3

0 f2 Timerl s BB 27 B A 3% 2

o fHF Timerl BYRREE

—  BInA Timer BYEFEFE #include <timers.h>

WriteTimer1(TIMER1 _1ms_VALUE); /1 5% & ST Ey e
OpenTimerl( TIMER_INT_ON & T1 16BIT_RW &\

T1 SOURCE INT& TL PS 1 1&\

T1 OSC1EN_OFF & T1_SYNC_EXT_OFF);

e 1mS HyHETHFE EEETE

—EgEZETHE  #define TIMER1 _1ms_VALUE 65536-(1000*2) // @8MHz

R Tosc = 8MHz » Fcy = 2MHz -

RTERRESEE & 1:1 BVER® » ATDL 1mS BYZEREE & 2MHz / 1000 Hz = 2000
Timerl A EEt85=0 » 1mS 518 2000 %X » #; A Timerl AY{E & (65536 — 2000)
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MICROCHIP _
Regional Training Tlmerl ﬁ’)\:‘ %‘?‘,ﬁf @

Centers

7 fE Timerl env $rif &

o ETRAREGHEERNKIERTHE
o HETHAREHEF S RER  RERTEIER =&
o FEFETEEM > BHF Temp Data RYFEL - CAINER S EER

#pragma interrupt HighlSR nosave=section(".tmpdata")
o Fi Timerl WYRfElExE R B ELZH AR

— ETE/{E TIMER1 1ms VALUE 65536-(1000*2)

—  B]LAH MPLAB SIM i ERAH fe I Hs [ 5 52

- HERFEENAECEER

TIMER1 1ms_VALUE 65536-(1000*2) + 156
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PIC18 Family p 2Z e
&»#ﬁ B EP

10-Bit Analog-to-Digital Converter



M@:Hlp P|C18F4520 ‘:l 10'b|t A/D ﬁja% g

Regional Training
Centers

o fHF SAR HVHEHAF= (ZHs%E TAD)
o 13 ZHYFLLEEIAZ T g ABEHE » 10 bits fEHTE

o MALLERAHURRE - 2.4 pS (E50/REDHTI<10K)
o JHCLEW ABRRIE @ 11~ 128 Typ

— 8.4 uS (12 Tap, Tap B/ NEF[E] B 0.7uS)
o 10-bit FEMTRERF » HA—IJTHIERZE
o NFHFHEHIMIESZER | VREF+ & VREF-
RANVGER T HECE RHAE © MAERTEL

lll
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ﬂ{?

MICROCHIP

Regional Training
Centers

PIC18F4520 ADC HHiE

CGHS3:CHSD
..... I I T
' 1100 |
. o i AN12
! 1211 !
. ™o . ANT1
: 171 :
: o | AN1D
: 1001 ¢
; -"'H'* . ARE
! 1000 !
: o M . AMNE
I . 0111 .
Lo . ApTi
I a11e |
1 ¥ .\j_|7 B ﬂ'”
V — H"'l ool AT
I a1on
T ! & . A4
10-Eit [Input Voltage) ! o, 0011 AR
CDE:EITE' I I
I aol1n |
g H"‘l —— AMND
VCFG1 :'T'EFGIZI . $—o olnil i AN
peominie e Y e : qaoon :
: : = =0 ™o T AND
r——=—" N | --------------
VREF+ |
| Reference | = e
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ﬂ{?

merocwe  P|C18F4520 ADC Bis
VL] AT
Regional Training
Centers
Voo
Sampling
o . ;E = 0.8V o
! 2g | AN Ricstk ' S5 Rag !
: '|"'~'I'i : ¥ ¥ T My ; '_"n"'n'l'!_'_‘l
| |
: fr : Crin l croTTeTT |
AV . L _naw | hILEARAGE —— (Cwmowo = 25 pF
1 Ilk‘h = 1 5pF T i VT =08V '-\__J' '+ 100 nA = P
= ' . I/ Voo
Legend: CPIN = input capacitance
VT = threshold voltage A
ILEAKAGE = leakage current at the pin due to Voo EE: \
various junclions T 5y
RIC = interconnect resistance 2V
55 = gamgling switch L1
CHOLD = gamgle/hold capacitance (from DAC) 1 2 3 4
RSS = samgling switch resistance Sampling Switch (k£
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MIcRoCHIP A D C

Regional Training
Centers

o ADCONO #Z=#H 1+

ADCONO

:

Fas

CHSO

GO/DONE

ADON

I = |

CHSx EEEREEEEA T
GO/DONE 1=A/D B IEFEEIT
0 = A/D ERASERE

ADON BiE) ADC #&48
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e
Mﬁg:mp A D C ?ﬁ%ﬁ

Regional Training
Centers

ADCON1

== VCFGL VCFGO PCFG3 PCFG2 PCFGL  PCFGO

S - -

VCFG1 BESEER
1 =2 H Vref- #HIBVINEERIR > 0=Vss
VCFGO ESEZER

1 =2 EH Vref+ #FHITY/IERERIE > 0 =Vdd

PCFGx AD g ARz BYE E
28 ANO ~ AN12 B RS hRESEELEA
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e
Mﬁg:mp A D C ?ﬁ%ﬁ

Regional Training
Centers

ADCON?
ADFM [T ACQ2 ACQL ACQO ADCS2 ADCSL ADCSO

S - -

ADFM AD BEEHasE RRR
1= ESEEFE > 0= HESERARE
ACQx AD EVEUERRF R E

O Tap F| 20 Tap HYRFfEIERE
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Mﬁg:mp AD F M 'ﬁij_'ﬁ

Regional Training
Centers

o HHASERIL > ADC IIRGEREINEIEGS R T8
ADRESH #1 ADRESL

o 10-bit ADC BRA&ER A DA A BT 0] R A H

Bk sy
10-bit st R
EESEapL
10-bit st R
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MICROCHIP

"

"

TR =]

PCFGX %r

Regional Training

Centers

=

2S

IR B

Z N\

ADC

3

ﬁA

® 7\

ONV

LNV

ZNVY

ENY

PNV

iz) TNV

iz) ANV

iz) LNV

8NV

GNY

OLNV

LNV

D

¢ LNV

A
A
A
D
D
D
D
D
D
D
D
D
D
D
D
D

PCFG3
PCFGO

oooolM
0001

0010

0011

0100

0101

0110

p111M
1000

1001

1010

1011

1100

1101

1110

1111
A

Digital /0

D=

Analog input
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i)
RS C18 PREEE
o EBABERIER S-S (p18f4520.1ib)
— C:\Program Files\Microchip\mplabc18\v3.38\doc\
PIC18F Peripheral Library Help Document.chm
o EFHREE (clib.lib)

Software Peripheral Library

e Software I)C™ Functions, Software UART Functions, ... &
— General Software Library

o  FILER - LIEAERE - BRI EERE ... F
— Math Libraries

o 32-bit FREBUER - BIERER R

o 7 FH RREEE(E AR A
— ..\mplabc18\v3.38\doc\hlpC18lib.chm

ail
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Mﬁg:mp A D C @;&’:\:
Regional Training

Centers

o C18 Y #EFTARY PIC18F4520 FHEpREL
o ADC REI[ER

» (void) OpenADC ( unsigned char config,
unsigned char config2,
unsigned char portconfig)

(void) SetChanADC (unsigned char channel)

(void) SelChanConvADC (unsigned char channel)

(void) ConvertADC (void)

(void) BusyADC (void)

Int ReadADC (void)

(void) CloseADC (void)

o FE{EH #include “adc.h”

V.V VYV VYV V V
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M@Hlp A/D ﬁ;jﬁ%*”"’&

Regional Training
Centers

| AL |

l

 mme | (O

| AEBHA/DESE

l Yes

EEFFAID
MRGER

—

=

724 7 77 HCU
UBEFET 7 F

PICISF4520 # 14 #
ADCONZ %3 T & # A&
WP 52 P75
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10-Bit Analog-to-Digital E5i#EsAIH

i R

ab Exe

MPLAB C18 ADC

R el A fsE

ﬂ.

2B



R Lab Exercise 4

MICROCHIP
Regional Traiing 10-Bit ADC MPLAB C18 Library s #

GRE VY H iR

BHZEAE: C:\\RTC\TLS2118\Lab4\Lab4.mcp

TR GEFE MPLAB C18 (8 s
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M@:Hlp ég%sﬁ | Im* h T"ﬁ)’l%%
Regional Training W | ;I",’J J - N

Centers

o {EFHOpenADC( ) RAZVEKELTE PIC18F4520
#y ADC

> SREfTEZE SR - PIC18F Peripheral Library Help Document.chm

o ZREIUH ADC EzEAHIZKIEH
1. %€ Tad HYHFE] & Fosc/16
AD BEAGER H A ST B
e E AD BRI K 4 (& Tad
#EE}=E Channel 0 & AD g A
[BREA AD HY T
{5F3 VDD & VSS ‘E 1t ADC 2 ERRH
B IE ANO R 3SELEg ATHRE » FHeRHINL B TNRE

N o Uy R WN
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AR Lab Exercise 4

Regiona Tainig 10-Bit ADC MPLAB C18 Library g *

Centers

Lab Exercise 4 3% P &

o E83H ADC module BYRE] (2751 HHYEREA)

— [ MPLAB C18 ££{itf’y ADC [&H3£ Library sk#i£] ADC module

o {EH &E 3 58pKHY 1Ims Timerl HEFFEECEAS TGS E]—(E
100ms Y Time Event

e ‘E 100ms HY Time Event #84:H0F , DL ADC ¥} APP001 E/Y
VR1 i BB EREVERHA (2518 EHYER )
o & ADC 5% DL LCD R4S R
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MICROCHIP

Regiona Tainig 10-Bit ADC MPLAB C18 Library g *

Centers

R kx ADC

OpenADC ( ADC_FOSC_16 & ADC_RIGHT JUST & ADC_4_TAD,
ADC_CHO & ADC_INT_OFF & ADC_REF_VDD _VSS,
ADC_1ANA);

° ﬁiﬁ*ﬁ% ADC H ?’Lﬁ:
ADC_FOSC_16 : 5 7€ Tad HYHF[E] & Fosc/16
—  ADC_RIGHT_JUST : AD EEpasE R [q A S g 8k
— ADC_4 TAD: 5% E AD AR A 4 1 Tad
— ADC_CHO : 3 Channel 0 2 AD #igj A
—  ADC_INT_OFF : BfiEf AD By R ERT
— ADC_REF_VDD_VSS : {£FH VDD & VSS ‘&t ADC ZEERJH
— ADC_1ANA : 5% 7E ANO R3S ELE ATHRE » FEERMINL RE AL TIRE

Y Lab Exercise 4
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MICROCHIP

Regiona Tainig 10-Bit ADC MPLAB C18 Library g *

Centers

ADC enig 3%

o HEE N=1TBLA]58 AD HYEAENE
SelChanConvADC(ADC_CHO) ;
while(BusyADC()) ;

Update_ ADC(ReadADC()) ;

o ZIE:RHH ADC HYBRAEN(E:

—  SelChanConvADC(ADC_CHO) 4% Channel 0 AyiEitaiis A - Bl 1EE 2B
Gt AD AT

—  while(BusyADC()) : f@#s AD #EHa 2 A58 0%

—  Update_ ADC(ReadADC()) : 5HY AD #EHaf4E 5 %1 Update ADC {8

Y Lab Exercise 4
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VIPLAB C18 ' Runtime envirenment
Memory Moedels
How to Override the Default Characteristics of VVariables and Functions



C18 Memory Models

Object Allocation Schemes



R Memory Models

MICROCHIP _
Overview

Regional Training
Centers

Option Description

For programs < 64KB For data < 128B Q
Pointers to Data Space: 16-bits All data resides in the
Pointers to Program Space: 16-bits Access bank

For programs > 64KB For data > 128B Q
Pointers to Data Space: 16-bits Data may reside in any
Pointers to Program Space:  24-bits bank

e May override on a case by case basis with
the near and far qualifiers

The General Purpose RAM portion of the Access bank is not 128 bytes on all devices. It
may be smaller for devices with more than 128 bytes of Special Function Registers (e.g.

PIC18F8720: OxF60-OxFFF vs PIC18F4520: OxF80-0xFFF).
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f/
MICI§CHIP

Regional Training
Centers

NEAR ACCESS GPR
Bank O

Bank 1

FAR

Bank 14

Bank 15
NEAR ACCESS SFR

Memory Models

Small Data

All data fits in ACCESS
bank (usually 128B)

No bank switching
required

Fastest data access

Smallest code to
access data

Causes warnings when
using libraries

© 2011 Microchip Technology Incorporated. All Rights Rese

rved.
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f/
MICI§CHIP

Regional Training
Centers

NEAR ACCESS GPR
Bank O

Bank 1

FAR

Bank 14

Bank 15
NEAR ACCESS SFR

Memory Models

Large Data

All data cannot fit in
ACCESS bank

Data can reside
anywhere

Bank switching
required

Data treated as If it
were in far space

Libraries are built using
this memory model

© 2011 Microchip Technology Incorporated. All Rights Reservi
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Lo Memory Models

Regional Training S m al I CO d e

e Default Model
0x000000

e Program fits within
64kB 64kB

e ROM pointers (data
and function) are 16-
bits (same as RAM)

OX7FFFFF
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Lo Memory Models

Regic::r;anltzrrasining Large COde
e Program cannot fit

Program Memory (Flash)

0000000 \within 64kB

e ROM pointers (data
and function) are 24-
bits

OX7FFFFF
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R Memory Models

MICROCHIP
Regional Training How to Select the Memory Model

Centers

a Lab1 - MPLAB IDE v8.02 - Lab1.mcw
File Edit View Wu{i==# Debugger Programmer Tools Configure Window >

Project Wizard. ..

Project » Build Options... » Project

New...
B [ab1.mcw e

————————  Clase
= [ rabla  set Active Project
=l [ =
[AHez clean
[ ob] Export Makefile
CALibr  Build Al Ctrl+F10

-3 Link  Make F10
Build Configuration

Build Options. .. Project
Caot

Save Project

Save Project As...

Add Files to Project...
Add Mew File to Project...
Remove File From Project

Select Language Toolsuite, ..
Set Language Tool Locations. ..
Version Control...
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MICROCHIP
Regional Training How to Select the Memory Model

Centers

k) Memory Models

Build Options For Project “Labx_Test.mcp”

Directories Cusgtom Build Trace MPASM/C17/C18 Suite
MPASM Assembler MPLINK Linker | MPLAB C18 * > MPLAB C1 8

Categories: |l v \ Directories Custom Build Trace MPASM/C17/C18 Suite
Generate Command Line MPASM Assembler MPLIMK Linker | MPLABC18

Code kModel
() Small code model [<= 64K bytes]

@ Large code model [ BAK bytesz) > M emory M Odel

Data bodel

(%) Large data madel [all FAM banks) .
) Small data model [access Fak only) EatEgD”EE.

Stack Model

() Single-bank model
) Multi-bank model

Inherit global settings Restore Defaults

|-mL -Ou- -0t -0b- -Op- -Or- -0d- -Opa- |

[JUse &lternate Settings

0K || cancel
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k) Memory Models

MICROCHIP
Regional Training How to Select the Memory Model

Centers

Build Options For Project “Labx_Test.mcp”

Directories Cusgtom Build Trace MPASM/C17/C18 Suite
MPASM Assembler MPLIMK Linker | MPLAB C18
oy Code Model
Categories: | IS MM, A |
Generate Command Line D Small code model [": = BAF, I:l_lr'tEEE]
Code Model 3 (¥} Large code model [» B4K bytes)
() Small code model [<= 64K bytes]
() Large code model [» 64K bptes)
Drata kodel
Data bodel
(%) Large data madel [all FAM banks) } » {E} LargE: data |TI|:||:|EEI [a” H.":I'.r'-"l tlarlk.ﬁ]
() Small data model [access RéM only)
() Small data model [access RAM only)
Stack Model
() Single-bank model
O Multibank model Stack Model

Restare Defauls

|-mL -Ou- -0t -0b- -Op- -Or- -0d- -Opa- |

(%) Single-bank model
() Multi-bank model

[JUse &lternate Settings

0K || cancel Help
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AR Memory Models

Regional Training Tl p S & Trl C kS

Centers

e Inappropriate model for your program can
cause compile or link errors

e AS your program grows, you may need to
change the memory model

e If desired, you have full control over
where objects are placed in memory

— Use small model, but force some objects into
far memory

— Compile different modules with different models
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MICROCHIP

Regional Training Tl p S & Trl C kS

Centers

R Memory Models

e Compiler can often generate more compact code if
variables in the Access bank

Tips for Optimal Memory Use

Use if all variables for the application can fit in Access ban

Small Data . :
If all data doesn’ t fit in near space, define some

variables with the £ar qualifier so others have space to

fitin near data. _
1. Compile some individual modules using Small Data.

Then include their compiled object modules in the Large

Data project.
2. Define individual variables with the near qualifier

Large Data

model program, the TBLPTRU byte must be cleared by the

B Following the use of a far data pointer in a small memory
user. MPLAB C18 does not clear this byte.
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MICROCHIP

Regional Training Tl p S & Trl C kS

Centers

R Memory Models

e Functions that are near (in first 64kB) may call each
other more efficiently

Tips for Optimal Memory Use

1. Use if all functions are within first 64kB.

2. Compile some modules using Small Code and include their
object files in a Large Code project.

3. If not all functions are in first 64kB, define some functions
with the far qualifier.

Small Code

1. Define some functions with the near qualifier. An error will
Large Code be generated if the function cannot be reached by one of its
callers using the more efficient form of the function call.

memory model program, the PCLATU byte must be cleared

a Following the use of a far function pointer in a small
by the user. MPLAB C18 does not clear this byte.
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Lo Mixing Memory Models

regional maining— Small Code application with Large Code libraries

Centers

Program Memory (Flash)
0x000000

near

Small 64kB

(*£p) () ; \ ®
OX00FFFF

£n() ; ’

Code
Model

far

Large
Code
Model

OX7FFFFF

Project built with
small code model for
efficiency

Libraries built with
large code model for
flexibility

Function pointers
may be used to call
far code library from
small code
application

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118
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Lo Mixing Memory Models

regiramarne  Small Code application with Large Code libraries

Function in library built with large code model

void LCDPutStr (rom char *str) ;

Application built with small code model

o Declare a function pointer and initialize it to point to the library function

far rom void (*fp) (far rom char *s)=(far rom void *)LCDPutStr;

\ & J
—— —— ~
Give function pointer and Typecast from pointer to void function to
pointer to parameter ability to a pointer to far rom wvoid function
address beyond 64k (Eliminates suspicious pointer conversion

warning)
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Lo Mixing Memory Models

regiramarne  Small Code application with Large Code libraries

Function in library built with large code model

void LCDPutStr (rom char *str) ;

Application built with small code model

e Call the library function via the pointer

fp((far rom char *) "Hello, world!'");

Typecast from pointer to rom char to a pointer to far rom char
(Eliminates suspicious pointer conversion warning)
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How to Override the
Default Characteristics of
Variables and Functions

Using type qualifiers and #pragma



,ﬂ‘\ Locating Variables and Code

Regional Training S e C t | O n Ty p eS

Centers

#pragma sectiontype sectionname=address

e Section types define the overall region of memory where
an object is to be located

udata RAM Static Uninitialized Data (e.g. char x;)
idata RAM Static Initialized Data (e.g. char x = 55;
udata access ACCESS RAM Static Uninitialized Data in Access RAM

idata access ACCESS RAM Static Initialized Data in Access RAM
romdata Program/Flash Variables and Constants
code Program/Flash Executable Code
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Lo Locating Variables

Regional Tainng How to place a variable in the Access Bank

#pragma sectiontype access sectionname
near type identifier;

e The #pragma tells linker to place the
following variable(s) in the access bank

e near tells the compiler not to generate bank
switching instructions

e Can be accessed more efficiently

#pragma udata access mySection

near int x;
near char a[l0];
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R Locating Variables

MICROCHIP

Reglonal Training Manually Optimizing Data Memory Use

Centers

NEAR ACCESS GPR
Bank O

Bank 1

FAR

Bank 14

Bank 15
NEAR ACCESS SFR

e Use large data model

e Define frequently
accessed variables
with near qualifier

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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Lo Locating Variables

Regional Training Variable Allocation Example

#include <pl8£4520.h> @ Variables are far by
default (banked)

— a[] may be located

char a[124]; @)

#pragma idata access myData anywhere

near char x = OxAA; (2] To create near variables

int main (void) with the large data

{ model:

} — Declare a new access
section and give it some
name

— Define variables with the
near qualifier
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Lo Locating Variables

Regional Training How to place a variable in far memory

Centers

far type identifier;

e Specifies that a variable may be located in
far memory (non-Access RAM)

e Generates bank switching instructions to set
the BSR before accessing the variable

far int x;
far char a[l0];

Slide 159
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R Locating Variables

MICROCHIP

Reglonal Training Manually Optimizing Data Memory Use

Centers

NEAR ACCESS GPR
Bank O

Bank 1

FAR

Bank 14

Bank 15
NEAR ACCESS SFR

e Use small data model

e Letlinker place most
variables in the
Access bank

e Define infrequently
accessed variables
with £ar qualifier

— Makes room In access
bank for frequently
accessed variables

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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ﬂ/
Mlcég:mp

Regional Training

Locating Variables

Centers Variable Allocation Example

#include <pl8£4520.h>
char a[124]; @)

#pragma idata myData 9
far char x =

int main (void)

{
}

@ Variables are near and
In Access Bank by
default

— a[] fills Access bank

along with 4 bytes claimed
by tempdata and
(2] MATH DATA

e To create far variables

with the small data
model:

— Declare a new section and
give it some name

—  Define variables with the
far qualifier

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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Lo Locating Variables

Regional Training How to place a variable in Flash

rom type identifier;

e Specifies that a variable should be located In
program memory

e Uses TBLRD to read variable

e Effectively becomes const though writes
may be done with extra code using TBLWT

rom int x = 320;

rom char a[l0] = "abcedfghi";
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k) Locating Variables

MICROCHIP
How to place a variable in Flash

Regional Training
Program Memory (Flash) e near and far also
0x000000 apply to rom variables

near
Small 04kB ® near rom.
MCoOdde? — Variable in first 64kB
OxOOFFFF — ROM Pointers are 16-
bit

e far rom.
— Variable anywhere

far
Code — ROM Pointers are 24-
Model b|t

OX7FFFFF

TLS2118

Slide 163
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Lo Locating Variables

Regional Training Variable Allocation Example

#include <pl8cxxx.h>

#pragma romdata myNear o

Variables are near and
In first 64kB by default

e e o = (EEE @ To create far variables

#pragma romdata myFar=0x10000
far rom int x = OxAAAA; 9

int main (void)

{
}

with the small code
model:

— Declare a new section and
give it some name

— Define variables with the
far rom qualifier

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118
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Lo Locating Variables

Regional Training Variable Allocation Example

@ Variables are far and

located anywhere by

#pragma romdata myFar o default
rom int a = 0x5555;

#include <pl8cxxx.h>

(2) To create near variables

#pragma romdata myNear=0x100 -
near rom int x = OxAARA; @) with the large code

model:
int main(void) — Declare a new section and
{ give it some name
} — Define variables with the

near rom qualifier
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Lo Locating Variables

Regional Training Variable Allocation Example

Allocating Variables in Different Regions of Memory (large model)

#pragma udata access myUAccess ‘ Place uninitialized variables in Access bank
near char w;

near char a[5];

‘ Don't generate bank switching instructions

#ipragma idata access myIAccess ‘ Place initialized variables in Access bank
near char x=0xAA;

near char b[] = "Microchip"; ‘ Don't generate bank switching instructions

#pragma udata ‘ Place uninitialized variables anywhere
char y;

char c[5];

#pragma idata ‘ Place initialized variables anywhere
char z = 0x55;

char d[] = "PIC MCUs";

rom char e[] = "Hello, WOrld!"r“ Place variable in program memory
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Lo Locating Variables

Resiore e How to place a variable in EEPROM data memory

#pragma romdata eedata scn = 0xF00000

rom identifier = value;

e Specifies that a variable should be located In
EEPROM data memory

e May be used to initialize EEPROM data

e EEPROM variables may not be read/written
like ordinary variables...

#pragma romdata eedata scn = 0xF00000
rom char eedata wvalues[4] = {0x01l, 0x02, 0x03, 0x04};

rom int xee = 0§1234;
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Lo Locating Variables

Resiore e How to place a variable in EEPROM data memory

#include <pl8£4520.h>

#pragma romdata eedata scn = 0xF00000
rom char xee = 0xAA;

#pragma udata
char x;

int main (void)

{
EECONlbits.EEPGD = 0; // Access EEPROM data memory
EEADR = (int) &xee // Load address of data to read
EECONlbits.RD = 1; // Start read operation
x = EEDATA; // Result in EEDATA register
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Lo Locating Variables

Resiore e How to place a variable in EEPROM data memory

Writing variables stored in EEPROM data memory

#include <pl1l8£4520.h>

#fpragma romdata eedata scn = 0xF00000
rom char xee;

int main (void)

{
EECONlbits.EEPGD = 0; // Access EEPROM data memory

EECONlbits.WREN = 1; // Enable writes

EEADR = (int) &xee; // Load address to write to
EEDATA = 0x99; // Data to write in EEDATA
EECON2 = 0x55; // Unlock sequence

EECON2 = OxAA; Interrupts must be disabled for unlock sequence
EECONlbits.WR = 1; // Start write operation

while (!'PIR2bits.EEIF) // Wait for write complete
; // before next write
PIR2bits.EEIF = 0; // Clear EEIF flag

}
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Lo Locating Variables

Regional Tainng How to put related variables in the same bank

Hand Optimization of Variable Allocation

Global Variable Declarations in Program

Section Name 8-bit Data Memory Bank
#pragma udata MyRelatedVars [\/\/\/\/\/\/\/\/\/\/\/]!
unsigned char MyVarl; MyVarl
i . MyRel \"4
unsigned char MyVar2; yRelatedVars { MyVar2 -
>
MyVar4
#pragma udata MyBigArray .udata{ yres %
unsigned char MyVar3[256]; MyVar> >
#pragma udata (
unsigned char MyVar4; @
unsigned char MyVar$5; >
Z
MyBigArray [ MyVar3[256] ~
#pragma code >
//Function Prototypes and AR
//Function Definitions

\

//Go Here AAAAAAAAAA
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Lo Locating Variables

Regional Training How to place a variable at a specific address

Centers

#pragma sectiontype sectionname = address

e Specifies the address where a variable
should be located

e Use sparingly — program will be harder to
optimize by linker

e Won't work if sectiontype IS wrong

#pragma udata xSection = 0x100
far int x;
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Lo Locating Code

Regional Training

A How to place code at a specific address

Syntax

#pragma code sectionname = address

e Specifies the address where code should be
located

e Use sparingly — program will be harder to
optimize by linker

Example

#pragma code myCode = 0x2000

int foo(void) { .. }
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MicRaCHP Resources

Reglonal Training Microchip PIC18 material
e PICmicro® 18C MCU Family Reference Manual (DS39500A)
e PIC18F4520 Data Sheet (DS39631E)
e PICDEM2 Plus Users Guide (DS51275D)

e More than 100 App notes, design guides and other reference
material!

www.microchip.com
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Regional Training Books — Compiler Specific

Centers

o MPLAB® C18 C Compiler User's Guide
Current Edition (PDF)
- Microchip Technology
D551288
http://www.microchip.com

______ e MPASM™ MPLINK™ and MPLIB™ User's Guide

Current Edition (PDF)
Microchip Technology

MPLINK ™ DS33014K
Users Guids http://www.microchip.com
I

@ The older books on C are much more relevant to embedded C

programming since they were written back when PCs and other computers
had limited resources and programmers had to manage them carefully.
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Embedded Design
i PIC16F452
Microcontroller

Reference Books
Books on PIC18

Programming and Customizing PIC Microcontrollers
3'd Edition (September 27, 2007)

Myke Predko

ISBN-10: 0071472876

ISBN-13: 987-0071472876

Embedded Design with the PIC18F452 Microcontroller
1th Edition (August 15 2002)

John B. Peatman

ISBN-10: 0130462138

ISBN-13: 978-0130462138

PIC microcontrollers and Embedded Systems

4t Edition (October 19, 2006)

Muhammad Ali Mazidi , Rolin McKinlay, Danny Causey
ISBN-10: 0131194045

ISBN-13: 978-0131194045
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The Microchip name and logo, the Microchip logo, dsPIC, KeeLoq, KeeLoq logo,
MPLAB, PIC, PICmicro, PICSTART, PIC3*? logo, rfPIC and UNI/O are registered
trademarks of Microchip Technology Incorporated in the U.S.A. and other
countries.

FilterLab, Hampshire, HI-TECH C, Linear Active Thermistor, MXDEV, MXLAB,
SEEVAL and The Embedded Control Solutions Company are registered
trademarks of Microchip Technology Incorporated in the U.S.A.

Analog-for-the-Digital Age, Application Maestro, CodeGuard, dsPICDEM,
dsPICDEM.net, dsPICworks, dsSPEAK, ECAN, ECONOMONITOR, FanSense, HI-
TIDE, In-Circuit Serial Programming, ICSP, Mindi, MiWi, MPASM, MPLAB Certified
logo, MPLIB, MPLINK, mTouch, Octopus, Omniscient Code Generation, PICC,
PICC-18, PICDEM, PICDEM.net, PICkit, PICtail, REAL ICE, rfLAB, Select Mode,
Total Endurance, TSHARC, UniWinDriver, WiperLock and ZENA are trademarks of
Microchip Technology Incorporated in the U.S.A. and other countries.

SQTP is a service mark of Microchip Technology Incorporated in the U.S.A.

All other trademarks mentioned herein are property of their respective
companies.
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