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MQ:HIP

Regional Training

| Table Pointer<21> |

'

| inc/dec logic

21

Address Latch

(16/32 Kbytes)

Program Memaory

Data Latch

Instruction Bus <16>

8

PIC18F4520 Z55E

Data Bus<8>

PCLATU | PCLATH

[PCU[PCH [ PCL]
Program Counter

0

31 Level Stack

STKFTR

Tahle Latch

Data Latch

Data Memory
(3.9 Kbytes )

Address Latch

12

-~ DataAddress<12>

T Y Y OYON

. 4 1

FSRo]| [Aceess

Esri|| LE2K
FSR2 19

[

Y

inciged
logic

T

Address

ROM Latch

Decode

State machine

Instruction !
control signals

Decode and
Control

[PRODH| PRODL|
A A

¥ ¥ 7¥T¥ ¥ Y Yy~nw

YYyyYyrvYrvyvwyvyyvy

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
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Lo PIC18F4520 248

Regional Training
Centers

| (—)

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

| 8x8 Multiply |

yyvyyd

{3) E_, Internal
0SC1 Oscillator F‘DFver—up
Block imer

osc2i® X—» Oscillator

INTRC Start-up Timer

Reset
8 MHz

T1080 [X—»{|| Oscillator Watchdog

Precision REQ/RD/ANS
MCLR? [X—»{|Single-Supply Brown-out Band Gap RE1/AWR/ANG

Programming FR'IEng Reference REZ/CSIANT 2
In-Circuit all-oare MCLR/\VPE/RE3
VoD, Vas D—» Debugger Clock Monitor

Data
EEPROM Timer0 Timer2

Comparator EUSART
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MICROCHIP

Regional Training

PIC18 Family #%35\ 3= {8 2

Centers
Reset Vector 000000h
B = S High Priority Interrupt Vector 000008h
o WENE2MB (1MW), EiEmM#E okt g
=] — H ; w iori 000018h
. i I\aCI1EgE==IH Low Priority Interrupt Vector
21-bit Program Counter .
g On-chip Program Memory
Stack Level 1
007FFEh
Stack Level 2
008000h
Stack Level 30
Stack Level 31
Unimplemented
31 Level Stack Program Memory
(Read as ‘0’)
1FFFFEh
© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 5
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weeee  DAta Memory Organization

Regional Training
Centers

000h

PIC18F8F2520/4520

e Data Memory g A EHFZE o7Fn | ACCESS RAM Register File Map
RH3E 4k bytes o0 | Bank 0GPR
o HMFEREERSHENN 7 saws
FEH(BERI{E Instruction - GPR
words) -
o HETLL 256 byte REEfr fE "GPR
H bank BV ZZKEHE Data 2 ooh
Memory(,ﬂ\%—@ YN Access RAM 2Fh
Instruction word {HEE& Soon Access SFR 222
BSR gﬁ%) B%nlles 256 Bytes
e DbankO E@Eﬁﬁﬁﬁﬂ}{ﬁiﬁi bank DFFh
ISHTRBE A SR
EY bank(Access Bank). Pt
R EE< e e~ EFFh
Access Bank B¥,f&s BSR £ | Bank 15 GPR
iﬁﬁﬁﬁﬁg% Access ﬂ:t Eﬁgﬂ Access SFR
ank !
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Microcu PIC18 Family {5444

Regional Training
Centers

negt  fa | Negatef
addwf f,d,a | Add WREG and f ricf f,d,a | Rotate Left f through Carry
addwfc f,d,a | Add WREG and Carry bit to f rincf f,d,a | Rotate Left f (No Carry)
andwf f,d,a | AND WREG with f rrcf f,d,a | Rotate Right f through Carry
clrf f,a Clear f rrncf f,d,a | Rotate Right f (No Carry)
comf f,d,a | Complement f setf f,a Set f
cpfseq f,a Compare f with WREG, skip = subfwb f,d,a | Subtract f from WREG with borrow
cpfsgt f,a Compare f with WREG, skip > subwf fd,a | Subtract WREG from f
cpfslt f,a Compare f with WREG, skip < subwfb f,d,a | Subtract WREG from f with borrow
decf f,d,a | Decrementf swapf f,d,a | Swap nibbles in f
decfsz f,d,a | Decrement f, Skip if O tstisz  fa Test f, skip if O
dcfsnz f,d,a | Decrementf, Skip if Not O xorwf  f,d,a | Exclusive OR WREG with f
incf f,d,a | Incrementf
incfsz  f,d,a | Incrementf, Skipif O
infsnz  f,d,a | Increment f, Skip if Not O
iorwf f,d,a | Inclusive OR WREG with f bcf f,n,a | Bit Clear f
movf f,d,a | Move f bsf f,n,a | Bit Setf
movff  ff, Move f (src) to f, (dst) btfsc f,o,a | Bit Test f, Skip if Clear
movwf f,a Move WREG to f btfss f,n,a | Bit Test f, Skip if Set
mulwf  f,a Multiply WREG with f btg f,b,a | Bit Toggle f

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 7
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Microcu PIC18 Family {5444

Regional Training

Centers

Literal Operations
bc n Branch if Carry addlw Kk Add literal and WREG
bn n Branch if Negative andlw Kk AND literal with WREG
bnc n Branch if Not Carry iorlw Kk Inclusive OR literal with WREG
bnn n Branch if Not Negative Ifsr f,k Move 12-bit literal to FSR
bnov n Branch if Not Overflow movib Kk Move literal to BSR<3:0>
bnz n Branch if Not Zero moviw Kk Move literal to WREG
bov n Branch if Overflow mullw Kk Multiply literal with WREG
bra n Branch Always retlw Kk Return with literal in WREG
bz n Branch if Zero sublw  k Subtract WREG from literal
call n,s Call subroutine xorlw Kk Exclusive OR literal with WREG
clrwdt Clear Watchdog Timer
daw Decimal Adjust WREG
goto _n_ Goto address
nop No Operation tblrd* Table Read
pop Pop top of return stack (TOS) tblrd*+ Table Read with post-increment
push Push top of return stack (TOS) tblrd*- Table Read with post-decrement
rcall n Relative Call tblrd+* Table Read with pre-increment
reset Software device RESET tblwt* Table Write
retfie S Return from interrupt tblwt*+ Table Write with post-increment
return s Return from subroutine tblwt*- Table Write with post-decrement
sleep Go into standby mode tblwt+* Table Write with pre-increment

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 8



f{ﬁ\
Banked HEEHHES

Centers Cfr . .
‘a’ Bit from f’ Operand 12-bit Effective Address

Instruction  4-bits from BSR Register 8-bits Encoded in Instruction (Use this when coding)

0 0010/ 011/211110|mm Ox27E

BankO Bank1l Bank?2 Bank13 Ba 4 Bank15

00 /
01 N
02 pd
03 pd

o 9000000000000 1000000000001 1000000000001 /MM 1000000000000 100000000004
e PTPFCCCCSOITS TOOOOTOOIOOSY
° NV IANAANANANANAN

L J

° IVVVVVVVVVVYPVYPYY IVVVVVVVVPVYPVYPYY I VVVVVVVVYVVVYVYY 566600000000 I VVVVVVVVVVYVYY MM
reveYeYyvYyesTvy T vyeywy Froyvyyyesyyeyyyy Freyvyvyyyvyyvyeyyy FryvyyTyyeyyeyyeyy Fyyvyyyvyyvyeyy?y

L J
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L. Banked EEEEHLH

o gﬁ";‘;gm ‘f” Operand 12-bit Effective Address
Instruction  4-bits from BSR Reglster 8-bits Encoded in Instruction (Use this when coding)

0 1101 011/11110 == OxD7E

BankO Bank1l Bank?2 Bank13 Bank1l Bank15

00 /
01 /
02 /

° I YVYVVVVVVYVVVYVYY I VVVVVVVVVVVY W"m AAAAAAAAAAIA
®  TEFITIFITFIToIoTeyyl TYvoeyyyTeveyyyy
L J

L J

° IVVVVVVVVVVYPVYPYY IVVVVVVVVPVYPVYPYY I VVVVVVVVYVVVYVYY 566600000000 I VVVVVVVVVVYVYY MM
reveYeYyvYyesTvy T vyeywy Froyvyyyesyyeyyyy Freyvyvyyyvyyvyeyyy FryvyyTyyeyyeyyeyy Fyyvyyyvyyvyeyy?y

L J
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L2 Access Bank B EHkF

Regional Training

o gﬁ";‘;gm ‘f” Operand 12-bit Effective Address
Instruction  4-bits from BSR Reglster 8-bits Encoded in Instruction (Use this when coding)

1 XXX/ X] 0000001 1 == 0x003

BankO Bank1l Bank?2 Bank13 Bank15

01 ——
02 1T

. @ 1000000000000 100000000000 1000000000000 1000000000000 100000000000
®  TYTITITIITITTT TTITITFTTYTTeYyyeyy\ Tyyeyeyyesyyyyeyyry = TYTIYTIFTITITITTYTYTY
L J
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L2 Access Bank B EHkF

Regional Training

o gﬁ";‘;gm ‘f” Operand 12-bit Effective Address
Instruction  4-bits from BSR Reglster 8-bits Encoded in Instruction (Use this when coding)

1 X XXX} 1200000 1/0|mm O0xF82

BankO Bank1l Bank?2 Bank13 Bank14 Bank15

00
01
02
03

®  TEFITTFITIITITTTl TYTTFTTToeToeyryeyy TeFoyoFoeyvToeyyeyyeyyy TFTTFTFITTFYTyTyYyYyYyY
L J

|

|

7F [
|

50
81
82

FC

FD
FE
FF

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 12



B 17 SRR E AR

Regional Training
Centers

4-bits from FSROH 8-bits from FSROL 12-bit Effective Address
1111 11111101 == OxFFD
FSROH FSROL

Data Memory

e No banking — RAM is fully 000h
linear when using indirect 001h
addressing 002h
e FSRH:FSRL can be loaded 003h
with a single instruction: Ifsr 004h
J ' 005h
e Full 12-bit increment / IAAAAAAAA
decrement of pointer FEAh Register File
: : Add B
possible with pre- or post- FFBh ress Bus
modification modes FFCh
_ _ FFDh | SRMIE
e Three FSR register pairs FEEh
available: FSRO, 1 & 2 FFFh

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 13



B 17 SRR E AR

Regional Training
Centers

4-bits from FSROH 8-bits from FSROL 12-bit Effective Address
O000 0O0O0O0D0010| = 0x002
FSROH FSROL

Data Memory

e No banking — RAM is fully 000h
linear when using indirect 001h
addressing 002h BRMIrE
e FSRH:FSRL can be loaded 003h
with a single instruction: Ifsr 004h
J ' 005h
e Full 12-bit increment / IAAAAAAAA
decrement of pointer FEAh Register File
: : Add B
possible with pre- or post- FFBh ress Bus
modification modes FFCh
_ _ FFDh
e Three FSR register pairs FEEh
available: FSRO, 1 & 2 FFFh

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 14



2. PIC18 Family HYEHEE,
“ea Program Memory Access

Mode Example Syntax

Absolute goto <addr>
Relative bra <addr>
Table Read / Write tblrd* thiwt*

Table Read / Write
Post Increment

Table Read / Write
Post Decrement

Table Read / Write
Pre Increment

tbhlrd*>+ thiwt*+

thlrd*- thiwt*-

thblrd+* thiwt+*

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 15
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MICROCHIP Tab I e Read S

Regional Training
Centers

e PIC18F Program Memory is Divided Into:

— User Memory

e Upto 128kB Internal

e Up to 2MB External
— User IDs

e 8 Modifiable Bytes
—  Configuration Memory

e Device Settings, Code Protects,
etc.

— Device IDs
e Part and Revision Signature

e Program Counter can only access User
Memory (PC is 21-bits wide)

e Table Pointer can access all memory
(TBLPTR is 22-bits wide)

User Flash

Unimplemented Memory

User IDs

Unimplemented Memory

Configuration

Unimplemented Memory

Device IDs

0x000000

OxO01FFFF

0x200000

0x200007

| 0x300000

0x30000D

. OX3FFFFE

OX3FFFFF

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118
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e Table Read Example

Regional Training
Centers

e Sending Characters to LCD

How ASCII string . . :
tables are stored in : Microchir
program memory: e

Program Memory

Address | Contents

6FFC FF |FF

6FFE —— ‘i’ @ 0x7001 Program Source Code:

7000 694D |— ‘M’ @ 0x7000

7002 72|63 org 0x7000

7004 63| 6F _ MyStringTable

7006 69 | 68 DW  “Microchip\Q0”
7008 00|70

700A L "0’ (NUL) @ 0x7009

700C FF |FF

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



Mf{‘\ PIC18 Hard Stack

Regional Training Top of Stack Register
Centers
TOSU TOSH TOSL

Current value on the
31 Top Of Stack

23 0

STKPTR Register
STKOVF SP4:SPO

+|0[10]|X

Pushed Data

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



MPLAB® €18
e & LRI



Y

MICF!DCHIP
Regional Trainin ing
Centers

MPLAB® C18
T

o A ANSI x3.159-1989 By C 4FiEes

o HA]

x{ELRRE

© jJ[[A—‘ﬂ: ~ PIC18 q;%ﬁ )
o IR MPLAB® IDE 45& 5—R&

A DRE

=

= TIAE

o FHZH MPASM R MPLINK

(275 ©

MPLAB® C for PIC18 Lite /Evaluation BYRRAE] LL&
£ H Microchip FVE# &

© 2011 Microchip Technology In

corporated. All Rights Reserved.
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0 C18 4reZife

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
BT

e
~, o] R

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 21

Object File Libraries
(Linker)

[’ MPLINK

Linker Script




A MPLAB® C for PIC18

EPRFE (Header Files)

Regional Training
Centers

Sl

\;, Program Files Header files B &%2%¢ MPLAB C18 &ATX{&ZHY
=) microchis BT RIBE R -
\;I mplabc18
) v3.38 pP18cxxXx. n
== p18cxxx.h B (EE R - R i
M) pisconch MPLAB IDE FiH{E e FI T SR L B -
&3 pisaszon AR T R S SRR ( p18F4520. ) -

o JBITTHHIEBEREL T
- R BE # A
- RS i TCRRE AT
- EREHISSLUE C AR S

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 22



B p18f4520.h SEHHE

Regional Training
Centers

+ Efleras20 mpohgely  CETUES THERST
ﬁ%&(SFR) Eﬁ%*‘%&*ﬁﬁﬁﬂi extern near unioﬁ { ,

E%*‘%’ struct {
unsigned ADON:1;
> A{irE& :C:\Program Files unsfgneg (:;(1);1
i " unsigne i s
\Microchip\mplabc18\v3.38\h unsigned CHSO- 1
— R A nsigned CHS1:1;
o ERLEEANER
> NOp( ) extern a4 unsigned ADCSO: 1
unsigned ADCS1:1;
» Clrwdt( ) ¥
> Sleep( ) struct {
" unsigned 12;
° ﬁﬂqﬂg‘jﬂg #include - unsigned NOT_DONE:1;
<p18fxxx.h> struet {
unsigned :2;
>  P18fxxx.h RyiE A IEERE unsigned DONE:1;
' fiig— MPLAB IDE 4 A truct ¢
@Eﬁ‘%iﬁgﬁﬂﬁﬂﬂ/\ﬁ unsigned 12;
TCERY h 7 o . unsigned GO_DONE:1;

} ADCONObits ;

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



M@:Hlp C 1 8 mmm%%

Regional Taining (p18f4520.h
o FTAEWEBYTas K AHR ilmi@“‘?%i‘%ﬁ’l‘%
(Header file) 1 ESR
~ i PIC18F4520 & BB RERE “ pl8fa520.h

o HERAETNY - HE R Data Book I RHYtEE
> HEMML TS R Fas Al L “bits”

\

1. SCEPORTD Rt - ifi 2. ¥ PORTD HY bit3 & bit5
ik 0x55 HY 162 Il (E#rHE] See |
PORTD : SERY
TRISD =0 ; PORTDDbIts.RD3 =1

PORTD = 0x55 : PORTDDbits.RD5=1;

2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 24



R MPLAB® C for PIC18

MICROCHIP

Regional Training 12:[7 #:kr (Llnker SC“ptS)

Centers

Linker Script files are included as part of the

Ll Program Files
- MPLAB installation :

[_l microchip
{_I rpplabc18 r 0 R—REEE R AR
_,f;: @ p18f4520_g.lkr
S KR

@pmmszo g.lkr

o F—EITHENEHE EEGSTIUE:
- EZZITHHIEREA/D ~ fi& K EF AL
— EZ debug H1 release By TAERES

o MPLAB IDE 1 H 8% FHEH&ERRIUE » BRIEIRAE R A
HYFE E {52

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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"X
MQ:HIP

Regional Training
Centers

184520 g.lkr F#IirE

LIBPATH .

FILES cO18i.0
FILES clib.lib
FILES pl18f4520.1ib

T FH 2 B EE A

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
BAZERE < 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=0xFOOOFF 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
DATABANK NAME=gpr4 START=0x400 END=0x4FF
= )
ZoRiER <
#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
ﬁ%t&% < STACK SIZE=0x100 RAM=gpr4
72y #ELSE
- STACK SIZE=0x100 RAM=gpr5
N
© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 26



Mﬁg:mp C E,\j Llnker ﬁﬁ@

Regional Training
Centers

code .code_filename BT
romdata .romdata_filename B RENEEER

udata _udata_Tfilename ST HE B YRR
idata .idata_filename E A ER S8
stack (udata) .stack C BB fTHIER Rt

o Linker & —E# AFEER (*.0) BILFE

® Fﬁ%ﬁ"?%%ﬁﬁ” CHEIE @ 3 /H%JFEE%H,J
ERSE—REREELIERE

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



"X
Mﬁg:mp

Regional Training
Centers

MPLAB® C for PIC18

: goto _startup
e &
_startup:

BB EEHI4AEE

Reset Vector

MPLINK & BHEIIAEERIRENIRE - —f2
ISZ00 c018i.0 ( _startup label)

- @ c018i.0 (PIE{EH)

C BEEH FER MR EHVECE ~ ERASHEE
T EF LIE » sxE R R RERIERG
main() (FEiEEZHE : c018*.c)

«a main.c

fREY main() & - Linker & BHEIZ AT
firsikHy -

© 2011 Microchip Technology Incorporated. All

Rights Reserved.
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S C HYRLE) S AII8E E

Reglonal raining W n] {5 A IEMERY EEiE4H

WA AR E R EEELE 7] DUE (kr FEE T BB AE Y 4 7%
// File: 18F4520i.Ikr BB ENELH - A /NIEA]

// Sample ICD2 linker script

2=

{5/ PIC18F {H&r 1555
cO18i.0 idata & udata

LIBPATH .

/i

FILES c018i.0

E:::Eg le_?ﬁlﬁsb b c018i1z.0 idata & zeroed udata
FILES p18f4520.1ib cO18.o0 udata only

CODEPAGE  NAME=page START=0x0 /a5 = 71 £
CODEPAGE  NAME=debug START=0x7D S2 A PIC18F AL O2R
CODEPAGE  NAME=idlocs sTART=0x20 CO18I1_e.0idata & udata
CODEPAGE  NAME=config START=0x30 c018iz €.0 idata & zeroed udata
CODEPAGE  NAME=devid START=0x3F

CODEPAGE  NAME=eedata sTART=0xF0 CO18__€.0 udata only

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 29



o) o -
c018i.c B ENEAEER

Centers
#pragma code _entry_scn = 0x000000 .
static void RESET ﬁ[iﬂ:
entry (void) 0x000000

{ asm goto _startup _endasm }

#pragma code _startup_scn

?tatic void _startup (void) Tﬁﬁ:?éﬁ%ﬁ{%ﬁ

_asm

/I Initialize the stack pointer

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

BSF FPFLAGS,RND,0

_endasm

_do_cinit ();
o0p: A E IR B (E
/[ Call the user's main routine
main ();
goto loop;

} /* end _startup() */ HRFZEHIMERL 2 main( )

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



mecene 0] 8f4520.11b JE B ERNBUERE
m EF 18F4520 FrARYRIREEE Fas (SFR) Ryfizik
m p18F4520.asm 4H:%7% L1 obj AYZRIEE(FE(T A pl8f4520.lib
n AR A AERE S AT

u C:\Program Files\Microchip\mplabc18\v3.38\src\traditional\proc

= p18f4520.lib iRt & =T RE
m AHEARY EEEHIREL - S EH P TREEARY L ob) BUFS(FAE N
p18f4520.lib
B EEVEE RS ES 22R) MPLAB C18 Reference Manual
m A/D,USART, Timer x , EEPROM ... £

m  JE4EREFFE C:\Program Files\Microchip\mplabc18
\v3.38\src\pmc_common BYH&E T

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 31



[oe PIC18F4520 =(EITiEr iRy

Regional Training

$ MY B2 a2 R
® p18f45200 (asm) - LIST P=18F4520

NOLIST

—_ IE%ZI)EE.Ii %ﬁ‘/_f? El/j MPLAB-Cxx PIC18F4520 processor definition module
/fﬁz“id: 2 C18 {%)EH (c) Copyright 1999-2007 Microchip Technology,
W e ————————— -

SFR_UNBANKEDO UDATA_ACS H"F80"
PORTA

® 18f 4520 h PORTAbi ts RES 1 - OxF80
F) . PORTB

PORTBbits RES 1 - OxF81

o IHE%F'EI é‘%%@%& ggggbits RES 1 ; OxF82
7F B IE'?%EJ ﬁl JL % ﬁﬂé Egggb its RES 1 ; OxF83

PORTE
PORTEbits RES 1 - OxF84
RES 4
LATA
® p 18f4520| nc tﬂgbits RES 1 ; OxF89
LATBbits RES 1 - OXF8A
_ ZAN /\A‘ﬂg_ﬁé LATC '
é':[ z%ﬁm (B - FH LATCbits RES 1 - OXF8B
LATD
El/j)z'ljﬁ }Qi E)l—? {?‘E\% IE%Z LATDbits RES 1 : OXF8C
A N2 SH X LATE
[ Aﬁ% ’ Z: ﬂ/tb/ﬁ LATEbits RES 1 - OXF8D

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



PIC18 Family p 2= £
@ FHP -1/0



4
Mﬂ&\ /O Ports

Regional Training
Centers

e High Drive Capability 21 © }
e Can directly drive LEDs RES;J D_@ Hior
e Direct, single cycle Wite TRISK y — @_
bit manipulation S 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 BAtEF - FraRY /0O I E TR R A (S8 AREDT) » AT
BERIZABERERY /0 RVFRERRR

o JEE : AR /O MIIARAEETIRE (21 AD B A) - BRI E
N XE ZHRE R REEL RIS AT RE
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Regional Training
Centers

. /

/O Ports

/O Pin Direction Control

TRISB‘1‘1‘0‘1‘1‘0‘0‘0‘

HEERERN

In Out Out]OutOut

G-O-G-o00040

PORTB

In In In

Y TRISX HifE28H

11y Bit n JRELE

PORTX B

THYEE n {ER)

WESPIE]

e 1 =Input, O=Output

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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.. Digital I/0 Ports — PIC18

Regional Training
Centers

Internal Data Bus

Write PORTX

Write LATX Read LATX

Read PORTX

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

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

ER—T : PORTx B2 LATx #Efi i s2am ARy - ThEE ERAIAE 2
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A BRMEAIA LATX RYEf7EE

Regional Training 5%% Read - M O d |fy'Wr | te Eb{/ﬁﬂlgmgﬁ

Centers

ERERTEERRE /NN HENES
BSF PORTX,PINy BSF PORTX,PINz
V on PORTX,PINy Q4 Q2 Q3
: /0 B EERS (L
V4 : —1

FEEEE RN L EAN B & B High Level

£ 5 T AF B R R KN HY FE A
BSF PORTX,PINy BSF PORTX,PINz
V on PORTX,PINy Q4§Q1 Q2Q30Q4
/ Ie¥ 5.3
Vi =
1 t

R LB AR A 8K High Level » &R
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e Analog or Digital 1/0?

Regional Training
Centers

o HLL /O fi E’JIjJﬁEELﬁ;EEthuAE%_ CfE Y
(Power On &V FEER{E & “analog mode”)

— P ERIG AR B & AR AR (3 FH & Digital
110 HyMI{iz #7 ] & Digital mode !
e 7F PIC18F4520 &= , ADCONI1 1 FHZR: i thd FF
BRI R R B ]

Bit 7 Bit O

- x Jx] ] ] ]

VCFG1 VCFGO PCFG3 PCFG2 PCFG1 PCFGO

Set lower 4 bits to ‘1’ to make all multiplexed pins digital
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ﬂ'\ /O Ports #8%5

Regional Training
Centers

® % PICI8 Family ¥ i * 3t 1/O #1241 chi s % 3

® TRISX

@i+ 1/O port én? »
OPORTX

@4t 1/O port H B~/B » * chifs B
O ATX

%t I/Oport B » FFeriadf ¥ B — 2kt *
Vs BT EAEE gk it
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e APPOOL E%ﬁ*}iﬂ’jﬁ

=) dan,

Microchip “?éﬂﬁﬂﬁé

’R:(/EJ 15V _Q_.”//L

- Z ISR CERRYESS

o AP
o A
o A

DPO01 v3.0 HSTfE
PP001 V3.0 HRCHIE E:‘c‘

P001 v3.0 BERINE

weece  APPOO01 B BRI FH Tt

]F
£

T~ EEES

L

B

izt

—
it

£V
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L 303 APPOOL BEERAK

Regional Training
Centers CAN ADEA ICD2  poget Debug & Prog.
oV RS232 Reiags VRL B g B2 Jumper
CHEL PN R -
5V .
BERRE . - '
IR E B
12C & SPI =1 N g
EEPROM =3t ¥ "
- N
ccp1 : o
BENSBR ,:-,2-: e
A e
PORTD
LED x8

:5 \n\\\

Eii@ikiféiﬁ

LTCD e 16MHZ s gmpmpy
R s g Crystal w3 g swe
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Lo Lab Exercise 1
s 17— MPLAB® C18 2 E X

SE—HE

g1 55—l MPLAB C18 HYEZE » £ C18 R&FEZFEILEFEZEW
HEE BN R TIE 2 B BAIETERYEF] “ Hello, TLS2118!” HY=F
EBHE T~ APP001 Demo Board &y LCD.

[

Hello, TLS2118

B —HIEINSRE - (£ H BRI BV E
MPLAB C18 HyEAEHE -

llki['-ll*’
i
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M@ Lab Exercise 1

7 —{E MPLAB® C18 2B %

Regional Training
Centers

st

g

£ MPLAB IDE &Y Project 878 LTS

T HEEERFE . File Edit View JZ{=5<dl Debugger Programmer Toq
Project P Project Wizard... =

. Welcome!

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

[ Next > |[ Cancel l [ Help
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MICROCHIP

Regional Training E%ﬁ_‘@ M P LA B ® C 18 *E%:T:E%%

Centers

k) Lab Exercise 1

[

g

ERICHERYE AT
PIC18F4520

Project Wizard

Step One:
Select a device

PIC18F4520 w

| to continue... <Back || Nei> | [ Cancel | [ Hep
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MICROCHIP

) Lab Exercise 1 £

Regional Training
Centers

st

7 —{E MPLAB® C18 2B %

HEEZRmFas LHA (Toolsuite) 35E4E

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
to continue... [ <Back |[ Met> | [ Cancel | [ Heb
© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 46



k) Lab Exercise 1

MICROCHIP .
Regi%r::::t:l;asining E%ﬁ_‘@ M P LA B ® C 18 * Eﬂ%%

g

G 5 [ Browse. |@TEELM RIK
C:\RTC\TLS2118\Lab1 [“eaad
Exma@k Labl.mep |

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

(#) Create New Project File
 [CARTEATLS21184LabT\Lab1.mep

(-
o

Create New Project File

C:\RTC\TLS2118\Lab1\Lab1

| to continue... <Back || Net> | [ Cancel | [ Hebp
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k) Lab Exercise 1

MICROCHIP _
27— MPLAB® C18 2 H %

Regional Training
Centers

g

MAFREEAZIERE - £L8
R AR :

C:ARTC\TLS2118\Lab — |
Add exdsting files to yollproject

st

1 Projects ~ A C:ARTCATLS 21185 ab1Lab] o
=] RTC

] A CARTCATLS 2118 TLS 2118 _LIBY
(] COM3390

[ com4201
BEE S FEBRRANARR =0 pears
gﬁﬁﬁﬂl‘] Library : Lab1.c

C:\RTC\TLS2118\TLS2118_LIB 21 Lab?

] Lab3

(71 Lab4 A/
< | &) < >
< Back ” Mext = ] [ Cancel ] [ Help
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MICROCHIP

Regional Training E;ﬁ_‘@ M P LA B ® C 18 * ‘EDE:_I:E%%

Centers

Y Lab Exercise 1

g

o MPLAB FEBSTHRAG BT REAEEEFHEE
e g (LKR fEHBREEE)

o fEFEZE ﬁbnkkiﬁiaﬁ HAlifE o BEERRL
MPLAB HTERMEIE -

o ERIET] L/Lf—é*: 5 CEINEEZMA —EEG S
f2 — Linker Script (#5141 : p18f4520 g.lkr)

o —fIME ° BRIEEREZBEIENEREYIECIERT
R B 178 B B4 s it A

o

&
(i
s

\—
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Regional Training
Centers

[

L ab Exercise 1 £y
Z#17—f{E MPLAB® C18 ExX{EXE

e APy o8l ( £ T IR BN 52 )

#IFDEF _DEBUGCODESTART

CODEPAGE NAME=page
CODEPAGE NAME=debug

START=0x0
START=_DEBUGCODESTART END=_CEND PROTECTED

#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=0xFO00000

#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

END=0x7FFF

END=0x200007 PROTECTED
END=0x30000D PROTECTED
END=0x3FFFFF PROTECTED
END=0xFOOOFF PROTECTED

END=0x5F
END=0x7F

END=0x7F

END=0xFF
END=0x1FF

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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k) Lab Exercise 1 £

MICROCHIP .
Regi%r::::t:l;asining E%ﬁ_‘@ M P LA B ® C 18 * Eﬂ%%

Finish

BRG] UIE R EERE
BT -
View P Project

. Summary Lab 1 Project Tree

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

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

=
HENTECEED | C18F4520 Labil.c

Taclsuite:  Microchip L1 T ooksuite [ Header Files

File: CARTCLTLS 21184 abT5Labl mep (] Obiject 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.

] Files | *i# Symbos |
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MICROCHIP

Lab Exercise 1

Regional Training
Centers

st

g

7 —{E MPLAB® C18 2B %

0 S EEENHI4REE5ETE Project P Build Options » Project

Project Wizard...

Mew. ..

Open...

Close k
Set Active Project r

Package in .zip

Clean

Locate Headers

Export Makefile

Build Al Cirl+F 10
Make F1d
Build Configuration

Build Options. filename.c

[ s ]

ECAE :
EEEEEEHEEE
BEEAVEEEGRE » R 2L
FEREE 4R esEE

EEmEREREARE T
5 2]

© 2011 Microchip

Technology Incorporated. All Rights Reserved. TLS2118
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Y T
S Lab Exercise 1
17 —fE MPLAB® C18 2R E X

Regional Training
Centers

st

RAERREESEERERHER
PASHICTIC1E e REERRR - Bk 1 DAL

Show directaries far; Output Directorny L

B B8RS I THES B AP IBE
Lo Search el o C:\RTC\TLS2118\ HJHE T

&R —HY Project #EE:
C:\RTC\TLS2118\lab1\labl.mcp

Suite Defaults
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Y T
S Lab Exercise 1
17 —fE MPLAB® C18 2R E X

Regional Training

st

7
St 3 C18 v3.37 DIB IR AN et
@ SO Include AR BEFRHEZE c\mccld\ i

X(&] C:\Program Files\ T

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

TAEZERR . . \Microchip)
mplabc18\v3.38\h (Default FFREERR)

C:\RTC\TLS2118 (Ju A FrHyiE=)

TLS2118 HYSRIERR T NERY
R R EINE AR E S
TTIARYBERE ERAE

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 54
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R . .
& 246 Header BRIEHMEIAE?

Centers

1. #include <pl8cxxx.h>
2. #include “TLS2118 LIB/P18F LCD.h”
3. #include “P18F LCD.H’

> B—EERH < xxxx.h> WF5ERRNER !
\Mlcrochlp\mplabcl8\v3 38\h R ~NHY Header File

> “EEA “xxxxxx/xxxxx.h” 5|5REFs By
PfOJect H#% > B B e

> BB xxxx.h” 5l5REfEFER B A
PrOjectE’JEﬁ-




k) Lab Exercise 1

MICROCHIP _
27— MPLAB® C18 2 H %

Regional Training
Centers

st

g

s : ] C18 v3.37 B
@ e Livrary b AL Rk
X(&] C:\Program Files\ T

Build Options For Project "Labl. mep"

. MPASM Assembler . MPLINE Linker MFPLAR C18.
Directories | Custom Build Trace MPASM/CIT/CIE 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 |
Now Click on New
CARTCATLS2118
TOABER

% FH c0l8i.0 EEW? T .\Microchip\mplabc18\v3.38\lib
A (EBS S > b7 ARSI B B4R C:\RTC\TLS2118\TLS2118 LIB

R T A ENERERRI
TLS2118 LIB BYRRRAE AR
BEEEERfEER -

Suite Defaults
{when finished

Click |
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MICROCHIP

Regi%r;z;lt'(rerrasining E%ﬁ_‘@ M P LA B ® C 18 ifnﬁ:_l:ﬁ%%
g

#t¥Labl.c fTMNMAERTFRE 2
£ project RESh, Double click Lab1.c a#§1R T 5 f$ad

#include P2 HERVEEE R — IRV FREZTE
o 7[#%%7 SRR (R FEEZ TR E R AT
o EAE C K Microchip EHEREERE (iIf used)

Y Lab Exercise 1

[

\l

o E{EHANIRBATENE FIHEIER (if used)

#include <pl8fcxxx.h> B R A B R
#include "TLS2118 LIB/P18F_LCD.h"4@ 27 project options %

BETLE | AE
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Y Lab Exercise 1

MICROCHIP .
Regicg;:;lt'(rerrasining E%ﬁ_‘@ M P LA B ® C 18 ﬂjﬁ:—l:ﬁ%%
i 7]

(B) & Lablc FMABRERFT BN

ERKXBENABconfiguration bits &SR
o fEHM #pragma config

o BEZR help file K device RIMFIFK , RIAM T AERKER
o AMEEMREBENEERAELARE

g hlpPIC18ConfigSet.chm

. Labl.c #IERfE C18 Lite ilxAEHEF extend instruction ThHEEREEA

#pragma config OSC=INTI07, WDT=OFF, BOREM#= ON, BORV = 1, LVP=0OFF,
PBADEN=OFF, XINST = OFF, MCLRE = ON
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MICROCHIP

Regional Training E%ﬁ_‘@ M P LA B ® C 18 * Eﬂ%%

Centers

g

FARREVERSE T E 57
Debugger » Select Tool » HEHIERSE T E. :

Debugger  MPLAB PICKkit 3
None * MPLAB ICD 3

Clear Memory } « REAL ICE

Y Lab Exercise 1

[

2 PICKit 3
s MPLAB SIM
3 MPLAB ICE 4000
4 MPLAB SIM BUA R farfE T B 3R

5 MPLAB ICE 2000 F] APPOO1 VM —F

v 6 REAL ICE
DO NOT enable tool from
the Programmer menu.

7 PICKit 2
© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 59

v 8 MPLAB ICD 3
9 PIC32 Starter Kit
10 Starter Kits




Y Lab Exercise 1

MICROCHIP .
Regicér;z;lt:rrasining E%ﬁ_‘@ M P LA B ® C 18 ifnﬁ:_l:ﬁ%%

#77 Debug A5

s Lab1 - MPLAB IDE
File Edit Wiew Project Debugger Programmer Tools Cogegure Window Help

af= 2| bebug Vo EEBO SEE oo B B EF | GRS OB

@ et Db ; Debug When programming [=
Select Debug mo e-lFlf:It:ase completes,click £

Reset button.

@ Click Build All button. -8, @ Click Run button. D
Rad

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

button.
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Y

Mcsooe Exercise 1 fy455
o #E]PIEE] LCD $EnmIA

“Hello, TLS2118!”

» D1 LED fEPgEE!

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 61



m e
B— TR E—
0 ;l% LCD ey “Hello,TLS2118!”
> MR E RS y%?
o D1 LED 7P
> AR D1~D8 DL —#EFI A= in—8Emw

o BHRINERZMF HS Mode (16MHz) » 3E
%% JNERHY RC BT » WEERE SMHz
OSC.

> LED HWEREE T —&?
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L H SHY LB &R

#1r—(HE LCD e
(TLS2118.LIB)




" : -
o Library Exercise

Regional Training
Centers

Labl ZEE Review

ﬁ%EEE’J Library $#Y functions 2R#{E LCD
o WVEEFTEERY Library file & A project file H-

o EEEEHM\JE/@\/\@A@H% % Library W\H=Z1 header file:
P18F LCD.h

e Labl {#HHHAY function 75 OpenLCD() -~ putrsLCD()
e TLS2118.lib §2= FHAY function £y

» void OpenLCD (void);

» void putsLCD(char*);

» void putrsLCD( const rom far char *) ;

» void putcLCD(unsigned char ) ;

» void puthexLCD(unsigned char) ;

» void LCD_Set Cursor(unsigned char , unsigned char ) ;
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N
MICROCHIP

Regional Training
Centers

® ﬁl] @%iﬁ_‘ﬁ%g‘]
Project —f% > ¥ C
*ngbngu PrOJ eCt E PIC18F_LCD_aAPPOOL
o = [ Header Files )
P18F_LCD.h

o &—E obj EREI#E Oty i

Linker RR—@& | =~
fE4H » Linker €UH
AR  TiAE
HRrEEE Library #hr
AR GZE]

‘o

> LIB % &% -

= [ TLS2118.mep
5[ Saurce Files

9354
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ﬂ/
Mlcég:mp g.‘-‘f_’ LIB ﬁ%:

Regional Training
Centers

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

BB I B S -

Generate Command Line
o fE Library Output 775
- y p = N CJBuild narmal target finvoke MPLINK)
- A 14 = (®)Build litrany targst (invoke MPLIE)
N 9 %E B u I I d [ ] Build generic library

Single File Assembly Projects

Library Target @rre

() Generate absolute code

() Generate relocatable code

o H NERREE e

[ ] Generate stack-analysis report

o EfE Build All Eléa%:
TLS2118.LIB

build-library
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Memory Model &3
. E LCD HYRREH:

— putrsLCD( const rom far char * )

e constrom HE&HE?

o MEF{afE Memory Model 34527

— Large Mode HV{Z6ffiT far AJ#EEFZE
TR ET ] 2MB

— Small Mode (Default) 64KB
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PIC18 Family PNEEHY
Special Features



doee  PIC18 ERIRAYEE

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 - 4MHz
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

o iimlﬁﬁgﬁﬁlﬁﬁknﬁﬂﬁ%ﬁﬁﬂ

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

Regional Training
Centers

POR: Power On Reset

—  With MCLR tied to V, a reset
pulse is generated when Vg
rise is detected

PWRT: Power Up Timer

— Device is held in reset for 72ms
(nominal) to allow V to rise to
an acceptable level (after POR

only) Y

POR, OST, PWRT

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

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118
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Regional Training
Centers

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

Sleep Mode

—  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 -
2.0uA typical) , XLP device is much lower than std. device

MCLR

Al LIfE FARATE Sleep Mode MiEE CPU HI/E:Z KR

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




2. Watchdog Timer

Regional Training
Centers

e Helps recover from software malfunction

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

e WDT is cleared by CLRWDT instruction

e Enabled WDT (WDTEN) cannot be disabled by software
e WDT 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 72
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P \WDT Timeout




R\ In-Circuit Serial

MICROCHIP

Programm

o [ERTERE Vpp(MCLR) 5, R
HEDN AR RETH PIC18
device B4 §5 B px &4

— ICSP Data
—  ICSP Clock

o HWAILIBRAEMETH THMEIER

f& In-System Programming
—  Calibration Data
—  Serialization Data

e MPLAB®ICD3, PICKit 3, Real
ICE FIE8k/PREEFSEP AT LIGE R ILLTE
B A& PIC18 device KESKFR L M AfE

1ThREE

ingTM

Vpp Programming Voltage = 13V

Voo Supply Voltage

Vgs Ground

RB6 | Clock Input

RB7 Data /0O & Command Input
Application PCB

<
0
—
Y
<

PIC18Fxxxx
<

RB6

RB7

Voo V.

% T ICSP™ Connector
—

T

mE e

To application circ

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118
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ﬂ‘\ BOR — Brown Out Reset

Regional Training
Centers

e When voltage drops below a particular
threshold, the device is held In reset

e Prevents erratic or unexpected operation

e Eliminates need for external BOR
circuitry

o JXE: BOR By H#EERLE Sleep Mode |
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) PBOR

MICROCHIP

e Programmable Brown Out Reset

o Configuration e7sE 78 (&4 IC - B4R 2)
—  #Z @t kg ok enabled / disabled
o FEBVFEESNBV, IF HEHR (F F device F¥F it F
20 e AR H)
— 2.5V
— 2.1V
— 4.2V
— 4.5V

o 4r¥ device PR ATRABEARPEFT R, F U ? A men
supervisor (MCP1xx, MCP8xx/TCM8xx, or TC12xx)
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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

Voltage Detect

e H[PIEL brown out

B¥f device ffHE
REFEN

e 16 selectable trip
points:

- 1.8Vupto4.5Vin
0.1 to 0.2V steps

— External analog

B
LVDIF
iInput

VRer
e Internal Viggr VBN @

Voo LVDIN

H
al LVDCON

=
@
o
=
<
c
=
j=2
®
X
®
=
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How to Set PIC®
Configuration Bits



f{g\
meracee \NNat @are Configuration Bits?

Regional Training
Centers

e Used to setup device
features: Reset vector

_ COde PrOteCt High Interrupt Vector

Low Interrupt Vector

— Watchdog Timer

— Oscillator Options
— Debug Options User Flash
— More...

i ) Data EEPROM
CONFIG registers located Iin

program memory space, outside wlp Configurations Registers
range of executable code space

(starts @ 0x300001) Device ID
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Y, . . .
Lo Configuration BIts
R antora PIC18F4520 Registers (4 of 11)

CONFIG1H Register

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

FOSC3 FOSC2 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
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R doiP RN P B B3R T

MICROCHIP

Configuration Bits

Syntax

#pragma config setting-list

e setting-list is a comma separated list of settings as
defined in hlpPIC18ConfigSet.chm

My Computer Values for the setting list are defined in the
) Local Disk (C:) PIC18 Config Set help file.

\;l mccl8

——

— ghlpPIﬂSConfigSet.chm

|§> hlpPIC18ConfigSet.chm

SEE

#pragma config OSC = INTI1067, WDT = OFF, BOREN = OFF
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R\ : - L DL
weeee  Configuration Bits E5EIH

Regional Training
Centers

g2 hlpPIC18ConfigSet
& = A e

BEEE = T8 B I
PIELC) ] ol | s PIC18F4520 E

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

[7] PICT BF44K20 Oscillator Selection bits:

@ FICT18F4510 0z = LP LP oscillator

FICT18F4515 _

[2] PICTEF452 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

% E:g:gjg? 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
[7] FIC18F4EJRD

AP AT

FCMERM = 0N | Fail-Safe Clock Monitor enabled
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Mﬁg:mp

Regional Training
Centers

Feature Symbol

0SC

How to Set Configuration Bits

PIC18F4520 B/ IS (Part 1)

Description

Oscillator Selection

Setting Options
LP,XT,HS,RC,EC,ECIOG,
HSPLL ,RCIO6, INT1067, INTIO7

FCMEN

Fail-Safe Clock Monitor Enable

ON, OFF

1ESO

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

WRThn

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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Mfﬁ\ How to Set Configuration Bits

Reglonal Training PIC18FA4520%k A HY#EETH (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

e Available configuration options are device specific
e hlpPIC18ConfigSet.chm has an entry for every PIC18

e See device specific data sheet for details on
configuration options and their settings
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RN TLS2118 ¢ =%

MICROCHIP

Configuration Bits &7k 2_

o AT AN # * & TLS2118 %13 ch ¥
A > * % 2_Configuration Bits

#pragma config OSC=INTIO7, WDT=0OFF, BOREN = ON,
BORV =1, LVP=OFF, PBADEN=OFF, XINST = OFF,
MCLRE = ON

a__f@*h;\’f 3L F]: WT RZEEMPenoLVP » ¥ & B
MCLRE = /F ON r2gx* MCLR Pin h*t 3R Reset # it

> 3375 % C18 Ei#&* Lite % # - Extended Instruction
Sets #it+ & MF -
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How to Read and Write
Registers



R How to Read and Write Registers

MICROCHIP

Regional Training Full 8-bit Word

Centers

Syntax

REGNAME

e Use the name of the register as you would an
ordinary char type variable

e Variables defined in device specific header file
with register name as shown in datasheet

SE][E

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

TXREG = "a“”; // Send "a" out UART
IfT (RXREG == "x") { .. } // 1T received char 1s "x”
while (RXREG) { .. } // While char i1s not "\O"

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 87



- 4 : : :
Mﬂﬁ\ Register Variable Declaration
R ™" Example for PIC18F4520

Centers

PORTA Variable Declaration from p18f4520.h Header File

extern volatile near unsigned char PORTA;

e extern: PORTA is actually defined in a device
specific library file

e volatile: This variable may be altered by
something other than the code (i.e. the
hardware or an interrupt routine)

e near: Denotes that a variable located in data
memory lives in Access RAM and that no bank
switching instructions are required to access it
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e RHEBENAIE

Regionai rining ( R A M L OC at | on )

o fEAccess Bank AHYEEENI TR B R
o FIFHFIBERENHS “#pragma {udata/idata}”
Ria EBHERAMIVRENE

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

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

o FIFRTEREIES “#pragma udatal/idata” 2k
EREEMEALBENESE

#pragma udata/idata
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f/
s #pragma udata

Regional Training
Centers

e #pragma udata [data-qualifier] [section-name [= addr]]

~ #pragma l}data xR LA TR & E’?”@M’E%{ﬁﬂ’]ﬁlﬁﬁﬁ
» HEFEETE “#pragma udata” A HEITHRRRZHE

~ udata ;S E HERIG{EAVE R (idata 5 IR {EHTERD

option — [data-qualifier] : SESB B FREAT HS— & I8y
° “access” ==> ZFHELE ACCESS Bank #Y RAM (0x00-0x7F)
° “728 " =>ZHFEIE ACCESS Bank (GPR)

Option — [section-name [= addr]] :SEE N B RYALHE

o F5xEsection-name: B2 LinkerfN B 4EHE 7R A #Ysection-namefE
6 » HlEfcEsE it g NAiE € 1Tk

o RiExEsection-name: BIFEIIHVAT > WAEE LinkerdEEER
LA AW section-namefH [H] » LGB 8@ i fFunprotected &

o =addr: WLASREITE E AL 4L

\-

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 90



"X
lwzzgtmp

Regional Training
Centers

#pragma udata
near unsigned
near unsigned
near unsigned
near unsigned

#pragma udata
unsigned char
unsigned char
unsigned char
unsigned char

#pragma udata
unsigned char
unsigned char
unsigned char
unsigned char

#pragma udata

#pragma udata

access AccessSection

char Temp Code[4];
char Rec Data;
char PWM Duty;
char On_Flag;

abc=0x100

* D i

test

EE Write Data;
EE _Addr;

Send_ UR;

Err;

B (FH))

HELT Z BBUREAccess Bank
th » ALinker B fTZ&cHkr ik

HE T ZBRBBAEGPRH
firhik R0x 10083 7

BEDT 2 BRAEGPRY » HLinker 1T
ZPEfrfl » X section name BHHREFIFE Eil e
22 HEE Bank 2 WYArHE

SECTION NAME=test RAM=gpr2
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M,@cmp How to Read and Write Registers

Reglonal Training Individual Bits and Bit Fields

Centers

Syntax

REGNAMEb1ts.BITNAME

e Use the name of the register with the word 'bits’
In lower case attached to it

e Use the name of the bit or bit field as specified
In the data sheet

Example

LATBbits.LATBS = 1; // Set bit 5 of PORTB
Flag = PORTBbits.RB5; // Read bit 5 of PORTB

whille (YADCONbits.DONE) { .. } // While A/D converting
ADCONObits.ADON = 1; // Enable A/D
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-4 : : : :
Mﬂﬁ\ Bit Field Variable Declaration
R ™" Example for PIC18F4520

Centers

TRISEDbits 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 TRISE1:1; Primary Bit Names
unsigned TRISE2:1;
}:
struct {
unsigned :4;
unsigned PSPMODE:1; :
unsigned I1BOV:1: Secondary Bit Names
unsigned OBF:1;
unsigned IBF:1; Bit Field

}3 Vari
_ ariable
¥ e Declaration
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M,@cmp Register and Bit Field Variables

Regional Training Definition in Processor Specific Library

Centers

e Both REGNAME and REGNAMEDbits defined in a
processor specific library

e Both are allocated at the same address

Excerpt from p18f4520.asm (p18f4520.1ib) Library File

SFR_UNBANKEDO UDATA_ACS H"F80*"

PORTA

PORTAbItS RES 1 ; OXF80
PORTB

PORTBbiIts RES 1 ; OXF81
PORTC

PORTCbits RES 1 ; OXF82
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/O Port FyFA S

MPLAB SIM — gkpefEites
LCD ElfE=\
C18 AR




ﬂ{? . -\ —p o2y g
MicRocHIP ﬁi ‘ik%}ﬂ;ﬁjﬁj:\lﬁ‘ 120 :‘:’3’ E;E

Regional Training
Centers

5mS BE R

No

SEBkERE = = 07

y

g SW2 & SW3

EBERE T e SW2 Y 0x01
l B EEP R EEE = 10

No
Yes
HSRER BB T2 SW3 $F? S5 SW3 i 0x02
B e BkER T = 10
No No

B E -1 S pkEREE = 10

A\ 4
A

< AR [E R >
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MIcrRoCHIP )
Regional Training I/O ﬁ lerary 59 5\] ﬁjvl‘.rﬁ’ B

Centers

Lab Exercise 2 3% p {&

o F ¢ 1/0 i3]

— %% APPOOL 1 B: ), #-4%4¢ 22 LED srfp %3y I k& 3 0 f
241 (L1 LCD # LEDE + * 4= amk 37

— % Cl8 ehx * Al A B, R ﬂisa » e ’%E""""'@aj R g i 1
e RY¥#* MPLABSIM kpE2% delay() AR OTC R AR
e i#* Library-TLS2118.lib ¢ # & ¢ LCD function libraries
AR ER T2 BT AR Y R
o ::#* MPLAB C18 # < standard library
— i itoa(int value, char *string ) i3 1% 2 & #cehrd 7p w5 ?

—  BAR NP g “SW2 Count” 2 “SW3 Count” # 4% 2 F F 3\ (s i
* putsLCD() & 41 3 LCD

o R HMUB NRILIGER » 2 i FEPR G
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"
Mﬁg:mp Lab 2 ﬁz" i fé'iﬁﬁ 3‘3

Regional Training
Centers

Lab 2 & * @A ¥

o LAB2.c [RIEfEZERAE: ..\2014 Summer Techer

Bootcamp\Section 1\Labs\Lab Exercise\Lab?2\
HYE R T

o AHMEGMHEAHEINERXS
—  Lab.c
PIC18F LCD APPO0Ol1.c, PIC18F LCD.h

ST EERBIAET Lab.c B

Lab2 Debounce
SW3=22 ;SW2=15
Lab2 f2={#fTh LCD IR

°
T

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 98



NV
Lab2 ZEHRRVER

° fﬁiz WA 7?7?77 NF - BRONE
-Hﬁ*ij:\l 8, gﬂgl_}&

. B 19 & 20 FF 5 B3k SW2 & SW3

2. B MS_Delay( ) HYEER R R 5mS » AER
MPLAB SIM+ Stopwatch 2KRExz8& (Fosc=8MHz)

l

3. 255 Page 96 HRYMEEER: PRSEE T

(5

L1}

RSBk HURE =

. SREZEH| LCD I E - AR
LCD_Set Course(n,n) E’jﬁ@ﬁﬁﬁ%—rlﬁﬁ o
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o {5 FHERAG L2 7 T
— JHFEEZ% CPU RHE

— HEAT R S TR
S

¥

o —EENE{ER Timer
B Y v SR Bk

— B[R JfE

TP

meoce | a2 JZGEFERIE P

- FEAT  AREEEAHIT

- ﬁbﬁ%,f@ 9 EJEEJEF‘EIE'E

%

ooooooooooooooooooooooooooooooooooooooooooooooooooooooooooo
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MICROCHIP 1 8 F4 5 2 O EI:

Regional Training
Centers

R

o 18F452075 Wa{iE -RETH#E A BT TALHE

R P A e

Bt ==>HE i ALl
BoutE==>HE i ALk

o ﬁ Eﬂf
=N

[ R H LAY

— ETEIRAEFR==>F

T

) /\55 £y 0x0008

-0x0008
-0x0018
e B IerE (—EE—
et (Flag)
T
— HHEEDERS TS E Enable ¢ Disable

o EIR PIC18&4I|HE]E ﬁ HPIC16FXxXX &3y
A (Eﬁﬁ@ﬁ“n’l‘% BE )

E/E IgéF

)
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Regional Training
Centers

TMROIF
TMROIE

Other Core
Interrupts

TMR1IF

TMRI1IE
Other
Peripheral
Interrupts

D

o TR R EE P
{EHGEZ

Core Interrupts

Wakeup
to CPU

Peripheral
Interrupts

Vector to Ox0008

GIE

PEIE
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4 o
Mﬁg:mp l@?ﬁ ;; B '%;Eg
Reglonal Taining (B S FERE

P = INTOIF INTOIE
IE
F GIEH
Vector to Ox0008
High Priority
Interrupt to CPU

:D—> Wakeup to CPU

Low Priority
IF GIEL

0

Interrupt to CPU

Vector to 0x0018
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o Shadow 7%

Regional Training
Centers

e 18F4520F “Shadow Register’ Bys%st » FER = ETRE
A EHRERE

o SESHRETEN
— W BSR » STATUS #Y&FE AJELH {5 FH Shadow Register
- FEECAYIX[E] : retfie FAST

o KBSIERET
— W BSR » STATUS 0Y{F# AJBUH, R AR 7 2E ik fe b a2

— TRV ¢ retfie O
o DIERH > #F C18 {3 g TR E » B GG TERE
BHERE

o &hitm: C NHETREILHSES EEITE

=]
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MICI§CHIP %‘K i% %;{, ﬁ ¢ &?PR%}%& 5\

Regional Training
Centers

® fi* % ¥ &g¥4n 4 “#pragmacode” #-AE: %
A2 BER €3 B B E Y %re £ 4 - 0x0008 -
£ & % goto 3p 5 HdrF RS L ¢ BPRIAR
® fI* % B rdZip 4 “#Hpragmainterrupt” kg =
S¥cs: B B SRS (F el EZe i
h) 2 E ¢ p 7% retfie FAST £ %
#pragma interrupt func-name save=symbol list
» func-name : 3 B LY SFIRIBEN LA

~ save=symbol list : &7 ¥FPRFFFEN ¢ - FARZE ¢}
% % (] save= FSRO, PRODL)
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24%&‘ » 2 AKX
MiCROCHIP ];;'.‘_, v '&fr; = ISR m;g wl}l

Regional Training
Centers

#pragma code hi_vector=0x0008 // BREPEREAR
void isr_high code(void)

¢ _asm ERNEEETES IIRE - B
goto isr_high MBI EE=\(isr_high)
_endasm

ks

#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)

{
Rec_Data=ReadUSART(); e EIER (isr_high)

PORTD=Rec Data;
by

#pragma code
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ﬂ/& » 7 “2
MI.CF!DCI.-II.P \:l lﬁ‘frm‘gﬁ ﬁ ‘:\;( {

Centers

o d - P hkgv WRIBR TP E
o EHLTHRF-EHFEERILE > 7 ¥
1 € E & i (F(OLUSART erdgdz 3 5))
1. BB ¥ Wik 48 ek 2 RCONDiIts.IPEN=1;
2.4 ZUART#Yc s 8 B 44 IPRLbits.RCIP=1;
3.enable USART endgjc ¥ %7 PIE1bits.RCIE=]1,
4 fxds B B BT INTCONDbIts.GIEH=1;

o R VP WA RK T
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Lo w R B IR

Regional Training
Centers

® 1% @ ¥ md2ip 4 “#pragmacode” -2 3¢ T B A
gLk Z KB LY ¥ § 2 - 0x0018 5 £ 8 #
goto 45 £ RrFIER S L& ¢ UTPRIEAE N

® f|* “#pragma interruptiow” kdp s KB A
¢ YTPRFAAE 5N > K 3 V& retfie

#pragma interruptlow func-name save=symbol list
> func-name : M iBL g ¢ BTIRAARSS L AL

»  save=symbol list : & ¥ $FPRFFARN ¢ - AR BoF chBic (
). save= FSRO, PRODL)
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R . .
i B IE 2 X (ISR)LA ¥ A

Regional Training
Centers

o ¥V ¥rdiikcE i Bl

o ¥V BTHT{E * D enPBcE 4 » volatile eng £

o ¢ ¥t ¥ A R Local Bk WEY B
)i iy

o ISR BA%EARIF » 7 B A% S ermd® » ¥ UK T
Flag 15 % %3 f2.5 gue

o FHEEIE* I tmpdata & % » FISR ¥ 7 47
Fant® (ks 5~ ReiEE) 0 2 E & save
tmpdata i& B & % » #F L2 3 250 ¥ TP

o ATHx1Cl18» ¢ p H ik 3 tempdata
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2. tmpdata vs.® %

Regional Training
Centers

o tmpdata i A7\ E ¢ Rrahfck 3
o A1 Cl8 ¢ p & i3 tmpdata > ¥ F# ok ¢ #74R 50
4 > e n F]R REr tmpdata T4 R E R ¢ RN

Ii
o J4rik P $rmAn q\mﬁg H e J2 7 & @ % 3| tmpdata
)J-‘J»’?J}"ﬂ‘ J& T e U e o BT ARRGE R

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

{

¥
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> PIC18 )4 5]’ ¥ :

MICROCHIP _
Timer0
e Timer0 ¥ & 2_5 8-Bits & 16-Bits #i-3"
o 16-bitmode ¥ » TMROH ¢ %3 & TMROL p*
& 8 » Timer0
— ¥ #rrend 8-bit 9 Data Bus % 3% B~ 16-bit = Timer &
o P pPFEZ 4 F pF FFhto00Oh (FFFFhto0000h)» & 4 ¢ %5

Yl

=z & Jhl

Foscl4———0

Sync with Zet Interrupd
Intermal TR
D_ . Clocks [ ™ TMROL High Byte__[— Flag bit TMROIF
i

Programmable 1 oy wge on Owerflow
TOSE ;ﬁcaler (2 Tov dalay) *
3 Read TRROL
TOPSZ, TOPS1, TOPSOD I F.
TOCS ESA Wirite TMEOL
Iy
e 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

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide 113



o PIC18 s 5| ¢r% 3§

Regional Training

Timerl and Timer3

o 16-bit s it B A R
o o3 RBFH/BeH8-bit - HEr B =
o ﬁ',ﬁ%;ﬁ*m;f@_ﬁ# c+1> +2> +4 > 0r+8

o __ﬁ;p “'-* :—;J-B:l_;-% H_:, '\‘)‘Lgtﬁ q PE"'&’}'E:‘\‘)J’
BE (PRERBT @ «aPa%B?f)iﬂ%ﬁE_)

o BT EEEFUBT e HIPEMAS TS A
B (System Clock ) i &

o FTIEHBAIEFEAR Y > FFFFhto 00000 » 2
39 8
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Mﬁ?ﬁmp PI(HfB:%QﬁUECLéj@%

Regionai rining Timerl and Timer3 (continued)

Data Bus<7:0>

g HIATMRIH BE72524 Latch DU/ EERSRERY I
-l L | STREhRE
8

CCP Special Even Trigger
B

FERIZPEHRE

TMRON J—

T1SYNC

T13CL1/
T10S0

D

Fosc/4
: T10SGEN Interna |
. : Enable Clock 9 _
T10s1 s : Oscillator® TMR1CS -—]:’ SLEEP input

T1CKPS1:T1CKPSO
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L Timerl & = F 2

T108I UL
T10S0 JUuL
TiCK! AL TMR1H TMR1L

pin

FULL

synchronize

RD16 TIRUN T1CKPS1 TlCKPS- T1SYNC

T1CKPS1 T1CKPSO scale

Timerl On
LP Oscillator Enable 1 = Enable Timerl

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

11 0 = Internal (Fogc/4)

1:8
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Y PIC18 % 5% if

MICROCHIP
Regional Training T I m e r2

Centers

o BhitHNAFHE S FELEL LS ELAN
o PWMBHHERT » &4 o &k

e TMR2 :-¥3% -8B E Bf"i\‘”ﬁ R R

ARIREBLAL Y 8 X pdedp e —j'a'-f;?’
€ AT

o ¥ % MSSP (SPI™) 3% & thik 2
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Timerl YRS EdfE R
FRETAR 7538 =X B 2 HE B pR 2
C18 #i2 Timers BN RIEFF

2 Timer HpER75 = BR B ¥R G258 k5 =R




JE 18 PR 25 11T
o FBREHISS
— C:\Program Files (x86)\Microchip\mplabc18\
v3.43\doc\PIC18F Peripheral Library Help

Document.chm

o C18 Fr7HRRVEEAE pREYEE (clib.lib)
— ..\w3.43\doc\hlpC18Lib.chm

e Software Peripheral Library
e General Software Library
e Math Library
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PIC18F & 72 ek &JE F-iiit

EAESHHBEEFZW):

AB Q) Em}\aﬁ@;q R

‘ 18F4550/23/20 Family

18F4450 Family
18F452 Family
18F4539 Famil
18F4553 Family
18F458 Family
18F45110 Family
18F45K22 Family
18F4610 Family
18F4620 Family
18F46K20 Family
18F47153 Family
18F4x80/5 Family
18F66K80 Family
18F8410 Family
18F8490 Family
18F8493 Family
18F84J15 Family
18F85J90/11 Family

PIC18F Peripheral Library Help Document

Timers (45xx Family)
For this peripheral library module:

® The Timer module is a 8/16-bit timer , wi
® Timer 1 operates in CPU Idle modes and 4
® Timerl oscillator acts as low power oscill

Functions

OpenTimerd
ReadTimer0
WriteTimerQ
CloseTimerQ

OpenTimerl
ReadTimerl

WriteTimerl

JeEEEFTE RV TTAE
(PIC18f4520)

HEFE Timer (45xx
Fam”y) E’J; % ’ :’ﬂ_%/\
Timer BYpREY

SESEE Y Timer
Examples #ifIHVEER
RIM{sE A 26 R84

FEEXOpenTimerl() By
BREER T T S
B ER
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MICROCHIP _
Regional Training Timerl £ Interrupt &g *

Centers

Lab Exercise 3 3% p &

e Lab3 EEME : .\2014 Summer Techer Bootcamp
\Section 1\Labs\Lab Exercise\Lab3\Lab3.mcp

o A CHAHENY IEBELFNY WIRDBEN

o B ¥ i#* Cl8enLibrary X33] Timerl
—  E Timerl s # 5mS ¥ % CPU - = > 5mS & L3+ &

o E%¥i#* MPLABSIM %2 Timerl ¢ $cpFF

o %I T - RPFPL NN 0 # Lab2 g bl uE B
Timerl en® %73 &

o % Timerl® %/&I&A:}%@iﬁ] » % 5H
— REAIE N LT RASTT RA MR LABNET AR
— EBASES R TR i

Y Lab3 # £ #4
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MICROCHIP ﬁi | b @?7\5 | %_. :T’,.ﬁ, : F[;;E
Resi — J I I m er J:\‘ 3 3 :g
egional Training
Centers
5mS HhET—k
~0 kR = = 07
e SW2 & SW3
EREIREE T @ Lo SW2 B 0x01
| TR LB, = 10
l No
Y
- AT SW3 $#? 58 SW3 g 0x02
N B EEBRE I = 10
(0]

No

EHhEE -1 SERkEREE = 10

A\ 4
A

ks T4IF
R I [E]
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L0 L ab3 EEHIRER

Regional Trainin g
Centers

. %ﬁiﬁ PMH 1?7777 BYF 0 BRNE
(3

EIREATFEEL

1. EH—F PIC18F4520 Data Sheet ZREE)E
B PETHIE E BT

— =52 76 ~ 78
2. B Timerl By BT
— 17152 55 ~62

3. S EBRBIEFEE Timerl BV A28

— {795 116 ~ 117
Lab3 Interrupt
SW3=22 ;SW2=15

Lab3 2= {THF LCD HYRER
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10-Bit Analog-to-Digital
Converter



A aEAESA 1A A [ SRR
merace  PIC18F4520 10-bit A/D HEEHAZS

Regional Training
Centers

o 13 (HIHLLESHAZS To A%ESE - 10 bits BEITEE
o AD F/NRRRERA (Top) : 0.7uS (JMEFREZE=R)

o JAChEM ARG : 1.4 puS (B AFHDI<10K)

o MACLEW ABEHARE] © 8.4 uS (12 Tap)
— 84 lJ.S (12 TaDp ’ Tap ﬁjﬁx’J =2 A O7US)

o 10-bit FEMTERF - RE—{ULITHYERE

o SETEMINISSER © VREF+ & VREF-
HRNGRETEENE - HEHNTBEL
o SERHVEEAANGR]IIA 9.8 us

'|-|-r
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M@:Hlp 10'b|t A/D jjl'@%

Regional Training

Centers AD gy AR 5845

CHS3:CHSO | In ADCONO Register

AN12
PORTB AN12
~| AN10
ANO
_ ANSB i
ANT* Q\ y 10-bit A/D iBizsE B 77 55
AIN
ANG* B - *l aDREsH || ApresL |
ANS* &
AN4 [ 3
Vier./ AN3 BI—— - VRer+ VRer-
Veere.! AN2 B3
AN1 3 v \
ANO E oD « PORTB (AN8 ~ AN12) ¥gEEE#a A ZhEE
x0| P : " PIfEConfiguration Bits ByE%EIE P
x1 | —— F R e 07 =RFELRREA -
OX — « *AN5-AN7 FREEFER 28-pin devices
== [l

Vrer Select |VCFG1:VCFGO| |n ADCONL1 Register (¥ B EREE)
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meocwe  P|C18F4520 ADC By AELRY
Regional Training N
Centers
Voo
Sar_ﬂ:-llng

s ] ;E VT = 0.6V o

1 Sg ! Sz Zie < 1k : :SE Raa :

: "lh"lll' : * * iy | ﬁ'_"n"n'l'!_:_‘

: 'ﬂ*.u. : Crin J— L . £ [LEARAGE T | —— (Cwmowo = 25pF

N —" 7 M= 08V L}/‘* T I Crow =25

— I - \an

Legend: CPIN = input capacitance
VT = threshold voltage

ILEAKAGE = leakage current at the pin due to
various junclions

RIC = interconnect resistance

55 = gamgling switch

CHOLD = gamgle’hold capacitance (from DAC)

R&s = gamgling switch resistance

Voo 4 W4

BY-T
5 W+

;

3V
2V

——
1 2 3 4
Sampling Switch (k)
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MiCROCHIP %Agﬂgﬁﬁﬁlz§ﬁ5ﬁ

Regional Training
Centers

ADRESH + ADRESL

PRARIRF ]!
ﬁkﬂﬁﬂ SREX T

BERE (V) :

RS < 2.5kQ
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o ADC B[]
| < PRARIFE] >< R >

Centers
: time
Vc VIN

ADRESH + ADRESL

ADC Result

/

?\DC Conversion
Elock cycles (TAD)

R

e ~N

X

[}
d
d
d
[}
a
[l
[
[}
.
[
[}
"
[
.
[l
"
"
[
[
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AID #2414 % E(3)
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ONY || < <€ |<t|<t | |« | |« | | | | | | | |
FNW || < |<T[<T [T [<C | |<T|<T |[<T|<T|<T|<T |<T|<T (O[O

r—

e | o || ||| ||| ||| <] |<|a]a o

..m.ﬁvf enNY ||< ||| || |=|= |a|<|<|<|alala|a

L7

oy PNV || < ||| |||« |l |<|alalalala

.w~

V= 9Ny ||<|< |||« |« ||« |<|alalalaljalalo

M- BNY ||<C |<€ | |<L |<L |=L (=L [CO || |0 (C (O (O[O |5

A\ =

\J

NLN ZINY || < | |<|a|alalalo |alalolalalalalo
@3 |2 S
GG co|l"A|lo|lA|lSo( A Al S| A S| A | A D
FF ol Al S (D (A A| S| S| Al A S S A
Cc Lo T v T o T o T I I s B I o O DO = o e o T I O I O O N |
FP ololo|lolaololol S|l A|lA A A A A A A

Digital /O

D=

Analog input

A=

130
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Centers

ADCOND REGISTER

-0 u-0 RAW-0 RA-0 -0 RW-0 W0 -0
— — CHSJ CHS2 CHS1 CHS0 | GOVDONE | ADON
bit 7 bat O
ADCONZ REGISTER
RiAW-0 u-0 -0 RAA-D RiW-0 RiW-0 -0 -0
ADFM — ACOTZ | ACCTI ACQTD | ADCSZ | ADCET ADCS0
bit 7 hat O

ADMF=0 ADC HysEi#asE R ks 10-bit ADMF=1
FE 2 Byte A H0IEH

7 0 76 54 3210 7 2 10 7 0
A/DiEHasE R |] DA
XXXXXXXX XX | 00 0000 [EAE ~ [JAaTER 0000 00 | XX XXXXXXXX
( )\ J
\ ) J 1 Y
Y Y
ADRESH ADRESL ADRESH ADRESL
10-bit 10-bit

AR FASEE
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AID ¥+1% % B (2)

Centers

e ADCONI1
— 3k 2_ADC module & *
B

?4

&
&

&
% TR

-0 LD R0 RAW-D  RwDr Rawlh =hA R
— — WCFG1 | VCFGD | PCFG3 | PCFG2 | PCFGET | PCFGD
it 7 it 0

bit 7-8 Unimplemented: Read a5 0

bit 5 VCFG1: Vodage Reference Configuration b (VReF- source)
1="YRer- [ANZ]
0 =\as

bit 4 VCFGD: Violage Reference Configuration b2 (VrREF+ source)
1=VRerF+ (AMNI)
o =\oo

bit 3-0 PCFGEPCFGO: AD Port Configuration Controd bits:
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LR AR |

|

- mmE | (O

EmADR

l Yes

NO

=

FO3E 7 [ £77 YCU
YBEFEFE T 7

PICISF4520 + 14 #
ADCONZ %z z & # &
T B H £ B 7 2 i P
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ﬂ{? = . ;
meoowe  P|CL8F [ 78 RRISUEE it

Centers

B “ o SEEEFRTEREITH
A (PIC18f4520)

oy PIC18F Peripheral Library Help Document \ . N \
i ree) e ETTOTTOCITIN, 1 ADC O

BAEERHREF(W):

This peripheral module supports functi
‘18F4550f23f20 Fam'lly Pertb PP A ADC E,Jmﬁ

: # Up to 16 analog input pins, designated ANO
18C452 Family ~ ® Two analog input pins for external voltage Q

18C801 Family ® Voltage reference inputs that may be shard) 5‘&9 %'& | : E,\] A DC
18C858 Family I oy
18F/LF14K22 Family @JE&I&E%
18F/LF14K50 Family Exam p €S !
18F/LF46J11 Family Functions EI] [J EIIJ mﬁ

18F/LF46J50 Family

(0] ADC
18F1320 Family mRenet

18F1230 Family SetChanADC

18F4320 Family o FaﬁEﬂIOpenADC( ) H,JIZI
. SelChanConvADC

18F4321 Family

18F4431 Family ConvertADC ;&ﬁ E_E&Tﬁ&ﬁ
18F4450 Family
18F452 Family BusyADC E@ﬁ%
18F4539 Famil ReadADC
18F4553 Family

12FASS Fammily

4

(e

CloseADC
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Centers

{58 F A/ DEiA pR B EERY © ZR[EIRMEHEFRE “adc.h”

& - #include <adc.h>

ADC V5 ERAT®FEE ADC F=

— void OpenADC (unsigned char config ,

unsigned char config2,

unsigned char portconfug);
[EFE&E] - OpenADC (ADC_FOSC 32 & ADC_RIGHT JUST & ADC 4 TAD,
ADC_CHO & ADC_INT_OFF & ADC_REF VDD VSS,

ADC_1ANA);
— void ConvertADC (void)
ConvertADC( ); // AD BEiGHEA
While(BusyADC( ); // %75 AD SEpiiEi

— void SetChanADC (unsigned char channel)
SetChanADC(ADC_CHO);

— 1nt ReadADC (void)

int result;
result = ReadADC( );

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118 Slide
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C18HY A/D IR E S

Centers

C18 fiEF pl8cxxx.h A THEFsIHHEER
C18 & FH GenericTypeDefs.h

C18 HFHERF ZEARNRAES » 2% pconfig.h §&

- Ry TJETT?%DFﬁz_/mJEE’JH&ZIK
- WFELURIERE R AU AR E A B

#ifdef _ 18F4520
PR S S L R ]

I* Configuration for device = 'PIC18F4520' */
S R R A S S R R A e R
[* ADC */

#define ADC_V5

[* ECC */
/*No configuration chosen for this peripheral*/
[* CC */

#define CC_V2 YA TR BN A B B R e Ry
N REAIER S BRI E A%
#define PWM_V5 ﬁ%ﬂ%ﬁ%%& Hﬁi%mjﬁﬁéﬁﬁ
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M@:Hlp Lab4 Fﬂﬁgﬁ ADC

Regional Training
Centers

e OpenADC (ADC_FOSC 16 & ADC_RIGHT JUST &
ADC 4 TAD, ADC CHO & ADC_INT_OFF &

ADC_REF_VDD_VSS, ADC_1ANA);
o BB ADC FfEAVZE

o ADC HE#iZ=(
SelChanConvADC(ADC_CHO) ;
for (i=0;i<=10;i++); [/ EBE—/NEEERBEA B B
while(BusyADC()) ;
Update ADC(ReadADC()) :
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M@:Hlp ‘Sﬁ 3!13 E

Regforal Taiing 10-Bit ADC MPLAB C18 Library g *

Centers

Lab Exercise 4 3% p &

o 2% ADC module =33
— & * MPLAB C18 # &7 ADC * :# Library % 34] ADC module

o #% WY 3xAehlmsTimerl ¥ ¥rsfe it H I - B
200ms 7 Time Event
— LCD {AT5 % % % 2 B FPRehR 3

e % 100ms 7 Time Event 3 2 B+, 2 ADC $+ APPO001 } &7

VRI &A% B g%
~ 3 VR1 > § ADC ## = {27 115 7| LCD & ADCihig

Lab4 ADC
ADC=1023 :0x03FF

Lab4 B2 T LCD HIRER
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o aﬁﬂz
rilaay ey

‘fT&F

ADC Ay

ADC it

Lab4 ZIRRHVES

REA 11727 T > BRI
REEE -

CHYBRE A CH Y AR 5

- 179

2. 9‘6‘% OpenADC() FrifRHVSEIH » IRFTfRE

B4 (Se
91 ~ 94

B SBELE
—  {79%£ 134 ~ 136

3. FJH puthexLCD() 2REIH, ADC Result #Y 16 i

ChanConvADC & BusyADC)

A

FMER RS LCD |
— 7B 112 ~ 113
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M@c LCD E& LED #£H PORTD

o |3|7,?_3, LCD B LED £ PORTD Fff
L/L’“”E%'?LCD W a] DABHEEE R LED
Hr PR P r

o F{nESRFEEEHT LCD R > LED HYSH
RS LCD £ &
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MICROCHIP

Regional Training LCD E LED i,',l * PORTD

Centers

Lab4 LED % ¥ P &

e Lab4 LED EZEArHg : .\2014 Summer Techer
Bootcamp \Section 1\Labs\Lab Answer\
Lab4 LED\Lab4 LED.mcp

o & LCD ¥ » 3 7RE k¢ & 3| PORTD e
—  WriteCmdLCD ()

—  WriteDataL.CD ()

o ifmumiady— $& > 4r » PORTD et 3 2 B~ %
—  #define LCD_DATA  LATD
—  Temp_LCD DATA =LCD _DATA;
~  LCD_DATA =Temp_LCD _DATA ;

> Lab4 LED # £ #4
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The C Runtime Environment

A Foundation for C Programs



Mm The C Runtime Environment

Reg%'Leyter;n ng Linker Sections

code .code_fTilename Program Code

romdata .romdata_filename Non-Volatile Data

udata -.udata_fi1lename Uninitialized Data

idata . 1data_filename Initialized Data

stack (udata) .stack C Runtime Stack

e Linker creates sections of the appropriate
types for each input file (*.0)

e YOU can create your own sections to
group related items together in memory
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meracee —— Startup and Initialization

Regional Training
Centers

goto

Interrupt Vectors

_startup*

call _main

main : €=

J

& Reset Vector (Address 0x000000)

Populated automatically by MPLINK
Calls runtime environment setup code in
c018.0 ( _startup label)

a c018.0 c018i.0
L c018 e.o c018i e.o
C Runtime Environment Setup Code

Inserted automatically by MPLINK Linker
(Source files: c018*.c)

«a main.c

Your C code's main() routine.

Included by you in your project and
placed in memory by MPLINK Linker

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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A Startup and Initialization

MICROCHIP

regonai raining. TASKS Performed by Default Startup Module cO181.0

e Initialize SP (FSR1) and FP (FSR2)

e Copydatafrom .dinitin flash to
Initialized data sections in RAM

e Call marn() with no parameters
e main() is called inside an infinite loop

e Does NOT clear uninitialized data
sections as per ANSI requirements —
must use c018iz.0 instead to be ANSI
compliant

© 2011 Microchip Technology Incorporated. All Rights Reserved. ~ TLS2118



B Startup and Initialization

regiona raining | ASKS Performed by Alternate Startup Module c018.0

e Performs all steps taken by c018i.0
except:

— Does NOT load initialized data sections with
values from .dinit

e Alternate startup module is much smaller

e Can be selected to conserve program

memory If data initialization is not
required

© 2011 Microchip Technology Incorporated. All Rights Reserved. TLS2118
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Regional Training
Centers

Startup and Initialization

How to Select an Alternate Startup Module

Open the Linker Script File

Look in: | £ TLS2118_LIB vl O T -

[ My Recert Documents

" ﬁ Desktop
i i My Computer

My Recent e Local Disk (C:)
Documents h a1-
Fr— [y TLS2118
L [5}TL52118_LIB
Desktop 2, DVD-RAM Drive (D:)

% Public on "Fiorun (Fiorun)’ (P:)
;"g shareddocs on Tedharse’ (R}

i £} My Documents
=/

‘H Iy Metwork Places

My Documents [C3) Sun ODF Plugin for Microsoft Office 3.0 (en-US)
My Computer
& File name: 1864520 Ikr l
My Network  Files of type: Linker Files {".gld:"1d;" lkr:" Ink) Cancel
Jump to: |Pr|:|jE|:t Directory = |

If linker scriptisn't
already in the
project tree, from
the menu select
File » Open...

Select Linker Files
In the Files of type
combo box

Navigate to the
location of linker
script and open it
(*.1kr)

© 2011 Microchip Technology Incorporated. All Rights Reserved.
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Lo Startup and Initialization

Regional Tralning How to Select an Alternate Startup Module

Edit the appropriate FILES entry to specify the desired startup file

// File: 18145201 .1kr

// Sample ICD2 linker script Change file name to one

of the following:
Traditional Instruction Set
cO181.0 idata & udata

LIBPATH .

FILES c018i.0

FILES TLS2118.1ib _ |

FILES clib.lib c0181z.0 idata & zeroed udata
FILES p18f4520.1ib c018.0 udata only

CODEPAGE  NAME=page sTART=0x0 EXtended Instruction Set
CODEPAGE  NAME=debug START=0x7D i :

CODEPAGE  NAME=idlocs START=0x20 C018!_e.0|da-ta& udata
CODEPAGE  NAME=config sTART=0x30 CO18lz_e.0 idata & zeroed
CODEPAGE  NAME=devid START=0x3F udata

CODEPAGE  NAME=eedata START=0xFO

cO18 _ e.0 udataonly
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L Startup and Initialization

Regional Training Modifying the Startup Module
e Startup modules may be
modified if needed
1. Make desired changes
2. Compile single file (.c - .0)

3. Copy new c018*.0 to:
c:\mccl18\lib

e Torun code at power up

before anything else is done,
add it to the _entry()

function of the startup module
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Memory Models

Object Allocation Schemes



R Memory Models

MICROCHIP _
Regional Training OV erview

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: OxF60-0xFFF vs PIC18F4520: OxF80-0OxFFF).
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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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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 Reser

ved.
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Lo Memory Models

Regional Training S m al I CO d e

e Default Model

e Program fits within
64kB 64kB

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

0x000000

OX7FFFFF
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Lo Memory Models

Regic::r;a':tzrrasining Lal‘ge COde
e Program cannot fit

Program Memory (Flash)

Ox000000 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.mew
File Edit View BE{iZ=# Debugger Programmer Tools Configure Window >

Project Wizard. ..

Project » Build Options... » Project

Mew...

Open...

Close

Set Active Project

Clean

Export Makefile

Build All Ctrl+F10
Make F10

Build Configuration

Build Options. ..

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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R 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

Categories: | IS MM, A |

Generate Command Line

Code kModel

() Small code model [<= 64K bytes]
() Large code model [» 64K bptes)

Data bodel

(%) Large data madel [all FAM banks)
() Small data model [access RéM only)

Stack Model

() Single-bank model
) Multi-bank model

MPASM Assembiler MPLINK Linker | MPLAB C18 *

Inherit global settings Restore Defaults

|-mL Ou- -0t 0Ob- -0p- -Or- -0d- -0pa-

[JUse &lternate Settings

0K || cancel

> MPLAB C18

Directores Custom Build Trace MPASM/C17/C18 Suite
MPASM Assembler MPLINK Linker | MPLAB C18

> Memory Model

Categones:
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R 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
, e Code kModel
Categories: t ermony Mode| - |
Generate Command Line ':::::' Small code model [{ = R4k, I:l_'r'tE-'S]
Code Model 3 (*) Large code model [> B4K bytes)
() Small code model [<= 64K bytes]
() Large code model [» 64K bptes)
Data Model
Data bodel
(#) Large data model [all FAM barks) } » {E} LEI[QE! data model [EI" Rk har‘lkﬂ]
() Small data model [access RéM only)
() Small data model [access Fakd only)
Stack Model
() Single-bank model
O Multibank model Stack Model

Restare Defauls

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

|-mL Ou- -0t 0Ob- -0p- -Or- -0d- -0pa-

[JUse &lternate Settings

0K || cancel Help
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AR Memory Models

Regional Training Tl p S & Tr | C kS

Centers

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

e ASs 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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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 far qualifier so others have space to

fit in 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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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

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

regional raining Small Code application with Large Code libraries

Centers

Program Memory (Flash)
0x000000

near

Small 64kB

Code ®
Model ) O;
OxXO00FFFF
fnQO:

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
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Lo Mixing Memory Models

Regiona raining . 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 *)LCDPuUtStr;
\ J

~

Give function pointer and Typecast from pointer to void function to
pointer to parameter ability to a pointer to far rom void function

address beyond 64k (Eliminates suspicious pointer conversion

warning)
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Lo Mixing Memory Models

Regiona raining . 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



Mfﬁ\ Locating Variables and Code

Regional Training S e Ct | 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 Xx;)
1data 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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Micacr Locating Variables
Regional Training 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 iInt Xx;
near char a[10];
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R Locating Variables

MICROCHIP

Regional 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
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Lo Locating Variables

Regional Training Variable Allocation Example

#include <p18f4520.h> @ Variables are far by
default (banked)

— a[] may be located

char a[124]; o

#pragma idata access myData anywhere

near char x = OXAA; ©® @ Tocreate near variables

int main(void) with the large data

{ model:

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

— Define variables with the
near qualifier
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k) Locating Variables

MICROCHIP
Reglonal Training How to place a variable in far memory

Centers

far type i1dentifier;

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 1Int x;
far char a|10];
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R Locating Variables

MICROCHIP

Regional 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 far qualifier

—  Makes room in access
bank for frequently
accessed variables
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Lo Locating Variables

Regional Training

Conters Variable Allocation Example

#include <pl18f4520.h>

char a[124]; o

#pragma i1data myData 9
far char x = 0OxAA;

int main(void)

1
}

@ Variables are near and
In Access Bank by
default

— al] 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
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Micacr Locating Variables
Regiona) waining How to place a variable in Flash

rom type identifier;

e Specifies that a variable should be located Iin
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 aJ10] = "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
Ox000000 apply to rom variables

near
Small 64kB ® near rOm:
I\/ICoOddeeI — Variable in first 64kB
OxOOFFFF — ROM Pointers are 16-
bit
e far rom:
far — Variable anywhere
e — ROM Pointers are 24-
Model blt

OX7FFFFF
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Lo Locating Variables

R " Variable Allocation Example
ginclude <pl8cxxx.h> (1] .Var.lables are near and
In first 64kB by default
#pragma romdata myNear :
fom It a = Ox5555- o @ To create far variables
with the small code
#pragma romdata myFar=0x10000 model:

far rom 1nt x = OxAAAA;
9 — Declare a new section and

int main(void) give it some name

{ —  Define variables with the
} o far rom qualifier
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Lo Locating Variables

Regional Training Variable Allocation Example

#include <p18cxxx.h> @ Variables are far and

located anywhere by

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

To create near variables
with the large code
model:

Int main(void) — Declare a new section and
{ give it some name

3} — Define variables with the
near rom qualifier

#pragma romdata myNear=0x100
near rom Int x = OXAAAA; 9
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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; , o .
near char a[5]; ‘ Don't generate bank switching instructions

#pragma idata access mylAccess €@ piace initialized variables in Access bank
near char Xx=0xAA;

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

#pragma udata ‘ Place uninitialized variables anywhere
char vy;

char c[5];

#pragma idata €@ Piaceinitialized variables anywhere
char z = 0Ox55;

char d[] = "PIC MCUs';

rom char e[] = "Hello, W0r|d!";‘ Place variable in program memory
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Lo Locating Variables

Regienal maining . How to place a variable in EEPROM data memory

#pragma romdata eedata scn = 0xF0O0000

rom identifier = value;

e Specifies that a variable should be located Iin
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 = 0xF0O000O0

rom char eedata values[4] = {0x01, 0x02, 0x03, 0x04};
rom Int xee = 0x1234;
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Lo Locating Variables

Regienal maining . How to place a variable in EEPROM data memory

#include <pl1814520.h>

#pragma romdata eedata _scn = 0xF00000
rom char xee = OxAA;

#pragma udata
char x;

int main(void)

{
EECON1bits.EEPGD = 0; // Access EEPROM data memory
EEADR = (int)é&xee // Load address of data to read
EECONl1bits.RD = 1; // Start read operation
X = EEDATA; // Result 1n EEDATA register
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Lo Locating Variables

Regienal maining . How to place a variable in EEPROM data memory

Writing variables stored in EEPROM data memory

#include <pl18f4520.h>

#pragma romdata eedata _scn = 0xF00000
rom char xee;

int main(void)
{

EECON1bits.EEPGD = 0; // Access EEPROM data memory
EECON1bits.WREN = 1; // Enable writes

EEADR = (int)é&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

whlle ('PIR2bits.EEIF) // Wait for write complete

// Dbefore next write
PIR2b|ts-EEIF = 0; // Clear EEIF flag

}
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Lo Locating Variables

Regional Training How to put related variables in the same bank

Centers

Hand Optimization of Variable Allocation

Global Variable Declarations in Program

Section Name 8-bit Data Memory Bank
#pragma udata MyRelatedVars [v\/\/\/\/\/v\/\/\/\/]!
unsigned char MyVarl; MyVaril
unsigned char MyVar2: MyReIatedVars{ VyVar2 .
>

#pragma udata MyBigArray -udata{ Myvard =
unsigned char MyVar3|256]; Myvars >
#pragma udata -
unsigned char MyVar4; -
unsigned char MyVar5; >

MyBigArray /¢ MyVar3[256] %
#pragma code S
//Function Prototypes and AR
//Function Definitions

//Go Here IV VYV VYV VYV
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k) Locating Variables

MICROCHIP
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 Xx;
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Lo Locating Code

Regional Tralning 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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MicROCHP Resources

Reglonal Tralning Microchip PIC18 material
e PICmicro® 18C MCU Family Reference Manual (DS39500A)
e PIC18F4520 Data Sheet (DS39631E)
e PICDEMZ2 Plus Users Guide (DS51275D)

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

wWww.microchip.com
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Regional Training Books — Compiler Specific

Centers

— ¢ MPLAB® C18 C Compiler User's Guide

Current Edition (PDF)

- Microchip Technology
UCO{nrgLeirde DS51288J
http://www.microchip.com

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

Current Edition (PDF)
Microchip Technology

MPLINK™ DS33014K
i http://www.microchip.com
|

@ 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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MICROCHIP

Regional Training
Centers

PROGRAMMING AND {258
CUSTOMIZING THE i
P I ' F“EDITION

Microcontroller

Embedded Design
e PICTBFA52
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

4th Edition (October 19, 2006)

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

ISBN-13: 978-0131194045
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