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PICmicro® enZ f]%
Von Neumann (— §&MCU) o =d ik hisliz: Bk

Program # i;}%?‘%}_;\; ?B"P ‘}J'
r1 % Data o Il T HE G skl Bk
Memory jégﬁ'__

° ﬁlfiﬁ{ﬁ ).:‘J LU uf#-i @‘T’%&

o E* A BIFiEREIR
L TS D= Rk R
e

H e BOL TR il B 17 0k

o REMCUF MEF % F HRE

8-Bits

——12/14/16-Bits

Data f o e 2=
Program eoeny FEREETHEERY
Memory
7
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im’f E‘#ﬁ»*ﬂﬂ‘?’ﬁ—ﬂﬂﬁ%f’r%ﬁ‘i°

¢ PlCmicro # * Harvard Z#.* @& * Pipeline &
T RIp 4 PRPERETT T o

* i ?m**iﬁEEF'“”*— -2 - I

3 %i;‘& Bdp £ (bl4c: GOTO, CALL = BRA) RIF &
5] ﬂ;;:}ﬂ £ f&ﬁp 0

Tcy0 Tcyl Tcy2 Tcy3 Tcy4d

1. MOVWEF PORTB [Fetch 1||[Execute 1
2. CALLSUB 1 Execute 2
2b. Forced NOP Fetch 2b] FNOP

[Fetch SUB_1][Execute SUB_1
3. BSF PORTA, BIT3 Fotoh SUB 1ol
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PIC18F4520 % #-8(- )

Data Bus<8>

Table Pointer<21>| [« PORTA
; L+ 4 & v Sl RAD/AND
s ks Dafa Lalch H RAT/ANT
inc/dec logic 4 RAZIANZIVREF-/CVREF
Data Memory > H RA3/AN3/VREF+
21 (39Kbytes) H RA4TOCKIIC1OUT
- +—=[X| RASIANABSHLVDING2OUT
20 B Adaress Lalch i 0SC2/CLKOPIRAG
Program Counter 12 L —+1X] OSC/CLKIFIRAT
Dala Address<12>
31 Level Stack

(1832 Kbytes) RB3/ANI/CCP2M
RB4/KBIO/ANT1
RB5/KBI1/PGM
RBE/KBIZPGC
RBT/IKBIAPGD

12

Data Latch

PORTE
BEE /)
Address Laich 4 '12 L 1 REO/INTOFLTOIANT2
ACcesS RET/INTI/AN1D
Program Memory STKPTR FsRol| ["EES H REZ/INT2/ANS
1 L
)
)
.

Table Latch

v

Address PORTC
Instruction Bus <16> - Decode Tt RCOM1OSOMI3CKI
+—=[X| RC1T10sICCP2AY
5 RC2/CCP1/P1A
' 1 RC3/SCK/SCL
| | e RC4/SDI/SDA
* I B l 1 RC&/SDO
State machine = RCE/TX/CK
sgﬁggglgl?d * control signals L1 1 RC7/RX/DT
Control
—[ PRODH] PRODL ]
A
—
7 =
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, Al —
PORTD
f—-| RDO/PSPO:RD4/PSP4
] RDS/PSPS/P1B
l4—] RDE/PSPE/PIC
(3) Internal 4—] ROD7/PSP7/P1D
osc1® D—| e Power-up
Block Timer
osc2 [—| < Oscillator AL<so
‘ INTRC Start-up Timer
; [5—»||_Oscilator Power-on
T108I
Reset
& MHz
11050 [X—>|| oOscillator Watchdog PORTE _
Imer Predsion REO/RD/ANS
i Brown-out WRI
MCLR® [X]—|| Single-Supply #— Band Gap 1 RE1AWRIANG
Programming FR\ege[T Reference P 4 RE2/CS/ANT @
ol all-Sare 4
Voo, Vs [X—| E]r]e&g:;g[ Clock Monitor MCLRIVERRES
BOR Data ) )
HLVD EEPROM Timer0 Timer1 Timer2 Timer3
¥ 3 r F 3 r 3 F 3 F 3
v y v v v v
Comparator ECCM CCcp2 MSSP| EUSART ADC
pa 10-bit
7 [=
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PICI8F4520 1 & % if

Flash Memory : 32K Bytes (10 @ = 7€ B =X #k)
Data RAM : 1536 Bytes

EEPROM : 256 Bytes (100 @ = £ it )
Timer : 4 &

CCP Module : x 1

Enhanced CCP : x 1

B 7i 2 : EUSART » MI2C » SPI

TRILEIRE X2

AD# 4% % . 10-bit/13CH

Reset : POR > BOR » WDT » MCLR » Stack
Reset i;, £

& 1/0: 5 % 36 @
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PICI8F4520 i & % if

& = s
> HS ~ XT ~LP ~ HSPLL ~ EC # External RC
> pzE RC 24 31KHz ~ 8MHz
v ¥i#* x4 PLL

¢ Clock Failure Monitoring

¢ Power Done Mode
> Run ~ Idle ~ Sleep Mode
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PIC18F4520 #2; =% fe §

| PC<20:0>

It

¢ PICI8Fxxxx # * ¥ i£2M Bytes
ARG T hbat A BRAM T
% 7 #% 425" 7 (Page)

o PICI8F4520 trfest 3Bz %

A &

32K Bytes °

Stack Level 1

E|

Stack Level 31

Reset Vector

High Priority Interrupt Vector

® 6 o o

Reset =xt = 0x000000
% RALEY Yo £

0x0008

Low Priority Interrupt Vector

On-Chip
Programming

&
oooh T || z

5

=
008h

D
018h

o TR 5 . 7FFFh
Al 31K Read 0
1FFFFFh
200000h
=7
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PIC18F4520 F

% 3 16 banks =Data Memory
% 1 Bank 7 256 Bytes -

Special Function Registers
(SFRs) #%-% ¥ % Bank 15
#HCHFT: REAFS
& 78— BBank - % %
(Linker) § g 7% #¢ -
Ry Ry VUL R TRE
fAccess Bank » 4cif B85
Big R o
Pty T4 g
BhR A AR R
PRl o e oy ein
ZREET &4 o
> .lkr A% * %% Linker % &
R R ik g

3
s

Pt FE

Data Memory Map

000h
00h Access RAM \ 855“
EFh GPR (Bank 0) \OFFh
00h 400h
GPR (Bank 1)
L 2000
e GPR (Bank 2)
FFh 2FFh M
00h 300h \
GPR (Bank 3) \
FFh 3FFh
\ Access Bank
AY
< 00h
oon .- Aocess RAM | 7o
FFh <« SFR Pen
/
/
00h cooh ’
GPR (Bank 12)
FFh CFFh
00h DOOh
GPR (Bank 13) /
FFh DFFiY
00h| GPRor SFR EOIOh
SSE (Bank 14) ESSE
ST [
an AN
18 MPLAB-C18 Workshop

© 2002 Microchip Technology Taiwan. All Rights Reserved.




Microchip Technology Inc.
MPLAB C18 Workshop

=% 23
RN

MPLAB IDE & MPLAB C18
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Microchip# # s srorr g = 2
MPLAB™ IDE
ARES Rz JL Bt 442 38
A= 23 Hafk R
#FF1E L h = AR E fL;“ g
MPASM MPLAB SIM 1CE-2000 PIC?E—;; th
BEE PR ICE-4000 10D3
MPLINK Real ICE PICkit2 Exp.
R 16-bit PICkit2 Debug PICkit3 Exp.
HHHIRE PICkit3 Debug PM3
MPLAB C18 1CD2
MPLAB C30 ICD3
MPLAB C32
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MPLAB C18 #zit (1)

o £ ANSI ‘89 #p %

o L FEEY
> 32-bitisghiE ¥
» ¢ * [EEE/%2LiF § & 5%

® R dofr it ‘,fi%’(Source Level Debugging)
> 22MPLAB IDE % %t4p %

o MPLAB-C18+ ¥ 2 % ¥4 S BB
> SPI, I2C, USART, A/D, Timer, .... etc.
> HERIARNT BT
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MPLAB C18 #zit (2)

¢ L EIEY
> 18 % RAMZ i s ficfisa dy
> ¥k 5l¥cz @i
> Slirr el B Y Uit % i REda
o P EHNNELES
> In-Line Assembly
& f2;\4@V B fEevle L3772
o T B RAEJEY YR N
& ¥ - #cE B4y T3 Access Bank

ML B T =
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o A ZMPLINK?

>

4 MPLINK s¢ f®fa it A ?

A

> > > >
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A % MPLINK

MPLINK #_#&-% & %3 ehie:¥(Assembler) &
C- Compiler #7& 2 &1 obj #§4c 14id & 3 ¢
TAEFNZE B HE o - BYRGF
hex #%

PR mn B2 58 (CODE) 2 F 4L (RAM)
A4V REFH (HEX)

X priafpi-nk 2 JER % MPLAB C18

i COD Aft 1425 if 42
BN R e

#gFAE (Library)

8

MPLINK A2~ 3.

MPASM MPASM MPLAB C18 MPASM

progout) [progcoa] [progrrex prog.map/~=7 [
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Ry 1

1. #33#% MPLAB IDE
2. %iE C RipfE
3. XTR*ERB
4. %%ﬁi;‘ﬁ”ff 4
7

Lote

%272 ( Project Management )

¢ MPLAB IDE % & % g 2> ' k= = il #F &%
o dr A @ % MPLAB IDE P& » T*w» e
Project -

¢ Project ' ifscdhk EAE xx.mep > B AFE R A4
%ﬁ&k—%aﬁu%aﬁﬂo
& - # Project ¥ 4% % T
> AT B \1',‘ ~ B #c
> MMARZSLH S R
> ARBE 45 L R TE
> R R R R
¢ " Project L& K 4% - B = Fenfrdk - U

P isfsleniazE ~ 2k o @ .
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: =10 x
| Fil: Edit ¥iew Project Debugesr Programmer Toohfensdent i
IS Elléthi\é‘ﬁ’“d* . jjcunel|%e 1 E BT R
Lnse x : = 1ol x|
- [C V- 18mswerims Exct amep] = , \ H
- Source Files U S ﬂ—‘ =
o Cepdnits
pIBLCD 3016
. Header Fies ES] unsigned char Set BCD ASCTT (unsigned char BOD Dara)
i+ Object Files &1a {
| Libyary Files 2 &7 if (BCD_Data--0)
| - Linker Seripts a T:—IE E] <l 3 -
186453 lkr z
| if (DS_Zero_FLG) return i EAEEIE
| else return /BT —RRE
Build | Find in Files | MPLAB 2D 2 | R ¥
oz else
Copyright () 2002 Microchip Technology Inc. LI aa {
Eross 10 52 DS_Zero_FLG-0: ¢/ BUBEARE
os & BCD_ D) #= : 1s
hP2HEX 3.10.06, COFF o HEX File Converter s T (85D _bawa w=RO /7 LEE
[Copyright () 2002 Microchip Technology Inc. N
57 2
Errors <0 5 I v{ id la?;t'
- — e T R AR AR
| BMUMSﬁOCEEJuUEguUE g 100 //* Function: J[CINiEIG =10l x|
1
i %%‘*ﬁ] ﬂ{_';l . - To[ addsPR [[ADCOND =]  AddSymbol|[_paemete ] =
4 I »
! ]| Lddress | Sywbol Hame | Value =
K 5 1ol x| 0098 AD_Temp 03B9
= . oosa DS Zero FLG oo
= = _Zero_
Address SFR Name | #ex [ pecimar [ Binar e o B AL
OF40 PIEZ oo 0 0o0oOC i i) "
OF&A1 FIEZ oo o DDDDD[_I oosS1 [i1 i
oFL2 TPRZ 1iF 31 000111 e 2 s
OFas EECON1 80 128 10000C i 5]
0F47 EECONZ oo 0 0oooOC i ta] s
oF g EEDATA S - 0 oooooc >
ooas 151 % $.
| oFLs EEADR ‘%‘ ¥ g%ﬁﬂ.‘ 0 oooooc 2 re1 kﬁt 4&‘ ﬁ o
4] _I_I Waich 1 watch2 | watch 3| watcha |
[MPLABICD 2 [PIC1BF452 [peted [W-0:c39 fovades E[§ E = P 4
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* = fhendhiE ( EDIT )
: E@EF%%;?Z\ILW File) ¢ Hﬂﬂﬁ{#{:’ﬁ?ﬂ
> 1 [ -
+ B (Open File) g gtf} % E[' ;FW‘
> MR R £ (Save) > trl+C - ¥¥ '_’;
> RF R bI- # £ (Save As) > Cl+V - E%Jl_— 5
> Ctl+X - Bk
Ryl > Cul4A -2
>  Home - HE#= 71 S ERH > Del -lF#
> End -VWHEFREE=4EE > Ctl+G-5F=38=
> Cul+Lift - [fljﬁ‘ - W > Ctl+F-&BFR F\/ﬂ F“
> gtri +Right - [fT [f’f gd > Ctril+ H - SRS 7 B
> Ctrl+Pg Up- %24 TI&IFH - emgen 2
> Ctl+PgDn-#=4FIS i e 5. ?‘éﬁ l—:l:g
> Ctrl +Home - #5343 &p Il
> Ctrl+End - B2 EMEs > Mouse ST - SEF
AN
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2 -~
ﬁ]" ¥ - B Ex1.C
#include <pl8cxxx.h> 1.7 MPLAB%',EI_"
_ ! “File” % F|
Int a; %A ”
int b; “New” [ %g
ﬁp%)‘ i%ﬁjﬁl °
/ AEEXAAAARXEITEIEAEAAAARAAARAAAAAAARAAAXAAAXAAAAAKXX
* *
;;*********23;2gizm*mzig*g*l********** ?F[ﬁfﬂﬁj “-3 ]E[ J%E
void main(void) kS ?"’fl B - R
L 0 [Jﬁﬁh?ﬂfh_f?
int i; ?fé?“%rf-l% °
o 4 s s
b = O, . ﬁ-ﬁ? 7—&4 1% SR
File” & F | BE “Save
Eor (i=0 ; §<=100 ; i++) e }rﬁ%‘m i,y
IR & R
b=Db+a*i; L
3 4. C:\RTC\C18_V2\
while(1); Answer_APP001V3\
s Ansl\exl.c@
© 2002 MicrochiE Technolw Taiwan. All Rights Reserved. 29 MPLAB-C18 WM
’?5‘ g MPLAB® IDE HRR1
EI L F’f‘l’{ﬁ:j\

ChecksumindGisa
S— B O ulput E|@rg|

Build | Yarsion Control | Find in Filas

FICIEF4520 novzdee AN
— v/
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g — f# New Project WER2

¢ =2 - i New Project 4 3¢
> Project > New B £z = Project A%
> @?J% Project Name % Project =g js

» Bxl.c - MPLAB IDE v8.02 - Untitled Workspace
File Edit View B
|D@E| s na

Debugger Programmer Tools  Config

Project Wizard...

Cpe...
Cloge
Set Active Project 4

Cuickbuild (no asm file)

|__© 2002 Microchip Technology Taiwan. All Rights Reserved. 31 MPLAB-C18 Worksho

fi;* New Project pu g#8  #ik3
> Project Name % : Exl
> BiE % ¢ .. \Ansl

w Exl.c - MPLAB IDE v8.02 - Untitled Workspace

0O&F W mESAN?| Dy CERBO S Ea

New Project

“roject Cirectary
CAWA0T V40T Lab]

AN
FICIEF450 sovzdce ]
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?iy?Ei?ﬁfﬁ

MPLAB IDE £L 7
FT e e

FEr %{f

,.\ul %?E
—k E z J EISL »m‘&ﬁ‘—'% IE'/

7 o

£t
=

w MPLAB IDE v7.40

C18, MPASM, py ¥

Project Wizard...

Mew,.,

OpEn..,

Close

Set Active Project

Quickbuild {no .asm File)

Clean

Build Al Chrl+F10
Make Fi0
Build Options...

Save Project

Save Project As...

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

(22 Files g

Set Language Tool Locations. .
Wersion Contral,,

PIC24F1128GA010
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s Lab0 - MPLAB IDE v7.51

=% MPLAB C18 £%

Fle Edit ¥iew Project Debugger Programmer Took

Configure  Window  Help

| o=

Shi|imi2Ad? | fwld RGO |

Checksum: 0x8353

B D Lab0.mep

- [2 source Files

(22 Header Files
L[ obiect Files

L (20 Library Fies

[0 Linker Seripts
[0 Other Files

Active Toolsuite:

Select Language Tools "t

IMlcrochlp C18 Toolsuite

Toolsuite Contents

e [y
MPUNK Dh|EE| Linker [mplink_exe]
MPLAB C18 C Compiler [mec18.8xe]
MPLIR | ibrarian [mnlh seel

/

Locatig —
C:Program Files\MicrochiptMPASM Suite\MPASKWIN exe ’) Browse. . ‘

[ Files | # symbols

Help |

Cancel

c:\mccl8\bin (C18 ¢

© 2002 Microchip Technology Taiwan. All Rights Reserved.

,’;F «c

I | |PrciaFaszo [ [iviz0 Inovzdee y—|—ym,—é
#L: mplink. exe, mccl8. exe & mplib. exe =T (=

B

MPLAB-C18 Workshop
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N4

 MPLAB IDE v7.40

File Edit Tools

View  Project

Debugger  Programmer

e Y PIC BB

H K6

Window  Help

DEH|im@|SHhw ? |

=@

203Labl.mcp

(23 Header File
(23 object Files
£ Libraty Files
23 linker Srrinke

(3 cther Files

Configuration Bits. ..
External Memary. ..
IC Memory...

Settings. ..

PICZ4F1126GA010

|__© 2002 Microchip Technology Taiwan. All Rights Reserved. 35

=8

MPLAB-C18 Workshoj

n |ex] - MPLAB IDF v8.10 - Exl.mcw

= exloep
= 2 Source P
4 a1
— Haader Files
O Ot Fies
0 Library Files
= O Linker Soript
= 1atas2000r
3 Other Filess

sarammers
@ PICSTART Plus @ MPLABICD 2
@ PROMATEIl

ASSEMBLER @ COMPLER
5 V240

MPLAE |CE 4000
[@PMF18WHD

@ PiCkt 2

HRRT

7] Lok | [ Cancel | |
< I
=T = 12 m” 4 1
f_.% “, l - VIR g
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?E’f Configuration Bits  #I#8

P el = = gyt 70 2o Configuration Bits '] ,ﬁiﬁ}’“‘ﬁ* fi J;ﬁ;lgi, a:fﬁ—*ﬂ
1%4_ EdE ]Jpw@%&iﬁ—“%ﬂ@“ #pragma config FN*[%??*—

w Exl - MPLAB IDE v8.02 ]

Eile Edit Miew Project Debugger Programmer Tools

O BE THAN?| pepu v SRBO d oy ChecksumxAdsa

1D Memory...

Settings...

PICI8FAS20 LEY novzdeo 7
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A d- ™ config pUBEL iR

— — = =
| ®m Configuration Bits =13
Configuration Bits set in code.
Address *ﬁr——k"'cateqor | Setting | ~
300001 op Oscillater HS

Fail-Safe Clock Disakled

Internal ExternzDisabled

300002 0] Power Up Timer Disakled

Brown Out DetectEnabled in har

Brown Out Voltacd.ZzZV

300003 1H Watchdog Timer Disakled-Contr
Watchdog Postscel:32768
300005 83 CCP2 Mux RC1

PortBE A/D Enable PORTBE<4:0> con
Low Power TimerlDisakled
Master Clear EnsMCLR Enabled, E
30000¢ 81 Stack Owverflow FEnakled

Low Voltage ProcDisabled
Extended CFPU En:zDisakbled
300008 OF Code Protect OO0OfDisabled L
Code Protect 02CDisabled

Code Protect OdC(Disabled

Code Protect 06(Disabled
300005 cO Code Protect BocDisabled

Data EEPROM CodsDisabled
Takle Write ProtDisabled
Table Write ProtDisabled

T T R

© 2002 Microchip Technology Taiwan. All Rights Reserved. 38 MPLAB-C18 Workshop

30000A

19



Microchip Technology Inc.
MPLAB C18 Workshop

A PR BV Project  #R10

DEll e SAw 2| [yt e@Be Sual [ runnrrRo|

Checksum 0x9fee

mExlmen | [CIX|  pa il

= eximep®
> = 00 Source Files:
[ et
- m A D meader Files
it “Source Files DoppectFies

H :yg;é% < B
=

a1 z., = 1952000
g rF'LjFI

L Other Files.

MESIWD:
AR T

g ¥

All Szurza Files (Yasmt.c)

Project Directony

[C]Remamber this seting
(8) At Let MIPLAB IDE guess

Ciuser. d fpecially tor this BCOCt use st pat
() Systom: Filo{s) erm mxdomal io praject use ehaaluie ped

<
MFLAB SIM PICIEFAT0

novzdeg

)
Source file: . .\Ans1\exl.c
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Thecksum0x9ies

WElmew O

Add Files to Project

PRIED: | Ob

[ plaf2fis2h (& plafa410k (3 plafd45eh (3 plard53eh
[E] plaf685h [T plafa4xih [T plafd4iiih D plAf4550Lh
[3) plefazain [T plefa4zan [T plefasio [ plafassan
(2 plefazzlh [ plEf43Lh (D pl2[4515.h @ plafa5ELh

= enlmcp®
= O source Fiks

H A%

i

It . [T plafazah [T plafd43oh [T plaf45xLh D plaf4585h
jtmv:::t (3 plefazzin [3) plefa4sin [T plefaszan [ plafalon
T 1864530 (2 plefa33Lh [ plEf4455.h [ pl2f4525.h @ plEaG2Lh
= Lk 10y
(20 Ce il P P 'p;c JI:I:”
. o
RREHRQL:

feIH

TRESTID: | Header Files ("hi%inc) v

Jurnp bec .VYDJL'L“ Dlirectony -

[JRamambar thiz sating
(&) Auntn: Let MPLAB IDE guess

O User. File(s) were P this project use pat
() Systarn: File(s) are extemal o project use absolute poath

FICIEF4520 ) W

Header file: c:\mcc18\h\p18f4520.h @
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It EREE A (LKR) W12

‘w 0x1 - MPLAB IDE ¥8.10 - Exl.mcw

DS BB A 2| | pouw-d=RBO sa[ PR POREO

Checksumbxdfes

Add F, rojrct

ABGED: | Ol ~ QF O

A1 1E£4450 Lkt |9 1864458_o.Ike [ 1845101kt IERASIS o ke
4] 1EFAR50: _o.lkr 4] 18644581 lkr (4] 18F4510_s.lkr ) 185 a5 ke
] 1544455 ler 1] 8E44541_e lier [4] 18645104 Lex 7] 13{4530 e liv
o] BET4455 el (4] 184480 Tee (4112045100 e Thee

A 1E£4455 Lkt (9] 184480 _o. Ikt (184515, 1kt A IERRSE ol
4] IEFAR55 o lkr 4] 18644801 lkr (4] 1864515 _a.lkr ) eras i
] 14456 Lk 1] L4 lier [4] 186451 5i.lkex o) 134523 e lkr

LKR %5078
ggsjﬁ@-@ )]

FFE AR

e
1hth520.kr
1845201 Ikr
18f4520_e.lkr

< >
MEEEW:
WREIRD: | Lixker Senipts (1)

Jump to:

18645201 1er

Project Directary

[] Fiemeenber this seting
(8) Autor LatMPLAB IDE guoss

() s Filed) this praject
() System: Fie(s) ere extemel 1o project, use obsolute poth

ped novzdis

Linker File: c:\mcc18\1kr\18f4520i . Ikr
|__© 2002 Microchip Technology Taiwan. All Rights Reserved. 41 MPLAB-C18Workshop |

ZE Project #lpv  ‘Build’ Options HH&13

=

File Edit Wiew Debugzer Programmer Tools Configure IWindow Help
J 0O W ‘ & Froject Wizard. .. : O | B2 ]
J Lewr...
Open...
Close 3
Set Active Project 4

= [3 ex1.mcp™
=23 Source F

Cmackbuild (no .asm file)

m Clean
ader F .
pisf  Dxport Makefila
Euild All CuleF10

Lake F1o

Build Configuration

(23 other Fil

Save Project
Save Project As...
Add Files to Project...

B Files Iég = Add MNew File to Project...
»

Remove File From Project

Select Langunage Toolsuite...
Set Langnage Tool Locations. ..
Wersion Control...

=8
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-3

MPASM Assembler | MPLINKLmker | MPLABCIE |
Direclories Trace MPASM/C17/C18 Suite

[~ Directories and Search Paths

Show directories for:

Delete

Mew

22t Include & LIB ¥

WA 3 =

~o =

HER 14
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Options For Project "L x|
pE | MPASM Assembler | MPLINKUnker |  mMPLABCIE |
Directories | Teee | wpasmcizCigsute
[ Direstaries and Search Fath
Show diectaries for
Mo Diclete Dt s
C suteDefas| )
—
Suite Defaults
43 MPLAB-C18 Workshop

[~ Generate Command Line

< & INHx32
T [ Generate map fil=
 INH=EM ¥ Suppress COD-fle generation
 (Suppress)

"Dulput Filename Roat [no leading directaries, na extension)

Restore Defaults

™| Inhient global settings

& -map L HEX sk Ea

_.|_|
Direclories | Trace | MPASM/C17/C18 Suite |
MPASM Assembler MPLINK Linker MPLABC18
Categories, | ¥l Options) 2

™ Use Altemate Sattings
[ém $BINDIR_ITAAGETBASE ] map™ fw /o"S{EINDIF_IHTARGETAASE].

HER 15
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Cancel Apply Help
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 Lab0 - MPLAB IDE ¥7.51
File Edt View Project Debugger Programmer Tools Corfigurs Window Help

A=Y (ffi¥] Build A1)

H R 16

=1gix]

J Dﬁﬂ‘%‘aléﬁ‘? J Release 7|1 =& & B @

Checksum: 0x8353

= [ Lab0.mep*
(23 source Fies
template_PIC18.c
(23 Header Files
plBfas20.h

(23 object Files

(2 Uibrary Files
= (3 Linker Seripts

[ 18Fa520i ke

[ Other Files

[ PIC18F4520 i [rowzdec

N
I = . %

. © 2002 Microchip Technology Taiwan. All Rights Reserved. 45

e

’fi“éi‘—jfﬁ%"’?‘}ﬂi

Buid | Version Control | Find in Files |

HER 17

=1olx|

Clean: Deleting intermediary and outputfiles
Clean: Done
Executing: "CAMCCT Bibinymecc] 8.exe”

MPLINE 4 1, Linker
Copyright (c) 2006 Hicrochip Technology Inc
Errors o

MP2HEX 4.1, COFF to HEX File Convertsr
Copyright (o) 2006 Hicrochip Technology Inc
Errors 1}

Loaded CARTCA0Z_PRC\LabliLaki.cof.
BUILD SUCCEEDED: Thu Jul 26 11:45:35 2007

18F4520 /i"CAMOCT Bih" "template_PICT8.c" Ho="template_PIC18 0" -Ou- -0l
Exscuting: "CAMCCT Byinimplink exa” MCAMCCT Byib" "CAMCCT Bylkey1 BI4E20] Ikr" "CARTCA202_PRCILablemplate_F

. © 2002 Microchip Technology Taiwan. All Rights Reserved. 46
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= 1CD2 l"E,f:EB%%ﬁZ Y %18

Programmer Tools Configure Window Help
ol —TTne
Y v IMFLABICD 2
MPLAB ICE 4000

:L@’;;Jt ICD2 USBpIRER)
FelZT Eg-lf Tt
MPLAB IDE ™ » $5E+

[ Clear Memory
OX 0 By g || Checks

HWEF L T v T B Sy
faimate 4MPLAB ICE 2000 M :
C:\Program Files

jiiri Shep Into - JREAL ICE

L 6 PICkit 2 \Microchip\MPLAB
—— | Step Qver Fg =
S Qe IDE\ICD2\Drivers
= Source Files a
erLc Reset ' \cInicd2.htm
= Dgfﬁg&g;gh Breakpoints... F2 t o
(23 Object Files Advanced Breakpoints... und, revision = Rey C MPLAB ICD2 Eﬁ.ql }%FKJ?—"J
@
i Dtgzrrv;ﬁst MPLAB ICD 2 Setnp Wizard.., I’#’“EIE?‘_E'I*QZ_V %, g i
= 18f ki
Qonrries | P ICD2 Jf » MPLAB IDE
c - en s, 2
Read BEPROM E 'E’lﬂﬁ ' FIW BS54 E T
R -

#
£ Files | 2 Symbols Connect

Download ICD2 Cperating System
- @
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s ICD2 Z[ APP001 WEE 19

lgM Programmer Tools Configure o
Select Tool 4 P be Tl} ﬁl @ @ ‘ 1CD2 ]."Q\%E'IE]

3

Clear Memory

= 2 5 (9 ) ICD2 B

Animate
|
| Stap Into F?
i M Cutput

Step Over F& i

Build | Varsion Contrel | Find in Filas | MFLAB ICD 2
Feset 4 Connecting to MPLAB ICD 2
K .. .Connected
Breakpoints.. F2 Sctiing ¥dd source fo larget
4dwanced Breakpoints... Target Device PICISFA320 found, revision = Rev Ox7

...Reading ICD Preduct ID
Running ICD Self Test

Program ...Passed ‘0[[%\[2&’[7\ ?” Output ﬁj%ﬁ

MPLAB ICD 2 Setnp Wizard...

Read MPLAB 1CD 2 Ready P i L85 F] fe  F
Read EEFROM ! |7 view AR fl i
‘ Dewnload ICD2 Operating Systam r—ﬁﬁfjﬁg?u |CD2 i;ﬁ%ﬁﬁ‘
Settings.. HE[F fF£% PIC18F4520
—
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SR HEX ME(R (FRRIRRSE vma

HE#= HH S
i ErEeT 1R
TrigEn~

Reset
:szmﬁw%_l | ‘ 17 i

bl O E® | ICD2 R

OB e ICD2 *4s F]

1

ICD2 44 ICD2 S o7 14 E1fH Fi s
S APEO (1
ICD2 FiZV 7 [~ EEPROM Data

ICD2 FZV 7 [{i7#=4FE > ID > Config & EEPROM

8
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Watch Window & & |4

o ¥t RAM eniz® a5 $ch

o inirig B4R i g DI REON F

o MPLAB IDE + & BenR &R T
> View > Watch

BT s el

i Watch =10 =]

%g /‘!'hk Add SFR ”F'IH1 vl Add Symboll D5 _LeraKLG

g B 17

Address I Synwkbol Marme I Value o I S
AD Temp aoog
yDS_ZerD_FLG ooi1oo0o0

= & 15 OFES WRE Lz

_

%& = fﬁ— arsl PORTE aF
nrcg nno-
aF FIR1 00000000 -

e s _—f[wiatch1  Watch2| Watch 3| watch 4|

BN F I

8
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YRR TR YT R R

Build All

Make Project
w» MPLAE IDE

AT e ™ O EE

2lx
56 ADCONObits. GO=1;
57 @ while (ADCONObits.GO) ;

Instruction Cycles I 119516
= AD Temp=ReadiDC () : ﬂl g
_Temp=Rea [ Time [mSecs ) 119516
50 @) AD Result.iD 10bit=iD 1

p A

61
52 SetDCPUML (AD_Result.ap | FrocessorFrequency  [MHz) I ; 4
63 AD_Result.AD_10bit>>=2;

64 FORTD=AD Result.AD[0]: " Clear On Resst
65
56 [l B

AN >
41 * mouses+ 4 41* Stopwatchik. ¥
KRR T UTEL % RSN
3 o Y @
| 2002 Microohp Tectnology Taivan A1 Rigts Reservd 51 T

%#ﬁﬁ&%%

o fI* Build All (Ctrl + F10) % %450
ot B AT BER LT gD
AEERNTY S LEC NS R S Y
o F1* Watch Window % % % #ic

& f1* Mousei i+ 4 k& 2 ¢ ¥72

>
>

> % %Reset ’ Run > Halt# it
> Step ' Step Over# i
> RAM > SFR %&E‘&C%?"Tjﬁ% AFRE-E &
> HUawRE ?
7
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Klal
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P
X
X
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53

s

=8

MPLAB-ClsWM
so28 APPO01 2 S 45
9V ADEw?* ICD2
5V
EEE AN
12C & SPI
EEPROM

ccp1
SEPR AR

PORTD
LED x8

LCD

k)
=g C T
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Crystal

54

o
SW3 & SW2
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=8

Debug & Prog.
EE Jumper
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MPLAB-C18 Workshop

MPLAB C18 Workshop
&
A C R

#include <p18C4520.h> R B ehZ KRG
void function(void); ¥R Rz 2
void main(void) R 2R
{
/* User source code here */
3
void function(void) & Sk
{
/* User function code here */
3

8

PN
éﬂm ¥ g B o HpEE S
AR BAL > X /4, -
> ARIE S e > x=-5+2%3 -4
> BAR;NPF R FORE T R 2w
PLEAEEYTY e mnggs
> > , < , == , !:
> A REEER > if (a <= b)
- *, o BiEFH 3
IIJ v o+, -
oK, > &, ], !
v <, <K=, o > (@& b || c
T T . f:‘:f'viﬁéi—”r
v &, |
=l > s
(T > =(b & c) >>
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ip 4 — #define
tdefine E & &4 F ¥
¢ N-FRILFEKANLA-BFE o FE T UERY B
FEN o P g R AN EHE S
¢ CHFZTENER L HFP S EF5%F
[« 3 SW6E = SW2 i it 2] Fﬁ%
#define SW2 PORTAbits.RA4
#define SW6 PORTEbits.RE1
if (SW2 && SW6)
debounce --;
else
debounce =30; s
© 2002 MicrochieTechnologX Taiwan. All Rights Reserved. 57 MPLAB-ClSWor@ @
% - for
For (E:%1; 5542 5543 )
{ #iF )
o BN ¥ FAche Bk o B N2 F AE 2
B3l o B3 ¥ EH Y N
7] : & PORTD LED fi{|= % » Qﬁ’FEFJBfQJ 200 mS
for (i=0;i<5;1++)
{
PORTD = 0xff; /I LED on
Delayl0KTCYx(10); // Delay 100ms @4MHz
PORTD = 0x00; /I LED off
Delayl0KTCYx(10); // Delay 100ms @4MHz
} N
58 =B
© 2002 MicrochiE Technologx Taiwan. All Rights Reserved. MPLAB-C18 Wor@
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ip % - while
while (% 2]%75%)
{ & 1% |}
o TEELBTA 2 A T B BOT 0 AR AR M
FRew EE N IERIEE EFIEENA 22 50k
] :

while ( PORTADbIts.RA4 ) ;

PORTD = PORTD + 1;
debounce = 30;

© 2002 Microchip Technology Taiwan. All Rights Reserved.

Il Loop test until pressed SW2

8

MPLAB-C18 Workshop

59

4
if (% 2 2)%7)
{ $1% 1}
else
{ #2172}
NE

PORTD = Oxff;
else
PORTD = 0x00 ;

© 2002 Microchip Technology Taiwan. All Rights Reserved.

if (PORTBDbits.RBO ==1) // 27 RB0O = 1?

/I RBO =1, PORTD = OxFF

// RBO =0, PORTD = 0x00

8
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C18 ¢h= B ¥+

& e Bt LA T A
> pl8f4520.h - pl8f8720.h
& M| B ek i a3 T
> pl8f4520. 1ib » pl8f448. 1ib
& feird| Bended firle
> Reset Vector #hir#|i#
> A7 b S fiche B R

8
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18F4520 #t% #ha &
& FI* - FFTARA R Kk gl & g %
P LT SRR = L
7 - 'z _\-‘
LR S —
o EABHIANLTARL M L N
% e i A E }irﬁy“f—'-‘if‘( uns!gned RDO:1;
= : A unsigned RD1:1;
% ’13.‘_" f@‘ fg%ﬁ 2 I %/F:J, unsigned RD2:1;
- B2 7 £5 unsigned RD3:1;
Pﬂ}# r'7f unsigned RD4:1;
& AT ALHLIHANET unsigned RD5:1;
2 2 N 2, s -1 -
2F 5 o s VA H & unsigned RD6:1;
%gt"”t’ i ﬁ - ;,J ﬁﬂgf__\ unsigned RD7:1;
== L *"}d —v } PORTDbits;
ji&l’};‘] Q"%“’]‘#.ﬂ A ™~
i 7B
© 2002 Microchip Technology Taiwan. All Rights Reserved. 62 MPLAB-ClSWor@
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MPLAB C18 4 J& ¥ %ﬁ’n’:}
% f +tpl8F4520. 0 ¥Hip M7k i

. p18F4520 0

> '3 source code

it bt TR
|?-§§ 2Rk A

LIST P=18F4520
NOLIST

> $1d$
; MPLAB-Cxx PIC18F4520 processor definition module

; (c) Copyright Microchip Technology,

SFR_UNBANKEDO UDATA_ACS

H*F80"
¢ pl8F4520.h
, PORTA
> T }§ %"Z} PORTAbits RES 1 ; OXF80
2 o PORTB
i f?— PORTBbits RES 1 ; OxF8l
PORTC
L 2 p18F4520 inc PORTCbits RES 1 ; OxF82
o mere PORTD
> HALwmEFEZ A PORTDbits  RES 1 ; OxF83
> . i 5 PORTE
T% 3§ %fr ¥ ﬁ ix PORTEbits RES 1 ; OxF84
AF s A F CH RES 4
¢ A R LATA
LATAbits RES 1 ; OxF89
LATB N
LATBbits RES 1 ; OXF8A @
© 2002 Microchip Technology Taiwan. All Rights Reserved. 63 MPLAB-ClSWor@

P18F4520.H

o T E18F4520 #Hrh# it 43 B
(SFR)#h 2 4% 4p M (=% ¢ 41

> =%
c:\mccl18\h
¢ L TEH-EFHAER
> Nop()
> ClrWdtO
> Sleep() ...
o —Hxpfeimg o

#include#-H & »
> #include <pl18f4520.h>

¢ & * finclude<pl8cxxx.h>
KB AN 0

© 2002 Microchip Technology Taiwan. All Rights Reserved. 64

TH

3 B ADCONO#5 7+

B2 T&

extern near unsigned char ADCONO;
extern near union {

struct {

unsigned ADON:1;
unsigned :1;
unsigned GO:1;
unsigned CHSO:1;
unsigned CHS1:1;
unsigned CHS2:1;
unsigned ADCSO:1;
unsigned ADCS1:1;

3
struct {

unsigned :2;
unsigned NOT_DONE:1;

3
struct {

unsigned :2;
unsigned DONE:1;

T
struct {

unsigned :2;
unsigned GO_DONE:1;

3
} ADCONObits ;

MPLAB-C18 Workshop
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P18F4520.H #_& ez}
o - A fENwa o * finclude#-H ~ ~
> | : #include <pl18f4520.h>
o ©f - ¥ CPU PFi%R"E
> Fd= 013 fice? o #included> Acif R
& VR IFGEE Y T Y R
> #include <pl8cxxx.h>

> %1% MPLAB IDE ¢ #- user :£# ¢ CPU F3t pass %
MPLAB C18 , #1ts* #if defined #& &
#elif defined(__18F4520)
#include <pl8f4520.h>
#elif defined(__18F4523)
#include <pl18f4523. h>

8

© 2002 Microchip Technology Taiwan. All Rights Reserved. 65 MPLAB-C18 Workshop

C18 iz~ T 4t

o #F et BT EE ApM A9 h & § ~ #(include
file)” & &
> i PICI8F4520:% fa % :# £ ® & & “ PI18F4520.H "

® ERANPE - T EIE Data Book Tk eh L AL
P i A E L Dits”

L %%PORTDFWT” ) 2 2.5 PORTD i bit3 & bit5
E:f Ox55 AV 163 & i@ 1= e 1
PORTD : ~
TRISD=0; PORTDbits.RD3=1;
PORTD = 0x55 ; PORTDbits.RD5=1;
© 2002 Microchip Technology Taiwan. All Rights Reserved. 66 MPLAB-C18 Workshop L/ —
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P18F4520.lib % i§ & ;% & #

o % #18FA520%1% chfFrhss ik %5 5 B(SFR) ehiz gt
> PI8F4520.0 £_riobjeal i & & P18F452. LIB
> RAsAe s ELET G RA

v c:\mccl8\src\proc\pl8F4520. asm

o PI8FA520. LIB & # & % @34
> APM ¥ Bl S L op AP REEg obj Al
% 3t PICI8F4520. LIB
> B Q'gﬁﬁ'%%ﬁ MPLAB C18 Reference Manual
v A/D, USART , Timer x , EEPROM ... %

> RasF238 A& c:\mccl8\src\pmc #E &

-
ik

"

8
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MPLAB C18 k@ fi-ie

& Fad ity (- TEY)
> ¥ F BA L 7 ~ 4] (Power-On Reset)
> Rl
> R AR A
#4414 Dnain( ) S8k
o FaboHd = B o %t clib. lib Sk
> c018.0 - & F 5 FEARFA~4oEpFiR
> c018i.0 - F 5 FERL|A4~ 4o EpF i *
> c018iz.0 —%%—RAM';%% v R R A A B
v R4 =% \mccl8\src\traditional\startup

8

A\

E:)
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CO18i. c Kt it 425

#pragma code _entry_scn = 0x000000 " -
static void RESET i
entry (void) 0x000000

{_asm goto _startup _endasm }

#pragma code _startup_scn
static void _startup (void)

{

_asm

I Initialize the stack pointer A" STACK &

LFSR 1, _stack LFSR 2, _stack CLRF TBLPTRU, 0 Tél_PTRU ?‘me f@
/'nitialize rounding flag for floating point libs
BSF FPFLAGS,RND,0

_endasm
_do_cinit (); r
| ELk R
loop:
/I Call the user's main routine
main (); f

goto loop; » o )
} W ﬂﬁﬁ-ﬁ]‘[ﬁ@?’i? main( )

8
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w 18F4520. 1kr 4% it 4%

// Sample linker command file for 18F452
// $1d: 18f452_Ikr,v 1.3 2002/07/29 19:09:08 sealep Exp $

LIBPATH . I YRR
FILES c018i.0 — =
FILES clib.lib /| BRI R |

FILES p18fs20 lib——— [.3 18F4520% if & dick |

CODEPAGE NAME=vectors START=0x0 END=0x29 PROTECTED
CODEPAGE NAME=page START=0x2A END=0x7FFF

CODEPAGE NAME=idlocs  START=0x200000 END=0x200007 PROTECTED
CODEPAGE  NAME=config START=0x300000  END=0x30000D PROTECTED
CODEPAGE  NAME=devid START=0x3FFFFE  END=O0x3FFFFF PROTECTED
CODEPAGE  NAME=eedata START=0xFO0000 END=0xFOOOFF PROTECTED

ACCESSBANK NAME=accessram START=0x0 END=0X7F
DATABANK  NAME=gprO START=0x80 END=0OxFF
DATABANK  NAME=gprl 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
DATABANK  NAME=gpr5 START=0x500 END=0x5FF
ACCESSBANK NAME=accesssfr START=0xF80 END=OxFFF PROTECTED

AN
STACK SI1ZE=0x100 RAM=gpr5 @
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¢ Debugger 2 Select Tool > MPLAB ICD2

& wih MPLAB ICD2 # * =
IDE v6.10 # * £p (%I F)

Fil: Edit ¥iew Eroject | Deb r Programmer Confizure Window Help

© 2002 Microchip Technology Taiwan. All Rights Reserved. 71

i Libraxy Files
[=}- Linker Seripts

®#

MPLAB ICD2

& MPLAB

S
= 0
>

Tool 3 i T H
T MELABICDZ S E&e s
R ki
Helt
Step Into
Btep Over
Rest
Breakpoints.
- 18f452 lkr

Comngct
Download Fivmweare

Download 1o Target

Bettngs

MPLAB-C18 Workshop

® & o o o

® S5 T F 2 AR
© 2002 Microchip Technology TaiwarZ All Rights Reserved.¥ *

Y 2

Y=

c:\RTC\C18_V2\Answer_APP001V3\Ans2\ex2. mcp”
#- PORTD (LED) = = i #4155t
238 B 4eg4 7 % > LED &g 1 0x80
#&7T SW2 > LED p & 4c-
#7™ SW6 > LED p # -
F1# for i Bk af & 2 I &gkl B
> A PBRNRAETE T &K ons R %

PSS R CT ER

MPLAB-C18 Workshop
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Y - oA

PORTD=Output
PORTD=0x80
Disable A/D

Closed

[ debounce=30 ] [ debounce-1 ]

Delay 2mS

PORTD+1
debounce=30

PORTD-1
debounce=30
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8

¥=F
S P

1. 28 210~ A/Di 4%
2. 107~ f247 B PWME 1
3. RS L
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10-bit A/D # 3% =

Blespr gk 7 1 g~ 844 0 10 bits fRTR
At gig » B PER 1 20 pS (8 » e 4<10K)
A R 2 19.2 pS (12 Typ)
10-bit f247 R PF > B 5 — o ankL

RRE R b 2B ¢ VREF+ & VREF-
TSk LFp e e L HAR D
R PER = JF 39,2 ps

> krﬁi%l»%r'firﬂﬁ;’ HgprFr 2 292 Us

8

® & & 6 O o o
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10-bit A/D = B[

CHS2:CHSO0
[
—0\0——|Z AN7
Sampling SW —o\o——lzl ANG6
Rin —0\0——IZ
AN5
AN — oA, i
J_ — 4 AN4
CHoLp _Oi g AN3
10-bit A/D = 120PF _O\o X AN2
Converter Vss BCFGO —O\O £ AN
VDD —o iz ANO
o lls o
I' """""" VREF + 5
i Reference :
| Voltage ViEEE= :
____________ S
VSS
7
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18F 45| ADC chi & £ &

o B ADC %R p 2 AR DR O
> &[4 PICI8F452 , = 3 ADCONO & ADCONI
. ﬁ‘ufrm ADC 7 %k T2~ %& 5 2 (12 TAD % H =),
* X 2 & 73 Channel #5Exdigie, ADC € LB~
1‘%\ n’IPAD fo A i %
> PIC18F4520 3 ADCONO , ADCON1 & ADCONZ !!
& i7eh ADC # 123 $iop-eh TAD
> PIC18F452 TAD min = 1. 6uS
> PIC18F4520 TAD min = 0.7uS (Vref > 3.0V)
o ¢ ZBHFRaERZF 12 TAD
> PIC18F452 g4 prF 5 19.2 uS
> PICI8F4520 chig#xpFF X & 8.4 uS @.

MPLAB-C18 Workshop
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A/D £#147% E - PICI8F452 “**

ADCONO Register

| ADCS1| ADCS0 | CHS2 | CHS1 | CHSO | GO/DONE ADON |

bit7 bit0

ADCONL1 Register

|ADFM ADCS2 | ----- | --—--- PCFG3 PCFG2 PCFG1 PCFGll
[ 10-bit Result —=24=

7 2107 0

7 07654 3210 A/Dﬁa‘f?“’%

XXXXXXXX [XX| 00 0000 ,?, 2 < ,?, r' F;; E‘ 0000 00 XX]| XXXXXXXX

-
ADRESH ADRESL ADRESH ADRESL

10-bit

PPN i) 7[5

MPLAB-C18 Workshop
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- See Data Book
A/D ##1% % - PICI8F4520
ADCONO REGISTER
u-0 U-0 RW-0  RW-0 RW-0 RWO  RWO  RWO
— — CHS3 | CHS2 | CHS1 | CHSO | GO/DONE | ADON
bit 7 bit 0
ADCON1 REGISTER
U-0 U-0 RW-0  Rw-0 Rw-0"  rw®  rw  rw
— — VCFG1 | VCFGO | PCFG3 | PCFG2 | PCFG1 | PCFGD
bit 7 bit 0
ADCON2 REGISTER
RW-0 u-0 RW-0  RW-0  RW-0 RW-O RW-O0 RWO
ADFM — ACQT2 | ACQT1 | ACQTO | ADCS2 | ADCS1 | ADCSO |
bit 7 bit 0
[0 2002 ictoeip Tctnology Tavan. A ighs Reserved 79 MPLAB C18 Workstiop =

A/D kA AR

=i R
AR T

S EHADI

No

PSR 5 ?

7 AD |
Ly

80

SetChanADC()

Delay 20uS

ConvertADC()
or
ADCONObits.GO=1

while(BusyADC())
or

While(ADCONObits.GO)

A_D=ReadADC( )

8

MPLAB-C18 Workshop
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%

o

A/D &3 fg 50 00

2

C#H3

list p=18f452 #include <p18f4520.h>
include <pl18f452.inc> unsigned char Convert(void);
main clrf TRISD void main(void)
movlw b*00001110" { .
movwF ADCONL TRISD=0x00; _
moviw b*10000001" ADCON1=0b00001110;
ADCONO0=0b10000001;
movwf ADCONO while()
Loop call Convert PORTD=Convert();
movwf PORTD }
bra Loop unsigned char Convert(void)
3 {
Convert: unsigned char i;
call Delay 20uS for (i=0;i<5;i++);
bsF ADCONO, GO ADCONObits.GO=1;
btfsc ADCONO.GO while (ADCONObits.GO);
goto  $-1 ’ return ADRESH;
movf  ADRESH,W }
B
© 2002 Microchip Technology Taiwan. All Rights Reserved. 81 MPLAB-ClSWor@

L 2
L
o 11 ADC % &,
o FF¥HIFpE, ¥

& * C18eA/Dig 3% 3 B

& * MPLAB C18 #iceh¥ i3  BpF, & %3 Help File ¥

¥ 2 & C:\mccl8\doc # ¥| AD Converter. htm
e * 3len MCU 22 ADC #Hc>tvR- B

Version

Version name

Device number

18C242, 18C252, 18C442, 16C452, 16F242, 18F252

InDC_W1 18F442, 18F452, 18F248 18F258, 18F448, 18F458
18F2439, 18F2539, 18F4439, 18F4539
laoe w2 18C601, 18CE01, 18C658, 16CE58, 16F6620, 16F6T20,
- 18F8620, 18F8720, 18F6520, 18F8520
IWDC_V3 18F1220, 18F1320
IADC_W4 18F1230, 18F1330

—

laDc_va

/
PIC18F4520 £ V5

18F2220, 18F2320
18F2520, 18F4420)
18F44 K

4550, 18F2410
18F4410, 18F4510
18F2620, 18F4525
18F3310, 18F8410
18F8490, 18F6527
18F8527, 18F8622
18F6680, 18F8585
18F8525, 18F8621
18F4460, 18F4580
18F2682, 18F2685
18F4221, 18F4321

18F4220
18F4520
18F2455
18F2510
18F4515
18F4620
18F6390
186622
18F8627
18F8680
18F2450
18F2585
18F4682

18F4320
18F2423
18F2550
18F2515
18F4610
18F6310
18F6490
18F6627
18F8722
18F6525
18F4450
182680
18F4685

18F2420
18F2523
18F4455
16F2610
18F2525
18F6410
18F3390
16F6722
18F6585
18F6621
18F2480, 18F2580
16F4585, 16F4680
18F2221, 18F2321

© 2002 Microchip Technology Taiwan. All Rights Reserved.
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& * C18eA/Dig 3% 3 ¥

o @ *A/DfEHSEEP > FRPFR Y T AM “adc.h”

#include <adc.h>
OpenADC 1245 % I i MCU 3 #7% 4, "2 T % V5 =1 Prototype
void OpenADC(unsigned char config ,unsigned char config2 ,
unsigned char portconfug)
> OpenADC( ADC_FOSC_32 & ADC_RIGHT_JUST & ADC_4_TAD,
ADC_CHO & ADC_INT_OFF & ADC_REF_VDD_VSS,
ADC_1ANA); @(# o)
void ConvertADC (void)
»  ConvertADC();
void SetChanADC (unsigned char channel)
>  SetChanADC(ADC_CHO0);

int ReadADC (void)

> intresult;

>  result = ReadADC( ); @

© 2002 Microchip Technology Taiwan. All Rights Reserved. 83 MPLAB-C18 Workshop

oy 3-1

& REx
” ¢:\RTC\C18_V2\Answer_APP001V3\Ex3-1\ex3-1. mcp”

o JI*A/D:BE KIER

¢ # PORTD (LED) % %35 # 1450

® K TANO G A/DEG » = H ARk
/0% it

* A FEVR e RANO gy » R > A A
ik e 2 AL BEF O A

B feLED
7

i<

"'E)"L

W

Y

© 2002 Microchip Technology Taiwan. All Rights Reserved. 84 MPLAB-C18 Workshop
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Timer 2 2 ,}#m

TMR2 8-bit Data Bus

output
Set T2IF <>
flag bit E_J/4
Reset TMR2 Prescaler | ¢
1:1,1:4,1:16
Postscaler /|/2

— -
1:1to 1:16 EQ AR

P

8-bit Data Bus

8

© 2002 Microchip Technology Taiwan. All Rights Reserved. 85 MPLAB-C18 Workshop
Timer 2
o 8-bit ¥t RHN ﬁvgifr.%gg
o FAHBR B ELAG
o TIRZ 5 - 7 - ax; i8S x s i B
& PFE(TMR2) € p & 4¢ 212k % enE (PR2) Ap b

F AR RiE Al ¢ é“f%ﬁk
R R(IMR2)F %% 5 2 > £33

o PW #5387 » & Period & Duty ik ~4#f 3k
o » ¥ g = MSSP (SPI™) ®:%:# & ek =

8
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PWM4 # 3p
LIS LSNP 3 T 3 S LR
1 1 1 "T r’]'v.}tP r_] L] %‘
= [_ & Duty#7 ik epr F £ ¥
Duty Duty A E
;%yf/ﬁ' 5V > Duty £738%
/4 #@L/;@:fm :
SV *0.38 =19V
=7
© 2002 Microchip Technology Taiwan. All Rights Reserved. 87 MPLAB-C18 Workshop

BUE —

CCP

18F4520 PWM IEI H|
fie! Tlmer 2%

wl‘[
i

£ F0% B PR = A
cPrit] J——ccpicones:a> Duty | TMR2=PR2
TMR2 = Duty
TMR2 = PR2
P 4
fosc = 40MHz
R Q —3 2
{5 BRAT B PWMFiF

10-bits 39.06kHz
TRISC<n> 8-bits 156.24kHz
— g 7-bits 312.48kHz
Ll 5-bits 1249.92kHz

* 81 7 UTimer2#12 5 71 rusfifis # (Q Clock)
ARy 106 7 [y D uty PR R R

© 2002 Microchip Technology Taiwan. All Rights Reserved.

88

MPLAB-C18 Workshop

r—8

44




Microchip Technology Inc.
MPLAB C18 Workshop

1% VR #IPWMI 21 (7 #24) DC 8 i #it)

void main(void)

{
TRISD=0;
TRISCbits.TRISC2=0;
InitializeADQ);
T2CON=0b00000100;
CCP1CON=0b00001100;
PR2=0xFF;

while(l)

{
ConvertADC();

whi le(BusyADC( )):

PORTD=ADRESH ;
CCPR1L=ADRESH;

}
}

© 2002 Microchip Technology Taiwan. All Rights Reserved.

//
//
//
//
//
//

//
//
//
//
//

89

Set PORTD for LED output

set CCP1(RC2) for PWM output
Initial A/D module

Timer2 ON

Set PWM mode

Set Max. Period

Convert A/D

Waiting A/D until done

Put A/D result on LEDs

Set A/D result to Duty Reg.
with 8-bit Resolutions

8

MPLAB-C18 Workshop
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#include <pwm.h>
#include <timers.h>

90

%% PW & Timer 2 SR

o it P PWMSBcEPF > FRPFR ¥ T 545 “pwm.h”
o i * Timer BB PFF » e e * T K45 “timers.h”

void OpenTimer2 (unsigned char config)
v OpenTimer2 (TIMER_INT_OFF&T2_PS_1_4 & T2_POST_1_16);
void OpenPWMZ1(char period)
v OpenPWMZ1(0xFF); //OXFF % PR2 #f 5 B ek T g
void SetDCPWML1 (unsigned int dutycycle)
v SetDCPWMZ1(1023);

8
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*® & 6 o o

© 2002 Microchip TechnologFaiwan

oy 3-2

Bz

” ¢:\RTC\C18_V2\Answer_APP001V3\Ex3-2\ex3-2. mcp”

F1#* A/D ~ PWMZ Timer2 S #cE K48

#- PORTD (LED) % = 5 ﬁ%l J1 50

® 2 * PWML %J ' (CCP1/RC2 #%r)

% T PWM=PR2 5 0xFF (Period % & * &)
# VR FI%ANO"”@J > TR T E-HA/DE
%-‘;e E RIS EEd > ¥ BA/DE

a5l =0 =B

o] PUM 0 Duty %1 5 vebuliod

S %

© 2002 Microchip Technology Taiwan. All Rights Reserved. 92 MPLAB-C18 Workshop

e 3

MPLAB C18 i # zxit
L F#al s
2. R A
4. FE =
3. A2 4=
4, - v 2R3t
5. #F‘] ‘f%—_,lii e );,J
6. AT

8
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C18 F#a |

=8

© 2002 Microchip Technology Taiwan. All Rights Reserved. 93 MPLAB-C18 Workshop

MPLAB C18 3 #4] %]
& MPLAB C18 % 4% enfF@ic 7413 %

Type Size Minimum Maximum
char,n g hits -128 127
zigned char g hits -128 127
unzigned char 8 bits 0 255
int 16 bits -32,768 32767
unsigned int 16 hits 0 65,535
short 16 bits -32,768 32767
unsigned short 16 hits 0 65,535
short long 24 hits -§,388,608 8,388,607
unzigned short long 24 bits ] 16,777,215
long 32 bits -2,147 483,648 2147 483,647
unsigned long 32 hits 0 4,294 957 295

Mote 1: A plain charis signed by default.

2. A plain char may be unsigned by defaultvia the -k command-line option. @

© 2002 Microchip Technology Taiwan. All Rights Reserved. 94 MPLAB-C18 Workshop
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. Minimum  Maximum
Type iR Exponent Exponent

float |32 hits -126 128

double |32 hits -126 128

© 2002 Microchip Technology Taiwan. All Rights Reserved.

Minimum Hormalized

27128 = 4 17540435 - 28

27128 = 4 17540435 - 38

95

MPLAB C18 3 #4] %
& MPLAB C18 % 4% 5 gL F 4t 4| %)

Maximum Normalized

5128« (5.5-1%
5128 « (5 515

r

MPLAB-C18 Workshop

1= 6.80564693e + 38

1=6.80564593e + 38

8

AN

(signed & unsigned)

¢ unsigned

> dfEE R

¢ signed

> @R U7 LET

) gﬁiﬁfﬁio

’E:’P-E‘é\ﬁ.gﬁ;t"

> _ -ékz?\;kg— “_ﬁj;’“%’fuﬁ'{” B’\ 2 ‘Z"f&

P 7 Bl unsigned signed
8 0x00 0
8 Ox7F 127
8 0x80 -128
8 OxFF -1 @
© 2002 MicrochiE Technologz Taiwan. All Rights Reserved. 96 MPLAB-C18 Worm
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7Y
(short & long)

¢ short ( ¥ int ##F )

> Bt g G-

¢ short long
> Bt LG -
> AR LT A

¢ long
> et L G-

© 2002 Microchip Technology Taiwan. All Rights Reserved.

16-bit e #c (i ~ f #c)

24-bit e #k (L ~ § #)

“far rom " & HRE X

32-bit ek (r ~ § #)

97
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8

long Var = 0xAABBCCDD ;
RAM
Address 0x100 0x101 0x102 0x103
Content | 0xDD 0xCC 0xBB 0xAA

© 2002 Microchip Technology Taiwan. All Rights Reserved.
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BRI

(near , far & rom,ram )

#Z3% 2R % (rom) AR ® (ram)
far 2M bytes = akHst 4K bytes Z_a-#is"

(* 24-bitedp ) (* 16-biterdp 1)
near <64K bytesZ htHi3" | Access RAM =z x5t

(* 16-bitendath) | (* 8-bitendatk)

AR id FiEL N Lane RS (Default

8

© 2002 Microchip Technology Taiwan. All Rights Reserved. 99 MPLAB-C18 Workshop

RHHEG — F Ol
const rom far char LCD MSG1[ ]=“PIC18F4520";

]— %16-Bit= st ¥ 3B 5 24-bitiz gt 5 B~

dh T 2R
¥z 2 7 RY)

int AD_?ead;

2 28t 4K RAMTE 38
2 % 8t Access RAM

|
near int AD Read; N
- 78

MPLAB-C18 Workshop

(]
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¥ Bcend on
(Const)
7 B - ASCII % ~ A8
a’~ ‘A \r’ (=0x0d) ~ “\n’ (=0x0a)
\x41' (=0x41="A") ~
& - BT
010100101 (=0xAb)

2

& NEHE T2
ol01 (% % 4 =0x41="A")
R S e
> 0x5A ~ 0x3FFF
& FPBEFIATE

[ i B
> “How are you? @

© 2002 Microchip Technology Taiwan. All Rights Reserved. 101 MPLAB-C18 Workshop

L g
v v S

v

2
- v

C18 % #if s

8
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RS S
o BEELT KHRFHG TP G RN
PR - a7 FHaF RAM -
> RN - BIALFEE 3 A LAMBR
> REHF ARG A B2 A
v count * Count £ COUNT & 7 F cigdic > *r e
> RELERITF P,
T ST LR RE

> BEL A2 AAIN 4 T RS LR
int xX,y,z;
X=3; int x=3,y=5,z;
y=5; Z=X*y;
= 8

103 MPLAB-C18 Workshop
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gy (-)
L1878 ge (local , auto)

¢ PRSP 30

iirjﬁlp\ ’ ;i T? éfj

FRRENLIELT F
éi7ﬁiy§§:P\ ¥ #B fF o

T SEcnd b R
Sl F e B
R TR AR 4

o

© 2002 Microchip Technology Taiwan. All Rights Reserved.

104

Void main(void)

{
unsigned char i=0;
i++;
funcQ;

3

/* function call */
void func(void)

{

unsigned char i=0;

MPLAB-C18 Workshop
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Ffcengn (2)

2 B [ (Global)

o =B %gﬁ ¥ ﬁ;t ERLE= extern unsigned char KeyData

= }T:%L' s —? w2 ik —»‘ 22 r%ggm unsigned int ADResult;
o o

%ﬁﬁ: void Motor(void)

j2¢ LIF R e 3N 39T 0 {

¢ ﬁ AAREE ' ¥ if (KeyData == 0x80)
Bt ¥ o {
=B A4 NP Hop AR TRISCbits.TRISC2=0;

R £ 4 ?“T\ 2 i *é’ 2 ConvertADCQ);
Bry A e P HepE whii le(BusyADCQ)) ;

* externkE & o ADResult= ReadADCQ);
: . . SetDCPWM1(ADResult);
¢ O Rl RRFS }
@, T - else
Modg/le I ’ .dﬂ # TRISCbits.TRISC2=1 ;
.h ¢ header file }

& o Biend HH AT ,
: E
1+ ° =

© 2002 Microchip Technology Taiwan. All Rights Reserved. 105 MPLAB-C18 Workshop

FHin (=)
?%FFT@ET(Statlc)

¢ FRBENAHTEERFEHFE  [Void main (void)

F- Heho R psdep 3t (L

a . ap = i h i;
;lﬁiﬁvﬁﬁpllgﬁiﬁ'!gﬁ unsigned char i
HiFEda JyA(FRFTT X) for (i;i<10;i++)
® AddOne( );

5 3

o BEBHDES BN AL
gk o /*** AddOne Function ***/
= void AddOne(void)

o FHIELAHGFE X
Brr 3 v 4l 4 * o {

e J e %ﬁi = g “J%fﬁ_ i static unsigned char count=0;

o BRREFF B, Rjm | o
P RER 3T SNE

© 2002 Microchip Technology Taiwan. All Rights Reserved.
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#iny (z)
??’&%S@E?(Register)

o W BRETRTEE 4 G {oR P
BiApk 3 EREORLLFL
B -

o MPLAB C18 # £ # 7 3% in 4713 B % #ceh
#2470 2 PIC18C452:3 g8 3o+
WA - BB o Tl RS ik
iRt ARE R

8
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$¥cergs] ()
1158 14788 (Volatile)

* EFRENES- TRGI A2 Unsigned char x.,y,;

Fu j\;i,';%* ) BEcA £ g B volatile unsigned char TMRO;
R A TR AR o I | s

7 volatile (% L) y=x;

M

L’F? TMRO=0x00;

o HWHFPRR- BRAHFL |/
4 - 2 Y b The compiler must read TMRO
’%5#‘@ ¥ ﬁ(‘—#—}m Fﬁ—ﬁ} 3 and can’t use the 0x00 in

. its temporary variable
p18f4520 h) : since TMRO increments with
> TMRO , TMRI ... execution
_____________________________ */
> PC, PCL ... y=TNRO
> EEDATA , ADCONO ...
> PORTA , PORTB ...

8
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%ﬁk

o Typedef ¥ * % 4]:d p
s LS &l

g s (&)
E ' EE]HI(Typedef)

typedef unsigned char Byte;
typedef unsigned int Word;

B o void main(void)
. I {
1 ) crl .
¢ 1k d Word j[10];
> @ L RERF OF R Byte i:
o] S L kA
NP AENER for (i=0;i<10;i++)
S JLi] = (Word)i;
> TR A0 struct }
, union ¥ ¥ i p LF
AL W E
© 2002 Microchip Technology Taiwan. All Rights Reserved. 109 MPLAB-C18 Workshop
TR A W) il
% &= double «——float 4 53 pg=zouEs ~ipsiEsm
FERCIE ST T
| i "“J i
on,
= o by sl (BEEER) @
%\m“%gﬁﬁA%ﬁmp+
B ,ﬁlﬁ\f JL T ﬂT
o SR TG E
> Char x;
int > Int Var;
> Var = (int) x ;
< Ry =x char
7
© 2002 Microchip Technology Taiwan. Al Rights Reserved. 110
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Fh
1. & #:iF & (Arithmetic)
2. B it #0238 8 (Relational )
3. i%-ﬁb“ ETJL@E (Logical)
4, = ~iF 5 (Bitwise)
b.dp LB X (A551gnment)
6.4c— ~ - & H (Inc & Dec)

8
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B #c:F & (Arithmetic)

Y| o =
+ a+b a B b BRI
a-b a B b B
* a*b |2 @ b BEHIE
/ al/b a BEHEI] b BEr
% a%b |2V a BETRI b BEPVEREE
R+ - xR S RETRIBIRER
% W F="] 'iWJ 1
7
2002 ictochip Technology Tiwan._ Al Righs Rserved. ) MPLAB-C15 Workshop
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% 238 B (Relational )

EETRYE Ef] e

== (@==b) | a RLAHTH

= (al=b) |WF a RLATIH b

>= (@>=b) |[HIRt a ALASHEEH b

<= (a<=b) |HF a ALHTHEIH b

> (a>b) |WE a RLAXE b

(a<b)  |HE a RLATHE b

| R R AL

3(=1) §5 [B(=0) [ |

© 2002 Microchip Technology Taiwan. All Rights Reserved.

8
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B R

%7:& & (Logical)

EETRYE | &) |
&& a&&b |a = b (EREHANDEET > RyREL 1 SR (1)
| | al|b |a= b (EREIORZE  HFIBIFL RN EEY (1)
! A DR a PSR ) (01 - 1380)

= E T R PR R
™ [ "TIF\/IE;[H[

S
AR N E S

I

5 -

[Hl Eo“1”

o SHRLIH S SRR A BAR T

lﬁ.[ o

© 2002 Microchip Technology Taiwan. All Rights Reserved.
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2 - 25 O °
i~ i& ¥ (Bitwise)
EETRYE | 6] i
- ~a fa uE- BRSH (V1HED
& a&b |a A b AP (= AND SR
| alb |a Al b PSR R (= OR EIET
a a™b a Al b pUAIEES 7 (& XOR EET
= a>>b ¥ a FTFE b &R
UK a [ =%% b & 5
R R EE  BEREE |
7
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ip TE K (Assignment)
SEETERE| ) S
= a=b a=b R
+= a+=b a=a+b aX*=b + c
-= a-=b a=a-b
= =*=b p—— same as
/= a/l=b |a=a/b a=ax*(toc
%= a%=b a=a%b
= al=b a=a|b
&= a&=b a=a&b
N= a™=b a=a”b
>>= a>>=Dp a=a>>b
<<= a<<=b |a=a<<b
AN
© 2002 Microchip Technology Taiwan. All Rights Reserved. 16 MPLAB-C18 Workshop @
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de— ~ - FE
(Increment & Decrement)

¢+ &
B de— 2R -

v -

> EHE A~ B

v att, b—
> dt:»%t‘f)é“— f;’;
g §
v tta,

© 2002 Microchip Technology Taiwan. All Rights Reserved.

a++; /* same as ++a */
B /% a=1 */
b =5+ at+;
—b /* b=6 , a=2 */
c =6+ --a;
/* c=7 , a=1 */
3
7
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Void main (void)

{
unsigned char a=0;
unsigned char b,c;

1. %

2 5 324

. 1% Bl¥ 4] (Looping)
2. 1% & X %7r(Conditional )

3. % » &t (Switch Statement)
4. (Break Statement)
5. (Continue Statement)

MPLAB-C18 Workshop
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it Bl4r#4](Looping)
o LCFETA £¢ ;ﬁa B34
> for (¥ 581;8 582,85 513)
> Wwhile
> do while
& BT FIRY AEREEP > - g A
* R 2| ET L AR L e )
* it [E| FUEENL B 2 H

MPLAB-C18 Workshop

8

for i @
* 3\ E=51
fOI‘(.Er F1;5502:8 2\3) } .
s |[®
{
1T 1; &
1T 2; E[*J [E1
' !
=2
!
}
!
FEE
7
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for i B -

for( ; ;)

for(i=0;1;i++)
Tfor(i=0;1<16;1++)

for(y=1; (x=y)<10;Y++)
for(i=1,j=6;i1<25;i++,j--)
for(x=0,y=1000;y>1;x++,y/=10)

8
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While it B

* s\ |
o i |
while(i% i 3%)
E{
{
s iF 1 A
1% 2; |
: )

l

y ]

8
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While @ ® - 6|

while(1)
while(i<0x34)
while(c 1= “x”)
while(BusyADC())
while(Rec_Data==17)

8
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do-while it B

* F3\: |
do — | Pl
{ —
# i1 prf=2
#iF2; 1

: R =0
} while (% £ 5%) ; L Tu |
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do While it @ - 0|
Err=0;
i=0;

do

while (Rec_Datal!=0x00)
{
if(Temp_Code[i]!'=Rec_Data) Err=1;

Rec_Data=0x00;
i++;

}
} while (i<4);

if (Erri=1) Save_Password();

else {
Display_Terminal (Error_Message);
while(1l);
} 7
© 2002 Microchip Technology Taiwan. All Rights Reserved. 125 MPLAB-C18 Workshop
= /2w Dy
1 4t
o 5 -
¥ =S | 8
if (i% & 3%)
ETI
L 42 =y
# 1% 1; e
# i 2, l
=2
7
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1T else &

o 3\
if (i 2 34)
{

#iTA,

© 2002 Microchip Technology Taiwan. All Rights Reserved. 127 MPLAB-C18 Workshop

if else &t - jﬁ‘wf;uj

* Al
i o BiEAI S FEERL 23

if (1% 541) W2 gRA
if (% #342) o FITB: W FRIEEL 2
if (i # £ 3) 2o REE3F A A ¢
{fﬁﬁ'A} J{Af’?
else . FC: R iEZl 2 »
{# ¥ B} RAER27 & 2] g T
else L E3E M

e

o HiTD: FEIEELE & =
HEFLEE2-3a M

8

else
{#: i+ D}
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if elseif it - # b
& i3\
o BiTA: fiEiEla 2R
if (i% i 541)
HITB: & EIEELA &
{# i A} & #itB PEEE]L
RN ] g
else if (iF % ;4 2) LK
{fh ,E_B} L 2 f’élfCZ INA /F‘ i}‘l’i l—-l 27
e . ™o (R iEE3S
else if (% 1 55 3) ! P g
. ELl
{# i+ C}
FIED: X EFERLS 2
else o HIED:IFEFEELY 23
FRA e = E =
{#: 1= D} i P ﬁﬁﬁz
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- Z_ v
switch ékit
* F3t: ¢ switch p el A 2 %
switch (] %74 R G B F
{ & switch&_ x| ke 2
case i% i+ &1: caseriig i u B L fﬂn ar%
{# it 1} L e casermu- i iE #B
break; ’ E! | #, 7 #% casesds iT
el o
case EF B2 , o 4ok E NS 2 cagerhiE
2 5 3 4p R - I
, 3’ ”7defau1tmfh i
case £ £ {&3:
' '{;f,ﬂ} & ®ITH{F AV U* preak
= l. -—h —\,
break; B %ﬁi;ﬁ )
default: & casefs enig % @2 Jf Y
{# i= 4} B AT RE 4 AT
break: MER
} 7B
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Switch + break é#&:t - %f;ﬂj

switch (i) l
{

case 1:
DoCasel(): switch
break;

case 2: TS
DoCase2(): pillER
break; N T N

case 3: :r{ljgﬂ :ﬁljgﬁ :IF{IJEV?’ :ﬁljgvﬁ
DoCase3();
break;

case 4: DoCasel [|DoCase2||DoCase3||DoCase4| |DoDefault
DoCase3();
break

default:
DoDefault();
break

8
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Switch #it - # 6|

(4
switch (i) l
{

case 1:
DoCasel(): switch

case 2: TEHE
DoCase2(): 31

case 3: =HilrL =
DoCase3();

fg s

case 4- |DoCasel| |DoCaseZ| |DoCaseS| |DOCase4| |DODefault|
DoCase3();

default:
DoDefault();

8
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break & continue kit
& Break ¢ Continue
RS EYFE Ly
> * Xﬁ’]béﬁ-i% “r AL R ARIR{> > mBEFTT - %
RS 0 A kP ¥ B# T
I g B (4o for » > % while> do..while
while ~ do ... while) m % o continue #cif
R_j¢ 4235 & » 0F & aap)
> 4T R BT A o .ru#a:{;ﬁ#— %
it e 7 (de: switch) SN AU ER S
pas P pb B > —}E‘% for é-/ “" : ’
> breakF it * kp fﬁﬁﬂ‘ P g,:ﬂa ,g\,g i
Foiw Bl dolpedp § FiE v BE N endd
B R AT EER
H 7 Bl R E_‘:_‘7
| © 2002 Microchip Technology Taiwan. All Rights Reserved. 133 MPLAB-C18 Workshop .

B it k3

8
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h B
FEORE | | e ik (B HEE
\ // —
— —— ~
char add (char x, char y
{ FrIECRVRY
char result;
result = X + y; FrEeRo=
return result;
} PR
© 2002 Microchip Technology Taiwan. All Rights Reserved. 135 MPLAB-C18 Workshop @ =

e
1ER(FSR)
> FFdpi(Pointers to RAM)
v FSRO (% § #4012 bits F #%)

v @ - A AR ( s s F R L)
> 3t 4pdn#(Stack pointer)
v FSR1
v dpthfrdpenit i T - By saninp i g
v BEFrEHT
> 122 45 % (Frame pointer)
v FSR2
Y S R R 3 H Y |
LR ENPY

ERVES EX . 4

@
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el E 2
T
L B
K '/"a_ 3 vt v pE
BB i — i )
- Top Stack Pointer
FSR1 Er R B
=2 %@E'J]ﬁﬁ (Stack Pointer) PRI IEN
-7) .
v B TEES E
g ﬁ@*ﬁ—;]’?] FSR? F}'[Ejﬂi W2
= (Ghismgr & 287) | (Frame Pointer) e RS g1 +—— FSR2
T PR N (Frame Pointer)
- PR
e PR R 1
7
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3§ Call-by-Value
o w#rix (Caller) ™ #-5 1 i@ Bt ed v chin dic
> void add (char x, char y)
> void &4p* S#kc® v @ & (Non—return)
¢ uiv“'—%]zl—»hi;?}tuiv“' HNF'&)" i = %;@tﬁf'
Z & (RAM) » Frgphes P AR R Fzd s
FE T RBET vi'v“'-*ﬁ AL g i
& 5lEceni@ig
> BHEE Y EKE
> BREkE
N
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Call-by-Value
el opd X %&V—‘I’ v &
;Oid fun(void) void swap(int x, int y)
{
int a,b; int t;
a=1; t=x;
b=2; X=y;
swap(a,b); y=t;
¥ ¥
Fun P*—"‘PLlswapﬁfJ Fun = PLjswap i
fun swap fun swap
al 1] |x[?] al 1] |x| 2|
b 2 ] Y[ 7| bl 2 ] |y 1]
t| | tL1l

139 MPLAB-C18 Workshop
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i3} Call-by-Reference

R By TF L5 feenig i

& FHcrm g v & BPEITEATE By
> WA F P LML T - k)

o B R ¥l e 2 5 4 R &
> void swap ( int *Varl , int *Var2 )

o ¥ apik o AR E N AR R B g E R
B I e ke

o #FEE, TRl @K BEIAFE T Sk

v T >
8
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Call-by-Reference
(Call-by-Address)
vl g —'k'a PP L H
void fun(void) void swap(int *x, int *y)
{ {
int a[3]={1,2,3}; int t;
int i=1; ="X;
- - . *xX=*y;
swap(&i,&a[i]);
} o
s } e
T = %
i=1 1=2
a'trapgE =1, 2, 3 awrapz =1, 1, 3
© 2002 Microchip Technology Taiwan. All Rights Reserved. 141 MPLAB-C18 Workshop @

Call-by-Address (fw &)

const rom char Msg[]=“Enter your password:"; //#% zROMEHz % ¢ %

unsigned char DispBuf[20]; // X EEF|E RAM =R
void main (void) // main &¥
{
demo(Msg) ; // %+ demo Sk
3
void demo (const rom char *data) // demo S#k % 31#d| 9
{
unsigned char i=0;
whi le((*data) 1=0x00) // @ BR?
{
DispBuf[i++]=*data; // #ROM ¢z ¢ A Ep| L5
data++; //H#ROM thzx @ 3T - @
Yo~ 7
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S
(Returning Values from Functions)

& F 2 A* return dcitd FrhE R
%2t (Caller)

> Bw @& F ket ek g 4

~ o o R = 2 PRy &=
> SN B EE R
@
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S w @ E ()

Void main (void)

{
unsigned char c=0;
c = sum(5,10);
c = sum(15,20);
c = sum(25,30);
T

unsigned char sum(unsigned char a,unsigned char b)
{

unsigned char x;

unsigned char y=2;

X =y * (atb);

return(x);

8
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© 2002 Microchip Technology Taiwan. All Rights Reserved.

' 7 (Arrays)
ip 1% (Pointers)

8
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'L 5 (Array)

LI Ed - FEARR THRAL D AP E A
ke el £ 48
> RF TR .
> HPNZFLEFhAF B FEE0II(N-1D)

v int Month[12];

v char a[10];
w54 o) B4F T 2 A — B Bankp
e chaF AT o S EF LI LH + RIE
> Blde: 3] L4 all10]

~

a[0] |a[1]] a[2]{a[3]|a[4] [a[5] |a[6] [a[7] |a[8] |a[9]
© 2002 Microchip Technology Taiwan. All Rights Reserved. 146 MPLAB-C18 Workshop @

73




Microchip Technology Inc.
MPLAB C18 Workshop

o5 de (SR R
o Static char a[b] = {2,4,6,8,10}; // % #&k &
al0] a[1] a[2] a[3] a[4]
2146 ]8 |10
¢ Static char a[5] = {xX,'y, 'z, 'u'}; // ASCIIZ ~2& =_
a[0] a[1] a[2] a[3] a[4]
X[yl z]| u |\

¢ Static char a[7] = {“Hello"}; // ASCII = 8 % 2
a[0] a[1] a[2] a[3] a[4] a[5] a[6]
H| e I | o| \0f\0

8
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L5 fo F P

o FPr ASBF DL s 518 0x00 (X fnull
character \0) 3 % &3 =~

& ok F il £ ¥ fic T AR LI ROME B
const rom char ch[7]={*H",%e”,”17,17,707,°\0"};
const rom char ch[]={“Hell0”};

//73 ¢  “const rom’ihz 4 € LS A ROM 42

8
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r% o,
Z fard 7 (_?ra &)
const rom char Display_Table[4]{5]=
{
{0x41,0x3e,0x3e,0x3e,0x41}, // Display “0”
{0x31,0x3d,0x00,0x3f,0x3f}, // Display “1”
{0x39,0x1e,0x2e,0x36,0x39}, // Display “2” T NN~ O
{0x5d,0x36,0x36,0x36,0x49}, // Display “3” S535355
}:
void Display(unsigned char Status) o OO0OOO RBO
{ g O0O0O0O Rl
unsigned char x; = O0000 RB2
iT (Status<4) E OOOOO RB3
{ Sl 00000 res
for (x=0;x<5;x++) S
: 5 50000 res
PORTB=Display_Table[Status][x]; g OO0OO0OO RBS
PORTA=OX01 << X; d oo e
Delay_1ms(3); g g g g g
3
3
} 7
| ©.2002 wicrochip Techology Taiwan. Al Rights Resrves 149 MPLAB.C16 Worshop

v e E & JF B 4P A8 dhbanks e
v

“PROTECTED” &/ 14 %3k -

150
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PR R R LRE T

# “Bank”p e

RHTR T 0 R

8
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TORIBFIF R - g~ S PO R A

Large arrays - linker script

CODEPAGE NAME=vectors START=0x0 END=0x27 PROTECTED
CODEPAGE NAME=page START=0x28 END=0x7FFF

CODEPAGE NAME=config START=0x200000 END=0x2001FF PROTECTED
ACCESSBANK NAME=accessram START=0x0 END=0x7F

DATABANK NAME=gprO START=0x80 END=0xFF

DATABANK NAME=gpri1 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

DATABANK NAME=gpr5 START=0x500 END=0x5FF

ACCESSBANK NAME=accesssfr START=0xF80 END=0xFFF

DATABANK NAME=hugestuff START=0x200 END=0x3FF PROTECTED

SECTION NAME=HugeObj RAM=hugestuff

\ 7+ A=/ 17 #pragme udata J}7é‘| @

© 2002 Microchip Technology Taiwan. All Rights Reserved. 151 MPLAB-C18 Workshop

T (S ! qﬁm%ﬂgﬁh% FI Vs oh
PRI o L a1 i+ C Program ] F‘[F,fﬁl— I A

Large arrays - C source

| L

#pragma udata HugeObj //select HugeObj section

static unsigned char Arrayl[0x200]; //define array

#pragma udata //return to default udata section
unsigned char *Ptrl; //define array pointer (16-bits)

void main(void)

{

unsigned int Count; //define counter variable

Ptrl = Arrayl; //initialize pointer

for (Count=0x00; Count<0x200; Count++)

{

*Ptr1=0xFF; //set array element to OxFF
Ptri++;

} 5

3
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ip 1% (Pointers)

& %k G - BREP FIRDE A
> PliEiR %&J’Iﬁ;ﬁii & RN R
> ERREMGpIEREK
> dptk o SR 3T 0 H k> 5 (INDF, FSR)
* piEREDE 2
>N BEARASED G ’ﬁﬁif_% = dp 13l &
> char *x; // x £F ~dp RO hilizat)
> int Xy, Xz;
S LT TR ICTS
> ¥ PERRLRET S RIS R
> ptr = & i; //#-%& “17 iy @ Lptr

8
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$5 e caih i

¢ B4k char *Ptrl;

> Ptrl=0x20; #dpifizniik 3 0x20; (BreFdHi 7 &)
*PEri=0x20; #-# #0x204% » Fl45 #h#74q ez (B 3 3 0x20)
PErl += 5; #fkimdh 45, & % 0x25
*PLrl += 5; M- B5E 4 Rirdp i ab p F AR 4

vV V V

o pikEly
> REALT RRH AR (- BEE, FhHEOTREA])
AT PR A S R R (E )

int *IntPtr;

char *ChPtr;

IntPtr++; //pointer incremented by 2 bytes
ChPtr++; //pointer incremented by 1 byte

8
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$ e

B

o BF! o Fplen

int Var; // ;ﬁl’ﬁ@ﬂfr Var
int *VPtr; 7/ _"F‘l’f, VPtr SLipiEegr
char Arrayl[] = “Hello”; // ?ﬁﬁﬁﬁﬁﬂ Arrayl[]
char *APtr; 17/ :gh’f, APtr ELipiERgr
VPtr = &Var; // B Var mEpust iHERG VPEr
APtr = Arrayl; // ARl Arrarl Elfh’ﬁ—“_'tlf‘,f"i'il'—@ﬁﬁ APtr
Aptr = &Arrayl[O0]; // [ER[EE - Fﬁlrﬁj
/7 ERC: Aptrill6-bi tiuinEaeer
*Aptr = “C” ; // ﬁ% Hello

© 2002 Microchip Technology Taiwan. All Rights Reserved.
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fiif vs L7

£%

¥

void Add(char *Ptrl, char Length)
{

* b

while(Length = 0x00)
{
*Ptrl += 0x05;
Length--;
Ptrl++;
b
¥

void main(void)

{
char Array[] = {0,1,2,3,4};
char *APtr = Array;

Add(Array,5);
Add(APtr,5);
Add(&Array[0].5);
¥
© 2002 Microchip Technology Taiwan. All Rights Reserved.

FLRAE?
ﬁ?;%ﬁﬁfﬁﬂ?“fll
Add(Array,5);
Add(APtr,5);
Add(&Array[0].,5);

= TR
iF L2

//define and initialize array
//define and init pointer to array

//call function using array variable
//call function using pointer

//call function using array eler@
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2H#A & (Structures)

* A& (union)

8
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F#3& (Structures)

¢ SHAT Mg AR 1{% - Az T @A ¥ U
OUSHRELE SR P F iiﬂ TR hi- + R
o FREDELF AR HIbAREZ o R A A RS
m A H By
o EHBHEHFHTIE § FHIBE
¥ L

> S R2¢EF A7 RT AL (BlEpRFT Y L)
> PR REE
struct struct-name
{
type memberl;
type member2; Y £
} varlable name; % @.
© 2002 MlcrocmE Technologx Taiwan. All nghts Reserved. 158 MPLAB-C18 Worksho
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T B
o HRTHHEP IR TR VT kS
variable-name.memberx (#®gr. £
struct Comm_protocol Comm_protocol 7 RAM E[fj#l;fj”

{
char ID[6];
char Data[10]; ReC_Fram
char Message[20]; = E", ?{ﬁg} Eﬁ[‘“—‘[:%@
unsigned int CRC; ID 6 Bytes
unsigned char Repeat;
¥ Rec Fran: Data 10 Bytes
c Message 20 Bytes
: CRC 2 Bytes
unsigned char j; Repeat 1 Bytes
for(J=0;j<20;j++)
{
writeUSART(Rec_Fram.Message[j]); N
) B
© 2002 Microchip Technology Taiwan. All Rights Reserved. 159 MPLAB-C18 Workshop

% AR (bit)

o EABHEL LB mA - BEREYE
o FRHes > A EE - B e(byte)
¢ ~f:i-BRHEPHE~(bit)dd #B =~ (group of
bits)e £ @ = chigif
> AR R B s e fr- B R dcdn

struct struct-name
{

3;
1;

type memberl
type member2

Y F + SR (it |

} variable-name; .
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= A 2
& EABHE (F5)
extern volatile near unsigned char PORTB; // ¥ 4 PORTBE - %#Byte
extern volatile near union { //i%%mﬂﬁm%—&ikﬁﬁ#*
struct { // 358 (union), =4t #Access RAM
unsigned RBO:1; // % % PORTBek# # 5y
unsigned RB1:1;
unsigned RB2:1;
unsigned RB3:1;
unsigned RB4:1;
unsigned RB5:1;
unsigned RB6:1;
unsigned RB7:1;
-
struct {
unsigned INTO:1; // Z HPORTBeY ¢k # 5
unsigned INT1:1;
unsigned INT2:1;
unsigned CCP2:1;
) 3 ;b
PORTBbits ; N
jﬁﬁﬁ&gl “P18F4520.H”?F‘é|?,':\7
| © 2002 Microchip Technology Taiwan. All Rights Reserved. 161 MPLAB-C18 Workshop
- % 2.
% AR (f50)
PORTB=0x34; /* #%¥ | PORTB & PORTBbits

PORTBbits.RB7=1;

if (PORTBbits.INTO)

{
PORTAbits.RAO=1;
NopQ;
PORTA >>= 1;

}

else PORTA=0;

© 2002 Microchip Technology Taiwan. All Rights Reserved.

PORTBbits.RB6=1PORTBbits.RB6;

ehi>ht T & & & pl8C452._asm¥ */

// RB7Y iﬁi:!'.
// RB6 ﬁﬂ!ﬁi&

// RIFINTO¥r®E B?

8
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% A5 (union)

¢ =% A% (union) » ¥
wREF
> % A i (union)fé * = Va8
> &% 3] & (union) p HREAL S £
> R AEF R TR
o HFEERBE? AR BERE
> ThRErd a7 kA L%k

union union-name

{

type memberl;
type member2;

} variable-name;
AP EIfERyy

B P OFTH A G OREE T - K

FHAE & (Structure)
2 A

*

Jﬂziu"\ eielez B

BB &7

{27 hnb £l

I
|
7

8
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r
X
7N

*

union u_tag

2 TR

} EE_Read Data;
for (i=0;i<5;i++)
{
EE_Addr=i;
EE_Read_Data.l

{ I
int 1;
char c[4]; |:> el i Gl el
} temp; RAMO| RAM1| RAM2 | RAM3
u-tag ff{i Bytes
B : union
Ent I EERandRead( )& T pusrs]
char o[4]: ¥_“int” B > 7] “union”

Secu_Code[i]= EE_Read_Data.c[0];

R “char” ik » FIBZVE
pUfRA R “Low-byte”

= EERandomRead(OxAO,EE_Addr);
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SEr BHAM £ ) Rk
v A 'é e =3 é& 7 2 &
i’ %L A 5 A+ A FE g A | =3 A 2
o - B3 :]F\.E\‘T?:],’Lmirp\’*"zf—,ﬁUm
4 AN JE = A i
£ A B *#—;tl R
union FPvar
{
float FPNum; //floating point access
struct
{
unsigned char ArgO; //argument byte 0 access
unsigned char Argl; //argument byte 1 access
unsigned char Arg2; //argument byte 2 access
unsigned char Exp; //exponent byte access
} ByByte;
} Foo;
Foo.FPNum = 3.14159;
Exponent = Foo.ByByte._Exp - OX7F;
7
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enum FE LA {
s
B
wEE
}oIE %
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FIE 3 & (enum)
FHAUE 2 K

F 1, enum def_m {Jan=1, Feb, Mar,

2 1

3 Apr, May, Jun,
Jul, Aug, Sep,

n 1

e Oct, Nov, Dec
} month ;

7
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enum week {sun,mon,tue,wed,thu,fri,sat};

enum week day;

day=mon;
printf(“%d”,day);

for (day=sun;day<=sat;day++)
{

printf (“%d”,day)
3

8
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i@ & # LCD&S 3N

o B [CD:HNEFF > Flpre* T8
“p18F_LCD. h™f= “delays. h”

¢ p18F_LDC.h % %LCD & #icenftd] 7 2

® Rdnf “WAP _LCD.c” & Zf 4 » Project
578 P ¥

8
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#* LCD ¥k
¢ void OpenLCD : B LCD
v OpenLCD ( ); (#51)
& putsLCD & putrsLCD : & - & #|LCD
v void putsLCD (char *ptr) ---- from RAM

v void putrsLCD (const rom far char *ptr) ---- from ROM

¢ WriteDataLCD :® - x = ¥|LCD
v void WriteDatal.CD (unsigned char data)

& WriteCmdLCD : 8 - #+4] & 4 3|LCD
v void WriteCmdLCD (DISP_ON )
¢ LCD Set Cursor (unsigned char Y, unsigned char X) :
K TR O

v LCD_Set Crusor(1,0); #Cursorz #_ % % = 7 5 - @
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Ry 4
B E” ¢:\RTC\C18_V2\Answer_ APP001V3\ex4. mcp”
X T ¥ &3 e “ Cl8 Workshop “#“ROM%

T %BF ¢ “A/D Result ="ARAM®
*LCD& Bk E B o B EALCDE K 2 5 4-bithsd
~ 5T 7 #-3% ~ CURSOR OFF
#LCDen% - &1 “ C18 Workshop “

o nLCDe% = &7+ “A/D Result =

& AFEVRI AN g » TR > T R-HA/DEH S5
> ERERIZAISEHR
> A/DE R eh~ AT ALED
> 10-bit #A/D% % 2 ASCII# & -+ & LCD+

A/D Result = OF6 @
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