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Compi1ler Overview

PSR B R A
SO 21 Ol
B

o {{i¥] Compiler Activation s {E=)s X ff1H [HVE

fi HI-TECH Software

T InterVideo WinDVD 4

ST 2 »
Microseft Cutleck f§ ) Lotus Applications

g e
£

[nternet Explorer

) Maction PaPaGO V3

lj Memory Stick Utility

lj Microchip

lj Microchip MPLAER IDE
lj Microsoft Developer Metwork
) Microsoft Office TH

) Microsoft Visval Basic 6.0
) Microsoft Visnal SourceSafe
lj Microsoft Web Publishing
) MicroStaff WINASPI

) Metwork Associates

lj Metwork Smart Capture

) Mortel Networks

&l [/ NTS

winet T_EnterMet 200

G;DI.EYE

! Co’n;piler Activation
#8 Configure for MPLAB 6
B HPDPIC

'@ banual

#&] MPLAB 6 Help

T Cuick Start Guide

@ Eemove PICC Compiler

& FICC

E Eepgistration Form

&) Visit HI-TECH Software
o

Acrobat Distiller 5.0
[} Adobe Acrobat 5.0

%:, Adobe Photoshop Elements 2,
% DashDriveMIP

&) Internet Explorer

Micresoft Access

IE Microsoft Excel

E Microsoft FrontPage

E Micresoft Cutleck

Microsoft PowerPoint

W Microsoft Werd

"‘Ir" MEN Explorer

| Zample Code
[£] View Readme.txt

HI-TECH PICC-16 C Compiler Workshop




MPLAB IDE # * Hi-Tech PICC

5] “Project - Select Language Toolsuite” il% :—Fﬂ
E"EEEHLTECHFNCC

. ﬁﬁla&'f;ﬁé‘%ﬁr%pu@ @ C:\HT-PIC

P

‘Select Language Toolsuite

Active Toolsuite: HI-TECH FICC Toolsuite

A Toolsuite
range
18 T|:||:|| Lte

_ l 1||‘r|:||:h|[| hPAS r 1T|:||:|| Lite
Location microEngineering PicBasic Pro Toolsuite
CAHT-FICABINAFICC EXE

Help
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MPLAB IDE # * Hi-Tech

PICC

2. ffi®] “Project > Set Language Tool Locations” %J&_

HI-TECH PICC % MPLAB IDE [it/#h7 i @
=  C:\HT-PIC\BIN\PICC.exe

‘Set Language Tool Locations

Fegistered Tools

HI-TECH FICC Toolsuite

—- Executables
HI-TECH Assembler (picc.exa)
HI-TECH C Compiler (picc.exe)
HI-TECH Linker (picc.exe)

+- Default Search Paths & Directories

HI-TECH FICC-18 Toolsuite

AR Swstems Midrange

&R Swstems FICTE Toolsuite

Microchip C17 Toolsuite

kicrochip C18 Toolsuite

=- Executables

Location

CAHT-FICAWBIMFICC EXE

Browse... |

Help Cancel
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PICC /i % (- )

o 7 Hi-Tech (Ul R ™ RO L 48
» PICC - command line driver (CLD)
> CLD ' I'J ¥l '[E'i,j’El(‘JigEl | = e g
v 101 : MPLAB IDE
> HPDPIC - Hi-Tech IDE

e PICC % —ﬁé‘hw IEIJA J E‘?l:E[
R SR lﬂég F' Wﬁ i
%E—‘k F[ "l l—hl_
*E R — BRI £ R

meﬁ,@“%ﬁ (% — BRFopey f/tr,
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PICC /% (=)

e PICC “uFi }H?FE’%‘JD[ PP
¢ Relocatable object files — [{i[J[ififi £, % .obj
o Library files — [t £,5% .lib

AR T

e Hi-Tech PICC £ ANSI C ﬁ'F“
A Fﬁ ﬁllfjj:ﬁ%il‘?j‘éﬁ—%jk BEIFZ
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PICC #4 7 #h e (- )
o Hi-Tech PICC JLl % {[alfs [RZNA A0y
° iﬁﬁ“ﬁg\@ﬁ@ﬂ Ll i

¢ CPP - The pre-processor
>ﬁﬁ%ﬂmﬁﬁﬁﬁw@aﬁw%%%ﬁ

F' JEEE JZJ*‘FIF
s P1- The parser

> WY S BRI
FPURPE IR
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PICC # 7 Ah%P (= )

¢ CGPIC - The code generator
- KPR RS SR YRR £ I
e 2 & R |
¢ ASPIC - The assembler

- U AT L O

(Relocatable object file)
¢ HLINK - The linker
> DEPEHT: RAM fUgrfEsh 4

fp\ AR o (R AR A
ARETFT E;Li@%mﬂ“%
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PICC #L 7Hpenp (=)

¢ OBJTOHEX - The output file converter
> 4 - [T TR Hex fifi
¢ CROMWELL - The re-formatter

- % 4 USRS R ey
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éﬁﬂ\z /”“ﬁi ( )

.0bj
HES

N

-pre (pre-grocess)

@ -p (pre-progess assembler fil

]

S)

& ---

-g (generate debug info)

Nl -s (compile to assémbler files)
files

Chip Info file
(\LIB\picinfo.ini)

I
I
|
|
|
!
I
\4

N g-———c e === =

=
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éﬁn?%‘/n‘- y i ( ) Ist

HIES

as FA= & .obj lib -asmlist
(generate asm listing)
s / peen
b~ % ) 24

-c (compile tgeb)) . .Obj
obj files

{[ES
Run-time file : .Sym

-m (map file) / [ files

Output hex format .hex
files

objtohex

dib
HIES

MPLAB IDE debug info

cromwell debug
library file files
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Hi-Tech PICC # » # %

LA fo = I F

Hi-Tech PICC i ANSI C Rk
% .

Header file C F9 A FIEFIF[ FI JEI'FL[ :\L_%ﬂﬁ,'rhi
Assembler file | Hi-Tech PICC A" F",;ﬁ F = A
Hi-TECH PICCH\F} o F A R
& 4 U £1#FE object A%

Library file HI-Tech EW‘?I‘“I’EFI?[‘& &ﬁ IR

C source file

Object file
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H

VA

KTT %‘: #f‘ﬁ%

A

st

C listing file

C source code with line
numbers

.map

map file

symbol and psect relocation
Information

st

Assembler
listing

C source with corresponding
assembler instruction

.sdb

Symbolic
debug file

object names and types for
module

.Sym

Symbol file

absolute address of program
symbols
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FIRF R F R

o C p'l'Jilip EhEHE Py SFR
o C FIJ "] fE[lE' @), E['U 755{7 ?&SFREI’U SR
. IEBFI i HL[ “tj:k g —j/?,h_%irfkvﬂ Tﬁ?&fﬁi?‘(
¢ — IETpRIL P NSk 0 e C AR T

%3V SFR P? EE
¥|figl PICmicro i 77|L<f7iﬂu‘ﬁ€’?ﬁ“ TSR H'F&
ch[ Al AN AR 1Y header files

> (7] Eﬂﬁﬁj:}[j<p|c.h>‘ip A
> e (AN RE IR PICmicro 7 fF |EBF'
T HfﬁJ Header File
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PIC. h
HIAEE T EIREL? ( CAA\HT-PIC\include\pic.h )

#ifndef _PIC_H

#define _PIC_H

#if  defined(_12C508) || defined(_12C509) ||\
defined(_12C508A) || defined(_12C509A) ||\
defined(_12CE518) || defined(_12CE519) ||\ PIC h 7215[7%”’1'33
defined(_12C509AG) || defined(_12C509AF) |\ N I e
defined(_12CR509A) || defined(_RF509AG) ||\ F_ETI7C 1= j\/ i
defined(_RF509AF) * FR— B E T
#include  <pic125xx.h> .

#endif = ti%) '-%F

#if  defined(_16C432) || defined(_16C433)
#include <picl1643x.h>

#endif

#if  defined(_16C52) || defined(_16C54) || defined(_16C54A) ||\
defined(_16C54B) || defined(_16C54C) || defined(_16CR54A) ||\
defined(_16CR54B) || defined(_16CR54C) || defined(_16C55) [\
defined(_16C55A) || defined(_16C56) || defined(_16C56A) ||\
defined(_16CR56A) || defined(_16C57) || defined(_16C57C) |\
defined(_16CR57B) || defined(_16CR57C) || defined(_16C58A) ||\
defined(_16C58B) || defined(_16CR58A) || defined(_16CR58B) ||\
defined(_16C58) || defined(_16HV540)
#include <picl65x.h>

#endif
© 2003 Microchip Taiwan. All Rights Reserved. HI-TECH PICC-16 C Compiler Workshop
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~ £ &9 PICI68xA. h

Header file for the Microchip

PIC 16F873A chip : 1L
PIC 16F874A chip 1{ }PICI 6F877A

PIC 16F876A chip 218 o W B ek
PIC LS 72 cily gy e PIC168xA. h

Midrange Microcontroller

#if defined(_16F874A) || defined(_16F877A)
#define __PINS_40
#endif

static volatile unsigned char INDF @ 0x00;
static volatile unsigned char TMRO @ 0x01;
static volatile unsigned char PCL @ 0x02;
static volatile unsigned char STATUS @ 0x03;
static unsigned char FSR @ 0x04;
static volatile unsigned char PORTA @ 0x05;
static volatile unsigned char PORTB @ 0xO06;
static volatile unsigned char PORTC @ 0x07;
#ifdef _ PINS 40

static volatile unsigned char PORTD @ 0x08;
static volatile unsigned char PORTE @ 0xO09;
#endif
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ﬁlg _
Hi-Tech PICC x i*H 8 3K Z_

e U7 HI-TECH PICC = MPLAB IDE v &

i

¢ 1 — [ Hi-Tech PICC _ [=fif I(Project)
> Ad=\: Labl.c
» Head files : pic.h , config877a.h

o (1™ [F £y PICI7F877A

O o “ir,%&*i —FE

-
¢ MPLAB ICD2 job = - iih

HI-TECH PICC-16 C Compiler Workshop




‘é‘ﬁ 3ﬁ3 _
Hi-Tech PICCR: % B* %%

7 pich RLYR F5 T PIC168XA

® pic.h iﬁ i B[ E Y B 222 (macro) ?

. 7}@@&?} el R EE 2
® Delay_1mS LU §#1E% 1mS Delay ?
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R R

bit

char

unsigned char
short
unsigned short
int

unsigned int
long

unsigned long
float
double

A. A char is unsigned by default.

24 or 32°

R B
boolean

-128 to 127

0 to 255

-32768 to 32767
0 to 65535
-32768 to 32767
0 to 65535
-2,147,483,648 to
+2,147,483,647

0 to 4,294,967,925
real

real

B. A double defaults to 24-bit. Easily changed to 32 bits
within the HPDPIC, PICC command line interface or within

MPLAB-IDE.

Floating point is implemented using the 32-bit.

© 2003 Microchip Taiwan. All Rights Reserved.
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I Auto - ~FEAELEMIBABEHr o — JERLE U BT | H e PR
PEHERRIRLE I S BRI R o REETERE

2. Static - ANSI-C TEAFFEEBERLT Ey@@,’f’[ (E! & g
i 2 ST PR BT

3. Global - 7 main( ) I'J9t ’—fl’?ﬁl'f[ﬁ'lfﬁ%‘@ﬁﬁﬂ/ £y 2T HUagr
SN 8 g U [ = T IS G

4. Extern - fp R R A ) TR
Extern 5 E5 {2 A €178 » (B F R
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% Hcea) fi

1. Const - const Elflfﬁi?f{ﬂ"ﬁ@ﬁéf[%ﬁ@%‘%ﬁﬁ?‘f{[‘ J*’Fﬁ'ﬁfj
VI B0 DR ETD » (7 PSS e

VB (R B 1 2 B FEL -

2. Jolatile - volatile Elfiﬂéi?ﬁﬂ"ﬁﬂﬁéf[%i@%”%gﬁ/
AR J*'Fk,'j — @_ﬁ,l{;@%fﬁl;& ENEC T ﬁa’;ﬁg\ o W]

f K %ﬁ%”%gfi ig:=3Es I't“'rfz“ﬁi‘ﬁ"ffﬁﬁ I'%fﬁﬁjﬁ:%%’@?ﬁﬁ (™ o B
PV / 5%0??% B8 5 Fl TR A Elfﬁﬁa’*@ﬁéfﬁjﬁﬁ(f[ Iy
HATSE @RS (volatile) -
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ok e e fi

1. Persistent - Ei— ['[E'ﬁ’ﬂ?ﬁl@ ['Jp:li‘?{ﬂ" ; E'J‘*}é—ﬁ[ I%?JF}%J
i %fﬂ‘@@ﬁi 3 %FJ?FE%‘E*JE\JJ‘ (startup) = FIHEE R F - — &
M/E > R 28 o 7 Oy s v b9 s

( 1[01” example, the nvram or nvram I psects )

2. Bankl, Bank2 and Bank3 - pl- ZERTRIVERYER:
El@ﬁ,' F’l E'Jﬁé?ﬁ@"%"@?& 1 Hl& B RAM Bank 1, RAM
Bank 2 #I RAM Bank 3 - #&@glrt "JDJ‘J?ﬁTﬁ—_’ RAM Bank Eﬁ
) ﬂifﬁ{ﬁ%ﬁéﬁ'ffﬁﬁ‘i RAM Bank 0 -
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B4 a B

1. Absolute - FEEFEHHGLRE HZVE {E]
addl"eSS” EI\Jﬁf'J -\ o Hﬂ__?:%gi\ ’g:&,‘ [-E‘_F']‘[, 'Tf‘ _[1[_‘ , IE[ EIJ
T A Ry E 3 J@@@m e

g [
volatile unsigned char PORTB @ 0x06
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BRI

L& AT B (FSR) 58 %4 (5 614 b
(PIC168xA. H)

bank O registers */

static volatile unsigned char INDF @ 0x00:;
static volatile unsigned char TMRO @ 0x01;
static volatile unsigned char PCL @ 0x02;
static volatile unsigned char STATUS @ 0x03;
static unsigned char FSR @ 0x04;

bank 1 registers */

static unsigned char OPTION @ 0x81,;
static volatile unsigned char TRISA @ 0x85;
static volatile unsigned char TRISB @ 0x86;
static volatile unsigned char TRISC @ 0x87;
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o TELHISH AR P

¢ Hi-Tech C FIJ]—ETJJ Bl lji

o - gL Fg % 4 (SER)F R 7
o TP BSFR)N JE ik 3% — PIC168xA.h

[FU bit HE T U A
¢ Hi-Tech C Eli‘JEJ! E'J?ﬁﬁ
o I ET Y PPV =
{i'iﬁ“zﬁﬁ‘%ﬂj?“

o ANSI CfE¥Ef L H |
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’f‘:.;u (bit) % #ZH
- B Th P

o 7 [FBTSHE dibtidy =
& P —Lﬁ[—ﬂ J:@[i[“ P ﬁ[—t‘
g . (8 bits * SFR FIJH‘JF[P)+['J{’L,{ > T

el o 3B L FEEL
static unsigned char STATUS @ 0x03;
static bit ZERO @ (unsigned) & STATUS*8 + 2 ;

# B~ PORTA 7 RAS
static volatile unsigned char PORTA @ 0x05 ;
static volatile bit RA5 @ (unsigned) & PORTA*8 + 5 ;
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e HI-TECHC = Tﬁ%ﬁﬂ* 7yﬁ@%%ﬁwt
X (PIC168x/@\ 7

I STATUS bits */

static volatile bit IRP @ (unsigned)&STATUS*8+7,
static volatile bit RP1 @ (unsigned)&STATUS*8+6;
static volatile bit RPO @ (unsigned)&STATUS*8+5;
static volatile bit TO @ (unsigned)&STATUS*8+4;
static volatile bit PD @ (unsigned)&STATUS*8+3;
static volatile bit ZERO @ (unsigned)&STATUS*8+2;
static volatile bit DC @ (unsigned)&STATUS*8+1,
static volatile bit CARRY @ (unsigned)&STATUS*8+0;

BIZIEZ e

If (ZERO)

*
*
*
*
*
*
*
*
*

i

"I_l
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/N ==
i~ (

- @ F

it) FHE T H

bit T_& i+~ % #ic

fi' I B ] bit F'f T BB A T A

Hi-Tech C &
— ([ Byte ¥ ”

I E 'Pﬁw b e lrtat o [l

i 2]

R P PR R T 2

#=o] 0 fIF bit

TR

static bit Count_Flag ;
static bit Buzzer 1 Flag ;

Buzzer 1 Flag=1;
If (Count_Flag) Count_Flag =0 ;
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e LCD Functions ( mid lcd.c)
void OpenLCD (void) ;
void putsLCD( char *) ;

void putrsLCD( const char *) ;

void putcLCD( unsigned char ) ;
void puthexLCD( unsigned char ) ;
void SetCursorLCD( unsigned char , unsigned char ) ;

1 AR [ (XY )
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ﬁJS -
R A]/06738 7

® i ﬁ%ﬁﬂf?ﬁ lab2.mcp
o ;[[F' PICIGBXAD AR ISESRETE B L3, £
C Fa

» [Zd5 1/O Port I'f (5 F' Hi-Tech PI
> lab2.c: = FHZV

> mid_led.c, mid_led.h : LCD&#=- g

> cnfig877a.h : 16F877A configuration setting
¥ SW2 F SW3H] - LEDE R i foidi-
LCDASA 4 gy i g gy

Hi-Tech PICC Ex2
Up: 01 Down: FE
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BRI

3
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BHA & (Structures)

FIBI RS PR 5 T~ Ty [ | [ﬁh TRNONEIE

el \;r:[» ot
bren F'"ﬂﬁﬁ“ﬁﬁ*ﬂ‘ RS~ 5

ity £ G TS PR SRR - 1
;gﬁﬁ@;@u# ﬁPp R & BT IV
i J%Tﬁ I F

o BRIV S FRRIEIE G IR
I = @‘E‘Vﬁlf

struct struct-name «——— T 8

{

type memberl;
type member2; B £

} variable-name; - SR
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O F”E['F' aﬁ“ [N a A I IS R e

varlable name.memberx

itruct Comm_protocol Comm_protocol 7+ RAM FU£E]]

char ID[6];
char Data[10];

char Message[20]; Byck
unsigned int CRC; -]_
unS|gne(?I char Repeat; 10 Bytes
} Rec_Fram;
- 20 Bytes
:
unsigned char j:

for(J=0;j<20; j++)
{
wri1teUSART(Rec Fram_Message[}]):;

}
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struct filtered_data {
char Fbandgapl[4];
char Frefhi[4];
char Freflo[4];
char Ftempl[4];
} Fcount;

o IRV BB T

AR
Fcount.Fbandgap[1l] = 0x34;

“Fbandgap” HI7pvsi= e 3 /g? Pz 7 0x34 py i,

© 2003 Microchip Taiwan. All Rights Reserved. HI-TECH PICC-16 C Compiler Workshop 38




x%E’\.‘ fﬁ_t‘ ;%;i’_?l | (=)
\\‘ Fj

:ﬁfﬁ@@( ,ﬁF
. ;T\:L': 7[%3}%[7[@‘ ,1\

R R 1 BrESag o €7 filtered_data”
struct filtered_data *ptr;
ptr = &Fcount;
ptr->Frefhi[0] = 0x87,

ﬁ?{?ﬁ[iﬁl Fl“ Fcount.Freghi” fvg)— [l ifﬂ%hf 1 Ox87 .
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=] 3

struct temp

{

Int count;

float freq;
char sign;

}pwm = {

0x1234,
1850.5,
OxFF
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© 2003 Microcl

> 4 _‘,/ =
14 .sg’f# > T2 TR

struct control {
char mode;
char state;
char sign;
} drive[3];
5 JUSHAERITI ) £1 4% “ mode” fuBy- i
drive[0].mode = 0x33;
B TVSERS TP Y EY D sign” fUBT= [

drive[2].sigh = OxFF;
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% * 4| (union)
R (union) » ' {278 T [PV e PR BIREpURgEH ~ |
2
|E 7= (union) il = | =4 51 TS E = (Structure)
EIfe(union) [ [Fumdgy e £ H 2 [ 2k

%' FE 0
7 ;FEL%&\;H 2| _,_KI:II[’J_EEI[\EI I IJIE[LJﬁ_l\iE{1\7}EEII:_E[EI

f fr' TR

< +H qumJF :

Nnion union-name

type memberl; -
type member2; < HE SRR E

} variable-name; 8 [F AR
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EERandom Read( )FEEJpyere
Word; j;E.TQI‘:‘int”j_‘—:F[I‘J”FIE ’ }CUEIJ“UWOQ”?{E:?S'ERJ
oAl [E“char”iz » | HBIVE [l &M 5
} TC_74; Ao “‘Low-byte”

EizO; 1585 1) ** EERandomRead( ) fiY {Ei[pil i !

EE _Addr=i1;

TC 74 _Word = EERandomRead(OxAO,EE_Addr);
iIf ( TC _74.Word >= 0 )

Secu_Code[1]= TC 74_Bytes|[0];

© 2003 Microcl
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% e B gz B (- )

union u_tag {
char abc; // 8 bits
Int value; // 16 bits
} utemp;

E‘)E&Elfﬁif?vfﬁﬁ'] BRI
- utemp.abc =‘A’;
- utemp.value = 0x3456;

union u_tag *uptr;
uptr = &utemp;

- uptr->value = 0x5678;
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£ A X By (2)

@ [[ﬁhﬁﬁﬂww H RS Fliﬁl’fm = & GRS
R E]R: .Fl&ﬂ\:t’:ﬁi‘[:rj s

A #(16-bit)® Hps3H ¥ - B 8-bit &
{

unsigned int var;
struct  {
char var_lo;
char var_hi;
} hilo;

} mix;

char a, b;

void main( void )

{
mix.var = 0x1234;
a = mix.hilo.var_lo;
b = mix.hilo.var_hi;

}
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FPvar

FPNum;

unsigned char Arg0O;
unsigned char Argl;
unsigned char Arg2;
unsigned char Exp;
}Bytes;
} Foo;

Foo.FPNum = 3.14159;
Exponent = Foo.Bytes.Exp - Ox7F;

//Tloating point access

//argument byte 0 access
//argument byte 1 access
//argument byte 2 access
//exponent byte access
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O A SEREEIE - Byte X

struct {
unsigned int

unsigned int b3
unsigned int b4

unsigned int

. // bit padding
. I/ bit 3
- /I bit 4
- // bit padding

} PCLATHbit @ Ox0A:

N C VAHERPYNR IR0 ARV b3 U RS EL  H
BRI ¥ :ELILF— 7+ OXOA IYRAM® i

PCLATHbit.b3 = 1;

R L R R RO R R i A
(AR @ AP ARV T @ TR
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#afy] 2 &SR EIRE - Word ]
struct status {
unsigned int high :
unsigned int low
unsigned int :

1; /ILSb
1;
.5
unsigned int dir 1
1
6
1

// bit padding

unsigned int rate

unsigned int

unsigned int fault
} pressure;

; // bit padding
, [/ MSDb
%N C RPN R R R IV R R % dir

pressure.dir = 1;

el 1 BY- [ Sk £ f{ R BBV (S 7 > 218 7 BT

w7 LEIE

PRELR > [T 61 -
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unsigned char var;
struct {
unsigned int bit0 : 1;
unsigned int . 6; //[padding
unsigned int bit7 : 1;
} bits;
} uvar,

F (5 ]

uvar.var - 8 bits Vg
uvar.bits.bit7 > [E{& bit 7 putb 7
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BrF): static bit Flow @ (unsigned)&PORTB*8+4;

AE-[[1 PORTB B9 bitd [ i ™ 7853 “ Flow” pUZpig SyBfev e .
Flow = 1;

9 7] 3:

jg‘(fl: static bit Motor @ (unsigned)&PORTC*8+3;

AT T R] “Motor” FUZURUFTHETS FF PORTC f9 bit3

if (Motor) {
/| Statements when Motor ==

}

else {
/| Statements when Motor =1

}
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ST L JRE S RO

#define PortBit(port,bit) ((unsigned)&(port)*8+(bit))

RIS R T IR E R PR B - R

static bit led8 @ PortBit(PORTB,8);
static bit pulse @ PortBit(PORTC,7);

—~ JﬂQﬂIIFI Bl =Rl B | #define

#define S1_Button RA4;
#define S2_Button RBO;
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bit flagl; /[ globally visible
bit flag2; /[ globally visible

void main (void )

{
static bit flag3; //locally visible
flag3 = 1;

while(1):
}
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£ £ S Bk

void Init_1O(void)
v I%{u_ /10 Elfjﬁﬁi?]t[&.“
void Init_Adc( void )
o LU AID T [HfEA

[
void A2D( unsigned char)

o [ Y Channel » T HFEY A/D LG
void LCD _ItoA(unsigned Int)

o KRS 105 HIFIASC H B 7 LCD
unsigned char Set BCD_ASCIl(unsigned char)
& ’?[ju%jz’l@ﬁﬂﬁjﬂ
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K

A= RLF(H] 10-bit A/D fEBjg5H: B F 7 |
union #[I struct < Prife vE

¢ 10-bit FUETH E7 RS 10 SE il I'WF'H“
”—jiz'rj—'flijﬁﬂﬁu =& LCD Module

o DU A/D Prd it 8-bit FUERR] - 55 B
= 7+LCD Module fv31= =

?JEJEJ A/D ﬂiﬁj |l A/D

Module Yz A 223 Data Sheet

RATRRH 7] bit R R
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10-bit A/D & 3% E

8- K ijElg 27 ﬁjaj *EEE 0 10 bits gEPTR
FE r? L ?V?F?jiﬂ&“ il 20 uS (ﬁia?J * i Hi<10K)
iﬁafg '7? E @E\'Ji ? 19.2 l,lS (12 TAD)

10-bit Eﬁé’f’?@ﬁ?ﬁ [ UE |~ 1 PUREE

0] /f%f‘ﬂj% 2Ex ! VREF+ & VREF-
PAgN R TR T~ [ RS L
E’[@@Eﬁﬁ?j [t %1 39.2 ps
1y A B SRR U 29.2 s
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10-b1t A/D = .l

10-bit A/D
Converter

Reference
Voltage

© 2003 Microchip Taiwan. All Rights Reserved.

Sampling SW

ChoLp

—L_120PF

VSS

CHS2:CHSO
|||
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A /D %,:r ]} See Data Book

ADCS1| ADCSO CHSO | GO/DONE
bit7
ADCON1 Register

ADCONO Register

ADFM | ADCS2 PCFG3 | PCFG2 | PCFG1

B 10-Dit Result mu—

7 2107 0

7 07654 3210 A/Dﬁﬁ%%
roo2 , > XX| XXXXXXXX
XXXXXXXX | XX NoloNel0[0]o! B N T ,‘z? ‘# ﬁﬁ: 0000 00

) u AN J
u > J > J ~ ~

ADRESH ADRESL ADRESH ADRESL

\ J
\ v J v

% 2 FA % 4 FA
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Bk 28 N AR

g R
l
VBB

l

| A

= A/D

L
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RAM & ROM =
iy e fet 5
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i€ * dp 1

TPkl pns?

o (UHFEAER R RIS
SR G N T g
> PR R T A

<Object’s type and qualifiers> * <pointer’s qualifiers>  <pointer’s name> ;
char * cp :
const char * cp
const char * cp
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ROM & RAM 4p 4%
SRV T B P AR Tl

const [%?’Jd'”ﬂﬂﬁﬁfﬁﬁf ROM [&=

Bankn [%Ef gheli=—t et ﬂﬂwﬂ [ﬂ 1~ RAM banks 7
T (n B 1-2)

Pointers to volatile-qualified objects may use
different sequences of code to access objects

< e
| —f,fF
‘Fj;n?
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¥ 9«%%‘3’—#;&%’# iz ()
o I HHE AT T BIERARH e SR

|

aify] 12 SRR ROM fr5 3]

const char array| | = {0, 2, 4, 6};

char * cp, c;

Cp = array;

C=7*cp; /[ *cp will access RAM not ROM

const char *cp;

char c;
EFER AR 2




¥ L FRiETE (2)

FI 2 g‘,zﬁ?é'\p@ bank Fﬁf il
void process(int * ip ); // éﬁ?iﬁf‘iﬁf’f,

int value; /I 7@l value £LEr 7+ Bank2
process ( &value ); /] &value '}%E,%Eﬁ ?‘F*[?FE}J ’F‘,Hﬂ#ﬁ:ﬁﬂ BankO

void process( bank? int * ip )
T FEE 4 E_F 4 > 4P ¥ Bank?
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o MR HhrPyUTHVERE [ I wlcegﬁﬁjffsc:a
(little endian format)

¢ Char ?F,ffﬁf JE e 2V multi-byte FlipY = [
byte =g

long input;
char * cp;
*((char *)&input + 3) = 0x55; // write character to MSB of input
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RAM &4 3% - Midrange PICmicro

o RAM [l i 8-bits
o ['I'J=ZVRY{[H RAM banks (bankO+bankl or
bank2+bank3)
> [P IH] bankl fﬁi‘/g{ 2l
> [i14 &2V bank O 7! bank 1
> bank?2 f@i?ﬁﬁj‘}&?v banks 2 and 3
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RAM €74 #% - Midrange PICmicro

o RAM f g Y]
¢ char *ramptr;

> 1+ bankO Fﬁf — (i 8-bit #F‘}T;E}J

. bank2 Char*ramptr'
FIei [ 8-DIt $epsd > $p[p T AE% bank2

o char * bank2 ramptr

> 1 bank2 By~ [l 8-bit $pE o F5[p] I
bankl P ! i

¢ Dbank2 char * bankl ramptr;
> PFE 4 Bl EE?
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RAM €03 #% - Midrange PICmicro

e RAM ?‘F’[TQ &FZ (-] IH%E[F'JFJu I'J}‘FV[@
o TUFTIEIH 'F 7 PICmicro (PIC16C5x, 16Fxx)
o USRI R

o RLAE R far BIRRpofpis 2
> (éféj ) 71@

HI-TECH PICC-16 C Compiler Workshop




RAM &4 3% - Midrange PICmicro

¢ Use Bank2 or Bank3 Pointers
Dan nar *ramptr;
Dan nar *ramptr;

ramptr fL75 i A feEAagl > B Fre 2]
At 4T, BANKS 5 (g
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RAM #* 3p ¥~ 3% 3% P~

#include <pic.h>
char RAMarrayl[ ]= “Hi-Tech PICC”;

void write_LCD( char data)
{

}

void Update_LCD( void )
{
char *ramptr; //define auto type pointer
ramptr = RAMarray1; I/l init. pointer
while( *ramptr) {

PORTD = data;

write_LCD( *ramptr );
ramptr++;

}
void main( void )
{
Update LCD();
while(1);
}
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#include <pic.h>

char RAMarray[ ] = “Welcome to Master’s 2000”;

void write_LCD( char data)
{

}

void Update LCD( void)
{
char ch; /[l auto variable
char i =0; /[ auto variable
while (ch = RAMarray[i]) {
write_LCD(ch);
I++;

}

PORTD = data;

}

void main( void )

{

Update LCD();
while(1);

}
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éﬁ 3,;3 ).
RAM 35 15

o (¥ lab4.c VAHZY > MFI@H“;EL—FQ‘FTWT%EJ
RAM Bank (0 — 3)
o AH\H#HiT HJ » AJERHTE | Y RAM
> Debugger - Clear Memory - File Register

> BT SR T R
aptr = IRP=0 > 0x20 , [*] Fﬁ@m 0x61 (‘a’)
bptr = IRP=0 - OXAO, | Fﬁ@m 0x62 (‘b")
cptr = IRP:1 - 0x10, [*] Fﬁ[jﬁjfb 0x63 (‘c’)
dptr = IRP:1 > 0x90, || fﬂ[[jﬁjtb 0x64 (‘d")
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¥ T i m%l]a T
— Midrange PICmicro

O ﬁi%f F“E,J?FI)[@E\ 16-bits ﬂJH e El
o [N PFIVETE BV RAM e PR e fY
ROM =Yg
o FEHC ErRE] RAM
> B[ pE?

5 G
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ROM #;18:0% 4 i
#include <pic.h>

const char ROMarrayl[ ]="C Compiler for PICmicro”;
const char *romptr; // pointer defined

void write LCD( char data)

{
PORTD = data;

}

void Update LCD( void)
{
romptr = ROMarray1,;
while(*romptr) { I/ test for null char
write_LCD( *romptr );
romptr++;

}

void main( void )
{
Update LCD();
while(1);
}
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ROM *£ 7] g 4 2
#include <pic.h>

const char ROMarray[ ] = “Welcome to Master’s 2000”;

void write_LCD( char data)

{
PORTD = data;

}

void Update LCD( void)
{
char ch; /l auto variable
char i =0; /[ auto variable
while(ch = ROMarray[i]) { /l test for null char
write_LCD(ch);
1++:

}

void main( void )

{

Update LCD();
while(1);
}
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o [Sd¥labb.c VAT » AR ERITY ROM (1Y
%[ 38 RAM
® % M?E;(LI HJ 5 jp/%ﬁﬁ}ag‘éj E[,:J RAM

> Debugger - Clear Memory - File Register

> BRI IR R B
> RAMarrayl|[]: jélixf[ﬂ“ﬁ%t 0x23
> RAMarray?2|]: ?élﬁf[rj i+ 0x110 (bank2)
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[Power-On Reset}
lpowerup

Run powerup.as

¥ Uaer (v
HIRF R
Run User’s | User define 7 s

}h‘ )
my_startup( ) Power_up? Uaer g JFIE %Jﬁ%?@

goto start No

Run picrt66x.as|  CAEZ [k =E

A 4

goto _main }iﬁ“@ﬁﬁm—mam()

© 2003 Microchip Taiwan. All Rights Reserved. HI-TECH PICC-16 C Compiler Workshop 77




Ex s 48 3\

 FREY TR RS powerup
. I\/ICU Reset e 1 SlJ3Eh = PR
¢ C:\HT-PIC\SOURCE\powerup.as
o [ FR[SHFIEREA @F{ﬁkﬂj 4ﬁmrI/Ol% ERIE

o THEVSLE T [ [y TR Y reset
o F ' RCY=an Pt = (5 || RCY=3 i &)
¢ 5= bss psects (uninitialised data) [k
S I%E‘{u_ data psects ElfJT?JYQF'EF?F:‘I
o JHFHAE AL 2 main()
o ELYQF,%E““ C:\HT-PIC\SOURCES\picrt66x.as
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® i/[';jT“ oy %_ﬂﬁ‘g{fﬁf % Qzﬂ e E R
iy [Se> powerup ﬁ[glr(powerup as) ix gué’%ri
SE AR F1 7

B FRIBARE 1/0 EE

=
o 7] %—3*:[ d¥ powerup.as fHi- F‘I;ﬁﬁ?@ S
= C %EQ“ TN E’I%EI'J?T]E[*J [

[ r &

o ﬁ%—% ] PICmicro [
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[/0 Ini1tialization on Powerup

- PIC16CXXX
C: Assembly:

... #include “sfr.h”
void mystartup( void ) extrn _mystartup
{ global powerup, start
PORTC = 0x00; psect
TRISC = 0x00; powerup, class=CODE, delta=2

#asm

clrf _STATUS powerup

clrf _PORTB #if defined (_12C508) || defined(_12C509)

bst _STATTS, 5 movwf 5

clrf _TRISB ¥endif

#if defined(_PIC14)

movlw high start movlw high _mystartup

movwf _PCLATH movwf  PCLATH

goto ( start & goto ( _mystartup & O0x7FF )
0x7FF ) ¥endif

; asm ( “ljmp start “ ); #if defined(_PIC16) .
tendasm tendif

}

© 2003 Microchip Taiwan. All Rights Reserved. HI-TECH PICC-16 C Compiler Workshop end powerup 80
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P 972 — PICI6Fxxx

M [[53 El [J'—f‘
W qJEI“I%F' lﬁyifu [InterruptE “'f

- IFHI*‘HT}[EIV
o EER R TR

o Cﬁ@,“p [ T P L P e

volid interrupt isr_rec ( void )
{
If (RCIF)

byte = RCREG,; et s :
4 F 1R €78
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B P Srde

Static void interrupt isr (void)

{
if (TOIF) {

if INTF) {

© 2003 Microchip Taiwan. All Rights Reserved.

TMRO =250 ;
TOIF=0;
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/[ TomerO interrupt
// Reload the Timer value
// Clear TimerQ INT flag

/[ Turn the relay on
/[ Clear the interrupt




¢ OET S B B

o FIVETEHEET F IR VR
¢ BEIRIPY W, STATUS, FSR, PCLATH
o Hl'i‘*ﬁ*r? F B e (] IJP?)T

o BTSRRI [P RAM Sk FIERL R
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By Ry =
2 Timer?2 ¢ %t

e Timer2 =i

L 4

¢
4
4

8-bit = S A - T~ AR
PWM pyZL 2 ;ﬁﬁ;@lgﬂ‘ (Duty & Period)
TMR2 RLF' i~ F Efﬂﬁmﬁpm
TMRZ_JLWTH~  E[E PR%W“Fm@ﬁP
Ik 0 EIPTHRS
TMRZ%FRZ?ﬁmH@ﬁM p
postscaler % E‘Tﬁ?j r?g

SSP (SPI™) [H] *ﬁ ﬁiarjﬁ} e %E’
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Tlme 2

8-bit Data Bus

Set T2IF Reset

flag bit | M Prescaler
1.1, 1 4 1:16
2

Postscale Comparator
1:1 to 1:16

8-bit Data Bus
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TABLE 7-1:

Timer2 %z %

REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

»

=Fu

Address

Name

Bit 7

Bit 6

Bit 5

Bit 4

Bit 3

Bit 2

Bit 1

Bit 0

Value on:
POR,
BOR

Value on
all other
RESETS

OBh, 8Bh,
10Bh, 18Bh

INTCON

GIE

PEIE

TMROIE

INTE

RBIE

TMROIF

INTF

REIF

0000 000x

0000 000u

0Ch

PIR1

pspIF()

ADIF

RCIF

TXIF

SSPIF

CCP1IF

TMRZIF

TMR1IF

0000 0000

0000 0000

8Ch

PIE1

pspIe()

ADIE

RCIE

TXIE

SSPIE

CCP1IE

TMR2IE

TMR1IE

0000 0000

0000 0000

11h

TMR2

Timer2 M

odule's Register

0000 0000

0000 0000

12h

T2CON

TOUTPS3

TOUTPS2

TOUTPS1

TOUTPSO

TMR20N

T2CKPS1

T2CKPS0

-000 0000

-000 0000

92h

PR2

Timer2 Period Register

1111 1111

1111 1111

Legend:

Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.

A

O H =0

—

© 2003 Microchip Taiwan. All Rights Reserved.

- GIE , PEIE , TMR2IE
o [|1%HEH  TMR2IF
o (It : 0.25us *16 *16 * (155+1) = 9.984mS

HI-TECH PICC-16 C Compiler Workshop
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% = unknown, u = unchanged, - = unimplemented, read as '0’". Shaded cells are not used by the Timer2 module.




Y =

e lab6.c A=V  Timer2 | 15
Eﬁlfjfﬁ: y HEAH T H <%= 10mS Hl
#r— % > 5 100mS o Hu AT
HNERI [
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BT PR O
I )P T T
1 RAM ffli 2! i 2

BRI R
I QT SR~ 2 S

S

N
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o ?E'F’** ﬁﬁa%%d/i I | PR =N g R
o limp — [ I HEAI 1 (Page)fivs T 7 (Goto)
o fcall — FIED"JBA Erfjﬁfj%@;&‘ [ PL[?F, '&J (Call)

VA ,E[ EIJ “,W” ng “,f 7 ([—}.J'}\[‘__‘:E[(_jlj%"@ ?1(\
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%%ﬁﬁﬁ€%

o Hh 7 AL B"E}ﬁp I EF—%‘*} H[FIEKJ%@H}

(statements RNl saudll
Examples:

asm(“moviw 0x20”); // C statement style
asm(“movwf 0x30”);

e f¥If™] #asm , #endasm [V

#asm
moviw 0x10 /[ Assembler directive style
movwf 0x20

#endasm
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o U IJ,{”F‘[;ﬁF[E J%?‘Iﬁﬁkﬁéﬁﬁﬁ[ﬁf‘e
SIE N IRA

o BT FVRURT BTN T @ B [ ﬁi&’zﬁ'

o Rl FEAVAS 5T M M IPOPRAR £
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IR TR IR TR
G Hf (Objects) ATy fHELELA £ ;ﬁf |
= Eﬁ —A S AIEFIF:[?JI*_M \ E[%I,H'JE IIE[’LJ Rl

_lj

R B P IS B S e SR P

E*J‘JD * “2 function name

Frele Tl = [l isvgbl- (auto variables) El[Jrlg%f+?a
(FEDIE £ F 1A “?a_function_name”
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® EAREE ﬁ Ry

Int response; // a global C object

global _response ; directive used to give reference to external object
movwf (_response & 07Fh) ; accessing C object in assembly code

B C A28 T i@ * LT e it

global _answer ; directive to give object global scope
_answer ds?2 ; defining 2 byte variable

extern unsigned int answer; /I reference linkage
answer = 10; /[ accessing assembly object from C

© 2003 Microchip Taiwan. All Rights Reserved. HI-TECH PICC-16 C Compiler Workshop 95




AR BT R
4\ E ] EBE' PSECT HN s

Fo AR Bl =R ﬁﬁﬁjgg F[t‘:r, GLOBAL > I']
gm LR 5 ]
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> T&;f‘ C %E?CIJE‘[ y FLLA’,U\/;F]A—FFIF[Pr\ A FIJH@E?

- mm“ C g » o () S
P
¢ Multiple Byte =¥ EfE
> (RGP A (LSB)erR] o 8 [ i -

> FF‘;'J 7R (MSB)pY a2V ) 0 B i PR op &l pu ) =4 i
?V?ﬁ%f@ﬁl@é?k byte

© 2003 Microchip Taiwan. All Rights Reserved. HI-TECH PICC-16 C Compiler Workshop




Assembly:

processor 16C74A #¥include <picl674.h>
#¥include “pl6cT74a.hti”

extern void Foo( void );
psect text, global, class=CODE, delta=2
global _Foo char
signat _Foo, 88 int Var?;

.
’

global , _Var?2 void main( void )

{

Varl = 0xAA;
mov{ , W Var2 = 0x55;
addwf Var2, W Foo();
movwf (_Var2+1)
return
end
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Hi-Tech PICC
e R R
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El’rﬁilg—
o TR ANSI C syt

> f@ﬁéJﬁ II%EEIE}'@@?’[, e.g. strepy( ), islower()
> BNEHEHT, e.9. sin(), sart()

> Hi-Tech ﬁ’ﬁaf}@\ﬂﬁ[ e.g. persist_check(),
get cal data()
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=X ﬁi@l

o i 60 rwm% C it
o TR
strcpy

strcmp

strlen

strcat

memset

memcpy

memcmp

and more . . .

i
2
>
>
>
>
>
>
>
>
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SN

COS

tan

log

POW

exp

floor

sgrt

and more . . .

>
>
>
>
>
>
>
>
>
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o¥) ﬁi@l
B A2 H ity A

Isalnum
Isalpha
ISascCl|
Isupper
Islower
ISSpace
Isdigit

and more . ..

>
>
>
>
>
>
>
>
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o B
> atof
atoil

atol
ldiv

rand
and more . . .
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7 enE AR
PIC168xA. h

o #define sleep() asm(“sleep”)
o #define nop() asm(*nop”)
o #define clrwdt() asm(“clrwdt”™)

- TS B S LU T

> Sleep( )
® bYE IR SRR BRI
& F C%Ejh_k F[E./[ﬁ]alj—x
> el();
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C #23% T % Z_ Config.

e Configuration Fuses Set in C Code
o it e?

>

MR RS

i EF L E R hex R

Hi-Tech $E{# * CONFIG” jiu= &

[ I'] #define EKJE[’?[ F oAy h YRR
Hi-Tech PICC Ll}[ﬁj Config. Fuse s
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_CP_ALL =e]V H*1FFF*

_CP_OFF =0]V) H*3FFF*

_DEBUG_OFF =e]V H*3FFF*

_DEBUG_ON =0]V) H®"37FF*"

_WRT_OFF EQU H"3FFF* ; NO prog memmory write protection
_WRT_256 EQU H*3DFF* ; FiIrst 256 prog memmory write
_WRT_1FOURTH EQU H*"3BFF* ; FiIrst quarter prog memmory write
_WRT_HALF EQU H=®39FF* ; First half memmory write protected
_CPD_OFF =e]V H*3FFF*

_CPD_ON EQU H"3EFF*

_LVP_ON =e]V H*3FFF*

_LVP_OFF EQU H®"3F7F*"

__BODEN_ON =e]V H*3FFF*

_BODEN_OFF EQU H"3FBF*

_PWRTE_OFF =e]V H*3FFF*

_PWRTE_ON EQU H®"3FF7*"

_WDT_ON =e]V H*3FFF*

_WDT_OFF =e]V H*3FFB*"

_RC_0OSC =0]V) H"3FFF*

_HS _0SC =e]V H*3FFE*"

_XT_0OSC =0]V) H*"3FFD*"

_LP_0OSC =e]V H*3FFC*™
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#define

#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define
#define

© 2003 Microchip Taiwan. All Rights Reserved.

RC

HS

XT

LP
WDTEN
WDTDIS
PWRTEN
PWRTDIS
BOREN
BORDIS
LVPEN
LVPDIS
WRTEN
WP1

WP2

WP3
PROTECT
UNPROTECT

HI-TECH PICC-16 C Compiler Workshop

0x2007

0x3FFF
0x3FFE
0x3FFD
0x3FFC
0x3FFF
0x3FFB
0x3FF7
0x3FFF
0x3FFF
0x3FBF
0x3FFF
0x3FTF
0x3FFF
0x3DFF
0x3BFF
0x39FF
0x1FFF
0x3FFF

Config &3k Z_ (picl68xa.h)

CONFIG_ADDR

resistor/capacitor

high speed crystal/resonator
crystal/resonator

low power crystal/resonator
enable watchdog timer
disable watchdog timer
enable power up timer
disable power up timer
enable brown out reset
disable brown out reset

LVP enabled

LVP disabled

flash write enabled

protect 0000 - O0OFF

protect 0000 - O7FF

protect 0000 - 1FFF

protect program code

do not protect the code
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2% Z_ Config. Word

e CONFIG i1 & ¢ (pic.h)

#define _ CONFIG(x) asm("\tpsect config,class=CONFIG,delta=2");\
asm("\tdw " mkstr(x))

o MPAESRINEIR TS

g (7] : PICL6F877A
#include <pic.h>
__ _CONFIG (HS & WDTDIS & PWRTEN & BORDIS & LVPDIS & UNPROTECT );

void main(void)

{
}

/[ ...your code
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2% Z_ ID Locations

e |ID Locations Er’ug;%gffl (pic.h)
> fi®] __IDLOC Z 1 &
> fiay L 16 55 4 [HS e (0~ F)

i [y © PIC16F877A

tinclude <pic.h> User 1D Memory

User|D:

__IDLOC ( 12AB ); 01020408

void main(void)

{

| Use Unprotected Checksum

// ... your code

HI-TECH PICC-16 C Compiler Workshop




& Z_ EEPROM

e EEPROM [N & Hi) (pic.h)
- TEBE' _ EEPROM_DATA =1 &
S :H\:Er:;fz 2T ﬁj? * I [H Bytes

PIC16F877A eufy] :

__EEPROM_DATA (0x00,0x01,0x02,0x03,0x04,0x05,0x06,0x07);
___EEPROM_DATA (0x08,0x09,0x0a,0x0b,0x0c,0x0d,0x0e,0x0f);
__EEPROM_DATA (‘H1','-',"T",'e",'c','n',0x00,);

'm EEPROM
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