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57 »
i B
B o

AR
roject mEi ™ RIdl

2 4E PICC

Al AN

1 BB

R
—
-
B
—+IH

Installing HI-TECH C PRO for the 1 6 MCU Family

o/

ocG

HI-TECH C°PRO for the

PIC10/12/16 MCU Family

Use of this software requires a license and activation. Please enter the serial numkber
supplied with wour license. An activation key will be automatically obtained wia the
Internet. If your computer is not connected to the Internet or cannot transparently access
the web, check "Off-line" to request an off-line activation.

Ifwou do not have a seral number yetwish to experience maximum performance you
should operate this compiler in 'PRO mode 45 day evaluation' or you may permanently
enable the compiler in PRO mode by buying a license. Please click 'Ordering
information' below for purchasing details.

" Activate in PRO mode 45 day evaluation
+ Activate PRO mode with serial number: HEPICP-I:I

[~ Offdine - activation will be completed by email

" Operate in Lite mode [reduced performance)

On-line belp

Ordering Information < Back | | Cancel
I Warning level IG
-
Operation mode lﬁ Address qualifier ’m
Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 6
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—L%ﬁﬁ‘}ﬁ‘lﬁiimﬁ'ﬂ

" el A R
" C:\Program Files\HI-TECH Software\PICC\9.82

; & .\bin : AR ESHYERT R (exe)
QGP'QC;Z ¢ .\dat: REEELM (picc.ini) W
) bin ¢ .\docs: iﬂﬁ%ﬁﬁlﬁ‘ﬁlﬁl HIRPHY &
| dat € .\include: ;ﬂ%”%ﬁﬁﬁﬂfﬁ v Head Files a
g :::de ¢ b : FEe
" b ¢ _.\resources : IHFSEIE
| resources & .\samples : FE{FFEN
g z:’::: & .\sources: E’r@?@’ﬁlﬁ}*@?“

© 2011 Microchip Technology Taiwan. All Rights Reserved. Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 7



= turf[r=1,—= — CI
f— & =1l = =
MPLAB IDE Ex CaF| Fi— -+
Hi-Tech PICC
1. [fu™] “Project - Select Language Toolsuite” ?F%\jﬂ,% -
='£% HI-TECH Universal ToolSuite
" %%ﬁé‘?ﬁﬁ%ﬁ’lfjﬁ% o Y [
C:\Program Files\HI-TECH Software\PICC\9.82\bin\picc.exe
Select Langnage Toolsuite g|
Active Toolsuite: HI-TECH Universal ToolSuite w
Toolsuite Contents
Location
CAFrogram Filesh\HI-TECH Software\PICCY .82 bin\picc.exe | Browse.
Help 0] 4 | | Cancel



PICC h/= ffipvEPH (- )
= Hi-Tech PICC fLf1 %= BIpY "]
A E 1Y
= Fi =Lt "
N PR 1
" CPP.exe - The pre-processor
" < R U R B ) PR
" Pl.exe - The parser

® SEEUETE  VREIREYE B R
t[F PFHZVEVAES ;Fﬂi
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PICC 7 RtV (2 )

m CGPIC.exe - The code generator
I}I/I_F"U‘[« AR ;‘E‘l}g“;ﬁk}t'jj[ﬁ FI‘J,}“\” "I?‘"“ JFJ"' » Kl I'J
l‘I—-J’|:||:|'[_';{E:J_f FIJ@:“Q"]EZEF I: H:':f FL
. ASPIC exe - The assembler

S £ e ? E, §ELEUSY B ELFTRE A iHVE TEY (Relocatable
object fil

" HLINK.exe - The linker
- %L'FE@‘EJ(T?: RAM pOgEERE -
B ekl o T & VR pURE N EE AV PVRR E T
e q Fil = £
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PICC #/= vz (=)

" OBJTOHEX.exe - The output file converter
" [T AY Hex Rl
" CROMWELL.exe - The re-formatter
" % & RO PR SRER B
mE[ Al
" OBJTOHEX.exe : Conversion utility to create HEX files
" LIBR.exe : Librarian

B CLIST.exe : Text file formatter

" DUMP.exe : Object file viewer

" CREF.exe : Cross reference utility
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A A ()

SEBAE

A 4

-pre (pre-qlrocess)

ol ~ A % \\\\‘ clist
g I | | pre
| files
T ». CPP  -p (pre-process assembler files)

@ é
= g

pl g (genterate debug info) .| .sdb
files

. . s (compile to assembler files) || .as
" ' | | files

Chip Infofile
(..\9.82\dat\picc.ini)

1
1
I
1
1
:
1
v v
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}

SET=RUSR FE] (—
N III} I:l—sf-é Yﬁ‘h%_ :‘J —_ )
C E NE lez'}ﬁ as ﬂ NEE= .0bj IIV -asmlist
(generate asm listing)
PN S8 / B E
b~ By 21

@ asplc -c (compile to o)) . @
Run- tlmeflle\’ hllnk ﬁﬁ
-m (map file) /

Obj tohex Output hex format ﬁ‘@»

MPLAB IDE debug info

m

m

cromwsell

library file

MPLAB IDE
Debug Tool
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Hi-Tech PICC fﬁ“ %

ik | FH N

.C C source file C’_F'[;‘[«'*'I-_‘E_:I?C
.h Header file | C Fy }l’\nl:/\l?}FIIE[J-E‘" 2 b3

.as pssembler I Hi.Tech PICC fi Jﬂ\r'ﬁ‘[f—[;@f

file
Hi-TECH PICCHRIF A BT
& 4 pYP EiFrEnt object R

.0bj Object file

dib Library file  |HI-Tech &%) ’?"Fﬁ?c ey
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H i

ik | RHF hER FRP
o C source code with line
st C listing file
numbers
. symbol and psect relocation
map map file _ _
Information
Assembler |C source with corresponding
Ist st . .
ISting assembler instruction
dp | Symbolic object names and types for
S debugfile  |module
Sym | symbol fite absolute address of program
symbols
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Hi-Tech PICC rev 2.0 for PICC v9.82 Slide

15



Ju | |- FI‘JF*"['F?'\" £l kbl r}*—c
APICC\9.82\dat\picc.in

E~ 9 PIC 5 : wa EYNE IELJPE'FL B’ﬂlk%”“ﬂt » hlink.exe
Tt fh ai?E R ]

- ’E.E* '] PIC F887 E5 {3 0 E[’%“EJEIGJF%“@:*EJF’[&J%EEJ%%% picc.ini
Bl EJ FIJ%FIFJ
[16F887]
MAKE=MICROCHIP
ARCH=PIC14 // Mid-Range Core
PROCID=887F

FLASH_READ=1
FLASH_WRITE=8
FLASH_ERASE=10
FLASHTYPE=READWRITE_A
IDLOC=2000-2003
CONFIG=2007-2008
EEPROMSIZE=100
ROMSIZE=2000

BANKS=4
RAMBANK=20-7F,A0-EF,110-16F,190-1EF
COMMON=70-7F
DATABANK=2
ICD2RAM=70-70,1E5-1F0
ICD2ROM=1F00-1FFF
ICD3RAM=70-70,1E5-1F0
ICD3ROM=1F00-1FFF
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Mid-Range

Baseline
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A SR

PR

FLSAH
R R 4 A R
CPU ?E?VE%E& ENE ﬁ

_::H CPU PJ ﬂﬁ%l& #h"—:
e

Mid-Range PIC *fJiFuqa' (—

PR R

PIC16F [* 1%

=

W Register
STATUS

OPTION

aw /[
CPU

SRAM

7 EU?‘?;
il
IE[ J‘;; ‘ﬂ‘v [EIFI

CPU L1

HHLHRE VY
T~ ELEET -
N
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A SR

F=UA

FLASH

PIC16 [‘jﬁ,
W Register

STATUS

# OPTION
A/
CPU

rli%( T ey
FJ° = IEIFIJ

Data Bus
COMPARATORS

VOLTAGE REF

Mid-Range PIC “fJiFU.qa' (=

DATA MEMORY

/O PORTS

10 BIT ADC

TIMERS

EEPROM

Cap/ Com/ PWM

SPI/1?2C

USART

Slide 20
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Flash Program Memory

R ]

EHSS WIDE * = B (=170 oy
= Eﬁ‘fﬁ'lﬁiﬁiﬁ FFPJr
IC16F §; .ﬁh@ 1%, 14-bits
"1 II*T"'. IF" I*Ft'l“;é*m‘*lL

2 PIC16F Jl7 PR A=
e (7% ﬁh’? CALL & GOTO
4 HER L] 2K (11-bit
Address) FVEaR! - il 2K
Fage 2 FLE i f"EJPage I
" PIC16F887 & 8KW pYAHZY -
Bl 4 W Page

Page 1




Flash Program Memory
FLIF BN Page

R ]

0000h
" % 14-bit U S 'FI'I@_'\ » FIE] 11-bits
FVE | ISk e T I' LGS U TR
07FFh Page 0 " GOTO K F,ejgjgﬁ
0800h " 0<K<=2047

" K-> PC<10:0>

OFFFEh Page 1 u PCLATH<43> 9 PC<1211>

1000h GOTO & CALL #4jsifis b3

13 12 11 10 9 8 7 6 5 4 3 2 1 O
17FFh Page 2 Opcode
1800h N ~ /

211 = 2048 addr esses

1FFFh Page 3

© 2011 Microchip Technology Taiwan. All Rights Reserved. Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 22



SRAM Data Memory

" A% 512 Bytes 0 & “hiiouawae
128 Bytes ¥&E[[57 £~ [i
Bank
" Bank Bf 13VIRET T F
"5 %”EJ 4 banks (max) /

" 2 FERIRIPVET S A R
® Special Function Registers
(SFR)
" CPU f£] & JE T 5 ~
" General Purpose Registers
(GPR)
" H e iR R B

Bank O
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Data Memory Banks

000h R e 080h o 100h = ’7"7’[2:"11 e 180h E= ’fiF:‘J“t
T i pid. fod.
[ I'EJ: (FQI:RQ) (FSFRS)
(FSFRS) (FSFRS)
13 i
I wlig
J Bytes
- AR - AR - A ~ A5
B . B2, B £ [ )
i s 2o e
) ) (RAM) [RAM)
=== | Accesses === | Accesses <4==mm | Accesses
07Fh OFrh | 70h — 7Fh 17Fh | 70h — 7Fh 1FFh | 70h — 7Fh
Bank O Bank 1 Bank 2 Bank 3
© 2011 Microchip Technology Taiwan. All Rights Reserved. Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 24




Data Memory Banks
F‘“Fﬁ Sl i Bank Tl

% 14 bit gu;%j .JFF'“@EE' ’ IEIF'JF
E

DATA MEMORY

000h

B EHHE NS S TRIE 7 bits

F € RAM FUTH ’-H]_l— 57

g*[sﬂ’[] 128 Bytes (0x00 ~ Ox7F)

o ﬁkf“ﬁﬂ*?;%g (STATUS) * E Ry 47 (RPO,
RP1 ZEE - W Bank Jsi# =

Byte Oriented Instruction (i.e. ADDWF)
13 12 11 10 9 8 7 6 5 4 3 2 1 0

SFR

GPR Opcode

I\ Yy,
‘h----.-----~ ‘\(’
27 = 128 addresses

07Fh

Bank O

© 2011 Microchip Technology Taiwan. All Rights Reserved. Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 25



000

001
002
003
004
005
006
007
008
009
00A
00B
00C
00D

Data Memory SFRs

Bank O
INDF 080
TMRO 081
PCL 082
STATUS 083
FSR 084
PORTA 085
PORTB 086
PORTC 087
PORTD 088
PORTE 089
PCLATH 08A
INTCON 08B
PIR1 08C
PIR2 08D

e

HPS

INDF

OPTION_REG

PCL

STATUS

FSR

TRISA

TRISB

TRISC

TRISD

TRISE

PCLATH

INTCON

PIE1

PIE2

e a0 aaa%ae

100
101
102
103
104
105
106
107
108
109
10A
10B
10C
10D

e

Bank 2

INDF

TMRO

PCL

STATUS

FSR

PORTB

PCLATH

INTCON

EEDATA

EEADR

PN

F_H\EIE‘JB*[%&:%F@W (¥ pv Data Sheet

180
181
182
183
184
185
186
187
188
189
18A
18B
18C
18D

Bank 3

INDF

OPTION_REG

PCL

STATUS

FSR

TRISB

PCLATH

INTCON

EECON1

EECON2

PN

© 2011 Microchip Technology Taiwan. All Rights Reserved.
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AR A

Status Reglster
bit 7 bit O

IRP‘RPl RPolﬁ PD | z |DC‘ C

H_J\ _J
Y

Reset Status Bits ALU Status Bits

—_— SEEYRESFE . b S YEN R

PD (* Eﬂﬁf:ﬁl ’Fiﬁj;egllo IR &I%E‘ 0) C (Byte Overflow?)

TO (EIFIBAER e Elij}[wm 3::&31‘4*%“ 0) DC (Nibble (4 bit) Overflow?)
(ALU Fus#pl &3 0)

Slide 27
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1t /7 —

Bank pviE i 7
bit 7 STATUS B 8§ bit 0
IRP rr1 [rPo| TO | PD | Z |DC ‘ C

Bank 3 \Bank‘“ i b 7

GG VR (R )
IRP RP1 | RPO
0 BANKS 0 & 1 0) 0 BANKO
1 BANKS 2 & 3 0) 1 BANK1
1 0 BANK?2
1 1 BANKS3
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llH3

&N PIC16 EHF\[EFIFIiEF[ =

,,,,,, . 35
-w-gw%@*%ﬁwm o HHRLI- 4

Byte Oriented Operations Bit Oriented Operations

addwf f,d | Add Wand f bcf f,b | Bit Clear f

andwf f,d | AND W with f bsf f,bo | Bit Set f

clrf f Clear f btfsc f,bo | Bit Test f, Skip if Clear
clrw - Clear W btfss f,b | Bit Test f, Skip if Set

comf f,d | Complement f Literal and Control Operations
decf f,d | Decrement f addlw k Add literal and W

decfsz f,d | Decrement f, Skip if O andlw k | AND literal with W

incf f,d | Increment f call k Call subroutine

incfsz f,d | Increment f, Skip if O clrwdt - Clear Watchdog Timer
lorwf f,d | Inclusive OR W with f goto k Go to address

movf f,d | Move f lorlw Kk Inclusive OR literal with W
movwf f Move W to f moviw k Move literal to W

nop - No Operation retfie - Return from interrupt

rlf f,d | Rotate Left f through Carry retlw k Return with literal in W

ref f,d | Rotate Right f through Carry return - Return from Subroutine
subwf f,d | Subtract W from f sleep - Go into standby mode
swapf f,d | Swap nibbles in f sublw Kk Subtract W from literal
xorwf f,d | Exclusive OR W with f xorlw k Exclusive OR literal with W
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pic.h

" AV Tt #include <pic.h>
" R I R RS
u “-\L_?;.’ﬁj’i’iliafﬁ—ﬁ HVZ &

" #define SLEEP() asm(“sleep”)
" #define NOP() asm(“nop”)
" #define CLRWDT() asm(“clrwdt”)
" RIS T B ERSE PIRE T SR AR
= SLEEP();

= %% Configuration Word pyz| &
. ﬂ‘—% ID Locations py= | &
" & EEPROM pVIi &

© 2011 Microchip Technology Taiwan. All Rights Reserved. Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 31



pic.h

) @ 4 r%“ﬁ‘— Config. Word

" CONFIG V=i & §¥ (pic.h)

#idefine __ CONFIG(x) asm("\tpsect config,class=CONFIG,delta=2");\
asm("\tdw "__mkstr(x))

" 3= pic.h FIER config py=i & > cl?ﬁﬁﬂi{‘
pic16f877.h HIEAHY (WNEh 7 i+ Config. 7 il)

#iafy] : PICL6F877A (F{%|— {fi Config. Word @0x2007)
#include <pic.h>

__CONFIG (HS & WDTDIS & PWRTEN & BORDIS & LVPDIS & UNPROTECT );

void main(void)

{
}

/[ ...your code

© 2011 Microchip Technology Taiwan. All Rights Reserved. Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 32



pic.h

7L |ID Locations

e ID Locations fy= %E[ (pic.h)
> R IDLOC?

—

> far mlGl_ﬁquu ¥ 7 (0~F)

#3f5] : PIC16F887

X]

User ID Memory

#include <pic.h> User ID:
__IDLOC (12AB); ||ZI1IIIEIIIAIIIEI
:[’Oid main(void) [ Uss Unprotected Checksum
/I ...your code Ok Ciatucel Help
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pic.h

=& EEPROM

e EEPROM V= & FL' (pic.h)
> ffi®] _ _EEPROM_D TA T8
» HEIIEE %ﬁﬁ‘ " i Bytes
PIC16F887 &y :
__EEPROM_DATA (0x00,0x01,0x02,0x03,0x04,0x05,0x06,0x07);

__EEPROM _DATA  (0x08,0x09,0x0a,0x0b,0x0c,0x0d,0x0e,0x0f);
___EEPROM_DATA  ('H'.i','-','T','e",'c','h’,0x00,);

= FEPROM LER

Address | 00| 01| 02 03| 04| 05 06| 07 05| 07| 04| UB| 0C| 0D UE| UF ASCIT

0000 mﬂi 02 03 04 05 06 07 08 09 04 0B 0C OD OF OF

0010 9 2D 63 68 00 FF FF FF FF FF FF FF FFHi-Tech. ........
0020 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF .. .ivvin e
0030 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF .. .ivin e
0040 FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF FF .. .ivvin e v

© 2011 Microchip Technology Taiwan. All Rights Reserved. Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 34



pic.h FA'hE * chip_select.h

" pic.h & chip_select.h plxjﬁi';i',ipﬂﬁkﬂ?
" C:\Program Files\HI-TECH Software\PICC\9.82\include\

/I Select device-specific header file
#ifndef CHIP_SELECT H_
#define _CHIP_SELECT H_

#ifdef _16C558
#ifdef _LEGACY_HEADERS

#include <legacy/pic1655x.h> 1

#else Chlp_SeleCt h
z;nncolllijfde <pic16c558.h> 7.4 47? AR e i
#endif i 54 3;@ ¥ PR — ,,;
#ifdef _16C99C 2

#include <legacy/pic1699.h> i / mié# %

#endif

#ifdef _16F887 € MR |FHRIBERLE | MPEAB IDE v Arid i 7 py
#ifdef LEGACY_HEADERS
#include <legacy/pic16f887.h>
#else

#include <pic16f887.h>
#endif

#endif
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ﬁ%r%ﬁé" \;‘-’ﬂ:ﬁjﬁu% REEH FI\JFN:EL["F‘[
" C FI‘J‘}EIEFTEIE'J’?I’?EJEKJ SFR
" C 1] @ puReiEfEhgoREsA SFR puit g
'@Bﬁﬁﬁfﬂﬂ’ﬁ%TﬁTﬁW@W

m LE”E'FIJ 37 FIJ_Lsﬁ&.I& ? ':I: C%E_"Ll:lletl:' I EI
%3V SFR F,T;%E'

" < PIC FRTICRTS BV e o
3 rj;;iﬁrf}aﬁg"' R Py Eeader files #!

|E|F'J|E'ﬁ3?‘{—] ‘#include <pic.h> g A=
" pic.h =» chip_select.h =» pic16f887.h
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pic16f887.h #IFYES (SFRs)

# Il Register: FSR
volatile unsigned char FSR @ 0x004; € & FSR i F,l—} B8 % E Re sk -
/I bit and bitfield definitions

I/l Register: PORTA

volatile unsigned char PORTA @ 0x005; € & PORTA Xl jei¥fit gk
// bit and bitfield definitions
volatile bit RAO @ ((unsigned)&PORTA*8)+0: A
volatile bit RA1 @ ((unsigned)&PORTA*8)+1,
volatile bit RA2 @ ((unsigned)&PORTA*8)+2;
volatile bit RA3 @ ((unsigned)&PORTA*8)+3; & I I o
volatile bit RA4 @ ((unsigned)&PORTA*8)+4; T PORTA I 5 [l 7 [RS8 4
volatile bit RA5 @ ((unsigned)&PORTA*8)+5;
volatile bit RA6 @ ((unsigned)&PORTA*8)+6;
volatile bit RA7 @ ((unsigned)&PORTA*8)+7, J
#ifndef LIB_BUILD
volatile union { )
struct {
unsigned RAO - 1;
unsigned RA1 - 1;
unsigned RA2 - 1;
unsigned RA3 - 1; £ A N 7k
unsigned RA4 -1 > > PORTA F” T A (HF[HT‘ C18 4 FL')
unsigned RA5 -1,
unsigned RAG - 1,
unsigned RA7 - 1;
|3
} PORTAbits @ 0x005: J
#endif
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pic16f887.h #l&} Config. &

& I/l Configuration mask definitions

® /I Config Register: CONFIG1
" #define CONFIG1 0x2007

/I Oscillator Selection bits

/Il RC oscillator: CLKOUT function on RA6/0OSC2/CLKOUT pin, RC on RA7/0OSC1/CLKIN
#define FOSC_EXTRC _CLKOUT OxFFFF

/ RCIO oscillator: 1/0 function on RA6/0SC2/CLKOUT pin, RC on RA7/OSC1/CLKIN
#define FOSC_EXTRC_NOCLKOUT OxFFFE

I INTOSC oscillator: CLKOUT function on RA6/OSC2/CLKOUT pin, I/O function on
RA7/0SC1/CLKIN

#define FOSC_INTRC_CLKOUT OxFFFD

I INTOSCIO oscillator: 1/0 function on RA6/OSC2/CLKOUT pin, I/O function on RA7/OSC1/CLKIN
#define FOSC_INTRC_NOCLKOUT OxFFFC

/ EC: 1/O function on RA6/0SC2/CLKOUT pin, CLKIN on RA7/0OSC1/CLKIN

#define FOSC_EC OxFFFB

/[ HS oscillator: High-speed crystal/resonator on RA6/0SC2/CLKOUT and RA7/OSC1/CLKIN
#define FOSC_HS OxFFFA

/Il XT oscillator: Crystal/resonator on RA6/0SC2/CLKOUT and RA7/OSC1/CLKIN

#define FOSC_XT OxFFF9

/I LP oscillator: Low-power crystal on RA6/0SC2/CLKOUT and RA7/OSC1/CLKIN

#define FOSC_LP OxFFF8

/l Watchdog Timer Enable bit

// WDT enabled

#define WDTE_ON OxFFFF

/l WDT disabled and can be enabled by SWDTEN bit of the WDTCON register

#define WDTE_OFF OxFFF7
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APPLY 5

" PIC16F887 | ls' Config. @T’&%EEI???\L_
" CONFIG1 (0x2007) * CONFFGZ (0x2008)

® Configuration Elfir%%—_'ilﬁ ' CONFIG (x)

*ﬁ\ PIC16F887 py Configuration I?“‘“—c

" SO

1Y

J| FrFFxRxriix SLott PIC16F887 Configuration Bits *xx***
1% L BB T2 Y picl6f8s7.h VLY
Il

__CONFIG ( FOSC_XT & WDTE_OFF & PWRTE_OFF & MCLRE_ON & CP_OFF & CPD_OFF
BOREN_ON & IESO_OFF & FCMEN_OFF & LVP_OFF )

__CONFIG (BOR4V_BOR21V & WRT_OFF);
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" PR SRR
IR - 4%
ey PIC MCU
B PRI
FHEE

T
5 H R

'W%E%%%?%W
TR - [RF (R0
SRR RV R

www.labcenter.com

Labcenter Proteus VSM
(Virtual System Modelling )

Schematic
simulation of
Microchip
PICDEM 2 board
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Lab Exercise 1

- [ C P A
& Config. EEPROM & ID
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LAB1 — Template File.c

" RN RIP] Proteus SRR - PR 1Y
RS - BRI AR VR R
" \Hi-Tech PICC v2.0 LAB\lab1\
LAB1 - Config Setting.mcp

" Proteus =} PIC16 py7 (38

" Proteus v Demo §{#™ &)

= FK}F[JJ”E[BJ ICD3 + APPO0OO1 + PIC16F887
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Fl

Proteus

el

l

& B E|?|+QQQAEBY || N
LCEA
LmnisL
¥DD
A
g%ﬁ nE O o=
oY PE, SZME2EZER
=R =fale] =zl
u| ¥R yRic ¥DD | mmr
.|:§ iy
L]
® af2 w afl s R4 o
| am K — —
10K i ] =
e - 0z
: RS
L []
LED-RED
e RE 03
a _w = g — . []
—
iy iy o = LED-RED
&
D4
| u O R7
RE R9 LH L u
K (5 1% REIAELRARR REOTIOSOUTICH (it LED-RED
= u| 28| paneNULLC NG | RESRIACER [ D5
15 RALENLE 21 RCIECKECL (2 u R10
= RAZBNIVREF-CUREFCIW ROASDISDA (ot  — =
-2 RASRMAWREF-HC 1 oS00 % m
—E_JL RAKTIC KIC 10UT RCEMACK =2t LED-RED
— ResmMEsCaOUT RCT/RXDT DE
1 RASOSCZCLONT - u F11
Siy2 138 Rura0sc1E LN ROO ﬁ =
=5 RO k]
=5 C~ ﬁ:: REDEN12INT RO2 ﬂ LED-RED
271 e me 12ms- FD3
= REZENE T
i3 L2 REIPNAPGING 12N RDSM18 b@
- le I REMENTT RDGMIC 522
o o %E RESBNIATIG ROTAID
5] rrscsAcLe =
RETACSROAT RELANS -
RELBNE [
REZENT 1L
=3 [
L
u
L 0 L
- R
5 [
ANIMATING: 00:00:29.950040 (CPU load 47%2) @ bMessage(s)
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LAB1 [fi¥] Proteus
Creating an MPLAB® C Based Project

u F;,lﬁ;ing Proteus Fldﬁj‘ﬁ' o (&4 PRODEMO.exe)
®m 7 MPLAB IDE "\?ﬂ'] roteus VSM

m Debugger » Select Tool » Proteus VSM
= Proteus;fFJ?i,l » | Open File X FIS“’PIC16F887 PICC_VSM.DSN”

Programmer Tools Configure Window Help

Select Tool > None
Clear Memory »| v 1Proteus VSM
Run 2 MPLABICD 2
p 3 PICkit 3
Animate
Halt F5 4 MPLAB ICE 4000
S — 5 MPLAB SIM
Step Into F7

6 MPLAB ICE 2000

atep Uver

Sten Out 7 REAL ICE
- | BPICKit2

9 MPLABICD 3
S 2 10 PIC32 Starter Kit
Start Simulation F12 11 Starter Kits

© 2011 Microchip Technology Taiwan. All Rights Reserved. Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 44



R

5V & 3.3V

Y
5V

RFRRE

12C & SPI
EEPROM

9V & USB

HEEH

CCP1
BEfRs A

13

E
!

i
|
|

A
=0

l

L ™ 100ddusing, -, !
T 5 ~
My :] /o — =
N\ = -1
= _ =T = _ N
$ o = T el # = -y ET__ -

Sa29%99%%
EL L LY

®:

-"
[ -]

[

= b
r_-

3 o

»

e Sy e gt e o

WA GZS0B00Z £NIY |

USB

HHR

e
__,!.._\ _‘:‘_
r

"

F%“'% APP001 REV.3a #/E&f5

RS232 CAN ADﬁaEﬂ Reset ICD3 PICkit3 Debug& Prog.
RS-485 { e B B ZR Jumper

—E B — =

=-._,..-:g_g-;-m-ﬁ-nm»--:,

PORTD % 77 16MHz H%ﬁ ;ﬁv
LED x8 B Crystal SW3& 2
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/%] APP001 REV.3a ¥t

" APPOO1 Fl’ "] Elj%‘ ﬁlE' | 1CD 3 ﬁ& PICKkit 3
" |CD3 ! CON2 » PICKit3 HiEF CON2A
15 IR

" JP5 :ZE# USB 7y 9V Adapter & =
" IJPSA F =5 7805 IEU 5V #H & Is-[{é 7 3.3V [HEF F
o PF%JIJP-]’FF'E?J MCU pyNZ l[':F':CTAEJt
" = W DIP SW F' I [ HERL A I 2 [y~ _FErE.
R MU E'Jﬂﬁl]'i*"?l NEHRETCR
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LAB1 — Template File.c

= @;C;@%ﬂgi}ﬁjf‘g’z » B5Y Configuration
Bits ~ ID Memory % EEPROM = {lili! &7#
ST il

N - |:|

= 4 9 ER{HI¥] 8MHz Internal FRC [ ¥LH=Y
ﬁgﬁs;zlj MPLAB SIM =i Delay pVEt &l

" Delay_1mS LY[Iff & #1£% 1mS Delay ?

- Eglj Proteus ﬁ&‘t'ﬁ[’f'] APPOO01 g/ Reepy
£ LED » SW2 pugh(e
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TR E]H]

PRI ETHI FEZ R (bits) B fih A
bit 1 boolean
signed char 8 -128 to 127 *°
unsigned char 8 0 to 255
short 16 -32768 to 32767
unsigned short 16 0 to 65535
int 16 -32768 to 32767
unsigned int 16 0 to 65535
long 32 -2,147,483,648 to

+2,147,483,647

unsigned long 32 0 to 4,294,967,925
float 24 or 32° real
double 24 or 32° real

a. char g [ EEeR || £ unsigned
b. double & float |87 24-bit Frff&=t

Floating point fi=] IEEE 754 32-bit Frfj«‘g}a{a[ifﬁ;“
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N l:x J %IEI N| '_E}%S*I ﬂ:rlj [H ”

. R E ]
" =% char [|EEL unsigned HVETHI - B &R
T EIRELE | SRRAVEH]

" float  double [*|7E 24-bits FUIFRAET

" 7t Project Options ™ fiY Project #f5riiai » 3
& “Global” ﬁé?ﬁi‘—_ﬁ 32 bits 3—“?%@?

Directortes | Custom Build | Trace Diriver

Code and data model

kMemory model

Size of Double
b

Size of Float | Sl

© 2011 Microchip Technology Taiwan. All Rights Reserved. Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 50



Auto — IS B IR o — EELE rﬂ@ﬂ JP‘;_# A
NEHBREEVELE 0 2 > ErBiEpt i if o o BT R PR

Static - ANSI-C & %?rar-@glri:.ijr@@,“@@ E RV
b, O3 ,ﬂll—j [ﬂfﬂ/?@\&_[ﬂ'l&fﬁﬁﬁﬁl

Global = main() I'] ’7{F’?{g‘| ,Fu@gﬁﬁ e AR
B IR e R J’%‘E’ﬂﬂl

Extern — g = RZ BB S R FIH |3l ] H|
Extern‘H’;‘fqb S IEIF'J /AT TR I N L FI
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- BRI EIRE (const)

const - const ElfJH; A RLE s f,?ﬁ*ﬁ}?ﬁglﬁ [JFL,FIJ"\-
BB BT ”@F“ﬁ Bt o 17 R SR e AR TR
P (SRR % % B L

B const puE f,_l[jﬁﬁﬂj% v+ Program ZFfi] o

AR AW tableDef[ ] kUG HIBR T - 20 Bofl T A
F [[?51 Sl @0x100

const char tableDef[ | @ 0x100 ={ 0, 1, 2, 3, 4};
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- HEEPR[E]R: (volatile)

B volatile —volatile ElfJPéifF‘},’:J RLE e Fi r}g%"ﬁ'}@ﬁl
FOPIH T~ CRRSEREZ PO T s« T
e ok ik (3 R (B SN R R

m SFR -T—ETFT;%EFH AR FL B0 volatile
m B R PR R @Tﬁ@rﬁ [ E AR

volatile static unsigned int TACTL,
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FRErR EIRS

-~

B persistent - Ej— ﬂ#ﬁ’ﬁzﬁ@@ﬁﬁ:—y , El J_‘I“El?ﬁrf%”%gfff
ﬁgﬁiﬁﬁﬁﬁﬂﬁ(startup)ﬁ PHERR L E - — BT szl
> B =ty E"?;E‘r LF' Elfﬁ’@glf(ﬁ B o A9 poass -

gsw # . static persistent int intvar; /* & Jg 4c + static */

B near — E'J*Tﬁ%@@?ﬁéﬁ'ﬁi_j\ H=JE bank Y3 B g ik
(0x70 ~ OX7F)

V3

#?/5"1] .

near unsigned char Time_Flag;
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FRErR EIRS

-~

B BankO0, bankl, bank2 and bank3 — pi- R FRIVEHIE]
ﬁgﬂﬁ;ﬁ,’ﬁ ; E'JTM‘F’,?{L_"@‘EI(TT%J'} HlI% 507 RAM Bank 1,
RAM Bank 2 A{l RAM Bank 3 - @EIHJJ[IJ‘HF,?\L_'_ RAM
Bank Eﬁ ; ﬁl?{:fﬂﬁﬂéﬁvﬁf?} RAM Bank 0 -

B PICC ;TEﬁ%‘%E,%T bankx pud #5" | ERLZPEREY (Ignore) » F;r’?iﬁlj =
i &R Jﬁ‘i,-iﬁr’.j%”ﬁﬁw‘ JFELES “Request” o
n Projec[I Options = Project ’%Tﬁ:ﬁf,ﬁf’rftﬁ » Z i Compiler Z2f

Build Options For Project "lab4. mcp™

Directories | Custom Build | Trace Driver | Compiler |Linker | Global

Operation mode
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1

PR ¢

data space bank 1

glabal & static
objects

autnfparam
objects

SFR=s

data space bank 0 SSprom space

eeprom
objects

global & static
objects

persistent

= objects

program space

const objects
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w61 B T ARG

" Absolute — 3 mj“ﬂ‘*fﬁh‘—"**p‘ l’ fﬁl” |
address” U7 - FEEET '“1'*’

fﬁl”] \JA:' = m 1] /"Hl"i_ l E JEI d»lguﬁég | Fi

EIF' hedgnzs %*éﬁ"‘*wﬁ*h_{
FFRAT %ﬁm*h_p £4F)

f}'f}lj .
volatile unsigned char PORTB @ 0x06 // #include <pic.h>

nst I Settlng Ox20() ={1,5, 10, 50, 100 };
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B ]

" CEMTEPREETH R (SFRs) fORRissfthi
(pic16f887.h)

[* bank O registers */

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

[* bank 1 registers */
volatile unsigned char OPTION_REG @ 0x81,;
volatile unsigned char TRISA @ 0x85:;
volatile unsigned char TRISB @ 0x86:;
volatile unsigned char TRISC @ 0x87,
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B A 20

m (1 E ) b T USRI i 20
" Hi-Tech C p’ma F'J?F‘,?i
" P AR TR T B (SFR) VR T
" SFR[}|pNfF T ‘Ls=3. - 3*%' IEIF' pic16f887.h
" ffiH] bit ‘La&'*TU@El?‘
" Hi-Tech C pvEIH|F lii
" ﬁﬁ%‘“ﬁ'ﬂ“g b

" S T

" ANSI C R =4

" ¥ MPLAB C18 I’}
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@ PORTA &5 7 pic16f887.h puits

/l Register: PORTA

volatile unsigned char PORTA @ 0x005; /I PORTA El@ﬁ,‘f,uf];,@ﬂjiﬂ—
/l bit and bitfield definitions

volatile bit RAO @ ((unsigned)&PORTA*8)+0: )

volatile bit RA1 @ ((unsigned)&PORTA*8)+1;

volatile bit RA2 @ ((unsigned)&PORTA*8)+2;

volatile bit RA3 @ ((unsigned)&PORTA*8)+3; > Hi-Tech 15 HI= li;k )
volatile bit RA4 @ ((unsigned)&PORTA*8)+4, n —FE‘ ]Eﬂ 5E FM@@T
volatile bit RA5 @ ((unsigned)&PORTA*8)+5;

volatile bit RA6 @ ((unsigned)&PORTA*8)+6;

volatile bit RA7 @ ((unsigned)&PORTA*8)+7;

#ifndef _LIB_BUILD
volatile union {

struct { )
unsigned RAO 1
unsigned RA1 c 1
unsigned RA2 -1, ANSI C ,{@;gii )
unsigned RA3 - 1 | 7 _ e
unsigned RA4 L 1 > U —PTJT:LFT%—BA -EL' [
unsigned RA5 : 1 =42 C18 ff! 'F"[
unsigned RAG6 s 1
unsigned RA7 1

|3 _ Y,

} PORTADits @ 0x005;
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~ — —

FT*W\ b T HJRET A0 prj SR

m (B R g
B b %Ull—ﬁfjﬁl ;‘[F'*[ i e O
" 21701 (8 bits * SFR puibyh) + friFs i 5
s IV Z ERE
static unsigned char STATUS @ 0x03;
static bit ZERO @ (unsigned) & STATUS*8 + 2

IV PORTA fiV RA5
static volatile unsigned char PORTA @ 0x05;
static volatile bit RA5 @ (unsigned) & PORTA*8 + 5
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{12 ] SFR it 7 ighgly

® HI-TECH C & l}[f/ ﬁ[%dﬂ‘ﬂ_ [?ﬁBﬁl%ﬁd@E{;&»%
ﬁﬁ‘f (pic16f887. F)

[*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;

" RIEZ R

B f (ZERO) e,
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P Ju (b|t) ﬂ@@g’—LH—-
(F1 =02 bit &1 7 Adglp)

" R bit F};— £ E BRIV 7 Aghgl

" Hj-Tech C fEl hE‘Z‘:Z"iW@E'H%érﬂﬂ
~ [ Byte RIF | &y 2

ok =5 40 e S

#o 0 fI* bit AR A

static bit Count_Flag ;

static bit Buzzer 1 Flag ;

Buzzer 1 Flag =1;
If (Count_Flag) Count_Flag =0 ;
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FICIISEEET7 RIS
(%8 C18 & C30' 1)

f PORTD [i9 bit3 & bith St ! =" =
Sl 18 High

TRISDDbits. TRISD3 = 0; Il 3%7£ RD3 &?},ﬁﬁl ',ﬂﬁl]rjjﬁt

TRISDbits.TRISD5 = 0; Il }%{9@_ RD3 Eh it b=

PORTDDbIits.RD3 =1 ; I 5 RD3 ﬁi&?&“, High

PORTDbits.RD5 =1 //}[;‘Jj’ RD5 ﬁn‘%&f& High

Pl &y

#define SW1 PORTADIts.RAO
#define LED1 PORTDbits.RDO
TRISDbits. TRISDO = 0O; /| ¢ RDO ET:P,H'E?JH ',’;.lﬁl]ﬁJﬁ‘J

TRISAbits.TRISAO =1; Il %@_ RAO K ™ Hll=lg=
If (Iswl) LED1=1; /I SW1 #:g™ > Rl LED1
else LED1=0; /I SW1 HvEf > LED1 7\
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Lab Exercise 2

IR pic161887.h s
R £ A
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Y= LAB2
F%Jﬁ? LCD &= i

" 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): /I EEBHRE I (XY )

© 2011 Microchip Technology Taiwan. All Rights Reserved. Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 66



@ LAB2 - Drive LCD Module.c
7 FL4 110 Y =]

" A
.\Hi-Tech PICC v2.0 LAB\lab2\ LAB2 - use the Bit
Struct.mcp
= ShIE | PIC16f887.h B fvFSRYTL By 5 El
Eﬁ » {Zd¥ /O Port l}ﬁ“ Hi-Tech EICC H J”F'
" | AB2 - Drive LCD Modure.c ;2 A
" mid_lcd.c , mid_lcd.h : LCD &=yt
" #7 SW2 5 SW3 B - LCD @& - FiE-
LCD :Ef Y g

Hi-Tech PICC Ex2 |
Up: 01 Down: FE
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R BT <5””Ct“"es)

Q;*’J RIS rRliS - Spj= MR > R e
E*fg'l”pﬁj:&—]\;c*’ 5 tﬁfllp} Eiyg'l
;ﬁh*ﬁ EPE A Fllﬁ‘f%w?ﬂbﬁﬁ A PRI -
‘1 ftﬁ%ﬁ Y i g
" RGP R R & RV
] ;’xﬁpﬁﬁfﬁﬂf’—‘
" A ELYHEE T PR BIRE GIRARTRIT = IR
" A “‘%‘@(je‘f

\l

struct struct-name+_———;ﬁﬁgm

{

type memberl;

type member2; B
} variable-name; < g

© 2011 Microchip Technology Taiwan. All Rights Reserved. Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 69



U 3L s R

ﬁi’fﬁ,zl]ﬁ%[ﬁmfm‘} EY o R AR A

variable-name.memberx A PR B

struct Comm protocol

{

Comm_protocol i+ RAM HYEE][]

char IDI[6];

char Datal[l0]; ReC_Fr am
char Message[20]; 7 E_'I E/l «E}-}Iﬁ[%@
unsigned int CRC; ' ID 6 Bytes
unsigned char Repeat;
} Rec Fram; Deiay LU ERiEE
M essage 20 Bytes
: CRC 2 Bytes
unsigned char j; Repeat 1 Bytes
for (j=0;3<20;j++)
{
writeUSART (Rec Fram.Messagel[jl);
}
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i JVAEAS VR (- )

-

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

} Fcount;
Ry IR FVRUE ] BRI BT S

SR
Fcount.Fbandgap[l] = 0x34;

“Fbandgap” BIFIFOZT- 57 R 0x34 .
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LR

% VSR HEOR ()
@W%ﬁﬁ%

fl?c 2. H\E,:T%ﬁ -> 5 #ii\»

0B BTy 1 El’ﬁ{%i@ﬁ@ﬁﬁ 78 “filtered_data”
jg‘;’f[: struct filtered_data *ptr;

ptr = &Fcount;

ptr->Frefhi[0] = Ox87;

ARG Fcount.Freghi” fusy— [ 3 g7 e 7 Ox87 Y.
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i e IR f A g

—

%f}u] 3 -

struct temp
{ .
int count;
float freq;
char sign;
} pwm ={
0x1234,
1850.5,
OxFF
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struct control {
char mode;
char state;
char sign;
} drive[3];
%3V “mode” puST- [RFHI @
drive[0].mode = 0x33;
IV “sign” pusT= MR

drive[2].sign = OxFF;
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HH[E[RE (union)

% Ji—‘FJF" (union) » ' {278 T RIFSTYR] BIERO@EL
H IR - iﬁ{ﬁc'lﬁﬁm

L | El‘?:'{' fiz (union) [E[F' |H= LE[ ﬂ\?fﬁ JF“(SU‘UC'[UI’E)
" HPE[EEE (union) [ |FUARBEEFE £LH B[R
" HPIERIRRH R R

" ﬁﬁﬂfﬁﬁ« HUE T Sk R R e 5

T
y A58 & — —’a:'f 7
" PRKE F[F[*ET [Fl B REp g
union union-name * HH B[RS £
{
type memberl; — -
type member?2; ‘ HESRAY E
} Variable—name; < iLE'JﬁJEEﬁ@E@
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|1

V)

ha
—

TR OYR 4

-

¥ Union EE_tag
Word
{
Int Word; Byte[0] Byte[1]
char Byte[2]; RAMO RAM1
} TC 74,
EE_tag l'l:'TZ i Bytes
Afy] - ?”'0” EERandom Read( ) Fh&EFpuerR|
£ “int” BJEE o A2 [“union” Ry R
int Word, I,[;u ch;r u::f&t F,J}%‘JJVIUI I:I?F[fj fs:;ﬂ
char Bytes[2]; 2o | ow-byte - ==
} TC_74; A= - LOW-Dyte
for (i=0;i<5;i++) ** EERandomRead( ) E[fj@[ﬂll'@gl
{ >= 0V FF FIVH 1= 4 1
EE_Addr=i: TET R
TC_74.Word = EERandomRead(0xAOQ,EE_Addr);
if (TC_74.Word >=0)
Secu_Codel[i] = TC_74.Bytes[0] ;

S

© 2011 Microchip Technology Taiwan. All Rights Reserved. Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 76



EIREAIR FYFSV (- )

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

By EYpVE VIR L R
- utemp.abc =‘A’;
- utemp.value = 0x3456;

_;f;f}lj 2 -

union u_tag *uptr;
uptr = &utemp;

@E_%El@ﬁ'?vfﬁlﬁj > E R
- uptr->value = 0x5678;
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HABIREHAIS IV (2)

_ ﬂ\?&ﬁ?mﬁ“ py Ry J_FF' F‘[ | > SR F' Ji,E[ By
4k J:FJFJ FI&H?T%ZFJF“

ol 0 aFE(16-bit)? HpurPH ¢ - B 8-bit &

union {
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_hij;

}
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v
[ -

3
huf
—,
L

~§
7/

I

2 (| SRR & 3

" IR R '.TF[EKT?EB 73

union FPvar

{

float FPNum; //£floating point access
struct

{

unsigned char Argo0; //argument byte 0 access
unsigned char Argl; //argument byte 1 access
unsigned char Arg2; //argument byte 2 access
unsigned char Exp; //exponent byte access
}Bytes;
} Foo;

Foo.FPNum = 3.14159;
Exponent = Foo.Bytes.Exp - O0x7F;
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I'l Byte ELHT Y 7 5t

gy 1 ﬂjﬁ%ﬁi’%}[ﬁf{fjfg — Byte A

struct {
unsigned int 3; // bit padding
unsigned int b3 : 1; //bit3
unsigned int b4 : 1; //bit4
unsigned int 3; /I bit padding
} PCLATHDbIit @ OxO0A;

T C PSRN ] AR RV b3 pUR R RS EL - S
B FiF T OX0A IURAMA I

PCLATHbit.b3 = 1;

P BN R R EA ] B RRE R
(B @ WIS o B T WEHR Ly
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1

'} Word &% 81 fira i 7 5ghAE

Faf] 2 AR - Word %] (16 Bits)
struct status {
unsigned int high :1; //LSb
unsigned int low : 1;

unsigned int . 5; [/ bit padding
unsigned int dir - 1;
unsigned int rate :1;
unsigned int . 6; // bit padding
unsigned int fault :1; //MSb

} pressure;

T C AR FIREINIT R R AR S IV R 7 % v dir
pressure.dir = 1;

R - (R RO RLE PR (S0 7 o 38 Rk
W7 FEG YRR R T HE16% R -
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b BRI H R (- )

1.
union {
unsigned char var;
struct {
unsigned int bit0 : 1;
unsigned int . 6; //[padding
unsigned int bit7 : 1;
} bits;
} uvar;

S ]

uvar.var - 8 bits pUidgy
uvar.bits.bit7 => %3V bit 7 pufk R
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5 Ol B T )

BrF): static bit Flow @ (unsigned) & PORTB*8 + 4;

#e-fl1 PORTB {9 bitd [ ffi ] £78 5% “ Flow” puZiifsTeovie

7l . Flow = 1;
g (¥ 3:

;‘E‘;’iﬁ: static bit Motor @ (unsigned) & PORTC*8 + 3;

AHES R 2] “ Motor” Elfjﬁ'jj‘[‘ﬁﬁ%f—bﬁ PORTC f¥ bit3 :

if (Motor) {
/l Statements when Motor ==
}
else {
/| Statements when Motor =1
}

© 2011 Microchip Technology Taiwan. All Rights Reserved. Hi-Tech PICC rev 2.0 for PICC v9.82 Slide 83



b e PRI A (2 )

'rﬁ(yJ_FlJ.”%FI I—AF”—‘LJ “{EI‘IF[

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

SRR E T IR A RS PR R - R S

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

- Jﬂ&ﬂiﬁ H RLE | #define s Fr o7

#define S1_Button RA4;
#define S2_Button RBO;
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b 7w PR AT (D)

(7] 5
bit flagl; // globally visible
bit flag2; // globally visible
void main (void)
{
static bit flag3; //locally visible
flag3 =1,
while(1);
}
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ADC i

VAR R A

m R\ {5 9% IS ¥ % 8 Bk 10 Bits —H#EHIME
" AN SN S % B R

" BEIASE R O] DL AR R

= o BT A A P CAR 28 18 AR AR X i i

=
NG e g
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ADC 1728
5 N 118 925 1l A7 A

= ADCONOFIADCON1

ADCONO
ADCSL ADC82|| CHS3 | cHs2 | cHst | cHso [coidong|] ADON

LT JiHe

ADCSx | A/ID B REEAN 7
AR 00 = Fosc/2, 01 =Fosc/8, 10 = Fosc/32,

11=FRC (A# RC 7=
CHSx | Jr=EiEEEAL

GO/DONE | 1= A/D B EAE ST
0= A/D RS2

ADON | Bt&) ADC #isH
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EXPLORE

ADCON1

A7 821} 7
ADFM LSAR G S R R Sy W 1A
1=paHA, 0=[AHz
VCFG1 FIZEBR
1=3REVref-#HESBEBRIE, 0=Vss
VCFGO ESF%ER
1= EVref+Z HISMEEBIE, 0=Vdd
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ADC #1748

. %ﬁﬁmﬁkﬁ ADC 5 B u 2 E 45 R 745
ADRESH #1 ADRESL

" 10-bit ADC 85 #ffe ] DA [ 2 364 75 th 7] [y A7 0 75

RESaZL
10-bit gEgE
RIRES7L
SERES =
10-bit #Ea 5 EU
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—

i1 4H ) 15 [

0 0 0 0 ANO
0 0 0 1 AN1
0 0 1 0 AN2 0 0 Fosc/2
0 0 1 1 AN3 0 1 Fosc/8
0 1 0 0 AN4 [ 1 0 Fosc/32
0 1 0 1 ANS 1 1 Fre (AW
HRCIR AR )
0 1 1 0 ANG v
0 1 1 1 AN7 DC
1 0 0 0 ANS8
1 0 0 1 AN9 HHNEEEREEEEEEENE
/1 ef- ADRESH ADRESL
1 0 1 0 AN10
1 0 1 1 AN11
1 1 0 0 AN12
1 1 0 1 AN13 (‘—EW%'
ADCONO 7

GO/DONE k
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—

A/DEEAH ) 1 fE]
N e T

Fosc kR4S

ref+

ADRESH ADRESL

CFG1=10
ADCON1

Vss
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SR T — (R
SR RIS E A E (11.5uS Typ.)

-t

g

ADC K%

Y. e o
—AJE\ ~ ‘IE

V)

Ry, WEAEE —E

1P IR RGOSR B 1 ADC s
Z (T (Tap) » 2 Tappv@E TR T DHS

Data Sheet #1f4 L (PI C16F887 £3 1.6uS)
" FrF 10-bit EEBRFISEAFE 1118 Tao

FE U R £ 17.6US
5'[f|] Channel =781+ AD &

W T 29.1uS

" [FrEIPREE A/D Internal RC e E, TADE:—']‘%6OUS

(Max) VDD—5V

"]
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AID ifEEL 7 HA

g R
l
VBB

l

| EIEA/D

@~ AID

LG APRI
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Lab Exercise 3

“i"B% union & struct FUE BRI
10-bit AD §Hts g8
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LAB3 - Bit Struct.c
FIRIFE £

" void Init_IO(void)

" FE IO UL
" Void Init_ PWM2(void)

2 F%”Q‘—_ Timer2 % CCP2 £% PWM [&it!}
" void Init_Adc(void)

" FEAD I (E
" void A2D(unsigned char)

" @7 ALY Channel o 2YRTEY A/D JHEEN [
" void LCD_ItoA(unsigned int)

" FERABES 10EHIAVASCIE 2 Ji= 7 LCD
" unsigned char Set_ BCD_ASCIl(unsigned char)

B FFI i_%ﬁ’[%jmﬁju
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LAB3

v E—!‘ li J?’
.\Hi-Tech PICC v2.0 LAB\lab3\LAB3 - Bit Struct.mcp
" | AB3 £LF|[®] 10-bit A/D #EFEsHEI 5] union I
struct e PrEEe R

" 10-bit FBETR @B 10 S B FPOLIF LR
LCD Module pyal— =

" Phi AID ARl 8-bit puEYR| > 51 HfiRE 3 LCD Module
AYST= = (2-bit MSB & 8-bit LSB )
" VR1 fif¥h ADC SRy SR
Proteus FUEFESAE Z ™ I IEEU AD § QEEE\H‘JE’?%J °
" LAB3 “UffiP|E] CCP2 = fir £ PWM pft! | - ﬁtl '
fv Duty Cycle F f "]7% Proteus py=- 383§ l—glm ?'F?

Ak ‘&EJ 7+ APP001 _~py D9-CCP2 LED pYii
AR [™
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= —Illllililﬂi a5

1L 0\

APPLY Lol

A ; - Rev'zo ..Augudmtl.Moda




o it

" [t PehLii 2
" PR o E M R
" PR A SRR L
" RO A RL T i

<Object’stype and qualifiers> * <pointer’squalifiers>  <pointer’s name> ;

char * cp
const char * cp
const char * const cp
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“‘

/

Fm e B

LSRR [ (- )

HIF] 10 SARET ROM $22 7]

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

LIS RIS TR B

char * cp, c;
Cp = array;
C=*Cp; ITEAE (*cp) kL35 RAM (=[N 1 1L ROM

const char *cp;
char c;

S R s

4551 ROM &3 4% |

© 2011 Microchip Technology Taiwan. All Rights Reserved.

Slide 100



void process (int* ip); // ?[Ele% B d (ff A\EI'UEI’?[)

bank2 int value; [ 7"l value £LTr 7+ Bank?2
process ( &value); /Il &value &@E‘Eﬁﬁﬁﬂ F' f@fﬁfﬂ BankO

void process( bank2 int ¥ ip )
T FEE 4 E_F 4 > 4p ¥ Bank2 |
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RAM fufife
lcts

Midrange

" RAM [ufRHEafl £ 8-bits
" ' I %3V e RAM banks (bankO+bankl or
bank2+bank3)
PR R bankl pEF
" EIF & bank 0 Al bank 1
" bank2 fﬁi‘?ﬁﬂ"ﬁ*,l‘}&?v banks 2 and 3
"1 IRP &7 (STATUS) &
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RAM fujif

Midrange PIC16F
" RAM T‘Eﬁ%%‘ﬁﬁj

" char *ramptr;
"% bank F~ fi 8-bit §if%
" pbank2 char * ramptr;
'f‘F‘g’fp [ 8-bit $ei& » Fri[p] A HEEL bank?2
" char * bank2 ramptr;
=7+ bank2 ;E‘l'f[— [ 8-bit ?’F',JFQ , jc’F',[r’,Jr’\jfill—ET:‘r, bankl
" pbank2 char * bank1 ramptr;
" FTEET PR
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RAM [iofiie:

Midrange PIC16F

® Use Bank2 or Bank3 Pointers

" pbank2 char *ramptr;
" pbank3 char *ramptr;

" pbank3 char * bank2 ramptr;
. iﬁf_ﬁ;‘e‘r’f‘,ﬁﬂ (A 2

4

ramptr Rl Wb BANK2 pufr el - B Bripz]|

fiYs b 4%, BANK3 fi9%! ;ﬁ?@@r
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RAM E'J?ﬁ@ij?\&?xj

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

void write_LCD ( char data)

{
PORTD = data;
}
void Update LCD (void)
{
char *ramptr; //define auto type pointer
ramptr = RAMarray1,; I/l init. pointer

while( *ramptr ) {
write_LCD( *ramptr );
ramptr++;
}
}
void main( void)
{
Update LCD();
while(1);
}
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RAM E [543y

#include <pic.h>
char RAMarray[ ] = “Welcome to Master’s 2000”;

void write_LCD( char data)

{
PORTD = data;
}
void Update_LCD( void)
{
char ch; /I auto variable
chari=0:; /I auto variable

while (ch = RAMarray[i]) {
write_LCD(ch);

I++:
}

}
void main( void)
{

Update LCD();

while(1);
}
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Lab Exercise 4
U FRR R LR R
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LAB4 — RAM Pointer.c

'r \H| Tech PICC v2.0 LAB\lab4\LAB4 — RAM
Pointer. mcp

" =31 : Compiler iV Address Qualifier 1?[?@5‘
lgnore > F'III_EF:JJFJ F;l%t“ Request

eeeeeeeeeeeeeeeeeeeeeeeeeeee

eeeeeee

. *,E_:l?‘?%#w’?l'ﬁlE'Jl\/lPLAB SIM > i??[f,ﬁ?rfl’?’ﬁm@ RAM
" Debugger = Clear Memory = File Register

" FHEAE ’Iﬁf‘ﬁ’l‘f‘@ﬂ + BYE | ﬁ,fi‘,

" aptr = IRP=0° , fk,qgt" 0x61 (‘a

" bptr = IRP=0’ 0xA0 , [‘Jfﬁ@t" 0x62 (‘b’)
" cptr = IRP=1’0x10 , ijﬁ[iﬁjf@ 0x63 (‘c’)
" dptr = IRP=1:>0x90 , ['| Fﬁ'f@ﬁ@, 0x64 ('d’)
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SIS
Midrange PIC16F

" PIC16F887 RAM ElfJEE?Fﬁ %Tfl?@ (Non
Linear) » B7l )7 Bﬁ“l?/[];‘g‘rf : E?—']‘ ik ElfJBELfﬁU
" BANK2 & BANK3 7' '/ | 96 Bytes [l &l
" bank2 char RAMarray?2[96]; // #~fi > %’iﬁﬁ_‘ﬁ%ﬁﬂ% !
" S L R 2
= BRI
" ffi¥] Enhanced PIC16F1xxxx V7 fF (6% )
" ffIH] PIC18Fxxxx py7 [F (F’—‘, HBank ™+ =\)
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~ ROM ffgph A3

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

void write_LCD( char data)

{
PORTD = data,;
}
void Update LCD( void)
{
romptr = ROMarrayl,
while(*romptr) { /Il test for null char
write_LCD( *romptr );
romptr++;
}
}
void main( void)
{
Update LCD();
while(1);
}
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ROM IKFTI‘Z/IJEIQQ‘[ A 3F

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

void write_LCD( char data)

{
PORTD = data;
}
void Update LCD( void)
{
char ch; /[ auto variable
chari=0; /[ auto variable
while(ch = ROMarray[i]) { I/ test for null char
write_LCD(ch);
I++:
}
}
void main( void )
{
Update LCD();
while(1);
}
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Lab Exercise 5

ROM & RAM @7” S-Sl
bﬁ b ij}ﬁ@ %—:
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LABS — Access Array.c
JVEH ROM F5j[[EvR[HE & RAM i

" E’j RIS ]E
.\Hi-Tech PICC v2.0 LAB\lab5 \LAB5 - Assign
Array.mcp

" =Fi : Compiler py Address Qualifier 5”{!?[@%
lgnore > %I%JFJDF;lr%t % Request

" AHET M IMPLAB SIM > ALiE[RETE | HY RAM

" Debugger = Clear Memory = File Register

" ERETREZS A AR RAM RS 5
RATE

" RAMarrayl ##i-@0x20

= ?AI\/IarrayZ ’ﬂlP@OxllO
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B
PEIE

v
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" PIC16F Z5[[p1%|~ (W& ™ K

= &7 A H-0x0004

" U (ISR) 1§ IR PRl (e g s
" B (R R

" R R R

il el

Hardware
= %%~ Hardware monlext swikch
ﬁ_éf: l:l [§T context switch \

context ISR defined by context

main-lina code

save programmer restore
reeat  Infanupt Intamupt
vactor vaclor
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e
—NT!
E.
_1
CJ

H

'BRFW%“Jciﬁ%
o

S IR AE ’—‘f‘fi iba

] “interrupt” pytshd

Fl 182 h‘j T2/ JBpIE T o AT ER
EJ(’T-Uﬂ'I

F VB Effl = OB g Fop E “voltale”
ﬁﬁ“*uﬁﬁ'] “near” JefE FH Common Bank
(0x70 ~ OX7F)

IR P Ao pp

fﬁ'ﬁw—wﬁllﬁ’r il
RIH] “retfie” FIJ-JE",,& paalel
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il Gkl

« C P SRS R RO
JF‘[ (R Jltl w3 “interrupt” AT

. @%’Iﬁg‘l ng’fﬂ:\‘
F/Jj FIJF[IW L_'-zr—ﬁj EJ'FKJFI'%F:[&F’J‘:""_[’?_L

void interrupt isr (void)

{

if (RCIF && RCIE)
byte = RCREG;

} Fl R e
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L H\HIHM 16 FX XXW

= 0 (I ##1)

PC

PCLATH, WREG,
STATUS, FSR

v

PCLATH, WREG,
STATUS, FSR

Software restore

Hardware restore PC

retfie

CIEenahle, =~ = 1 (FI'#55%)

P l C 1 6 F 1X X x e
= 0 (| T

PC, PCLATH, WREG,
STATUS, FSRs, BSR

PC, PCLATH, WREG,
STATUS, FSRs, BSR

retfie

= 1 (fl )
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IS ) A

" R P RO
- IFﬁm L O L e M AL
,g ;[ﬁjlgﬁ&@glrb ¥ BRI

void void interrupt
main (void) { isr (void) {
while( ! ready) while( ! ready)
wait (D 10uS) ; wait (D 10uS)) ;
/ /RVRLIFR 38 2 fl g AT S LS o %ﬁ?l

/] ... /] ...
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% | R

l |

Static void interrupt isr (void)

{
If (TOIF && TOIE) { // TomerO interrupt
TMRO =250 ; // Reload the Timer value
TOIF =0; // Clear TimerOQ INT flag
}
If (INTF && INTE) {
Relay = 1; // Turn the relay on
INTF =0 ; /[ Clear the interrupt
}
}
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Lab Exercise 6

fli®] Timer 2 pup| e
= W~ TIPSPpOiRRE
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Imer2

I H\WF”HH%

" Timer2 %EF'EJ

" 8-bit PRI AN o PeTE T~ AR

" PWM puEL % F Eﬁ—fgl(%g (Duty & Period)

" TMR2 RLF & ~ 'FJ'E"EPE?E"*’&%E

" TMR2 &4~ > [ PRZE”* BN TEAEISE
% 0 EIFTHRE

" TMR2E PR2 277 35 [lAEIST 6 it | (7S]
postscaler f[llg;r%‘*— B(Eﬁ T}*? Fl rgr

= SSP (SPI™) [ﬁjﬂfﬁlﬁiﬁ*@% AN
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P 1

A
Tlmer£ HIRS €

TMR2
output 8-bit Data Bus

Set T2IF

flag bit F /4

OSC/

8-bit Data Bus
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T|me

TABLE 7-1:  REGISTERS ASSOCIATED WITH TIMER2 AS A TIMER/COUNTER

Value on: | Value on
Address | Name Bit7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR, all other
BOR RESETS

OBh, 8Bh, |INTCON| GIE PEIE | TMROIE | INTE RBIE | TMROIF [ INTF REBIF |oooo ooox|oooo ooou

10Bh. 18Bh

0Ch PIR1 PSPIF(|  ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF |oooo oooo|oooo 0000
8Ch PIE1 psPIEM| ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE |oooo oooo|oooo 0000
11h TMRZ  |Timer2 Module's Register 0000 0000[0000 0000
12h T2C0ON — |TOUTPS3|TOUTPSZ2[TOUTPST| TOUTPSO|TMR20ON|T2CKPS1|T2CKPS0]-000 oo000]-000 0000
az2h PR2 Timer2 Period Register 1111 11111111 1111

Legend: = =unknown, u =unchanged, - = unimplemented, read as '0". Shaded cells are not used by the Timer2 module.
Note 1: Bits PSPIE and PSPIF are reserved on 28-pin devices; always maintain these bits clear.

" [lI#L: GIE, PEIE, TMR2IE
1B - TMR2IF

" [[1gPHAT  (8Mhz / 4) [16 X 16 X (77+1)] = 98.9Hz (10mS)
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LABG6 - Timer?2 Interrupt.c
i SR R

= 'E‘[Jl ‘I%
.\Hi-Tech PICC v2.0 LAB\lab6\LABG6 — Timer2
Interrupt.mcp

" AT Timer2 fl 18 E *jJFn. = jh‘ﬁ:;‘f,ﬁ;
=7 10mS Hl%’f‘— * o &7 100mS %h‘fﬁlﬁ]w £
IVE (&
" f{1¥] Proteus &% PORTD (v LED & (™
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FEVRS i T BV [

T

—
-

L 8 0 1 0 0 B J |
1 GEMMen memory
s
]
w8 ooy Ny
-..E E Il L L LD DD DD DD D RN R BB B 0 ------------------l* E =
Em =4
- = - ]
N
=
Y 7]
3 85
] R e
W Il
o
i E "
W save
5 2 icd pwrdmmf copy | clear 05"? jmp J 2 g3
o code || code main = =)
o meout -0 =]
=a ~
— N - R
) =
1 -_,...- =
: - - ! | —
1 - o ]
' e : &
-l
0 i " 75 [T
o ol
O
st.artup code
— nidat exssition without pawsrup defined
powerup || startup code
ridat sxacution with poweiup definad
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E[

i

- E‘fﬁ (= Ox00 - ey £78 £ startup
" MCU Reset i J[]#h~ R

= Z’JI%'}%“E‘/:‘#&FI I'l7% Project ™~ #%Z[ startup.as

[ Ehd = Bl §F4fruﬁi-$#m /10 r%ﬂ‘_gm
startup() =% = » ﬂﬁﬂ?@}l—ﬂ %"?ﬁiﬁ 13- start()

\III.\

JJ wl‘l’

m ‘:ESE“F‘[ 2T (R B EFE D start
. ?4— data psects f J’FJtIF,TH*I

m 7Ef#® bss psects (uninitialised data) B s

" #3 RCY=HH Jﬁ_{_—ﬁﬂ_’l I 1B RCY=IAEs H)
'}l—ﬁé u;cirrﬂ;gfm%’:— maln()
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m i/[l%*— ﬁi?ﬁmglﬁ_l &35{ (g eV BV EL [ R
ﬁlﬁ}' =Us startup.as &gli—z’ﬁrﬂ?ﬂ el
RS SRS

S o

AT 1O EHE

El MRS startup.as fURE A 7 E AT R
%E_IJ“FI ljﬁwgliu??gw U

J#E'Jiil}?‘:iu mystartup() %% /0 BEEF|
BFE( start( ) #S TR RS
" ﬁijﬁzﬁérﬁiu PIC pO%ifs
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/O Initialization on Power-Up
- PIC16FXXX

startup.as mystartup( )

extern _mystartup

void mystartup( void )

psect  reset_vec {

reset_vec: PORTC = 0x00;
; No powerup routine global start TRISC = 0x00;

#asm

; jump to User’s mystartup clrf _STATUS

goto (mystratup & Ox7FF) cirf PORTB
bsf _STATUS,5

psect init clrf _TRISB

start

_exit movlw high start

W movwf _PCLATH

global start_initialization goto (start & OX7FF)
ljmp start_initialization #endasm

;jump to C runtime clear & initialization }
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Lab Exercise 7

- [@f' I’ #: Bootloader #}§ * pY
7&% j C TeR At )
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Bootloader vs. & [N

" I'J % ¥k Lab 7 £5f]
" Bootloader Eihv+ Program fki~0x00 ~ OxFF
" C E[fjr’éE' ::CEI At F2Z] 0x100 I;’[fj Nl

" A ERFIE] Lab 6 FUgkE] - P H RN R
> b HHIVESE M R [F[l Fljglpwbﬁau

o -SSRy I\/IPLAB SIM B [ A R ¢ fro 5 g1
" 37 goto 0x104 pugp 4 fiZ] 0x0004 pf| &l A -
" 7 ' goto 0x0100 F'@TFI"AJ’ w=[| 0x0000 Reset i+ fk>

?}E_J?“T [fi¥] Debug Mode El]%fEIE'J Progeammer #7V3=
5y Stand-Alone Mode ¥#Ei[&o
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0 Bootloader Eh— TR A

= » % PICLGF A5

Bl UART ~ 12C ~ SPI

""“‘ij gL N R Bootloader

R [P RS
Bootloader ‘E’P Ay - #

T i ;sz e

0x0100 [/ %:@:h

Eﬁ?‘ A 7 C qﬁgﬁn 3%?:;9

IE"JFFS“‘*J )

I Eﬁ RSN C /™ [Rd=
0x0004 7 3h i | IHFEFs

£]] 0x0104 g i -

RSV 7] e

0x0000

goto 0x0104 0x0004

- 0x00FE

TR AR SR 0x0100
T FE=NE #EE T B 0x0104
Ox1EEE
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X

-l Iy
Skl

ﬂ\:ﬂ\":r'!‘? % El\ A=

Bl Program Memory

! Directories | Custom Build | Trace Driver ComDiler| Linker |Globa1 Line | Address | Opcode Disassembly
| Furtire options Linker options 253 QoFC 3FFF
Fill 254 QO0FD 3FFF
| 255 00FE AFFF
i 256 OOFF AFFF =Ne
| Initislize deta W 1100 1202 M BCF PCLATH, 0x4
| [[Jkeep generated startup.as Checksum I:l 258 010l 1182 BCF PCLATH, 0x3
[V] Calibrate oscillatar Errets, I:l 259 010z 2912 GOTO 0x1llz
Alternate oscillatar calibration value I:l 260 0103 3FFF 157, 1
[ ]Backup reset condition flags Yectars 261 nlo4g UOFE = MCVWE DxTe
[CJFormat hexfile for download 262 0105 QEDZ SWAPF STATUI, W
Cellgerl Z63 0106 0orl MOVWE Dx71
[Jtanaged stack Debugger Auto (None) 7 264 0107 ogo4d . MOVE FSE, W
265 0108 00F2 | l%’T’EEJ MOVIE 0x72
5 Trace type |:| 266 0108 0802 PR &Y < MOVE PCLATH, W
i 267 010R 00F3 MOVIE 0x73
Stack size 268 01o0B 1283 BCF STATUS, 0x5
[:::::::::::] 269  0l0cC 1303 BCF STATUS, Dx6
270 010D 087FE MOVE 0Ox7f, W
hisankize 271 010E nor4 MOVWE Dx74
[:::::::::::J 272  010F 120n BCF PCLATH, Dx4
[V Linkin C Library 273 0110 118z \BCF ECLATH, 0x3
Frequency I:l 274 0111 2915 GOTC isr Sevr
[ Extend addrass 0 in HEX file 275 011z 1202 BCF PCLATH, (Ox4
276 0113 1182 BCF PCLATH, 0x3
Interrupt options Feport options 277 0114 2970 GOTO 0x170
[ ]Display psect usage =5 278 0115 108c  isr devr BCEF PIR1, 0zl
Number ofvedors P Disply class usage z79 0116 3002 FUEGHEYC  Moviw Oxa
) 280 0117 oz77 SUBWF Long Count, W
Vectortable location AT TR 281 0118 1803 BTFSC STATUS, O
T E E:Z‘;'tzyhﬁ?l;zage el 282 0119 251B GOTO 0x11b
283 011m 291C GOTO 0xllc
284 011e 2921 GOTO 0x1Z21
285 o1ic 3001 MOVLH DXl 3
L mE [ A | 2 2
Opcode Hex | Machine | Symbolic |
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LAB7 == A=

i’@iﬂd
.\Hi-Tech PICC v2.0 LAB\lab7\LAB7 - Bootloader
Application.mcp

= }[*’ifg kﬁ‘m‘%%ﬁ 0x100 & = () 3‘75["':7 ' Fla *r'
535 REL ¢ % Bootload rEFhiE&E ﬁ}%‘“ﬁ%)
" ffuF] Proteus Bt SETRAEZN SR THEERS 7
" [WEVRU) Reset % Interrupt [ B2 e S
}I—iﬂ‘ 11-0x0004 7 * OP code 0x2904 (goto 0x0104) 4 1)
i[I:IIEIJII[l'ﬁ'Tf[UEIEEi 2= R [FEV RV 1@ F | S Proteus
" PN YRR L A S U@%ﬂ&“@'f@'ﬁ@f » PNELRLE RL

Bootloaderi_F}{ @1@ ”\’E” [AEZE R PRI E
Bootloader &+ };LI ?* 7

" Bl J}[—] b {j_POXOOOO "+ OP code 0x2900 (goto 0x0100)

m R AT I ’_"E:Eh—: 1" ffi®] Programmer Mode 6%
APPO001 LR I']7% Stand-Alone iz =
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Power- Upi_ Tl

.
Haf

SR T He e C R RS &gu— = I
B> RS B BRI BRI
]El’b =5 —T._.%(,,—:PFJ’)

" [ PR Y mystartup( ) BY
Bootloader fuBhink » B & A dhu=
mystartup AERAS ¥, 1/0 3 H;Ifj»
L A C PV J@*“?EFFU?"‘ IR 2

© 2011 Microchip Technology Taiwan. All Rights Reserved. Slide 137



Bootloader A=V H[%

Ju
m

—
")

" AN1310: High-Speed Bootloader for PIC16
and PIC18 Devices

® AN851: A FLASH Bootloader for PIC16 and
PIC18 Devices

" Third-Party ?{ﬁff’?
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N Al 5D FAI;FIFIE: C E_fril F—:‘I

vvvvvvvv

m |E’F¢'}l o 72
" ‘LETJJD*E VET H R
" e PRV T
" ) RAM [ 2 [T
" R PRV R R EHEY
" S flIFT RG] -SSR




4

—\

G ATEECHE
S "

=Tl

AR PRI BT P
" |jmp — FIE AL (Page) fUBFER 4 (goto)
" fcall — FIEA" A EIH Jﬁ'jifg:kp— PLH’F‘, i (call)

',a:”F",Eﬁr‘,af", 4 @ wrEs L ET (P u?‘*@
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N Srt N ==
B SRS R

#asm , #endasm ENF‘["‘
asm(“........ "); F'Jnfﬂi

unsigned int var;
void main(void)

{
var = 1;
#asm /I like this...
BCF 0,3
BANKSEL (_var)
RLF (_var)&07fh
RLF (_var+1)&07fh
#endasm
/[ do it again the other way...
asm("BCF 0,3");
asm("BANKSEL _fvar");
asm("RLF (_var)&07fh" );
asm("RLF (_var+1)&07fh" );

}
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—port N ==
BT \""'Flnlfl

| P VRS S Ly 2 [

_"'llll

" R SRR F’—‘f"ﬁ%}lﬂ ﬁ?‘llﬁfﬁ 3E: l""E'fJ&“Ei'
R SRR F’—‘z—?? (R B [ roBRt e £, 8%
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IR TRZVIR S

i (Objects) A MAUTAE (17
RN (ETehE el S

Mo
- EJE‘;%FHEVF’?IE' ISR G TP SRR R

=

et “ ?_function name”

" FHEET B PV B 888 (auto variables) ] F{ +
Porr 2R e E R

“?a_function_name”

—
-—A
—

>
4
1

0
=TI

—

—_—
.l
D

[ |
S O
H
\\\ a2
J—

© 2011 Microchip Technolo gy Taiwan. All Rights Reserved .




by
7 E B EHBTEY P

T it C engrid
int response; [l 7 CHF=Y ﬁﬁh’f’[ Ay 2 B Rl
global response ; directive used to give reference to external object

movwf (_response & 07Fh) ; accessing C object in assembly code

Cﬁi‘\"raé'* ‘E'r'v§pm)4

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

extern unsigned int answer; // 35§ AR J;'
it 1 2] G e VA 18 e .2 B e
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. ﬁfv'ﬁ?@ﬂ?‘;’ﬂlﬁﬁ%ﬁf 'Fi%% GLOBAL - I'J o Fr L]
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- T%?V@Eb'r

nf, R

" i C*Ef“FLE' > “'F'{E‘I ARl e
' rTr 7l C B » 5 () Wi @

" Multiple Byte E¥R[E[fE

" [RAPTGE (LSB)erR i B [Rpy a4

F;L'J b 7u = (MSB)RVE VT I ffi 2 | & Peer gl py = =V Vﬁ"?
BErHVE — byte
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@Ew ot
Assem b Iy :

O

: : #include <pic.h>
#include <aspic.h> P

extern void Foo( void );

global _Foo
;ggg’; _52?1,88 voltale near char Varl;

voltale near char :

psect text,global,class=CODE,delta=2 void main( void )

{

_Foo Varl = OxAA;
movf _Varl,W Var? = 0x55-
addwf ,F FOO( ) ’
banksel (PORTB) ) ’
movwf BANKMASK (PORTB)
return
end
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FHEC
H# ANSI C TQ—{%&E@‘?’?I
-1@;@:—}"‘%]5&“},@?‘;{5@[, e.g. strcpy(), islower()

" EREEEHECR, e.9. sin(), sqrt()

" Hi-Tech ’Fﬁ’i’ﬂiﬁr@(f’?l, e.g. persist_check(),
get_cal data()
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" 7 Peripheral Libraries
" VR IR R R

" strcpy

" strcmp

" strlen

" strcat

" memset

" memcpy

" memcmp

" and more . ..

e ANSI C ETIEI\'??_‘
: FJ%EJ@#E‘FIJ?IE'?’%P I'[7 Index frf 1887

=Y User's Manual f+

FrEeR

? “L” Thpy
’-')J" ﬁ'ﬂ J_?[E"T
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F e A g

I R R e
" strcpy
" strcmp
" strlen
" strcat
" memset
" memcpy
"memcmp
®"and more. ..
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e Sata e

2 BT R
"sin

" cos

" tan

" |og

" pow

"exp

" floor

"sqrt

®"and more ...
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T 2R RN R

ol a6 AR | afhiy g

" isalnum

"|salpha

" |[sascii

"supper

" slower

" |sspace

" sdigit

®"and more ...
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" g
" atof
" ftoa
" atoli
"|toa
= atol
" toa
" |div
" rand
" and more ...
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