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MPLAB IDE v6.10.00 (
MPASM , MPLINK , MPLIB
MPLAB C18 v2.10.00 (

MPLAB ICD2
Microchip APP001 Workshop Board (PIC18F452 inside)

MPASM User’s Guide with MPLINK and MPLIB (DS33014)
MPLAB IDE v6.10
PIC18Fxx2 Data Sheet (DS39564A)
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EEPROM

VT100 EEPROM
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1. MPLAB IDE v6.xX

2. MPLAB ICD2
3. APP0O01
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MPLAB-ICE 4000
( Project) MPLAB-ICE 2000
MPLAB-ICD2
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C compiler
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MPLAB

D E

MPLAB

V 6 .

XMPLAB Vv 5.

MPLAB-1CE4000

Yes

MPLAB-1CE2000

Yes

Ye

PI CMASTER

Ye

| CEPI C

Y e

MPLAB-1CD

Ye

MPLAB-1CD?2

Y e

PROMATE

Ye

PROMATE- I I

Y e

PI CSTART Pl us

Yes

© 2003 Microchip Taiwan , All Rights Reserved.

WAP-002 Advanced C Workshop




MICROCHIP

Sontrol MPLAB™ y6.xx

MPLAB-ICE
VIPEABESIIVI 2010)0)

Z10]0]0)

IVIELEINIK
PICMASTER

(V5.xx )

IVIERSIE 356 X

GFSERAEC
C MPLAB ICD2

© 2003 Microchip Taiwan , All Rights Reserved.

PICSTART®
Plus

PRO MATE®

WAP-002 Advanced C Workshop




MICROCHIP MPLAB | CD2
Zontrol.
> Windows 98 SE / 2000/ XP

% In-Circyijt
B e m S m. D

ug
RN,
EEEEEED™ | T
BBV .0 AP
1 L

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Advanced C Workshop




e MP L-A B D 2

Pass Count

2.5V to 5.5V
32KHz to 20MHz
USB

MPLAB-IDE v6.xx
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Mlcnnocmp MPL-ABD?2
Zontrol Pl C18F452

18F452

EEPROM
Device

ICD2 EEPROM
RB6 & RB7
MCLR pin (thru a 1kohm resistor)
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({0 o] | WAVAD)
He (TC74A) (TC1047A)
4.096V (MCP1541)

SPI I°C RS-232 RS-485 CAN ICD

2x16 LCD Module 8 LED PWM
|2C EEPROM SPI EEPROM EEPROM
PWM

0 16MHz / 32768Hz
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PWM Drive
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Thermal Sensor 1 — Analog Out

A @ WAP-002 Fan M onitor

Thermal Sensor 2 — I2C Display Panel

> L CD Display

—
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LCD

User VT-100
EEPROM

User VT-100

10-bit PWM

EEPROM
Duty (1% to 99%)

98% --
75% - 97% --
1% - 74% -
1% --
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MPLAB C18

Options
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MPLAB C18

void

char
unsigned char
int ( short)
unsigned int
short long
unsigned short long
long

unsigned long
float

double
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N/A

-128 ~ +127

0~ 255

- 32,768 ~ 32,767

0 ~ 65,535

- 8,388,608 ~ 8.388.607
0~16,777,215

- 2,147,483,648 ~ 2,147,483,647
0~ 4,294,967,295

1.7549435e-38 ~ 6.80564693e+38
1.7549435e-38 ~ 6.80564693e+38
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#pragma idata test=0x0200
long Var = OXxAABBCCDD ;

Var

RAM

0)@40]0 0x201
Address

Content OxDD OxCC

° MPLAB IDE  “Watch”
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Control.

(near

(ronm) {icting)
ZVINVIES
( 24-0ji
<64K bytes
( 16-bit
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MICROCHIP
Zontrol.

const rom far char LCD_MSG1][ |[="PIC18F4527;

P

iInt AD_Read,;

!

v Access RAM
near int AD_Read;
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Voi d mai n(voi d)

{

unsi gned char
| ++:

func();

[* function cal
voi d func(voi d)

{

unsi gned char

] =0

=

| =0;
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MICROCHIP ( )
control (G| ob al )

unsi gned char KeyDat a
unsi gned i nt ADResul t;

voi d Mot or (voi d)
{
I f (KeyData == 0x80)

{
TRI SChi ts. TRI SC2=0;
Convert ADC() ;
whi | e( BusyADC() ) ;
ADResul t = ReadADC() ;
Set DCPWML( ADResul t) ;
}
el se
TRI SChi ts. TRI SC2=1 ;
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MICROCHIP ( )
<ontrol (St atic )

Void main (void)

{

unsi gned char i

for (i;i<10;i ++)
AddOne( );
}

[ *** AddOne Function ***/
voi d AddOne(voi d)

{

static unsigned char count =0;
count ++;
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MICROCHIP ( )
Control (Vol ati | e)

Unsi gned char Xx,YvY,;
vol ati |l e unsigned char TMRO;

x=55;
y=X,

( TMRO=0x00;

p18f452.h) |
The conpiler nust read TMRO
and can’t use the Ox00 in its
TMRO, TMR1 ... tenporary vari able since TMRO
i ncrenents with execution

0
o PC,PCL..
EEDATA , ADCONO ...
PORTA , PORTB ...
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MICROCHIP ( )
control. (Typedef)

t ypedef unsigned char Byt e;
t ypedef unsigned int Wrd;

voi d nmai n(voi d)

{
Wrd j[10];
Byte i ;

for (i1=0;i<10;i ++)
Jl = (Word)i;
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#include

: #include <timers.h>
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e MPLI NK

“#fpragma {udata/idata}’

#pragma udata [data-qualifier] [section-nane [=address]]
#pragma |1 data [data-qualifier] [section-nane [=address]]

“#fpragma udata/idata”

#pragna udat a/ i dat a
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MICROCHIP #Hor agma wudat a/

Zontrol

o #Hpragma udata [data-qualifier] [section-name [= addr]]

» #pragna udata secti on-nane
“#pragma udata”

> udata: ( Idata

» [data-qualifier] :
> “access” ==> ACCESS Bank RAM (0x00-0x7F)
> == ACCESS Bank (GPR)

» [section-nane [= addr]] :

> section-name ; Linker section-name

> section-name : Linker unprotected
> =addr: section-name
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MICROCHIP #Hpr agma udat a

Zontrol.

#pragma udat a AccessSecti on
unsi gned char Tenp_Code[ 4]

unsi gned char PWM Duty; Linker

unsi gned char On_Fl ag;

#pragma udata abc=0x100
unsi gned char j;

unsi gned char i
unsi gned char e;
unsi gned char f;

#pragnma udata test

unsi gned char EE Wite Dat a;

unsi gned char EE _Addr;

unsi gned char Send_ UR; GPR Linker
unsi gned char Err; section name

Bank 2
#pragma udat a SECTION NAME=test RAM=gpr2
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MICROCHIP

Address Locati on

USART _St at us 0x000093

0x000100
0x000101
0x000102
0x000103
EE Wite Data 0x000200
EE_Addr 0x000201
Send_UR 0x000202
= 0x000203
PORTADI t s 0x000f 80

© 2003 Microchip Taiwan , All Rights Reserved.

extern
extern
extern
extern
extern
extern
extern
extern
extern

extern

Storage File

..\ pnt\ USART\ 18Cxx\ USARTD. C
D: \ WORKSH~1\ 402\ TEST\ TEST1.

D: \ WORKSH~1\ 402\ TEST\ TEST1.

D: \ WORKSH~1\ 402\ TEST\ TEST1.

D: \ WORKSH~1\ 402\ TEST\ TEST1.

D: \ WORKSH~1\ 402\ TEST\ TEST1.

D: \ WORKSH~1\ 402\ TEST\ TEST1.

D: \ WORKSH~1\ 402\ TEST\ TEST1.

D: \ WORKSH~1\ 402\ TEST\ TEST1. C
C:. \ MCC18\ SRC\ PROC\ p18c452. asm

WAP-002 Advanced C Workshop




MICROCHIP C18 ROM Dat a

Zontrol

“#pragma romdata”
ROM

#pragma romdata [section-name [=addr ess|]

“#Hpragma romdata’

#pragma romdata
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MICROCHIP #Hpr agma r(omdat a:

Zontrol

#pragma rondat a RonDat aSpace=0x400 /] rondat a 0x400

rom unsi gned char Arrayl[ 20] = { OxOF, OxOE, Ox0D, 0x0C, 0x0B, Ox0A, 0x09, 0x08,
0x07, 0x06, 0x05, 0x04, 0x03, 0x02, 0x01, 0x00} ;

#pragma rondat a [/ rondata section

unsi gned char Count;
unsi gned char Array?2[20];

voi d mai n(voi d)
{
Count = 0x00;
whi | e( Arrayl1l( Count ++)) [l
{
Array2[ Count] = Arrayl[Count]; // ROM
}
}

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Advanced C Workshop




Microctie #P I @ g ma

Zontrol.

Secti on

. code_PRAGVA. o

. rondat a_PRAGMA. 0
.1 data_PRAGVA. o i
RonDat aSpace

.t npdat a

. udat a_PRAGVA. 0
.1 data_PRAGVA. 0

. St ack
SFR_UNBANKEDO
SFR_UNBANKED1

© 2003 Microchip Taiwan , All Rights Reserved.

Section Info

rondat a
code
rondat a
rondat a
rondat a
udat a
udat a
| dat a
udat a
udat a
udat a

Addr ess

0x00002a
0x000038
0x0000a6
0x0000a8
0x000400
0x000000
0x000080
0x000080
0x000500
0x000f 80
0x000f ab

program
progr am
progr am
program
progr am
dat a
dat a
dat a
dat a
dat a
dat a

r(omd at a

Locati on Si ze(Bytes)

0x000002
0x00006e
0x000002
0x000000
0x000010
0x000002
0x000000
0x000000
0x000100
0x000023
0x000055
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MICROCHIP C1l38

Zontrol

“#pragma code”

#pragnma code [section-nane [ =address]]

> Sectl on-nane
(18c452. | kr)

#pragma code My Code On = 0x1000

“#pragma code”

#pragna code

© 2003 Microchip Taiwan , All Rights Reserved.
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MICROCHIP Cl18 Configurat.l

Zontrol

Configuration Words
0 PIC18FXXX  Config. Words 0x300000 — 30000D

Default/
Unprogrammed
Value

3FFFFE
3FFFFFh
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MicROCHIP ClBonfi Wor ds

Zontrol

Config. Words
Configuration Words

l
o Config. Bits PIC18F452.1kr

0x300000 to 0x30000D

Program M emory
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MICROCHIP ClBonf Bl t s
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Configuration Words (cont.)
0 #pragma romdata CONFIG
0 CONFIG PIC18F452.1kr

#pragma romdata CONFIG

const rom unsigned char CONFIG1L=0xff ; /[ Don't care byte

const rom unsigned char CONFIG1H=0b00100010 ; // Disable OSC switch , XXXXX010 = HS Osc
const rom unsigned char CONFIG2L=0b00000001 ; /[ Disable PWRT , Disable BOR

const rom unsigned char CONFIG2H=0b00000000 ; // Disable WDT timer

const rom unsigned char CONFIG3L=0xff ; /[ Don't care byte

const rom unsigned char CONFIG3H=0b00000000 ; [l XXXXXXX0 = CCP2 --> RB3

const rom unsigned char CONFIG4L=0b00000001 ; Il OXXXXXXX Backgroung Debug Enable (ICD)
const rom unsigned char CONFIG4H=0xff ; // Don't care byte

const rom unsigned char CONFIG5L=0b00001111 ; // Not PROG code protected

const rom unsigned char CONFIG5H=0b11000000 ; // Not EEPROM code protected

const rom unsigned char CONFIG6L=0b00001111 ;

const rom unsigned char CONFIG6H=0b11100000 ;

const rom unsigned char CONFIG7L=0b00001111 ;

const rom unsigned char CONFIG7H=0b01000000 ;

#pragma romdata
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o 18F452

0x0008
0x0018

(RED))
Enable Disable

——
> USART TXIF RCIF

> TXIF = TXREG
> RCIF = RCREG

© 2003 Microchip Taiwan , All Rights Reserved. 42
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MICROCHIP Shadow

Zontrol

o Shadow Register
[

W BSR STATUS Shadow Register
RETFIE FAST : Shadow Register

W BSR STATUS
RETFIE O
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MICROCHIP
Zontrol

® PIC18F 0)(0]0[0]0]0]S
0)(0]0[0]0) RS

> 16  bytes

> : goto
ISR ( Interrupt Service Routine )

#pragma code hi _vector =0x0008 [l
voi d i sr_high _code(voi d)
{

_asm
got o | sr_hi gh
_endasm

}

#pragnma code

© 2003 Microchip Taiwan , All Rights Reserved.

SR

0x000000 (Reset

/ 0x000008 (

0x000018 (
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MICROCHIP
Zontrol

“#pragma interrupt”

(
retfle FAST

#pragma i nterrupt func-nane save=synbol |1 st

O f unnca me

g3 save = symbol | 1 st
( :save= FSRO, PRODL JH
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MICROCHIP
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#pragma code hi _vector=0x0008 //
voi d i sr_high_code(voi d)
{

_asm
gotoi sr_high _ _
_endasm (1 sr_high)

}

#pragnma code

//**'k*********'k***********************************

[1* Function: isr_high(void) *
[]* - Received a serial data from RS- 232 *
[]* - Save the received data to Rec_Dat a *
//************************************************
#pragma i nterrupt isr_high ~
voi d i sr_hi gh(voi d)

{
Rec_Dat a=ReadUSART() ; > (1 sr_high)

PORTD=Rec_Dat a;

}

#pragnma code

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Advanced C Workshop




MICROCHIP
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e “#pragma code” 0x0018

e “#Hpragma interruptiow”
e W, STATUS, BSR

#Hor agma | nt er rnuapniel oswy yviéuen/c / 1 S [igk

O f unnca me

0 save= symbol | 1 st
( :save= FSRO, PRODL)

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Advanced C Workshop
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1 pl8f452.h  pl8f8720.h

1 pl8f452.lib pl8f448.lib
. C18

0 Reset Vector

[]

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Ad d C Workshop




MICROCHIP MPL-@ B 8
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: )

(Power-On Reset)

main( )
clib.lib

cO018.0 —

c018i.0 —

c018iz.0 — RAM
\mccl8\src\startup

© 2003 Microchip Taiwan , All Rights Reserved. 49 WAP-002 Advanced C Workshop




MICROCHIP C0O018i C
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#pragma code _entry_scn = 0x000000 RESET :
static void

entry (void) 0x000000

{ asm goto startup _endasm }

#pragma code _startup_scn
static void _startup (void)

{

_asm
/I Initialize the stack pointer STACK TBLPTRU
LFSR 1, _stack LFSR 2, _stack CLRF TBLPTRU, 0

// Initialize rounding flag for floating point libs
BSF FPFLAGS,RND,0
_endasm

_do_cinit ();

loop:
/[ Call the user's main routine
main ();
goto loop;
} [* end _startup() */
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MICROCHIP

1B45RKkr
control.

/1 Sanple linker conmand file for 18F452
[/ $1d: 18f452.1kr,v 1.3 2002/07/29 19:09: 08 sealep Exp $

FI LES c018i .0
FILES clib.lib
FI LES p18f452.1ib

CODEPAGE
CODEPACE
CODEPAGE
CODEPAGE
CODEPAGE
CODEPAGE

ACCESSBANK
DATABANK
DATABANK
DATABANK
DATABANK
DATABANK
DATABANK

ACCESSBANK NAME=accesssfr

NAMVE=vect or s
NAME=page
NAME=I dl ocs
NAME=confi g
NAVE=devi d
NAME=eedat a

START=0x0
START=0x2A
START=0x200000
START=0x300000
START=0x3FFFFE
START=0xFO0000

NAVE=accessram START=0x0

NANME=gpr O
NAVE=gpr 1
NAME=gpr 2
NAME=gpr 3
NANVE=gpr 4
NANME=gpr 5

START=0x80

START=0x100
START=0x200
START=0x300
START=0x400
START=0x500
START=0xF80

STACK S| ZE=0x100 RAM=gpr 5

© 2003 Microchip Taiwan , All Rights Reserved.

18F452

END=0x29

END=0x7FFF
END=0x200007
END=0x30000D
END=0x3FFFFF
END=0xFOOOFF

END=0x7F

END=0xFF

END=0x1FF
END=0x2FF
END=0x3FF
END=0x4FF
END=0x5FF
END=0xFFF

PROTECTED
PROTECTED
PROTECTED

PROTECTED
PROTECTED

PROTECTED

WAP-002 Advanced C Workshop
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PI Cmi cr o

Nop() NOP

ClrWwdt() Watch-Dog Timer

Sleep() SLEEP

Reset() RESET

Ricf(Var) Var (C<--B7<--B6

Rincf(Var) Var ) (B7<--B6

Rrcf(Var) Var (C-->B7-->B6 B1-->B0-->C)

Rrncf(Var) Var ) (0-->B7-->B6 B1-->B0)

Swapf(Var) Var
- Var 8

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Advanced C Workshop
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L CD

HD44/780
4-bit
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MICROCHIP HD4 4-B&a€6ed LCD
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Fin

Svymb ol ‘Level L ‘ Function
Nnumber

- |Powwer supply (SO
- |Powwer supply (+5%)
- | Contrast adjust

1 INnstructicon input
1 [hata input

[l VIt o LD rmaodule
1 RFead from L rmodule

et | -
wWee o | -

= I

Wes | - |
|
|

=y I

= ' I Enable signal

15D |[Drata bus line O (LSE)
15D |[Data bus line 1
15D |[Data bus line
15D |[Drata bus line =
15D |[Data bus line <
15D |[Drata bus line S
5
7

QW~ O G| bk |[WK=

15O |Data bus line
15D |[Data bus line
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Vss
Vee
R/W

DBO LCD Display Module

DB2
DB4 2 x 16 Char act or

DB6
BL Ctrl

LCD Module
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MICROCHIP L CD
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e LCD Module /O

0 PORTD RDO..RD3
> LCD Module DB4..DBY

PORTD RD4 - LCD Module RS
> 0=command, 1 = data

PORTD RD5 - LCD Module RW
> 0=write, 1 =read

PORTA RA2 - LCD Module E

> 1 = enable data r/w

e LCD Module
0 4 Bits Mode , 2 Lines , 5X7 Character
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MICROCHIP HD44 780 (

Zontrol

Executiol

Instruction Description time**

Clears display and returns cursor to
the home position {address 0],

Returns cursor to home position
(address 0). Also returns display
Cursor home being shifted to the original position.
DDREAM contents remains
unchanged.

Sets cursor move direction (D),
Entry mode specifies to shift the display (S).
set These operations are performed
during data readfwrite.

Sets OnfOff of all display (D), cursor
CnfOff () and blink of cursor position
character (B).

Sets cursor-move or display-shift
(S/C), shift direction (R/L). DDRAM
contents remains unchanged.

Clear display 1.64mS

Display OnfOff
control

Cursorfdisplay
shift
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MICROCHIP HD44 780 (

Zontrol

Sets cursor-mowe or display-shift
(A2, shift direction (RLY. DDRAM
contents remains unchanged.

Sets interface data length (DL),
Function set number of display line (M) and
character fonti 1.

Sets the CGRAM address. CGRAM
CGRAM address data is sent and received after this
setting.

Sets the DDRAM address. DDREAM
ODRAM address data is sent and received after this
setting.

Feads Busy-flag (BF) indicating
intermal operation is being performed
CeRAM S DDRAM address and reads CGRAM or DDREAM
address counter contents (depending
on previols instruction).

Cursor/display
shift

Set CERAM
addrass

Set DDR AR
address

Fead busy-
flag and
address
counter

Wyrite to
CERAN or wirite data Writes data to CGRANM or DDRARM.
DDR AN

Fead from
iR AM Or read data
DR AR

Semarks:

-DDREAM = Display Data RAM.
- CORAM = Character Generator RARM.
-DDRAM address corresponds to cursor position.

Feads data from CGRAM or
DDR AR,
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MICROCHIP HD4 4780

Zontrol

name

0 = Decrement cursor

Dosition 1 = Increment cursor position

1-—Eu[dj shift
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MICROCHIP 4- b

Zontrol

\

Function Set
4-bit, 2 Lines, 5x7 dot
100uS

l

Display On/Off Ctrl
100uS

l

Entry mode set
100uS

l

Clear Display
100uS

l
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MICROCHIP L CD

Zontrol.
OpenLCD(void)
0 LCD Module 4 Bits , 2 Lines , 5X7

WriteCmdLCD(unsigned char)
O LCD

WriteDataLCD(unsigned char) & putcLCD( unsigned char )
0 ASCII LCD

LCD_Set_Cursor( unsigned char Y, unsigned char X)
0 LCD (Y, X)

puthexLCD( unsigned char)

[
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MICROCHIP L CD

Zontrol

o Vvoid putsLCD( unsigned char *Str)
N Str Data Memory

o Vvoid putrsLCD( unsigned char *Str)
O Str Program Memory

© 2003 Microchip Taiwan , All Rights Reserved.

LCD Module

LCD Module
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MICROCHIP 2XxXx 16 LCD

Zontrol.

o [ 1] 225 o7 8o |w]u]ne|n|n]ms

« DDRAM Address 80h

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

/[ Set Cursor position on LCD module

/[ CurY =Line(Oor 1)

/[ CurX =Position ( 0to 15)

//

void LCD_Set_Cursor ( CurY, CurX)

{
WriteCmdL CD ( 0x80 + CurY * 0x40 + CurX) ;
LCD_S Delay(); /[ 40uS Delay
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MICROCHIP ROM

Zontrol

”***********************************************

I/ Put a ROM stringto LCD Module

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

putrsL CD( *Str )

(1)

Str_ Temp =*Str ;

(Str_Temp !'=0x00)
{

WriteDataL CD ( Str_Temp) ;
Str ++

© 2003 Microchip Taiwan , All Rights Reserved.

Byte LCD
Byte
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WAP_LCD.C LCD

“WAP-002 Workshop”
LCD

WAP- 002 Wor kshop
Ri chard Yang 7
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1. 10-bit A/D
2.

3.

4.

5. Timer 1
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MICROCHIP 10-bit A/D

Zontrol

10 bits
20 uS ( <10K)

VREF+ & VREF-

39.2 Us
29.2 us
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MICROCHIP 1 0b1 t A/ D

Zontrol.

CHS2:CHSO
||

18F452 =C
10-bit A/D N 1;8;;
Converter

PCFG[0:3]
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Al D

ADCONO Register

See Data Book

ADCS1 | ADCSO

CHS1 | CHSO

GO/DONE

bit7

ADCON1 Register

ADFM | ADCS2

PCFG3

PCFG2

PCFG1

ADMF=0

v

7 07654 3210

XXXXXXXX XX!

N J . J

Y Y
ADRESH  ADRESL
\ y,
Y

10-bit

© 2003 Microchip Taiwan , All Rights Reserved.

Al D

ADMF=1

10-bit Result

v

7 2107 0

!XX XXXXXXXX

N J . J

-
ADRESL

\ ]
v

10-bit
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TC104/7A
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MICROCHIP TC1047 A

Zontrol

10mV/°C

-40°C ~ +125°C ( +-1°Cyp)
25°C ~ +125°C ( +-0.5°Cyp)

0°C 500mV 100°C 1.5V
(10mV x ) + 500mV

2.5V ~ 5.5V
35UA
SOT-23 3-pin

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Ad
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MICROCHIP TC1047 A

control.
0°C~100°C
500mV~1500mV

PIC16F452 A/D
( Vvdd )

0Ox66(0°Cc) ~ 0x133(100°C)

18F452

TC1047A 500mV ~ 1500mV - 0V ~ 4.0V
oV
18F452
Ox00(0°c) ~ Ox3E8(100°C)
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MICROCHIP TC1047 A

Zontrol

u4

VIN
VOUT
VSS

C6
10uF/TM

MCP1541_TO92

Input = 0.5V (0C) ~ 1.5V(100C) ggggg: ature

C8

Vout = 0V (0C) ~ 4V (100C) USB % /MF
MCPV ® Vof f set U6
+ =0. 666V
AN1 <> L

\'\ 1 Vvdd
oV ~ 4V R14 - ] Vss

USA
100K (99K
(99K ! MCP607

Out

| L

1T c10 T TC1047A
100pF -

i Vout= [-Voffset (R14)/R13] + [Temp. | nput (R14+R13)/R13]}
: Temperature = 0OC ,Vout (OC)= -0.666V * 3 + 0.5V * 4 =0V i

: Temperature = 100C, Vout = -0.666V * 3 + 1.5V * 4 = 4V
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MICROCHIP TC1047 A

Zontrol

Read Tmp.C

Read TC1047 _Temperature (

AD_Temp;

(Flagbits.SW2_Flag) ADCONObits.CHS0=0;
ADCONODbits.CHS0=1;

(AD_Temp=0;AD_Temp<5;AD_Temp++);

ADCONODbits.GO=1;
(ADCONODbIts.GO);
AD_Temp = ReadADC();

AD_Temp;

VR

© 2003 Microchip Taiwan , All Rights Reserved.

/[ Read A/D from CHO (VR)
/[ Read A/D from CH1 (T2)

/[ Delay 20uS for CH change

/l Start to convert the A/D
/[ Waiting A/D until done
/I Get 10 bits A/D result
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MICROCHIP TC1047 A

Zontrol

0 OV ~ 4.0V

. MCP1541 A/D | 10 bit
A/D 0 ~ 999 (0x00~0x3ES)

°C 10 LSB, A/D

itoa() A/D ASCII code
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struct struct-nane

{
type nenber 1;

type nenber 2;

} vari abl e- nane;

© 2003 Microchip Taiwan , All Rights Reserved.
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MICROCHIP
Zontrol.

vari abl e- nane. nenber x

Conm pr ot ocol

1 6] ;
Dat a[ 10] ;
Message[ 20] ;
CRC,
Repeat ;

} Rec_Fram

J

(j =0;j<20; ) ++

{
wri t eUSART( Rec_Fram Message[j]);

}
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MICROCHIP (b1 t)

Zontrol

(group of bits)

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Advanced C Workshop




MICROCHIP (
control.

PORTB; // PORTB Byt e
/] PORTBbI t s

{ /Il (uni on), Access RAM
unsi gned PORTB
unsi gned
unsi gned
unsi ghed
unsi gned
unsi ghed
unsi gned
unsi gned

1
1
1
- 1;
1
1
1
1

{

unsi gned
unsi gned
unsi gned
unsi gned

} ]
} PORTBbits ;

“P18C452.H"
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PORTB=0x34:

PORTBbI t s. RB7=1,
PORTBbi t s. RB6=! PORTBDI t s. RB6;

(PORTBbI t s. | NTO)
{

PORTADi t s. RAO=1;

PORTA >>= 1,

}
PORTA=0;

© 2003 Microchip Taiwan , All Rights Reserved.

/1 RBY
/'l RB6

PORTB & PORTBbI t s
pl8C4A52. asm */

WAP-002 Advanced C Workshop




MICROCHIP
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uni on unli on- nane

{
type nenber 1;

type nenber 2;

} vari abl e- nang;

© 2003 Microchip Taiwan , All Rights Reserved.

uni on)

(Structure)
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MICROCHIP
Zontrol.

EE tag Result
Wor d- Byte[0] Byte[1]
Bytes[ 2] ; RAMO RAM1
} TC 74,
EE tag 2 Bytes

EERandom Read( )

Vor d; “int” “union”
Byt es[ 2] ; “char”
} EE Read_Dat a; “ Low-byte”

(1=0;1i<5;i++)

{ ** EERandomRead( )
EE Addr =i ; T
TC 74. Wor d = EERando s -
If ( EE_Read Data.Result >= 0 )
Secu_Code[i]= TC 74. Bytes[0];
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MICROCHIP
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FPvar

FPNum [/ floating point access

unsi gned ; /[ argunent byte O access
unsi gned ; /[ argunent byte 1 access
unsi gned ; /[ argunent byte 2 access
unsi gned ; / | exponent byte access

}
} Foo;

Foo. FPNum = 3. 14159;
Exponent = Foo. Exp - Ox7F;
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MICROCHIP Bytebi t

Zontrol

Main.c

Buzzer_Count--;
Bz.Count++;
(Flagbits.Buzzer_Fast_Flag==1) /I Check the alarm with fast mode

{
(Bz.B1==1) TRISCbits. TRISC2=0; // Turn On the PWML1 output (Buzzer)

TRISChits. TRISC2=1; /I Turn off the PWM1 output (Buzzer)

(Flagbits.Buzzer_Mid_Flag==1) /I Check the alarm with slow mode

(Bz.B2==1) TRISCbits. TRISC2=0; /[ Turn On the PWM1 output (Buzzer)
TRISCbits. TRISC2=1; /l Turn off the PWM1 output (Buzzer)

(Flagbits.Buzzer_Slow_Flag==1) /I Check the alarm with slow mode

(Bz.B4==1) TRISCbits. TRISC2=0; /I Turn On the PWM1 output (Buzzer)
TRISCbits. TRISC2=1,; /[ Turn off the PWM1 output (Buzzer)

Bz.Count Byte
Bz.B1 o]
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TC74 SMBus / I°C
1°C
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SMBus / I°C 100KHZ max.)

0 +25°C ~ +85°C ( +-2°C)
0 0°C ~ +125°C ( +-3°C)
Delta-Sigma A/D
8
2.7V ~ 5.5V
200UA
e SOT-23 5-pin
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Zontrol

_ F‘-?jj Temperature (TEMP}

Read/\Write Configuration
(CONFIG)

| ou_[ron]_rucien [ e[ owston_
D[7 STANDBY c-’r.:mrﬂ:u-
Switch Virite |0 = normal
D[&] Data Feady * | Reac = ready
only |0 = not ready

Reserved -
Always
returns zero
when read
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MICROCHIP
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8-bit
1°C

1LSB

Actual
Temperature

e el
= I._] I-_.I L

O

Registered
Temperature

Binary
Hex

A i

0111 1111
0111 11319

OO0l 1 aol
o000 OO0
OO0 (N el

111< 2113

© 2003 Microchip Taiwan , All Rights Reserved.
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MICROCHIP 12C M aster

Zontrol.

Internal SSPM3:SSPMO
> data bus SSPADD<6:0>

Read ﬁ %\Write
Baud

rate
generator
Shift
SDA in ﬁ U Cﬂc
L:l:| MSB -I
@

Start bit, Stop bit
Acknowledge
Generate

et

Receive Enable
(hold off clock source)

clock cntl

clock arbitrate/WCOL detect

g Start bit detect,

: Stop bit detect,
Sl »| Witeeslfden cEEe: Set/Reset, S, P, WCOL (SSPSTAT)

— g Clock Arbitration Set SSPIF, BCLIF
Bus Collision State counter for Reset ACKSTAT, PEN (SSPCON2)

end of XMIT/RCV
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MICROCHIP 12C Master

Zontrol

—

SEN =0 RIW =0 v
—\%XAGXASXM A3 A2 AL \ ¥ 2 +/D7XD6 olpe Yoo e ok S\

A
A—After start condition SEN cleared by hardware

After stop condition PEN cleared by hardware -

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Advanced C Workshop




MICROCHIP T C YA4x

Zontrol

e TC74-Ax
0 TC74 SMBus / I°C
0o TCT74 1001xxx0

> XXX , 0..7, AX
(TC74-A0 .. TC74-A7)

> TC74-A7 10011110 I°C
0 TC74 / EEPROM
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MICROCHIP TC/4-A7 12C

Zontrol
241 Cxx EEPROM

Master Address Command Address

SLAVE ADDRESS |

Address
Byte
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MICROCHIP | 2C

Zontrol

MPLAB C18 Library I°C Functions

Function Description

AckIz2C Generate I2C bus Acknowledge condition.
Closel2C Disable the SSP module.

DataRdyI2C Is the data available in the 12C buffer?

getclzl Read a single byte from the I°C bus.

getsIz2C Read a string from the 12C bus operating in master 12C mode.
IdlelzC Loop until I°C bus is idle.

HMothckIZC Generate 1°C bus Not Acknowledge condition.
openlzac Configure the SSP module.

putclaC Write a single byte to the I1°C bus.

putsIzc Write a string to the 1°C bus operating in either Master or Slave mode.

ReadIlzC Read a single byte from the 12C bus.

RestartIzaC Generate an [“C bus Restart condition.

StartIzc Generate an *C bus START condition.

Generate an ¥C bus STOP condition.

Write a single byte to the 1°C bus.
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MICROCHIP | 2C EEPROM

Zontrol

« MPLAB C18 Library 1°C Functions
N Functions

0 EERandonRead EECurrentAddRead
(Int)

EEACkPolling Generate the Acknowledge polling sequence.

EEByteWrite Write a single byte.

EECurrent AddRead Read a single byte from the next location.
EEPageWrite Write a string of data.

EERandomEead Read a single byte from an arbitrary address.

EESsquentialRead Read a string of data
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MICROCHIP EERandonRead

Zontrol

o« EERandonRead

unsigned int temp ; I/
temp = EERandonRead(0xA0,0x30) /l 0x30

, High Byte O Low Byte

High Byte

Bus Collision Error Happened
No ACK Error Happened

Write Collision Error Happened
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MICROCHIP T C 7A47

Zontrol.
Read Tmp.C

Word ;
Byteq2] ;

"6
BitD6: 1;

}TC 74,

#define TC74 Addr O0b10011110 [l Definethe TC74-A7 address
#define TC74 RWCR 0x01 /[ Define the Read/Write Configuration
#define TC74 RTR 0x00 Il Define the read temper ature command

TC_74.Bytes[0] >  8-hit
TC_74.BitD6 >
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MICROCHIP T C ZA47

Zontrol

Read Tmp.C
Read TC74 Temperature( )

TC 74.Word=0;
TC _74.Word = EERandomRead(TC74_Addr,TC74 RWCR); // Read Status from TC74

(TC_74.BitD6) /I b6 =1 , Read
temperatu (S

{

TC_74.Word=EERandomRead(TC74_Addr,TC74 RTR);
(TC_ 74.Word>=0) TC _74.Word;
-1; /[ Read Fail, return (-1)

-2; /[ b6=0, return (-2)
}
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MICROCHIP
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16

ASCII| code
LCD

MPLAB C18

ltoa (1, *Str)
code

Str

1000(16) =2
4096 (10) , Itoa( )
ASCII| code “4096"

0x34 , 0x30, 0x39, 0x36 , 0x00
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MICROCHIP
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o btoa()
N 8 10 ASCII

] : 0x80 -->"-128" 100-->"100" 199-->"-57"

e itoa()
N 16 10 ASCII

] : 0x1000-->"4096" 1000-->"1000"

o |toa()
N 32 10 ASCII
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MICROCHIP
Zontrol

e TImerl 16 bit

Dalta Bus=T:0=

LLF opecal Event

rirs T

TRRTL

TR 1O
oo

SLEEP Input
1CKPSD

Mote 1: When enable bit T1QSCEN is cleared, the inverter and feaedback resisior are turned off. This eliminates power drain
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mer 1

T

MICROCHIP
Zontrol

e TImerl

0 Timerl
> 8 bit

> 16 bit TMR1H
High Byte TMR1H

Write to Timerl :

8 bit 16 bit
TMR1L

TMRI1L
TMR1H

TMR1H
TMRI1L

TMR1H

Timerl
TMR1L

Read from Timerl : TMR1H

( timers.h )
Void OpenTimerl ( unsigned char config )
Unsigned int ReadTimerl ( void )
Void WriteTimerl ( unsigned int timer )

© 2003 Microchip Taiwan , All Rights Reserved.

Timerl
High Byte
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MICROCHIP T1 mer 1

Zontrol

Timerl OxFFFF

TMRLIF 1]
TMRLIF PIR1
if ( PIR1bits. TMR1IF ) Timerl

( Polling )

If (PIR1bitsTMR1IF)
{ // Do your job here

TMR1IE 1,

© 2003 Microchip Taiwan , All Rights Reserved.

WAP-002 Advanced C Workshop




MICROCHIP
Zontrol

Initial Timerl as 500 ms Timer
Initial 12C Interface as Master
Initial LCD Module
Initial A/D

Flagbits.Timerl Flag

No

Polling 0.5 Sec

© 2003 Microchip Taiwan , All Rights Reserved.

Timerl 500mS
Thermal Sensor 1
T1=TC74A7
Set LCD cursor

T1=xx°C

Thermal Sensor 2
T2 = TC1047A
Set LCD cursor

T2 =xx.x °C
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o EXxerl
0 Main.h
Main.c
F18 Conf.c
Init. MCU.c
Read Tmp.c
WAP_LCD.c

.C

© 2003 Microchip Taiwan , All Rights Reserved.

Configuration Word
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Mal n. h
WAP LCD. c

(include files)
(Prototype)

« WAP LCD.c
o LCD
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MICROCHIP
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Timerl
500 ms

Timerl (32768Hz  XTAL)
— RCON IPEN 1,

IPR1 TMR1IP “0”, Timerl
! Timerl 16 bit RW

Timerl 32768Hz ,
(65536 - 16384 ) Timerl 500ms
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TC74-A7
EEPROM
“EERandomRead( )

TC1047A
18F452 10-bit A/D
4.096V
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MICROCHIP
Control T .
|

mer 1

ISR Isr_low , Timerl

WriteTimerl() Timerl 500 ms

PIR1bits. TMR1IF Timerl

Flagbits. Timerl Flag
> Flagbits i
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Timerl
LCD_ Temp_Update( )

] LCD _Temp_Update( )

TC74-A7

TC1047A
LCD

TC/74 EERandomRead ()
IC
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WAP- 002 Exer 2
T1=249 T2=24. 59
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VI100

1. RS-232
2. VT-100
3.
4.
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MICROCHIP
Zontrol.

-

8-bit or 9-bit

@ 40MHz
: 10M baud

625 Kbps
O-hit
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MICROCHIP
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TXIE
Interrupt

TX8/9

|
T g

OERR

?

ADDEN ——p

RCD8
RC8/9

L q-m-

RCIE

© 2003 Microchip Taiwan , All Rights Reserved.

PDEREC
I RCREG
—
|

1EB452

TXEN SYNC
SREN CSRC
CREN

SPEN
TXDATA

I RXDATA
n

— 4—»% RC6/TX/CK
TXCLK
FERR
f <+ 4—»% RC7/RX/DT

+ RCCLK

TO RC6, RC7
<4 I/0 Port Logic

Baud Rate
Clock

S
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MICROCHIP TXIF & TRMT

Zontrol

TXREG TXIF=0 TXREG
TSR TXREG

=- 1

USART TX <—| m

(TXIE=0)
RC6/TX/CK
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RSR

RC7/RX/IDT

mﬁm

ADDEN _>¥

=3
T

FIFO 2 deep FIFO

FIFO
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USART ;
0 c:\mccl8\src\pmclusart\18cxx\

OpenUSART USART
BusyUSART :

PUtSUSART : RAM

put sUSART : ROM
ReadUSART :

WriteUSART
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MICROCHIP
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19200, N ,8, 1

( polling TXIF )
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MICROCHIP USART

Zontrol

Init MCU.C

Initializ2USART (v0ic)

TRISChits. TRISC7=1, Il Set input for RXD
TRISCDbits. TRI SC6=0; Il Set output for TXD
RCSTAbits.SPEN=1; /[ Enable USART Module

OpenUSART ( USART _TX_INT_OFF /I Set TXSTA Reg. =0b00100100
& USART _RX_INT_ON /I Set RCSTA Reg. =0b10010000
& USART_ASYNCH_MODE
& USART EIGHT BIT
& USART_CONT_RX
& USART BRGH_HIGH
51):; /I Set SPBRG=51, Baud Rate = 19200 @16M Hz

|PR1bits.RCIP=1; /Il Set Receive of USART are High priority
PIE1bits.RCIE=1,; /[ Enable RxD Interrupt

}
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code isrhighcode = 0x0008
isr_high_direct (voic)

isr_high

code

interrupt isr_high
isr_high (void)

( PIR1bitsRCIF )

{
Rec Data = ReadUSART( );

}

code

© 2003 Microchip Taiwan , All Rights Reserved.

//begin in-line assembly
//gotoisr_high function
//lend in-line assembly

/| Get RS-232 data
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MICROCHIP
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o GUI Application

Window
(VT100)

© 2003 Microchip Taiwan , All Rights Reserved.
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. Windows
‘ Y e
“19200, N, 8, 17
VT100

(icon)

Save

RS-232 APPOO1
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RS-232 ASCII Code

PWM
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ESC[2J
ESC[1K
ESC[2K

ESC [ Yn;Xn H

ESC E
ESC[PnA
ESC[PnB
ESC[PnC
ESC[PnD
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+

. Array_Name[10]
&Array _Name|[3]

ROM
const romchar ch[7]={‘H ,'e ,’|",’|",’0 ,’\0"};
const romchar ch[]={"Hell0”};
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VT100.C
* Disp_Line[10]=

VT-100 Terminal®,
Microchip Technology Taiwan ",
MPLAB C18 Advance Application Workshop ",

Received Slave update Counter : ",
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VT100.C

VT100_Fill_Screen( Line)

l;
(i=Line ; i<23 ; i++)

putrsUSART ( Disp_Line [i]);
VT100 Cursor_N_Line ();

putrsUSART (Disp_Line [23]);

© 2003 Microchip Taiwan , All Rights Reserved.
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1000(16) =2 4096 (10)
4096 (10) ASCI|
0x34 , 0x30, 0x39, 0x36 , 0x00
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Print_Temperature (11t Data)
(Data==0) WriteUSART (‘0");
itoa ( Data,ASCII_String) ;

Str_Len =strlen (ASCII_String);
(i=0;i<Str_Len;i++)

(i==(Str_Len-1))
{

(Str_Len==1) Print_Byte( ‘0" ) ;
Print_Byte( “." ) ;
}
Print_Byte(ASCII_String[i]) ;

}
putrsUSART ( Degree C) ;
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e USART

] Init MCU.C Initialize USART( )
= 19200 bps , 8 bit Data , No Parity , 1 Stop bit

USART , High Priority

v RCIE=1,RCIP=1
> USART

USART
Main.h
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Init MCU.C

InitializeUSART (V01 )

TRISCbits. TRISC7=1, /Il Set input for RXD
TRISCbits. TRI SC6=0; /Il Set output for TXD
RCSTAbits.SPEN=1; /[ Enable USART Module

OpenUSART ( USART_TX _INT_OFF Il Set TXSTA Reg. =0b00100100

& USART_RX INT_ON /Il Set RCSTA Reg. =0b10010000

& USART_ASYNCH_MODE

& USART _EIGHT BIT

& USART_CONT_RX

& USART _BRGH_HIGH

, 51); /Il Set SPBRG=51, Baud Rate = 19200 Bps

Il @ 16MHZ

| PR1bits.RCIP=1,; I/ Set Receive of USART areHigh priority
PIE1bits.RCIE=1,; /[ Enable RxD Interrupt
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LCD
V1100

main.c

500 ms Sensor
T1 Buffer, T2 Buffer
VT 100 Update() VT100
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EEPROM

16
10
EEPROM
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YT1-100 Terminal
Microchip Technology Taiwan

HMPLAB C18 Advance Application Workshop

EEPROM

Received Slave update Counter : 29
Current Temperature 1 : 22 deg.C Current PWHM Output :

Current Temperature 2 : 271.4 deg.C Status

Display Remote Setting

. Set Maximum Temperaturd : . Current EEPROM Setting ;
. Set Minimum Temperature: . Current EEPROM Setting :
. Request Auto Cooling

. Cooling Svstem Shutdown

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Advanced C Workshop




MICROCHIP
Zontrol.

e VTI100 ASCII
R Hex code

78.6°C

ExiEEe
BT
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o atob():

8
1007 --> 0x64 " 255" -->0xFF
"-128"-->0x80 "-2"-->0xFE

16
: ©1000"--> OxO03E8=1000 "-1000"-->0xFC18= -1000

32
: 12345678907 --> 0x0499602D2
“-1234567890" --> OxB669FD2E

© 2003 Microchip Taiwan , All Rights Reserved. 140 WAP-002 Ad
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e C

"’ 10000
1000
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VT100 (000~999) 16
Rec Cmd.c

T2 Setting ;
T2 Hi;
T2 Mid;
T2 Low;

T2 Setting=(111) (T2_Hi & OxO0F) ;
T2 Setting=T2 Setting * 100 ;
T2 Mid=(T2_Mid & OxOF) * 10; I/
T2 Low = (T2 _Low & OxOF) ;
T2 Setting=T2 Setting+ (1111) T2 Mid; I
T2 Setting=T2 Setting+ (111) T2 Low ;

T2 Setting ;
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0x2710 0x2710
10

Ox3ES8
0Ox64
0)(0JA\

10

> 1000 100 10
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LCD_ItoA ( AD_Data)

DS_Zero_FLG =1,
putcLCD (Set_BCD_ASCII (AD_Data / 1000));
AD_Temp = AD_Temp % 1000;
putcLCD (Set_ BCD_ASCII (AD_Temp / 100));
AD_Temp = AD_Temp % 100;
putcLCD (Set_ BCD_ASCII (AD_Temp / 10));
AD_Temp = AD_Temp % 10;
putcLCD (AD_Temp +="'0";

Set_BCD_ASCII ( BCD_Data)

(BCD_Data == 0)
(DS_Zero_FLG)
IOI;

DS Zero FLG =0;
(BCD_Data +=‘0);

}

© 2003 Microchip Taiwan , All Rights Reserved.

ASCI| Code
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o btoa()
N 8 10 ASCII

] : 0x80 -->"-128" 100-->"100" 199-->"-57"

e itoa()
N 16 10 ASCII

] : 0x1000-->"4096" 1000-->"1000"

o |toa()
N 32 10 ASCII

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Ad




MICROCHIP RecCMD. c
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Get_3 Digital ()
0 VT100

[
8 16 EE_Write( ) EEPROM

EEPROM_Update ()

N EEPROM 16 10 ASCII
VT100

EE_Write ()
N EEPROM

EE Read ()
0 EEPROM

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Advanced C Workshop




MICROCHIP
Zontrol

« EEPROM

VT100

[]

© 2003 Microchip Taiwan , All Rights Reserved.

V1100 ASCII

EEPROM ASCII
?

PWM Duty Cycle
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0 In-Line Assembly

MPASM
(directive)
» ORG, EQU, RES, BANKSEL, SET, #DEFINE

> XXX.h RCIF,ADIF,W,F,FAST
asm

_endasm

o moviw 10 ==> moviw 0Ox0a
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C
(Label)

(Tx_Loop:)

MPASM  (RCREG, SSPBUF .)

0 FSRO, FSR1, FSR2
0 PCLATU , PCLATH , TBLPTRX
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contre!
MOVF f,d,a (d a 1 O )

OP CODE dialf fdfpFRfdfilf

d = Destination Bit J
d = ¢ for destination; W
d = | for destination F

a = Access Bit ‘ fi = 8-bit Register Address

a = (ifor Access Bank
a = | for bank per BSR

MPASM In-Line Assembly
novf PORTD, W novf PORTD, 0, O
andlw b'11110000’ andlw OxfO
xorwf  Tenp Varl, W ‘ xorwf  Tenp Varl,0,0
btfss STATUS, Z btfss STATUS, 2,0
goto Di scFai | goto Di scFai |

bsf STATUS, C bsf STATUS, 0, 0
return return O
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Zontrol EEPROM

PIC18F MCU EEPROM

/
EEDATA
EEADR

EECONL1
EECON2

> EECONZ2
Oxaa

GIEH & GIEL
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control. E E F) R O M

PIR2bits.EEIF = 0;
EEADR = EE_Address;
EEDATA = EE_Data,;
EECONL1bits.EEPGD = 0;
EECON1bits.CFGS =0 ;

EECON1bits.WREN = 1; EEPGD =0,
INTCONDbits.GIE = 0; EEPROM

EEADR EEDATA

CFGS =0,
EEPROM  Flash
Program Memory

VAR{=

INTCONDits.GIE = 1; >  Oxb55 > Oxaa
while ('PIR2bits.EEIF);
PIR2bits.EEIF = 0; EEI F

EECON1bits.WREN = 0;
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EEADR EEDATA

unsigned char EE_Read (unsigned char EE_Address)

{
EEADR = EE_Address: EEPGD

EECON1bits.EEPGD = O: EEPROM

EECON1bits.CFGS =0 ; CFGS — O ’

EECON1bits.RD = 1,

return EEDATA: EEPROM Flash
Program Memory

RD
EEDATA
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while(1)

{
Rec_Cmd_Check() ;

switch

if (Flagbits.Timerl_Flag)
{
Flagbits.Timerl_Flag=0;

sw{itch ( Timer1_Count ) Rec_Cmd_CheCk( )

casel:
LCD_Temp_Update () ;

break ;

case 2 : VTlOO_U pdate

VT100_ Update() ;

break ; ( 13,32 ) & (15,32 )
case 3:
B EEPROM_Update
break'; EEPROM
} (20,68) & (21,68)

LATDDbits.LATDO = ILATDDbits.LATDO ;
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VT100
16 EEPROM

EEPROM 10
VT100

PIC18F452 Stand-Alone Mode

EEPROM
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P WM

1.
2. PWM
3. Duty Cycle
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e extern
[] . extern <

>

>

0 Extern

© 2003 Microchip Taiwan , All Rights Reserved.

>
Varl;
Varl;
(Compiler)
(MPLINK)

(prototype)
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VT100_ puthex ( HEX Val)
VT100 puthex
RAM ( static

local enable )
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Main.C

Rec_Data;
Buzzer_Count;

Flag;

Key_Flag:1;
Timerl_Flag:1;
Pause Flag:1;
Buzzer_On_Flag:1,;
Buzzer_Fast Flag:1;
Buzzer_Mid_Flag:1;
Buzzer_Slow_Flag:1;
Shutdown_Flag:1;
h
} Flagbits;

extern

© 2003 Microchip Taiwan , All Rights Reserved.

} Flagbits;

h

Rec Cmd.C

Rec_Data;
Buzzer_ Count;

Flag;

Key Flag:1;

Timerl Flag:1,
Pause Flag:1;
Buzzer_On_Flag:1;
Buzzer_Fast Flag:1;
Buzzer_Mid_Flag:1;
Buzzer_Slow_Flag:1;
Shutdown_Flag:1;
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CCP1CON=54>

Duty Cycle Registers ﬂ'--

CCPRIL E

TMR2 {Note 1)
1

Clear Timer,
CCP1 pin and
latch D.C.

Mote: 8-bit timer is concatenated with 2-bit internal Q clock or 2
bits of the prescaler 1o create 10-bit time-base.

© 2003 Microchip Taiwan , All Rights Reserved.

P WM

TIMER 2 PWM
PR2 Period

CCPRxH PWM
Duty

TMR2 = PR2
> TMR2
1(High)

Duty O, CCPx
(Low)

> CCPRxL , CCPXCON<5:4>
CCPRxH 2
10 bit

TMR2 = CCPRxH , CCPx
0 (Low)
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PIC18F PWM 10 bit ,
0 TMR2,PR2, CCPRxH , CCPRxL 8 bit ]

PWM Duty CCPRxL CCPxCON Dbit4:5 10 bits

CCPRxH 10 bit
CCPRXxL , CCPXCON<4:5>

TMR2 8 bit, bit

0 Timer2 Prescaler 1:1
> 2Dbit Internal Q Clock ( 4  Q Clock

Timer2 Prescaler 1:4 or 1:16

> 2 bit (Pre-scaler)
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Timer2  Pre-scaler
void InitializeTMR2(void)

{

Post-Scaler

Timer2 Prescaler
Timer2 Reset

PR2 = OxFF; (PeriOd)

Enable ,
Timer2 Post-Scaler
Timer2 CPU

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Advanced C Workshop




MICROCHIP PWM I ni t 1 al

Zontrol

Timer2 PWM ¥
OpenPWM1( period ) , OpenPWM2( period )
PWM = ( period+1) *4 * Tosc * TMR2 Prescaler
TMR2  Prescaler 1.4, 256 uS = 3.9K Hz

3.9K Hz , Buzzer FAN

void InitializePWM(void)

{
OpenPWM1(0xFF); /l Open PWML1 for Buzzer
OpenPWM2(0xFF); /[ OPen PWM2 for FAN

SetDCPWML1(0x3FF/2); I/l Buzzer out frequency
Il PWM = (PR2+1)*4*(1/16MHz)(Prescal)
Il 3.9KKz = 256 *4*0.0625uS * 4 = 256 uS
TRISCbits. TRISC2=1; /[ Turn off the PWM1 output (Buzzer)

TRISBDbits. TRISB3=0; /[ Turn on the PWM2 output (FAN)
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1 EEPROM_Hi-Setting , EEPROM_Low_Setting
T2 T2 Buffer

PWM  Duty Cycle 0..1023
Duty Cycle

{ (T2_Buffer - EEPROM_Low_Setting) * 1024

= Temp_PWM
(EEPROM_High_Setting — EEPROM _ Low-Setting)

SetDCPWM2( Temp_PWM-1) Duty Cycle

: PWM Duty Temp PWM
( Disp_Duty )
o Disp Duty=[(Temp_ PWM ) /1024 ]* 100
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EEPROM_Hi_Setting = 800 , EEPROM_Low_Setting = 200, T2_Buffer = 600
, Temp_PWM = 682 , Disp-Duty = 66

#dd SFF |;-,_'_|'_|,'|r4|' :I add Bwmbol || parmmeter_|
Address | Fymbol Hame | Valus

ao0a Temp EFEM

aggd Diap Duty

Wmich 1 Wech 2| Witch 3] Watch 4
eyl el M ke e R A g -
void PWA_Control(vaid)

if (T2 BufTer==EEPROM Hi Setting) Ternp PWLI= 0x3FF;
else if (T2 _Buffer<=EEPFROM Low _ Setting) Temp FVWA= Ox001;
plse

i
'l'ﬂ:l:l.]:-_ FSWH = (3 FF = [||||:|.|:'_'| E'I“']_F|1:||'|'|*|-'|':I-:F"'|Qﬂ."|-'! _].|:|'t'|- _."'i r'lrE|:|.|=' VP EEFPEC I'L-'[_EII_.":F'IIiHQ- EEFRC h'T_r.II“'_!‘:'I"lll-:I:IE.] |
1

4
SetDCPWARL(Temp PWL);

Diisp Dty = {100 * {long) Termp PWHAL) / 10024 ;

Y100 Cursor Posltionl3so):
btoaiDisp Duty ASCIT String);
|
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CRE
AddSFR [[aDCOND =] Add Symbiol | parameter ]
nddress | gyrbol Name | valus
noan Temp EuM
00F0 Disp_ Duty

T |

werdamann. ¢
vold PYW M._'( “ontrol {vold)
i

if(T2_Bulfer==EEFROM _Hi_ Setting) Temp PWM=0x3FF,
else if (T2 Buffer<«EEFROM Low Setting) Temp PYAD- Ondb01;
else
i
Temp PWM = (0x3FF * 10l o 0 T T e et ) ) EEFROM Hi Setting - EEPROM Low Setting ) |

1
SetDCPWM2{Temnp PWM):
Disp Duty = (100 * (Iong) Ternp PWR / 1024 ,

L EII'I_E'LLI: &1 _]"n-.irtnm:] 369
btoa(Disp Duty ASCI String);
VT100_Clear Right();

puts TSARTIASCIL String),

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Advanced C Workshop



MICROCHIP MPLAB C138

Zontrol

Temp PWM ,
0 (1024 * ( T2-Buffer - EEPROM_Low_Setting ))

11024 * 400 = 409600
409600 int (0..65535)

[]

(long)
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void PWM __Control(void)
{

if (T2_Buffer>=EEPROM_Hi_Setting) Temp_PWM= 0x3FF;

else if (T2_Buffer<=EEPROM_Low_Setting) Temp_PWM= 0x001;

else

{

Temp_PWM = (1024 * (long) (T2_Buffer-EEPROM_Low_Setting ) )/
(EEPROM_Hi_Setting - EEPROM_Low_Setting ) ;

}
SetDCPWM2(Temp_PWM — 1 );

Disp_Duty = (100 * (long) Temp_PWM) / 1024 ;

VT100_Cursor_Position(13,69);
btoa(Disp_Duty,ASCIl_String);
VT100_Clear_Right();
putsUSART(ASCII_String);
Print_Byte('%");
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E@) PWM_Control() Timer 1
Timerl Count 1

while(1)
{
Rec_Cmd_Check() ;
if (Flagbits.Timerl_Flag)
{
Flagbits.Timerl_Flag=0;
switch ( Timerl _Count)

{
case0: LCD_Temp_Update () ;

break ;

case 1: VT100_Update() ;
break ;

case 2: EEPROM_Update();
break;

default :

}
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(SW2_Debance!=0)
{
(ISW2 | ISW3) SW2_Debance=10;
SW2_ Debance--;

(ISW3)
{
Flagbits.Key Flag =1 ;
SW2 Debance =10;
}

(ISW2)
{
Flagbits.SW2_Flag = IFlagbits.SW2_Flag;
SW2 Debance =10;

}
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e« PWM_Control ()

N T2
PWM Duty Cycle

PWM

Read Tmp.c

Timer2

© 2003 Microchip Taiwan , All Rights Reserved.

EEPROM

Duty Cycle
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98% --

75% - 97% --
1% - 74% -
1% --
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S5 WAPOOZ - #
BEE WEE wRd O SER0 FREH
D|=| (3] =l

YT1-168 Terminal

Microchip Technology Taiwan

HPLAB C18 Advance Application Yorkshop

Received Slave update Counter : 126
Current Temperature 1 : 19 deg.C Current PHM Qutput :28%

Current Temperature 2 : 21.9 deg.C Status : Normal Temperature

. Set Maximum Temperature : 80.0 Current EEPROM Setting :
. Set Minimum Temperature : 00.0 Current EEPROM Setting :
. Request Auto Cooling

. Cooling System Shutdown

fEi% 00:01:07 [HENEA  [192008-N-1 [SCROLL [CAPS [NUM [RE [FTFD
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Timer

0 PIC18xxxx

Task (

EEPROM
I

Task

© 2003 Microchip Taiwan , All Rights Reserved.

Dead Loop
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(1)

Rec_Cmd_Check();
Key_ Press_Check();

(Flagbits.Timerl_Flag)
{

Flagbits.Timerl_Flag=0;

(Timerl_Count)

© 2003 Microchip Taiwan , All Rights Reserved.

case 0x00:
(LCD_Count==0) LCD_Temp_Update();

0x01:
VT_100_Update();

0x02:
EEPROM_Update();

0x03:
PWM_Control();

(0)(02%
Temp_Compare();

Il
/l Timerl
Il

I

/[ 0.5s update

/I 0.5s update VT100

/I 0.5s

EEPROM

PWM Duty Cycle

EEPROM
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e Temp Compare() Disp_ Duty
0 Disp_Duty >=99
Over Temperature (15,58)
(Flagbits.Buzzer Fast Flag=1)
Disp_Duty >= 75, Disp_Duty < 99
High Temperature (15,58)
(Flagbits.Buzzer Mid_Flag=1)
Disp_Duty >= 25, Disp_Duty < 75
Normal Temperature (15,58)
Disp_Duty >= 1, Disp_Duty < 25
Lower Temperature (15,58)
Disp_Duty <1
Lost Temperature (15,58)
(Flagbits.Buzzer_Slow_Flag=1)

© 2003 Microchip Taiwan , All Rights Reserved. WAP-002 Advanced C Workshop




MICROCHIP
Zontrol

Timerl ISR

(Buzzer_Count==0) TRISCbits.TRISC2=1;

Buzzer_Count--;
Bz.Count++;
(Flagbits.Buzzer_Fast_Flag==1)
{
(Bz.B1==1) TRISCbits.TRISC2=0;
TRISCbits.TRISC2=1;
}
(Flagbits.Buzzer_Mid_Flag==1)
{
(Bz.B2==1) TRISCbits.TRISC2=0;
TRISCbits.TRISC2=1;
}
(Flagbits.Buzzer_Slow_Flag==1)
{
(Bz.B4==1) TRISCbits.TRISC2=0;
TRISCbits.TRISC2=1;

}

© 2003 Microchip Taiwan , All Rights Reserved.

Buzzer

/I Buzzer control , If the count=0, uzzer off

/I Check the alarm with fast mode

/l Turn On the PWM1 output (Buzzer)
/[ Turn off the PWM1 output (Buzzer)

/I Check the alarm with slow mode

/l Turn On the PWM1 output (Buzzer)
/l Turn off the PWM1 output (Buzzer)

/I Check the alarm with slow mode

/l Turn On the PWM1 output (Buzzer)
/l Turn off the PWM1 output (Buzzer)
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Bz union

near union

{ Flagbits.Buzzer Fast _Flag
e e Sous Flagbits.Buzzer_ Mid_Flag
struct { Flagbits.Buzzer_Slow_Flag

unsigned BO0:1; Bz
unsigned B1:1; if

unsigned B2:1; {
if (Bz.B1==1) TRISCbits.TRISC2=0; /[ Turn On the PWML1 output

else TRISChits. TRISC2=1; /[ Turn off the PWML1 output
unsigned B4:1; }

unsigned B3:1;

unsigned B5:1; else if

{
if (Bz.B2==1) TRISChits.TRISC2=0; /[ Turn On the PWM1 output

else TRISChits.TRISC2=1; /l Turn off the PWM1 output
}

Bl B2
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PWM
99% -100%
75% - 98%
25% - 74%
1% - 24%
0%

Bz.Count
BUZZER

4KW
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Over Temperature )
High Temperature )
Normal Temperature )
Lower Temperature )
Lost Temperature )

7134 bytes PIC18FxxX
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