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» Microchip APP001 Workshop Board (PIC18F4520 inside)
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» MPLAB C18 User’s Guide
> MPLAB® C18 C Compiler Getting Started
> PIC18F4520 Data Sheet
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s Microchip 1&f
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| & blink - MPLAB IDE vB.10 - blink.mcw

File Edit Wiew Project Debugger Programmer Tools

[ = ? ‘
: M B Memory
B blink.mcw P-

= blink.mcp
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MPLAB IDE f&

Configure  Window  Help
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RERRRERER. FERRREERE EREREERERH

Checksum: Oxf7djiis
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B=1E

EEX

e jicrochip_3Z bit_solutionsi.starter kit labhstlabZ blinkik A

B cource Hes Q0000010 RERRRRERE RERRERRR RERRRRRER FRRRRRERRR RRRRRH
. 00o00_00zo RERRREERE
] blink.c 00000030
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[_] object Files oooo_oos0 w0, 0xb£58
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000 0070 LATA = O;
|1 Linke iD R = P Lui w0, Oxb £85
= sero, 24608 (w0
B Memory Lisage Gauge Pt
foridi = 0; i = OxFFFF; it++):
= zero,0(=8)
1w w0,0is8)
ori wl,zero,0nfffe
sltu v, wl , wi
bne w0, zero, 0x5d4000050
nop
1w w0,0i=8)
505 addiu wio,wi, L
1] =) w0, 0i=s8)
Frogram hemory Data Memony i k7 beq sero,szero, 0x2d000038
Total: 124140 Total: 2276& LR f000 nop
= ER RRRERRRF RERRRRRE RRRRERRRE RERRRFRE RRERREEE LATATNY = OxFF:
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MPLAB®

Programmer'’s
Editor

MPLAB C and
Hitech-C
Compilers

Compilers,

RTOS, Proteus
SW Tools SPICE
Version MATLAB
Control

HYBHSS:

Integrated Development Environment

Source Level
Debugger

Project

MPLAB PM3

3
Emulators and
Debuggers

Production, gang,
hobbyist

Programmers

Third Party

Application
Segment

Data
Monitor
& Control
Interface

RTOS
Viewer

PC Lint

Many
others
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Integrated Programmer Target
Development
) Debugger Hardware
Environment

MPLAB®

REAL ICE

MPLAB® IDE MPLAB REAL ICE™ Explorer 16

C Compiler In-Circuit Emulator PICDEM™ 2 Plus

Assembler MPLAB ICD 3 Your Hardware...
PICkit™ 3
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m Low Cost Development Tool
m USB (Full speed)

m Built-in over-voltage/short
circuit monitor

s DI EFE/HEERT
s TE22.0t06.0V T/EBRE

s [NZ 512K byte flash B B f& i
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Medial Cost with High Performance Tool
USB (Full/High Speed)

Built-in over-voltage/short circuit monitor
Firmware upgradeable
Supports 2.0v to 5.5v

Supports multiple inEb 3

breakpoints and
stopwatch N
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USB (Full/High Speed)
Built-in over-voltage/short circuit monitor
Firmware upgradeable
Supports 2.0v to 5.5v
Instrumented Trace
Real Time Watch

8 Logic Probe Ins/Outs




e The MPLAB® IDE Ecosystem
" &R bFrenas

Feature
USB Speed
Power to Target

HW Breakpoints

SW Breakpoints
& Stopwatch

Trace
Data Capture
Logic Probe / Trigger

PICkit™ 3

E R PREETIRELERR

Full / High

MELAE .
REAL ICE

REAL ICE™
Full / High

v

v

v
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USB 2.0 High Speed 41M1H

EEE
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ICD3 3 T EEIH
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ICD3 &5/ 18F4520 mLHIEAZEM ( BrEEREE)
ETESERRVENE - BEFI TR SRR ENE

EHELEE Kk EEPROM WWAEME » TERREENBEETAGEEIFEH » 4
EEH R LLAER Device By T EHT

ICD3 AR BAELIRE

ICD3 R¥#& SLEEP TheE

ICD3 7EER$ERYEBFZ A BERE) Watch-Dog Timer

ICD3 F¥TE#%I5ER; » EEPROM BNAZE&#2FRR (Default)
RB6 & RB7 fR®¥¥45 ICD kxR

MCLR pin & H3H 13V FYERR (thru a 1kohm resistor)
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m Designed by Taiwan Application Team.
> PXERF RIS, — L4 T

s AERRE » FEREMER

s SFRTIISGE R ERAL
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APPO001 8-Bits MCU iZ AR Bk
i AR 40-Pins DIPEEERMPIC16F/PIC18FRFIMCU,

APPOOLIER BB %
¥ t8 LCD Module * 1, LED * 8, Switch * 2, RS23252RS485
BESRME, CAN BESME, 12C/SPI EEPROM

Digital Temperature Sensor

VR, 7 B3 iz

Analog Temperature Sensor, Sa@es
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s APP020 Plus 16-Bits MCUR S B iR

s APP020 Plus BAPPO20MIThEEIRFTEMRA , B T RERAAPP020
WA EThEES , B INL T SPI, 12C B CAN Bus WIRERE B,

m APPO20RHE A dsPIC30F4011 ATE&Et 2 MERiR. LEIEER4R AT
mﬁEEa%EﬂiH@%ﬂEﬁm %ﬂhﬁ%ﬂﬁ&ﬁﬁ] o R
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s APP026-3 64-Pins TQFP MCU iZ i L RE iRk

APP026-3RHE A 64-Pins TQFP MCU P& Z AR MERIR.
HREMSENEMERE , KBIRER T AOIRE , NBIR, ICSP B

BB N BRBBLGEET R

HY R E e b, SECAERREREALBREE,
A E TR AN R MR TR RS MCU RS T,
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APP1632 16/32-Bits MCU Z A BBk 2 EA16/32-Bits MCU
Fﬁ%ﬁ%iﬁ%ﬂﬁﬁ , AIfE I BRI E T —IRMCURY R B LA .
USB#H & °

HHEBZRDM240001 Explorer 16 Development Board JEERHR |
3 in_EExplorer 16FrR BBIUSB ConnectorBAK Secondary
MCUR 28 (X EPIC18FJ Series, HEEMEMIMCU) , ATBLETE
MCURYIERRE . |
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s NEREDRE EESS - EESFERIK > 10-bit A/D #EHazs
> PCORERERI(TCT74A) » FRMmd A FEzs(TC1047A)
> 4.096V 2 EEE (MCP1541) v1.0 & v2.0 i A< or 3.30V S 2E R
(MCP1702-3301) V3a 4
. ERFIEEI T HE
> SPl I12C » RS-232 » RS-485 » CAN : ICD

m H HL/:J = %ﬁﬁ‘“

> 2x16 LCD Module - 8 {EEE A LED » PWM FEE R4 R LED
> 12C EEPROM > SPI EEPROM » [z EEPROM
> WEZERE > PWM EUEEED) @ 1E156s

n PREEERS
> 16MHz / 32768Hz LGS - AMHZ §F558 (VM%)
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EHWAECARE RUFE S - WA H ATRREAE LCD EZ VT-100 &t

User T[7E# VT-100 4Xumidny sl sRE B m s ~ BRI HRE
WFEA BEZEGHER EEPROM

User H[3E4E VT-100 &t 5 R/ B 2 Ry R =

L B R S A R —1E 10-bit PWM gt - H#gith (Duty) &g
EEPROM HyE /S ~ IRfEIREEEREE H AT AT R
Duty HyEH{E (1% to 99%) » DAFZERIHEVE IV 2E
MEERAMA RN 0 gRAERHAENEREE

> ORI 98% -- BT

> OSSR HARAEHY 75% - 97% -- ERAEE R
> ORI RIEEIRY 1% - 74% - BARAE
> OmfER 1% - B REE R

e

W
=S|

WA
=S|
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S 3. R
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SNee 8000000
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16y C18 Bk

s A FHISPT{ERR MPLAB C18

RS Ry

> MPLAB C18 v3.47 1Y Lite (f5fikR)

i BHEE AR B bR EOCR

> Lite i A 4m20% H{EH PIC18F
B B IES R EfE
Extended Instruction Set (&

Y
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m -OO0: default, easy debug, no opt.

m -Ol: good to debug optimized code
m -O2: make code faster, not smaller
m -Os: speed + size, try no bigger

m -O3: faster code, much bigger size
m Procedural Abstraction
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MICROCHIP j%)l?llj:‘uﬁu
RoE Contors -
MPLAB C18 $2ftry=IHE R A A
il F JC B (Bits) B # [# (Range)
void N/A N/A
char 8 -128 ~ +127
unsigned char 8 0~ 255
int (8¢ short) 16 - 32,768 ~ 32,767
unsigned int 16 0 ~ 65,535
short long 24 - 8,388,608 ~ 8.388.607
unsigned short long 24 0~16,777,215
long 32 -2,147,483,648 ~ 2,147,483,647
unsigned long 32 0~ 4,294,967,295
float 32 1.7549435e-38 ~ 6.80564693e+38
double 32 1.7549435e-38 ~ 6.80564693e+38
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» [EF “EONEREEEAAET &R
n EEREEEANTHAES

#pragma idata test=0x0200
long Var = 0OXxAABBCCDD;

> Al Var SEEFRECERNERBIZAT

J

RAM 0x200 0x201 0x202 0x203
Address
Content OxDD OxCC OxBB OxAA

= {EF MPLAB IDEHY “Watch” Thgem B8 BV ZHEIEF
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MICROCHIP H ; SN
o ey (near , far & rom,ram )

ARk d FAE L IER e Rt o (Default)
¥ 12 f Project :E 78 T &9 MPLAB C18 ¥t3:24L % 12 2 Memory Model

T
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const rom far char LCD_MSG1][ |="PIC18F4520",

w16-BitEht ¥ B 5 24-bitizit 13 B~
T AR

Yz d (A7)
Int AD_Read;

I

; 24 RHEEACSRAM
near int AD_Read;

?
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&I EE (local

BREHIR A (—)

, auto )

EREBEEEXENERES
FySER » HES EEAREA -
HER KB AER -

IR B BN 2 TBAE A [E Y LB
AE[HEIE

{58 FIRFPH2EEAE » RRBEATES
RIRFHR

Void main(void)

{
unsigned char 1=0;
1++;
func(Q);

+

/* function call */
void func(void)

{

unsigned char 1=0;

}
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%ﬁ&ﬂﬁ*ﬁﬁ?yﬂ =)
{88 (Global)

~FHBRBUEE B LS NS
B BRMSHELRENER
HE B E YRR BT WY
BE

= AR P EAE ERERAT
H

S

SHY AR > BEH
extern ZRZERL

S HBRHYE A EKBFE

extern unsigned char KeyData
unsigned int ADResult;

void Motor(void)

{

iIT (KeyData == 0x80)

{
TRISCbits.TRISC2=0;
ConvertADC(Q);
whi le(BusyADC());
ADResult= ReadADCQ);
SetDCPWM1(ADResult);

ks

else

TRISCbits.TRISC2=1 ;




MO | BT (=)

e e FFRRERRY (Static)

Void main (void)

n FRRBEHICE RSB {
T\E'E:_"%H,‘J . R%E@%ZW%B unsigned char 1i;
; {H 4 AR R SRR for (1;1<10;1+)
HITERIMAHR(RE TK) }

u %ﬁ%‘%ﬁ%ﬁﬂ'ﬂﬁﬁ"ﬁé‘ 5%% /*** AddOne Function ***/

_“E‘.E/I%1ﬁj2ﬂ: void AddOne(void)
=g 4 I dh AT ’ 'y {

» EZXRBHERETR > EX static_l,(l)rlsigned char
R S AR count=0;

}
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BRIVEA —EEZKHEAK
W » BEASGEHITEEIN
ERERMNE

Bl & TR fres GRAllsR 25
p18f4520.h) :

e [TMRO,TMR1...

e PC,6PCL..

e EEDATA , ADCONO ...

e PORTA, PORTB ...

BT (F7)
ZMEEE (Volatile)

HEZMEBRE AT PErEnveE

Unsigned char Xx,vy, ;
volatile unsigned char TMRO;

x=b55;
y=X,

TMRO=0x00;

The compiler must read TMRO
and can’t use the 0x00 In 1i1ts
temporary variable since TMRO
Iincrements with execution
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A = B XU F(Typedel)

s Typedef HiZREIEEHCHY
ity
s FERVHE
o FRETERAEIIE
o AT SHE
o IR

typedef unsigned char Byte;
typedef unsigned int Word;

void main(void)

{
Word j[10];
Byte 1;

for (1=0;1<10;1++)
] = (Word)i;
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R REVE & B o as e 2 RIBPTSE A

UserE

S S

"5 45 - Prototype

EIHRBEIRES

HRE B ERER include XK

> B

=

[ — |

S BRIR

S EFERT » BT & R —(E xoh

£ A B EESHNRERE - B BEFAE 2?7

FERUIAEAEREA A F22CHYeR B > 0 HEE link B2 AR 8 2R
> BRI R A BRIV BUREAE B IR E &

j #include » B DIEEEEER S HI(E

> 40 : #include <timers.h>

R HY R
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s MPLINK HEiZHEERrik

. FHEERIN R ERVALHE
> AMHABIEREHE{ES “#pragma {udata/idata} sk 5 € &8
%ﬁ(fRAMmfﬁﬁﬁzE

#pragma udata [data-
#pragma i1data [data-

> MAATEREES

qualifier] [section-name [=address]]
qualifier] [section-name [=address]]

“#pragma udata/idata” sk 45 5

TEENE A BEHVIESE

#pragma udata/idata
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#pragma udata/idata

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

Option

Option

>

#pragma udata section-name gL TITE SHVEEIER
ENIEZAE » BEEEEFE< “#pragma udata" 4 #E77H B2k

udata : SEMIHAHEYER (1data FYnEAEE)

[data-qualifier] : SEUNBENER
v “access” ==> ZHE{E ACCESS Bank (1 RAM (0x00-0x7F)t
v 727 ==> %Ik ACCESS Bank (GPR)

[section-name [= addr]] : S8 ERINLHE
v F57Esection-name : $# I8 Linker FYE &5 IURE VAT section-name >
AT E Sk
v fFg7Esection-name : Linker 5 81Z4HE - S804 F unprotected &
v = addr :58EEE E% section-name HYERE L 1T
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— |}

#pragma udata access AccessSection

near unsigned char Temp_Code[4] \ & UT Z BBIBATE Access Bank
near unsigned char Rec_Data; H1 > FHLinker B {TZHEALHE
near unsigned char PWM_Duty;

near unsigned char On_Flag;

#pragma udata abc=0x100
unsigned char
unsigned char
unsigned char
unsigned char

EE&UT ZBRIRAEGPRF
firhk B0x 100693 5

* D [ —

#pragma udata test «—

unsigned char EE Write Data; TEDT 2 SERAEGPRE » HLinker 577
unsigned char EE_Addr; ZEHEfiriE » X section name H4F e EHE
unsigned char Send UR; B2 HEAE Bank 2 BYfirhE

unsigned char Err; SECTION NAME=test RAM=gpr2

#pragma udata
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B (EEBl)

Name Address Location Storage File
Temp_Code 0x000000 data extern D:\WORKSH~1\402\TEST\TEST1.C
Rec Data 0x000004 data extern D:\WORKSH~1\402\TEST\TEST1.C
PWM_Duty 0x000005 data extern D:\WORKSH~1\402\TEST\TEST1.C
On_Flag 0x000006 data extern D:\WORKSH~1\402\TEST\TEST1.C
USART_Status 0x000093 data extern .. \pmc\USART\18Cxx\USARTD.C
J 0x000100 data extern D:\WORKSH~1\402\TEST\TEST1.C
i 0x000101 data extern D:\WORKSH~1\402\TEST\TEST1.C
e 0x000102 data extern D:\WORKSH~1\402\TEST\TEST1.C
T 0x000103 data extern D:\WORKSH~1\402\TEST\TEST1.C
EE Write_Data 0x000200 data extern D:\WORKSH~1\402\TEST\TEST1.C
EE_Addr 0x000201 data extern D:\WORKSH~1\402\TEST\TEST1.C
Send_UR 0x000202 data extern D:\WORKSH~1\402\TEST\TEST1.C
Err 0x000203 data extern D:\WORKSH~1\402\TEST\TEST1.C
PORTAbits 0x000f80 data extern C:\MCC18\SRC\PROC\p18c452.asm
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. %U AT E R

{55 “#pragmaromdata” ZK#5

EHBERE ROM HIECIERE

#pragma ro

mdata [section-name [=address]]

EEANBER 0 Bl - ERER - BURHY

e SR T

¥5< “#pragma romdata”z R4S

u %U ﬂﬁ-ﬁ%iﬁﬁ;"_

E—fa e EfEE

#pragma ro

mdata
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#pragma romdata RomDataSpace=0x400 // %€ romdata ##EfirikfE 0x400

rom unsigned char Arrayl[]= {O0xOF,0xOE,0x0D,0x0C,0x0B,0x0A,0x09,0x08,
0x07,0x06,0x05,0x04,0x03,0x02,0x01,0x00};

#pragma romdata // %18 E—f% romdata section

unsigned char Count;
unsigned char Array2[20]; // BEEFEYER

void main(void)

{
Count = 0Ox00;
while(Arrayl(Count++)) // BEF T =0x00 ?
{
Array2[Count] = Arrayl[Count]; // % ROM FEF[ERIFEA RAM [EZFIH
+
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Section Info
Section Type Address Location Size(Bytes)
.cinit romdata  0x00002a program 0x000002
.code PRAGMA.o code 0x000038 program 0x00006e
-.romdata PRAGMA.o romdata 0x0000a6 program 0x000002
.1data PRAGMA.o 1 romdata 0x0000a8 program 0x000000
RomDataSpace romdata 0x000400 program 0x000010

-tmpdata udata  0x000000 data 0x000002

-udata PRAGMA.o udata  0x000080 data  0x000000
.1data_PRAGMA.o idata 0x000080 data 0x000000
.stack udata  0x000500 data 0x000100
SFR_UNBANKEDO udata  0x000f80 data  0x000023

SFR_UNBANKED1 udata  0x000fab data 0x000055




P NLHEZE R

MR ERHEES “#pragma code” 2Ri5EfE
=HAE ROM WAL E
#pragma code [section-name [=address]]

v section-namer] DIfF B TR P 1D TS Bk BR i T\ AR 1R YA
7irak (. -\bin\lkr\pl18f4520 g.lIkr)

v WA DUE BHEE Z B AR BB Tz ik

- #pragma code My Code On = 0x1000

» MARIER#EIES "#pragma code” 3REGHIL
—HEEMNEFR

'MIC(FIOCI.-II.P . | C18 E

#pragma code
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» FHARECE ST TDIRE:

e Code Protect
Watchdog Timer
Oscillator Options
Debug Options
More...

CONFIG s B2 el s F » &
FRIMTRRFTALIFFF —
(A=4s =5 @ 0x300001 )

'/

16-bit Program Memory

Reset Vector

High Interrupt Vector

Low Interrupt Vector

User Flash

Data EEPROM

Configurations Registers

Device ID
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Config

uration Bits

PIC18F4520 Registers (4 of 11)

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

FOSC3

FOSC2

FOSC1

FOSCO

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

bit O

R/W-0

BORV1

BORVO

BOREN1

BORENO

PWRTEN

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

bit O

R/W-0

WDTPS3

WDTPS2

WDTPS1

WDTPSO

WDTEN

R/W-0

R/W-0

R/W-0

R/W-0

R/W-0

bit O

R/W-0

LPT10SC

PBADEN

CCP2MX

bit O
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#pragma config setting-list

n  EEETHERRIELMANES 6 © Config VA ERTE
hlpPIC18ConfigSet.chm

—
\1':

22 1€ Configuration Bits

(}, Program Files

_ microchip Values for the setting list are defined in the
~ | mplabc18 PIC18 Config Set help file.
) v3.3s

@ doc

%%ppmsc:onﬂgsa.chm %h I p PIC18CO nfigSEt-Ch m

#pragma config OSC = INTI1067, WDT = OFF, BOREN = OFF
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Configuration Bits

=
574

A

E? hlpPIC18ConfigSet

<& = A
SwEE F—5 T8 &5

AECQ | Zw | B8

[2] FIC18F44011 ~
[2] FICT18F44J50 B
[2] FIC18F44K20

[27] FIC18F4510

[?] FIC18F4515

[?] PIC18F452

[2] FIC18F 4520

[2] FIC18F4523

[?] FIC18F4525

[?] FIC18F4539

[2] FIC18F 4550

[2] FIC18F 4553

[?] PIC18F458

[2] FIC18F4580

FIC18F4585

[2] FIC18F45010

[2] PICT18F45J11

[2] PIC18F45J50
FIC1BF45K20

[2] FIC18F 4610

[2] FIC18F 4620 N
[2] FIC18F 4680

FIC1BF4682

[2] FIC18F4B8E

[2] PICT18F4B11

[2] FIC18F4B.50

I i mr— ama e

PIC18F4520

Oscillator Selection bits:

osc =
asc =
asc =
asc =
s =
asc =
asc =
asc =

oz =

OzC

Fail-Safe Clock Monitor Enable bit:
OFF | Fail-Safe Clock Monitor disabled

FCHER
FCHMEN

LF
T
H=
RC
EC
ECIOB
HEPLL
RCIOG

INTIOBT

INTIOY

O

LFP oscillator
AT oscillator

HS oscillator

External RC oscillator, CLKOD function on RAG

EC oscillator, CLKO function on RAG

EC oscillator, port function on RAG

HS oscillator, PLL enabled (Clock Frequency = 4 x FOSC1)

External RC oscillator, port function on RAS

Internal oscillator block, CLKO function on RAG, port function on

RAT

Fail-Safe Clock Monitor enabled

Internal oscillator block, port function on RAGS and RAY
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How to Set Configuration Bits

PIC18F4520 BERHIZRIR (Part 1)

Oscillator Selection

LP,XT,HS,RC,EC,ECI06,
HSPLL,RCI106, INTIO67, INT107

FCMEN

Fail-Safe Clock Monitor Enable

ON, OFF

1ESO

ternal/External Oscillator Switchov

ON, OFF

PWRT

Power Up Timer Enable

ON, OFF

BOREN

Brown Out Reset Enable

ON, OFF,NOSLP,SBORDIS

BORV

Brown Out Reset Voltage

0,1,2,3

WDT

Watchdog Timer Enable

ON, OFF

WDTPS

Watchdog Timer Postscale Select

1,2,4,8,16,32,64,128,256,512,
1024 ,2048,4096,8192,16384,327/68

MCLRE

MCLR Pin Enable

ON, OFF

LPT10SC |

_ow Power TMR1 Oscillator Enable

ON, OFF

PBADEN

PORTB A/D Input Enable

ON, OFF

CCP2MX

CCP2 Mux

PORTBE ,PORTC

STVREN Ste

ick Overflow/Underflow Reset Ena

ON, OFF

LVP

Single Supply ICSP Enable

ON, OFF

XINST

Extended Instruction Set Enable

ON, OFF

DEBUG

Background Debugger Enable

ON, OFF

CPn Coc

Je Protection Enable Block n (n = (

ON, OFF

CPB E

300t Block Code Protection Enable

ON, OFF

WRTNn  Wri

te Protection Enable Block n (n = (

ON, OFF

WRTB E

300t Block Write Protection Enable

ON, OFF




L2 How to Set Configuration Bits

Regi%rz'lt:rrasining P|C18F4520 %EH"]EIE (Part 2)

WRTC Configuration Register Write Protecti

WRTD Data EEPROM Write Protection

EBTRn Table Read Protection Block n (n =0

EBTRB Boot Block Table Read Pro on En ON , OFF

ST E BT AN [E] o SRR R
{55 FH RS T ELHFJEKF Watch-Dog Timer 8 EA

1T 4wz iF IR E(# F Debug/Release 5= » LUIEMERTES Config. #
1y “Debug Bit” 1Y% E

hlpPIC18ConfigSet.chm #%#&F1H PIC18F fy T+

> WEFTTHE AT > 55 %8 MPLAB C18 HYRRA

=52 5 SR Data Sheet #E57# configuration 27172804 % TE %
TE st e
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AT RS P WA02 #rg chRY AR > F kK
Z_Configuration Bits

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

> zi.,f&‘*ﬁ:“" FERPWDT A EMPFernoLVP» EEMF o
MCLRE ® 23k ON 1 gc* MCLR Pin 0% #8 Reset # it o

> 73 4% CI18 &_i¢ * Lite %<& » Extended Instruction Sets #
ier B RMEF o
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MICROCHIP

O
O

00 Q00000 O 00
000 00000000

[ ©ﬁ512 V’!ﬁrfcﬁlp ﬁcrﬁﬁlﬁgg\lncorporated.xxggﬁ .
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e B
m 18F4520 7] 7 $2 21| Wi & o =) = Bk

=B E==> =) &= fi7 1:0x0008

(BB S ==> g [m) 2 {17 1:0x0018

B FErE g R E PR (B e fE (22—, INTO FRYM)
BHE TR A T T A (Flag)

& DT RS E] B8 5% Enable 5 Disable

H+| [ [T

v VvV Y YV VYV V

FENEERNYFPR ==> 5 BT AR0E T 2URER

v USART E4HY TXIF k& RCIF B - SAEFFHERAERR Flag
v Bk TXIF > B A TXREG

v JEkg RCIF > ZEEHl RCREG
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- Shadow Register
&= PETE ZCE SRR SR 2R S
oSBT T

> W BSR » STATUS HE/F AShadow Register
> RETFIE FAST : H Shadow Register By |a|¥#{FH

n BARSTE hiET

> W BSR > STATUS fY{F A ~ HUH 3577 s i gt A

/-l

IET

AT

> EAYIKE - RETFIE 0
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PHET

B4 ISR
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® PIC
>

> EREAE B, fEA goto RIFEZHIRITRR4ETE
EHRY ISR ( Interrupt Service Routine)

#pragma

0x000000 (Reset firhit)

0x000008 (HfE & )

18F Ay m &4 5].A 0x0008 k7 0x0018

R [ B 2 [ R AHEE 16 i bytes HYZER]

code hi_vector=0x0008 // & HE#E ARL _
void isr_high _code(void)

{ 0x000018 ({EfE5THET)
_asm
goto iIsr_high
_endasm

+

#pragma code ISR ( FETHRAS LR )




weoe SRS AR S B

Centers

B fHABEREHEES “#pragma interrupt”
SRYE T BH % BB 1= 1B S e TR e IR A5 R B

(TEENEEAALLL) - REEEFHTR
retfie FAST[E|Z

121411

#pragma interrupt func-name save=symbol list
> func-name : ¥ BALE? BIRIF I L
> save = symbol list : #¥ $PRiFS#kc® » JE4R
%3 % #kc (5]: save= FSRO, PRODL)
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#pragma code hi_vector=0x0008 // % E#EARL
void i1sr_high _code(void)

{
_asm
goto isr_high :}. X
__endasm

+

#pragma code

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

//* Function: isr_high(void) *
//* - Received a serial data from RS-232 *
//* - Save the received data to Rec Data *

//************************************************
#pragma interrupt isr_high
void i1sr_high(void)

{
Rec_Data=ReadUSART();

}
#%ra%ma code | : : p— _




oo S PR

Regional Training
Centers

B #pragma code ZREzEEESorE HET = &8k 0x0018 » MiRHE
HIrEES 4o (BB ST BT IR R R
B #pragma interruptlow ZR5EH R RBUR BB So e R ETHR 25 B

B W, STATUS, BSR BVFHUHERAEHEB K ZER , RO 5=E
retfie O

#pragma interruptlow func-name save=symbol list
> func-name : (&&5ehE T BT AR 75 bR B A4 1H

> save= symbol list : £ FErR B N ET > ZE R SEE (1
save= FSRO, PRODL)




[T

7 ::hc(nocmp 7 C18 H@E{ﬂ%‘_f

s EER]ESHIERE AT E RIE (Header)
> p18f4520.h > pl8f8720.h

n (RPEHIESHYEERBUE (Library)
> p18f4520.lib » p18f87K22.lib

TTIL

m C18 HY#EEEE4H (c0i8i.0)
> Reset Vector [y
> RSB n] R P
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n BUENSEETIEE(—E )

- ém?%ﬂﬂﬁﬁﬁ #i=l (Power-On Reset)
RS ARG A
Eﬁﬁﬁ%’%ﬂﬁéﬁ
> HERSPEGHIFE R main( ) pREL
n BUENEAEE =F > BHE clib.lib prigER
> €018.0 — fE/EH H W 1aE S (5
c018i.0 — ZHIH Sl ¢4 SR S

Y VY

c018iz.0 — Jiikt RAM kR - A EWIESEEUE

FIGTE T MEFR B
.\mplabc18\v3.41\src\traditional\startup

YV YV VY
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#pragma code _entry_scn = 0x000000

static void RESET fiz#ik-: 0x000000
entry (void)

{ asm goto startup _endasm }

#pragma code _startup_scn
static void _startup (void)

{
s 4% STACK K TBLPTRU
/' Initialize the stack pointer =
LFSR 1, stack LFSR 2, stack CLRF TBLPTRU, 0 #I{EE

/I Initialize rounding flag for floating point libs
BSF FPFLAGS,RND,O

_endasm
_do_cinit (); .
BOE PR IE
loop:
/[ Call the user's main routine
main ();
goto loop; B ZeHIMERZ 2 main()

} [* end _startup() */
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B ENiEAE £

7]

// Sample linker command file for 18F452

// $1d: 18F452_1kr,v 1.3 2002/07/29 19:09:08 sealep Exp $

D o -
—

LIBPATH

FILES cO18i1.0

FILES clib.lib <«

FILES pl18Ff452_1ib <

CODEPAGE
CODEPAGE
CODEPAGE
CODEPAGE
CODEPAGE
CODEPAGE

ACCESSBANK

DATABANK
DATABANK
DATABANK
DATABANK
DATABANK
DATABANK

NAME=vectors

NAME=page

NAME=idlocs
NAME=conTfig
NAME=devid

NAME=eedata

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

NAME=accessram START=0x0

NAME=gprO
NAME=gprl
NAME=gpr2
NAME=gpr3
NAME=gpr4
NAME=gpr5

START=0x80

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

ACCESSBANK NAME=accesssfr START=0xF80
STACK SIZE=0x100 RAM=gpr5

i 2 18F452% § Sk it

BEHRFCIIKE
END=0x29 PROTECTED
END=0Ox7FFF
END=0x200007 PROTECTED
END=0x30000D PROTECTED
END=0Ox3FFFFF PROTECTED
END=0xFOOOFF PROTECTED

END=0x7F
END=0OxFF
END=0Ox1FF
END=0x2FF
END=0Ox3FF
END=0Ox4FF
END=0Ox5FF
END=OxFFF PROTECTED
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TRy PIC BV E&EESH]

C18 KRk
:?% F C18 T@

Sk =g
BT

iy,
LTy

TERZ o

Nop() 17 —{E NOP #5<

Clrwdt( ) & [ Watch-Dog Timer

Sleep() 17T SLEEPIE < - 3 AREHRAZ

Reset() #77 RESETI5% » s MCUEE

Ricf(\Var) Y Varbil i iy HESE — 0 q £ g (C<--B7<--B6....... B0<--C)
Rincf(\ar) ¥ VarE /£ iEiE CR &N EYE) (B7<--B6....... B0<--0)
Rrcf(Var) Y Varsi e fir ik — 8 [ 45 1 (C-->B7-->B6--- - B1-->B0-->C)
Rmcf(Var) ¥ VarE £ e OF & A iEYE) (0-->B7-->B6...... B1-->B0)
Swapf(Var) i Varg ~ KA1t 4.1
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2 LCD fELRE]
] ey o
: HD44780 ?W%H?EA = P53

00 _0oo0on PR
000 . 00000000

[~ O\PTZVINQCTID TRcprOogy Incorporated. 44 o T\ N\ |  WAPZChRY




HD44780-Based LCD 248
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Finrn = _
number wvimbol | Level O Function
1 WSS - = Fowewer supply (CSE)
= RN ol o - = Fowwer supply [+
= R =T — — ontrast adjust
4 rs | o | |9 2 ES A e o
s | mwv o [0 [FCRINS e L E M os .
& = 1.7 1 |Enable signal
v [T 0 P LN [Dhata bus lhne O (L=
o [ 1 Ly [Dhata bus line
L= [E2 1 L [Dhata bus line 2
110 [E= 1 LI [Dhata bus line 23
11 [E< 1 LI [Dhata bus line <
12 [ED 1 LI [Dhata bus line D
13 [OE& 0 P LN [Dhata bus line 5
1 [DErF 1 Ly [Dhata bus line F (M=SE)
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s i L CD 154H R [H]

Centers

VCC
R20  R21
10K <220 LCD1
RD5 “—Irs
[
rw [ RD4 _ LCD EN “—Ten
LCD Display Module
Lpo < >REO 2 x 16 Charactor RDL > ;1
D2 RD2 RD3 D3
R22
1K LCD Module

ERAIEETRIRA 4-bit Data Bus 1
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m LCD Module {8 FHEY 1/0 £

> PORTD RDO..RD3
v 72 LCD Module 7y DB4..DB7
> PORTD RD4 - LCD Module #J RS
v 0=command , 1 = data
> PORTD RD5 - LCD Module By RW
v 0=write, 1 =read
> PORTA RA2 - LCD Module #y E (ELANZ2 THEE
v 1 =enable LCD Moudle

—

m LCD Module f§ TAEER
> 4 Bits Mode , 2 Lines , 5X7 Character




H‘.'
Mcsacs HD44780 45 % (—)
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, Code o Executiol
Instruction Description time**
RS DB7 |DB6 DB5 DB4 DB3 DBZ DB1 |DBO
: Clears display and returns cursor to

Clear display | 0 olo|lolo|olo |01 themmegﬂ;}’mmddre%m_ 164mS
Feturns cursor to home position
(address ). Also returns display

Cursorhome | 0 O |0 (0 (0 [0 |01 " |being shifted to the original position. | 1.64mS
DDRAM contents remains
unchanged.
Sets cursor move direction (D),

Entry mode specifies to shift the display (S).

set g O Ot O O O f g W s These operations are performed US|
during data readharite.

: mets OnfOff of all display (D), cursor

Eﬁ;ﬁﬁ'{?ﬁ’o”’m 0 o lolo|o|1|D | c|B |ONORC and blink of cursor position|  40uS

character (B).
: Sets cursor-move or display-shift

S rsorispiag) g 0 oo |1 |siclrRL | * [SIC), shift direction (RIL). DDRAM | 40uS

contents remains unchanged.
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HD44780 #4[#54 (=)

, Sets cursor-move or display-shift
Sursoridisplay oo lo|1 |sic|rLl > (SIC). shift direction (RIL). DDRAM | 40uS
contents remains unchanged.
Sets interface data length (DL,
Function set 0 ] 1T |IDL | N | F * number of display line (M) and 40U
character font(F).
Sets the CORAM address. CERAM
SELCICRAY 0 1 CsRAM address data is sent and received after this A0us
address setting
Sets the DDREAM address. DDREAM
Sl DR 1 DDREAM address data is sent and received after this A0us
address setting
Reads Busy-flag (BF) indicating
Eaeagnbduw' internal operation is being performed
ad%resa EF CGRAM/DDRAM address and reads CGRAM or DDRAM ous
counter address counter contents (depending
on previous instruction).
Write to
CGRAM or wirite data Vitites data to CGREAM or DDRAM. 40U
DDRAM
Read from
CGRAM or read data meads data from CERAM or 40uS
DDRAM '
Remarks:

DDRAM = Display Data RAM.

CGRAM = Character Generator RAM.

DDREAM address corresponds to cursor position.




- — T
S— HD44780 15 <AL T
Centers
nz?r!r:e Settings
HE 0= Decrement curser 1 = Increment cursor position
position
= |0 =Moo display shift 1 = Display shift
D (0= Display off 1 = Display on
C |0 =Cursor off 1 = Cursor on
E |0=Cursor blink off 1 = Cursor blink on
=/C |0 = Wove cursar 1 = Shift display
RiIL |0 = Shift left 1 = Shift ight
DL |0 =4d-bit interface 1 = 8-hit interface
Moo D=8 or /11 Duty i1 line) |1 =116 Duty (2 lines)
F |0 =22x%7 dots 1 =ox10 dots
EF |0 =Canaccept instruction 1 = Internal operation in progress
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TR !
3 Function Set
4-bit, 2 Lines, 5x7 dot
ZEFEE100US
% H 0x03
FEFEI0MS
%Y Display On/Off Ctrl
v FEFE100US
EH 0x03
FEELOMS l
%4 Entry mode set
ﬁtt'. 0x03 TEME100US
X
FEFEL10MS
1% Clear Display
iﬁtﬁ 0x02 JEFE10MS
X
FEFE10MS
LCD 1H4H R E52 5%

4-bit BVEEE
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OpenLCD(void)
> #&4 LCD Module gERK
WriteCmdLCD(unsign

LCD %t

Hl| PRI (—)

4 Bits , 2 Lines , 5X7 ByE/EER

ed char)

> RA—EZERa<SE LCD
WriteDataLCD(unsigned char) &
putcLCD( unsigned char )

> RHEARMZITAERL ASC
LCD_ Set Cursor(uns

Il FIeHYV IR E LCD

Igned char Y, unsigned char X)

> 7% LCD HYFFREF R E R (Y. X) B E £
char)

puthexLCD( unsigned

> RHEARIALTTAE A7}

EHIHY R U



% ()

m Vvoid putsLCD( unsigned char *Str )
> B Str Frig 3Ry Data Memory ARYFEEBYIEERFY LCD Module
m Vvoid putrsLCD(rom unsigned char *Str )
> B Str FrdgEIRY Program Memory HEVFESERERF LCD Module

MIC(ROCHIP . LCD '}'gf

Regional Training
Centers

[ R
EELTERI—E * 5 BREAE—E &Rk RERCER
WodS e — (TR A R H S A

> RHERERUIN— » B LR EtiRevfiratsm F—ExTR
v ETEIEWES BfEE char BUFSIZERIE Az I g0 1
v ETEEME S R int AUEIERIEA RS 2
v oo HKERZEHE ...




ﬂMlc_nocmp 2 X 16 LCD *ﬁéﬁ%ﬁ(mih

Regional Training

Centers

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15

%_‘ﬁ OOh | O1h | 02h | O3h | 04h | O5h | 06h | O7h | 08h | 09h [ OAH [ OBH | OCh | ODh | OEh | OFh
Ny

%—‘ﬁ 40h | 41h | 42h | 43h | 44h | 45h | 46h | 47h | 48h | 49h | 4AH | 4BH | 4Ch | 4Dh | 4Eh | 4Fh

= DDRAM Address 3Z#l#5< R 80h » RUFFERrBEZEHIEZTH C Bk

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

/Il Set Cursor position on LCD module

/[ CurY =Line(0orl)

/[ CurX = Position ( 0 to 15)

I

void LCD_Set_Cursor (unsigned char CurY, unsigned char CurX)

{
WriteCmdLCD ( 0x80 + CurY * 0x40 + CurX) ;
LCD_S Delay() ; // 40uS Delay
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//***********************************************

/l Put a ROM string to LCD Module

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

void putrsLCD( const rom char *Str)

{
while (1)
{
Str_Temp = *Str ; I R FEfRAr e B aE_ERYEE
if (Str_Temp !'=0x00) Il SEERRYSERE?
{
WriteDataLCD ( Str_Temp) ; Il B2—{EByteZl|LCD&4H
Str ++ ; Il 35758 T —{EByte
}
else
return ; /1 Bk H A R
}




MIC(FIOCHIP g\*sﬁl_‘ %_AE%
s SR B A
.\RTC\W402\Exercise\Ex1\Drive LCD.mcp
s BjFE main.c VR (WA RIESEZN)
1. BBt LCD f&52H
= LCD E—{7RER~FEERE"W402 C Workshop

£ LCD SEATRURRIYIS R T I BTRUE

N
o

w
oF

W402 C Workshop

Brdimeht :
i Richard Yang 7

LCD &7 %
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Mlt;nnc:Hlp

1. 10-bit A/D EEHAZS
2. EHAPEEEECE B
3. GEREEE

2 4. EHEA =0 E R

O DDDDC@F imer 1))
SNee 8000000

| r—%mﬁrmcrnﬁﬁgg\lncorporated%ﬁgﬁ ‘ r_\\ m m ﬁ i FZ-CTB‘A

N




" PIC18F4520 10-bit A/D

13 4HIFEEREHAZS T i A58 -
(Tap) : 0.7uS (FMHEZESS)

JEECE AU ¢ 1.4 uS (@ AFHPLI<10K)
JE Lo AR aE.l + 8.4 uS (12 Tap)
HE—LTHERE

AD g/ NRHREE

10-bit FEMTERF
TLEFE 5’[\::]39"*%E

ERRAYSS R TETE

FIFZA ~ [57

SERL VAR

SEE:

78 9.8 us

RSPy Al

10 bits & E

SRR : VREF+ & VREF-

p—t
=

)




MICROCHIP 10'b|t A/D jjl @%

Regional Training

Centers AD ﬁ] x %”fﬁ'.ig#
CHS3:CHSO | In ADCONO Register

AN12
PORTB_ AN12
AN10
AN9
. ANS8
ANT7* Vv 10-bit A/ID 3 %5 %3 F
N AIN
ANG . ADRESH ADRESL
AN5*
AN4 X
y N y N
Veere.! AN2 B
AN B Vos
ANo B
0] D * PORTB (AN8 ~ AN12) #g+ # » # it ¥ ™4
x1 P e #.Configuration Bits #& i:é_l v ek
o REE S
OX| ) : ‘ * *AN5-AN7 % 3% &% 28-pin devices
==l

Vrer Select VCFG1:VCFGO| |n ADCONL1 Register




E%?’/

MICROCHIP

AN A

Regional Training

Centers

Fy

“-1

“{ ADRESH + ADRESL

--------------------------------------------------

---------

-
H

=q1 ;- ——

= e @ < mpmr >< wamr >

time

ppEr o ek gig (V)

ke

’E‘:ﬁ*nu mirba.._L

TR (VN)
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Regional Training
CGnters‘__.---------------------...."_____“- ..........................

" ADRESH + ADRESL

. ADC Result

10 ADC Conversion
P Clock cycl)ef, (TAD)

e )




MICROCHIP
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Centers

A/ D %f %“E'l‘ﬁ%g See Data Book

ADCONO Register
--- CHS3 | CHS2 CHS1| CHSO GO/DONE| ADON

bit7 bit0
ADCON2 Register
ADFM -—- ACQT2 | ACQT1| ACQTO | ADCS2 ADCS1 ADCS0
7 07654 3210 7 2107 0
A/Dﬁa‘% 25
XXXXXXXX [ XX 000000 "\?' < "\?' r' # E» 0000 00 XX | XXXXXXXX
N ~— ~—
ADItS/H ADRESL ADRESH AQ;ESL
10-bit 10-bit

v = A *+ R




A/D B R AR
Regional Training
["‘Nﬁ?ﬁ] X Ezpfi] SetChanADC()
|
pwes  Delay2us
; ConvertADC()
A2 $ AD 3 | or

ADCONObits.GO=1

No o while(BusyADC
L TR ( sy ()

Yes While(ADCONObits.GO)

{ o ﬁA/D}
Wiy A D=ReadADC()




iMlcnocmp C18E,\J A/D H}iZIS:H,\]ig

Regional Training
Centers

s CI18 ] pl8cxxx.h A TH L FsIAHEER
m C18 th@{EH GenericTypeDefs.h

n CI8 ¥FEAXREARAENRAES » 2% pconfig.h §E
. W%E@%ﬁ&m’%T%ﬂﬁLMﬁmWK
o IR BT B BRI A S

#ifdef _ 18F4520

[ I R T R R R
I* Configuration for device = 'PIC18F4520 */

[ HHH T R

lr

I* ADC */
#define ADC_V5

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

[* CC*/
#define CC_V2

[* EPWM */
#define PWM_V5




MICROCHIP

Regional Training

C18 By A/D Bk
Ca A/ DI BERS - AR SRR “adc.h”

EFE&EH] - #include <adc.h>

m ADC V5 IRATNEHRAY ADC pHEY

e Vvoid OpenADC (unsigned char config ,

unsigned char config2,

unsigned char portconfug);
&5 - OpenADC( ADC_FOSC 32 & ADC_RIGHT_JUST & ADC_4 TAD,
ADC_CHO & ADC_INT_OFF & ADC_REF_VDD VSS,

ADC_1ANA);
e Vvoid ConvertADC (void)
ConvertADC( ); // AD BHiGEE A
While(BusyADC( ); // %% AD SERKiEHA

e Vvoid SetChanADC (unsigned char channel)
SetChanADC(ADC_CHO);

e Int ReadADC (void)

int result;
result = ReadADC( );
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SNee 8000000
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T S A R AR MR L EE R Y © 10mV/°C
_L./EH/.[[[L}:EF 1 [&
> -40°C ~ +125°C ({EffEE +-1°Cayy)
> 25°C ~ +125°C (FEHEE +-0.5°Cayy)
> 0°C # 4 BB & 500mV > 100°C g HH 1.5V
> RS - (10mV x HRD@E ) + 500mV

TAEER : 2.5V ~ 5.5V

JHFEEET -+ 35UA
SOT-23 3-pin g4




i " TC1047A W EER

Regional Training
Center

n KEHAVEEHERERE ¢ 0°C~100°C
> BN E R H B 500mV~1500mV

> LI PIC18F4520 1y AID ER#E# Hpets 2 EMriE - H
e A e (2L Vdd /25 ERR )

> EREEE Y E A - 0x66(0°Cc) ~ 0x133(100°C)
n EEGT—RONEEA BRI DR &18F4520 By
A/Digy ARVEE K

6 TC1047A Hyigi ¢ 500mV ~ 1500mV = 0V ~ 4.0V
N A R2] OV > BT A AU s # i i A SO A

18F4520 4D 4.096V T 3.3V S22 BRiG A
A2 (VB M - 0X00(0°c) ~ OX3E8(100°C)

YV YV Y VY




A B APP001 ADC 2 ZE R

Re g:onal Training

s APP001 v1.0 BkF (R 5V f#tE8)

> {HF MCP1541 & 2EFAE » Bt 4.096V
> FLL 0°C ~ 100°C 4 ADC i A&Fi[E EH 0V ~ 4.096V

x APP001 V3.0a BT ( 3.3V 5 5V {itE)

> [ MCP1702-3302 Yy LDO ‘&= 8 FR)F
- it 3.3V - (ELL RIS R Vref HUYM S
B2 f RA3 $HJ/K

> FTLL 0°C ~ 100°C Y ADC # A& EH 0V ~ 3.3V

0°C =-0.72V * 2.3 + (0.5V+(10mV * 0°C)) * 3.3 = 0.006V
100°C = -0.72V * 2.3 + (0.5V+(10mV*100°C)) * 3.3 = 3.294V




TC1047A - JHEE

MICROCHIP ,i §
J N ~
Regional Training Vref+
Centers t
V%F
R10
u4 22K
VIN g
Vref+
Vref +|: VOUT 1 .
4.096V VSS —~ C6 R11
c7T —/ 10uF/TM 2.2K
0.1uF MCP1541_TO92
B B R12
4.7K

Vout = 0V (0C) ~ 4V (100C)

uUSB

Temp.-

53 TR

Input = 0.5V (OC) ~ 1.5VvV(1000C)

MCPV s
+
ANL<__> Z o

}\()})\K/@gK)

Il c10

100pF

Vcc

#* 4096V %3 T RIRFE 250

Voffset
=0_.666V

(@4°]
0.1uF

1

Temperature

d__4.096v ||O.1uF

U6

vdd

Vss

Temperature = 100C, VVout =-0.666\V * 3 +1.5v* 4 =4V

Vout= [-Voffset (R14)/R13] + [Temp. Input (R14+R13)/R13]
Temperature = 0C , VVout (OC)=-0.666\V/* 3 +05Vv*4 =0V

Out

TC1047A




i SEETCLOATARTEREE

MICROCHIP H
Regional Training
Centers Rea‘d T m p ' C
int Read_TC1047_Temperature (void)
ADCON1_Temp = ADCONH1; Il R B AN2 =325 LCM Y E BT > BFEFU# Rk AN2
ADCON1 =0b00011011; Il Enable ANO, AN1, AN2 & AN3 are ADC input
Il Vref+ = AN3 (3.30V (APP001 V3a) or 4.096V (APP001 v1.0)), Vref-=Vss
ADCONODbits.CHS0=1; Il Read A/D from CH1 (T2 ij-HE B OV ~ 3.3V)
I ADCONODbits.CHS0=0; Il Read A/D from CHO (VR1 1YERE 0 ~ 5V)
for (AD_Temp=0;AD_Temp<5;AD_Temp++); Il Delay 20uS for CH change
ADCONODbits.GO=1; I/l Start to convert the A/D
while(ADCONObits.GO); /I Waiting A/D until done
AD_Temp = ReadADC( ); Il Get 10 bits A/D result
ADCON1 = ADCON1_Temp; Il ADC 852K, » T#RER AN2 B LCM FE&IRSR E
return AD_Temp;
}

N

BRELE R A P o [ R,

(S}

AT IIAGHEVRAVE
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TC1047A T e R

n EHHEERREEL S OV ~ 3.3V

m £ MCP170

2 B AID NSFEBEBRIE, HIfE 10

bit A/D B LS BRI B 0 ~ 999 (0x00~0x3ES8)
> 0 0°C > 999 £100°C

& °C VEEE)

%B%L/L 10 {&#

m Z=fEH itoa()
% » "fEm/v

1 /% 10 {E LSB , REERE A/D Y45
SEAN YL L S

B A/ID By455EEHEE ASCIl code
LR II—{E/NGGRG - AR R

1_l

IINBGRE TR — AL IR HERE
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e SERERURE (Structures)

Regional Training
Centers

G R R RIAR T RORH B S — R —(EREES - (2
GEREILTE  RE WA B R A
. GEREEERAETI IR & EE TR
. EREHSS
» BB U SR IR AR (RUREAT ] 5])
- SR LB S
> B bit » 5By bit FEPRHEE

struct struct-name | s oy

{
type memberl;
type member2; < SRR B

AT}

+ variable-name ;=#, R




=1
MICROCHIP E\
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e

wH

» MERSHEARRE > AIER 7 RE/:

variable-name.memberx

(EHEBE . RE)

struct Comm_protocol
{
char ID[6];
char Data[10];
char Message[20];
unsigned int CRC;
unsigned char Repeat;
} Rec _Fram;

unsigned char j;
for(J=0;j<20;j++)

{
writeUSART(Rec_Fram.Message[j]);

}

Comm_protocol 7 RAM AYHE

=2y =i
ID 6 Bytes
Data 10 Bytes
IViessage 20 Bytes
CRC 2 Bytes
Repeat 1T Bytes
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frycsats (bit)

»  ITERERE S BT —ERIRGER

n  ZERETRIERRER - SAE /BT (byte)

n SRRV R T LR — B E BRI AL T (bit) BREEAL TT(group of bits)
> [ITCECERYEFRL » RO — A Y SE T U E

d

struct struct-name < sERE LT

{
unsigned memberl : 3;
unsigned member2 : 1; BRI E - SHILZRFTLRY bit 8

} variable-name; < GEREEEY
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extern volatile near unsigned char PORTB; // PORTBERHEERENFTESHIER
extern volatile near union { // BE44EPORTBbits B—rtésfEnyiL A
struct { // FF&E(union) ,firikfFAccess RAM

unsigned RBO: // SEFHEPORTBAVIEAETHRE
unsigned RB1:
unsigned RB2:
unsigned RB3:
unsigned RB4:
unsigned RB5:
unsigned RB6:
unsigned RB7:

PR RRPRRERRPR

} s
struct {
unsigned INTO:1; // SEFHEPORTBHYSSYMNEE
unsigned INT1:1;
unsigned INT2:1;
unsigned CCP2:1;

-
} PORTBbits ;

sk E “pl8fa520.h"FE
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MICROCHIP

Regional Training
Centers

PORTB=0x34;

PORTBbits.RB7=1;

Nop(Q);
PORTBbits.RB6=1PORTBbits.RB6:

if (PORTBbits.INTO)

{
PORTAbits.RAO=1;
Nop(Q);
PORTA >>= 1;

+

else PORTA=0;

& Eidl)

/* E£E | PORTB & PORTBbits
AL HFEZE R pl8F4520.asm th*/

// RB7 BHiHi

// RB6 WgiEss

// FE INTO Ry EEER?
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s HFHAEIRR(union) » A{EREA RS RSB A — R ZEME
> SEFAIRG (union) {5 5 RIS ARG (Structure)
> HEHAIRE(union) IR ETE AL TR
> SLAAIREE (AN BRI
» RS EMRBHATTRE PSR ERNEAER SR EM
> HI[EIRFE S S A [F ARG

RISE (union)

d

7N

union union-name < T RIEE 27
{
type memberl; S
type member2; ) TR E

} variable-name;
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union EE_ tag Word
{
int Word: Byte[O] Byte[1]
char Bytes[2]; RAMO RAM1
} TC 74;
EE_tag {4 2 {# Bytes
i union
{
int Word; EERandomRead( )B#ERAIER & “int” &Y
char Bytes[2]; 88 > FIIF “union”¥fEkmA{E “char’#g » Rf#
} TC_74; B PRy EALT4E “Low-byte”

for (1=0;i1<5;i1++)
{
EE _Addr=i1;

TC 74 _Word = EERandomRead(OxAO,EE_Addr);
Secu_Code[1]= TC_74.Bytes|0];
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=tiiatd
= |

— (B AR P AT

TR

union FPvar

{
float FPNum;
struct
{
unsigned char ArgO;
unsigned char Argl;
unsigned char Arg2;
unsigned char EXxp;
+
} Foo;
Foo.FPNum = 3.14159;
Exponent = Foo.Exp - Ox7F;

gE o H- e
égéifﬁééiéggiﬁi éi-,/‘( ,ézg!§%52
R TSR R AR

//Tloating point access

//argument byte
//argument byte
//argument byte
//exponent byte

O access
1 access
2 access
access
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Byte &3

"

bit

Main.c BYETESE {0

near union

{

unsigned char Count;

struct {
unsigned BO:1;
unsigned B1:1,;
unsigned B2:1;
unsigned B3:1,
unsigned B4:1;
unsigned B5:1,

1
} Bz =0;

Bz.Count ‘Z#5%1] Byte
Bz.B1E+5% bit

Buzzer_Count--;

Bz.Count++;

if (Flagbits.Buzzer_Fast_Flag==1)

{

if (Bz.B1==1) TRISCbits.TRISC2=0;
else TRISCbits. TRISC2=1,

}

else if (Flagbits.Buzzer_Mid_Flag==1)

{

if (Bz.B2==1) TRISCbits.TRISC2=0;
else TRISCbits. TRISC2=1;

}

else if (Flaghits.Buzzer_Slow_Flag==1)

{

if (Bz.B4==1) TRISCbits.TRISC2=0;
else TRISCbits.TRISC2=1,;

/I Check the alarm with fast mode

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

/I Check the alarm with slow mode

/ Turn On the PWM1 output (Buzzer)

/I Turn off the PWM1 output (Buzzer)

/I Check the alarm with slow mode

/[ Turn On the PWM1 output (Buzzer)
/I Turn off the PWM1 output (Buzzer)
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m TC74 SMBus / I°C 4}

n 1°C /MHEGFEL
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O

QO 000000 O OO
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l'l-rr

SMBus /

TC74 HyEA R

2C M1 » BFHiEER100KHZ (max)

=M /mugg

> +25°C ~ +85°C (FEHERE +-2°C)
> 0°C ~ +125°C (f&HERE +-3°C)

BRI

JHEEERM ¢

quE_/.I%IIJX-—‘L% Delta-Sigma A/D BE#ES

B 8 X

TEER : 2.7V ~ 55V
200uUA > EREEEE R BUA

SOT-23 5-pin g5
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v

PC%E%

—R&E R E N

—E-\

*ﬁ/mf? =AMl

TC74 HFEFE
CPU -~ mERE B FE f=E

IS =N

7 \I/: },@a‘% J:E:'f/%\'ﬁé

S B R S RE




A S=EN TC74 Configuration Data
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Command | Code Function %j]’ﬂz ”EF?
RTR 00h | Read Temperature (TEMF) 5[*]::}9_@[:_[ OXOl Hyﬁj(%é
RWCR 01h | Read/Wnite Configuration s
(CONFIG) P25 000 BEHUR

Bit POR Function Type | Operation

R R T

D[6] 0 |Data Ready* | Read |1 = ready Conflg. 7 Bit 6 DL | ##
Cnly | 0 = not ready - e N

D[5]- 0 |Reserved - MAA [ NAA /m@fﬁ%m@m@z

D[o] Always

returns zero
when read
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R 8-bit

B )

= 1LSB Uz 1°C HVii

ifa

-
\rrr\

AR R

=Vt ASE - 52F
i3l

Actual Registered Binary
Temperature Temperature Hexx
+130.00C +127°C 0111 1111
+127 00 +127°C 0111 1111
+126_50°C +126°C 0111 1110
+25.25°C +25°C OO0l 1001
+0.50°C o= Q00D oo
+0.25°C o= OO0 D000
0.00°C o= OO0 D000
-0.25°C -1=C 1111 1111
-0.50°C -17C 1111 1111
-0.75°C =17 1111 1111
-1.00°C =17 1111 1111
-25.00°C -25°C 1119 o111
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Internal SSPM3:SSPMO
¢ > data bus SSPADD<6:0>
Write
SDA
s SDAIn I Y —
] ot
F—(] . ]
+F 3 | 5
= % O 8
2 . z |3
% —® ‘§ o
$ : |5
SCL 9 % S | =
o g} S| 2
o (@] ~
: 1 :
| |
! |
SCLin Set/Reset, S, P, WCOL (SSPSTAT)
Set SSPIF, BCLIF
Bus Collision Reset ACKSTAT, PEN (SSPCONZ2)




MICROCHIP

Regional Training % Egé é‘/—l\’l‘ﬂ,\JE %} l ;
Centers

Set PEN =1
ACKSTAT=0 ACKSTAT =1
Set SEN bit ACK =0 2CK=1
I 1—SEN 0 R/W = 0 l SSPBUF written with data byte |
X asXasXaa X azXa2Xa1\ } “ l/D7)( DX DsXD4Xp3X D2k Dikpo)  \  /
«
SDA SSPBUF written with control byte
AVAVAYEVAVEWAWAWEAWE NN 1\ /2\ /3\ /4\ /5\ /6 N/ -
<«
SCL N
[<¢ |
SSPIF t__Cleared in SW L Clearedin SW :
BF ~
‘LSSPBUF written ¢ ‘LSSPBUF written
SEN .
- <«
1LAfter start condition SEN cleared by hardware

PEN »

({4 n
After stop condition PEN cleared by hardware
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m TC74-Ax BBEG =
> TC74 BfER SMBus / I°C B{=1 R R E
I=REIES
> TC74 ByEAArHEE 1001xxx0

v XXX RArHEAITT , B 0 .. 7, BRI AX RoREMEAH
ZH9frkt (TC74-A0 .. TC74-A7)

v TC74-A7 F{EHE 10011110 A& 1°C firkk

> TC74 BV:E | BE=E I EXER EEPROM

N

MHE , RRAri-AEimE
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FH TR Ve 24LCxx ¢h EEPROM #g 2

Master ZEHESR »  Address Command «»n  Address (ij
> BYTE BYTE >  BYTE >
Py . ererrre———————— . . . 0O 5
* ., —, A
HEEEER HEEEER
SDA s | 1] |R P
L1 NN
> > T resreeseressersesessennns
TC74 [EIE(SSR
RS = = 2 DATA
BYTE
S SLAVE ADDRESS RV A
Address
Byte
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= MPLAB C18 Library 1

I“C HYFERR EREL

EFJELA 1°C Functions

b ¥
AN

Function Description
AckIzC Generate 12C bus Acknowledge condition.
ClogeI2d Disable the SSP module.
DataRdylIzcC s the data available in the 1°C buffer?
getclacC Read a single byte from the 12C bus.
getslzcC Read a string from the 12C bus operating in master 12C mode.
IdleIzcC Loop until 1°C bus is idle.
NotaAckI2C Generate 1°C bus Not Acknowledge condition.
OpenIl2cC Configure the SSP module.
putcIzc Write a single byte to the 12C bus.
putsIizc Write a string to the 12C bus operating in either Master or Slave mode.
ReadIzC Read a single byte from the 12C bus.
RestartIzcC Generate an 12C bus Restart condition.
startIzc Generate an [2C bus START condition.
StoplzC Generate an 12C bus STOP condition.
WritelzcC Write a single byte to the I°C bus.




M °C EEPROM 48 i

Regional Training
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m MPLAB C18 Library {84 1°C Fun

> 35£E Functions et R EAVIIRE, HZ e fEERERY A ab =
AN ARYERIRITA]

> EERandonRead F; EECurrentAddRead & E:8E

{TEERIE— ([

L8 (int) YA A o e

~

ctions

AHTZRLRH

Function Description
EEAcKkPolling Generate the Acknowledge polling sequence.
EERByteWrite Write a single byte.

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

EERandomRead Read a single byte from an arbitrary address.
EESequentialRead Read a string of data.




s S— EERandonRead NAL

Regional Training
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s EERandonRead BY{g B &5 B [ 4E 5

int temp ; I B &—(EEEE R FWEEE
temp = EERandonRead(0xA0,0x30) I FEELHE Ox30 &R}

n  JREEHVAEREMESR, RIEEERY High Byte €72 O Iff Low
Byte RIELEH ARVER) , IERFHEEME R IER

n EEARERTEER AEEERGRKESRAE High Byte
EERF ] e R e H{E RN ARG RIS RENG, , IRV ERIER
=Lz

S | Bus Collision Error Happened
> -2 No ACK Error Happened
> -3 Write Collision Error Happened
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MICROCHIP f?_% TC/74-A7 El’\]'.—-,, h %ﬁ
RoE Contors -
Read Tmp.C
union
{
int Word ;
unsigned char Bytes[2] ;
struct {
unsigned: 6 ;
unsigned BitD6:1;
};
}TC 74 ;
TC74 _Addr O0b10011110 Il Define the TC74-A7 address
TC74 RWCR 0x01 Il Define the Read/Write Configuration
TC74 RTR 0x00 Il Define the read temperature command

TC _74.Bytes[0] = & 8-bit B BEER
TC_74.BitD6 > HHETREECE TR




e SEEY TC74-A7 HBREELE
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Read Tmp.C
unsigned Read_TC74_Temperature(void)
{

TC_74.Word =0 ;

TC_74.Word = EERandomRead(TC74_Addr,TC74_RWCR); // Read Status from TC74
if ( TC_74.BitD6) I b6 =1 , Read temperature
{

TC_74 Word=EERandomRead(TC74_Addr,TC74_RTR);
if (TC_74.Word >=0 ) return TC_74.Word,;

else return -1; /Il Read Fail, return (-1)
}
else return -2; /Il b6=0, return (-
2)
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n RS ER—16EFEFERERRERT REE LCD #UR
> BUELVEEIAR ASCIl code HYFITEF BB RERUR IR &
SR, LCD
< MPLAB C18 JR{itjt it (itoa())

v itoa (1, *Str) LR i R HERIAIRERY ASCII code FEERE T
fEgER Str

v Str 8% F—{lE4F Data Memory BYPEFIFELE T L]

‘I'I"l

R8E 7 100006 2> * LEFIA TS
4096 (10 , 1toa( gﬁé—ﬁ:}ﬁ'%"-ﬂe [V -
ASCII code mﬁi. s\ﬁ] “4096”

0x34 , 0x30, 0x39 , 0x36 , 0x00
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s 23 \mplabc18\v3.41\doc\hlpC18Lib.chm f§EFHEREH -
> WS A stdlib.h
m Dbtoa()
> R8T A SRR B Rk 10 HIHY ASCIH B8
TR IR Ak
> f31]: 0x80 -->"-128" » 100-->"100" > 199-->"-57"

m itoa()

> BHR16MCHYA B B L0y ASCII 8
> {5]: 0x1000-->"4096" > 1000-->"1000"

m [toa()
> HEHA32( TUHYA SR R B L0E IR ASCH BT

®n

P

HH
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m Timerl /& 16 bit BVE1EFES » ETEIESSIVGEREER TMR1IH K TMRIL

Timer 1 5t

]

m  8-bit MCU e[ [E]HFEY 16-bit Timer sF8{E?

Synchronized

Data Bus<7:0= aN
8
TMR1H
8‘\
f\ e 1
Write TMR1L , _
7 | CCP Special Event Trigger
Read TMR1L \ \c
v

TMR1IF sM. W TMRT g

Overflow

Interrupt Timer 1 CLR

Flag bit High Byte TMR1L —C_I

TMR1ON
an/off T1SYMNC
T13CKIT10S0 P@-\ 1
| Prescaler
T10SCEN Fosc/a 1,.2,4,8
Enable Internal 0
T108I Oscillatort™) Clock 5
TMR1CS

T1CKPS1: T1ICKPS0

Clock Input

Synchronize

_f det

SLEEP Input

Note 1: When enable bit T1IOSCEN is cleared, the inverter and feedback resistor are turned off. This eliminates power drain.
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s Timerl EVEHE:REH
> Timerl FUEEE B A]HA S 8 bit 2 16 bit f7HUE T

v 8 bit FEEZEF TMR1H f1 TMR1L 2147 B

v 16 bit 7ZFEUEREE TMR1H €2 TMRIL ¥ Eis B Timerl iy
High Byte g A TMR1H B¢ TMR1H & A Timerl #y High Byte

Write to Timerl : 4 TMR1H H TMR1L
Read from Timerl : 4= TMR1L FH TMR1H
> MHEARYEREL (= ASE timers.h )

v Void OpenTimerl (unsigned char config )

v Unsigned int ReadTimerl ( void )

v Void WriteTimerl ( unsigned int timer )
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n E Timerl BYETHRHME B2 OXFFFF & E A AL &Rk 0x0000
> [ TMRILIF izl saeER ‘17
> TMRILIF {7t BAE PIR1 Bif7a5
> B DLA if ( PIR1bits. TMR1IF ) ZHET Timerl By &8 &K &4
( Polling HHETiEsRAVEUE )

If (PIR1bits. TMRL1IF)
{ [/ Do your job here }

» % TMRILIE icth#aceR 1, gl TEELE (BEREUE)
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Sstart

A

Initial Timerl as 500 ms Timer
Initial I12C Interface as Master
Initial LCD Module
Initial A/D

BkR Timerl 500mS jEfE
FHEY Thermal Sensor 1 Fy{E
T1=TC74-A7
Set LCD cursor
MR Tl =xx°C

A 4

\ 4

Yes

£8EY Thermal Sensor 2 B
T2 =TC1047A
Set LCD cursor
B T2 = xx.x °C

Flagbits.Timerl Flag

PR BT TR

5 0.5 Sec Polling FESRAIMEE

o e e e s e S e b S
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K _HIET

FESR

n Exer2 G Y RGREZLHK
> Main.c
» Init_ MCU.c

» Read _Tmp.c
> WAP_LCD.c
>

Main.h

. & .c El’ﬁfﬁ%‘ﬂﬁ

B FREE

i Main .h fEREIFTA E

5IHY
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ing

m Main.h

SHE _HIEET

> FEECHUVERNE AFE (include files)

> HETREHYFAIE & (Prototype)
m WAP LCD.c

> LCD AV REREY

m Read Temp.c

> FEHY

12C BUELE m A R as B Vm REE

m Init MCU.c
B Mmain.c




MicRoCHIP @/;l: J um p H@%ﬁfj

Regional Training
Centers

(!

JPO & * & SPI /i &
BAREY FRE

JP10 #* & 12C /i &
1& 2 EE$# 24LC04
3 & 4 HE & TCT4AT7

J2R T
32768Hz
FILE




MIC(FIOCHIP @E’:H@Eﬁ I n i t_M C U . C

Regional Training
Centers

FEE—T » J2 HE e EEEE] X2 (32768Hz AILEAR)

sHEH OpenTimerl (), WriteTimer1() 2K Timer1 ;
g F—{E 500 ms HHEr—XAYETITES

>

>

S

{(EF Timerl4h g Hy A dcicizes ( 32768Hz 1y XTAL )

ik FREF T B — RCON Er{7&3AY IPEN firc#ee iy 1, {1 H
MBS RERY & Iy

IPR1 1y TMR1IP 255 “0” , Timerl iy A K B0
=5 B Timerl 2% 5 16 bit RW &=

A& Timerl (£ f#YE 32768Hz Ak es, W AEE 5

(65536 - 16384 ) Al a]ZE Timerl & 500ms & =4 H1
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m 55EY TC74-A7 B &S

R N N

N

\

Read Tmp.c

Ll

> HETE— KN J9 0ZH Open > J10 & 5@ TCT74A7
72 EEPROM MY EGERUAEE

>
>

>

E8
n SEHY TCL047A SEE

A

18F45204

i

» SEEEE RIS 3.3V (Fro
» AN2 % LCD fy E 8 » 27555 AN3 {5

JeAEy “EERandomRead()

ZHY 10-bit A/D B ffgsEEHY

m AN3)

57 BE FREay A BAlIHS S A S5
55 A2 b A

7 LCD E #Z4RI )
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o[RBT

Timerl

> A
sk

> JEEE PIR1bits. TMR1IF > Z Timerl nf B2t H

v

SR — 2= Main.c

( Timerl Fg&rE457 )

1Y ISR 4718 Ay |
iR HETT 51

WriteTimerd() & T
AEZTE

]'[ AT

isr_low , 5%
B TAE

"imerl 7Y 500 ms {EE

L

&

T

=7 Flagbits. Timerl Flag B@ 50 EfER
Flagbits E#E &S 5

(13 1&%\%:5% »

HET
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\‘
/ﬂ
S =

.17 =

—HY=ET
R E

(=

.
ety

m R Timerlrc

iz
LCD _Temp Update()

— )

. Main.c

873 )

— R FPTI— R

> $84E LCD _Temp Update() 5 ....

v FEHN TC74-AT BHYREE » 3
v BEHL TCL047A BYmE(E » SEBHER 7522006 Ml

al

I

FERFE LCD

JIAZNEGR: 1% - #URTE LCD

> BREL TC74 HYRKBIUE R

B DMEHIAD 1IC RFE

EERandomRead () -
B I ARSI
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£ T2 BRERURT > BEBOE T A0 A /NS, -
HBHEIREEERERE

[ e IR B NGRS TERE AL B

for (i=0;i<Str_Len;i++) I %X B BEEERRE1~4K
{
If (1I==(Str_Len-1)) I MR (FERRE-DRY ARG/ NEERMLE
{
If (Str_Len==1) putcLCD('0); Il 7 RA—ERT, FEA B B —E 0
putcLCD(".); I ERFEFSERT—A 8 - f5_ b/ NBoRE
}
putcLCD(ASCII_String[i]); Il BB AT T —{E ASCIl Code ]

/I LCD E
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m Main

. BT

1.
2.

.Cc &y LCD _Temp Up

bb

HE _EFH TR

date() RREK

FIFH C18 FrieftryRREE itoa( ) MR

FIH C18 FrieftryF R RESTHEKE strlen()EH

N
ASCII_String FEEE

m void isr_low(void) thEf B

> Hf13

=i

1.

2.

A WriteTimer1() g% 0.5 FPHYE

MR

JEkR Timerl By ETHESR
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o CEHUW{EA [EAIRRH Y m L R as I

~ A
/L

>

>

R EE AT LCD BEE |

T1 BB URE - #uE R

T2 FALLZURSE - #EE

> BFfE 500mS E &R m

W402 Exer 2
T1=240 T2=24.50

LCD 37 ¥




ﬂ

MICROCHIP

{5 VT- 100 ZX 1

1. RS-232 ::ﬁ”}\_ﬁ:ﬂ
2. VT-100 &Xiimtse
3. FEREEIRRHFEZ ]

8@ DDDDDQ Cﬁ%ﬁ% 0

| r—@\mmm\ mmmm WapzCToN




MICROCHIP

Regional Training

Centers

YR
YR

8-bit or 9-bit R,

B HSERE 4 58
]ﬂi‘ ]—_j %K @ 40MHz

 18F4520

iﬁlflﬁ.lﬁ%:ﬁﬂ;%—'%“lﬁlﬁégﬁﬂ“—f?irj
IR AR BRI BrasHVEET

F517

HENLIEE

LS AR LAY TR BT AR

> [E]2E 3% 10M baud

=

> FEEPFER: AT 625 Kbps 22255 2.5 Mbps

% 9-bit -

\HE BRI ETERT

AN

\
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TXD8

TXIE TX8/9
Interrupt . J
-

Al

TXEN SYNC
SREN CSRC
CREN

1

‘ TXDATA
TXCLK

RXDATA

RCCLK

ADDEN

RCD8
RC8/9

—07-11—

RCIE

a—

 —— 4—“ RC6/TX/CK
— 4_.l. RC7/RX/DT

SPEN

TO RC6, RC7
I/O Port Logic

Baud Rate
Clock




memocwe  ZORHERE TXIF & TRMT £y
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Lkl A TXREG » TXIF =0 « TXREG HJ&
Bl E] TSR » TXREG €22 » BITXIF =

1> RREALUERA T —SHEIERE
TXREG # -

TSR HVEFHERYIEIAEERE » TMRT =1

=2
BERF A R BERA USART E

TXIF

-
=

TXIF R BB - B USART B9 TX B L
B BRI (TXIE=0)

TXIF & TRMT 258 & K FERERGIRREHT R ST
(Read Only ), itg®&E TRMT RIFT LA 5cHE

EFTEERSEEH AN ! (RS485 or H/W
Hand-Shake FH )

e

R

RC6/TX/CK
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RSR H—71%/
BRI R ER 4 E

BT

128 ° 7Y 8-bits EAFIER}

FIFO Wi 5% € RCIF

% E—EERIE FIFO -
s eI RDRHBIBOI AR » BIESER
LB E S 4R FIFO

lulpy

NE—

i AZl| RCREG

URBERELLR .

EMER FIFO S50 - BERETE £k

F—ERERH

/

iE’E

oA

ISz ELlS >

& FIFO ByEhe 17 RlIEE 4= il

187 RCIF HySh{E

RC7/RX/DT

=R

]

2 deep FIFO
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. USARTEI’JJ? SRR TUBAE

I8y USART =

.\mplabcl18\v3.41\src\pmc_common\USART

- OpenUSART B B

BE USART HYTAE

n BusyUSART : JIERSXESBMNTLRH?
m  putsUSART : #¢ RAM i E it @it o=
m  putrsUSART : £ ROM g Ey R 8t 2

s ReadUSART : HEUIEWEIER (Byte)
m WriteUSART : HZE—(EER (Byte)
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m BEE : 19200,N,8,1
n EilEi L FE— BT ((polling TXIF)

n BRHEW - SESTRE T
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Init MCU.C
void InitializeUSART (void)
{
TRISChits. TRISC7=1; /Il Set input for RXD
TRISChits. TRISC6=0; // Set output for TXD
RCSTADbIts.SPEN=1; /| Enable USART Module
OpenUSART ( USART_TX_ INT_OFF I/l Set TXSTA Reg. =0000100100

& USART _RX_INT_ON // Set RCSTA Reg. =0b10010000
& USART_ASYNCH_MODE

& USART _EIGHT BIT

& USART_CONT_RX

& USART_BRGH_HIGH

, 51); I/ Set SPBRG=51, Baud Rate = 19200 @16MHz
IPR1bits.RCIP=1; Il Set Receive of USART are High priority
PIE1bits.RCIE=1, // Enable RxD Interrupt
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CREREI P EToR B

Main.C
#pragma code isrhighcode = 0x0008
void isr_high_direct (void)
{
_asm // begin in-line assembly
goto isr_high /[ go to isr_high function
_endasm /[ end in-line assembly
}
#pragma code
#pragma interrupt isr_high
void isr_high (void)
{
if ( PIR1bits.RCIF )
{
Rec _Data = ReadUSART( ); I/l Get RS-232 data
}
}

#pragma code




ﬂ
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VT100 XUtk

TRl

O
O

QO 000000 O OO
SNee 8000000
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m GUI Application
> [ETAREY ARSI
> P B AR EAN I R T
> Ry T A EINTESE RS A R AR AVAZ R
> Window I FE FUHEE R0 R PR 2
It (VT100)
> ORER T B RS Y 4 AR AN S B LU AR A A S5 I A it
> DEEE SRR AR i R S 3% VT 100 ==X

> FRLLEEA VT100 g SC U8/, (EEEE R e T a A 5 s

TEIR(E
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= W402 IFERE

LIU'

m AR E RS-232 #y ASCIl Code FETERE
> PRSIV E R E
> /ﬂnx1§ PWM $HULEITE:
> B FEIRERHVER

n FfH PC RSB E RERHTEA

> Eon s R ERECEE
> MIERETHVEE




MICROCHIP
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VT-100 % FR s

RERER BESC[2J
ARG FIL - ESC1K
RERIFERATERT - ESC[ 2K
REFEAE ESC[Yn;XnH
’FEE 8 T —17 - ESCE

FEEENT ESC[PnA
FETEnNfT ESC[PnB
FEA®NE ESC[PnC
TFEAENE ESC[PnD

iAET i 2R ASCIT Code = 7Vi% 2
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n  [HY|EH—EEAEEERERE H A BN T2 E SRS
> EEL BRAIEE FEAAFE ]
> HAnAZ YR TR (EE - BIERE0F((n-1)

SRR - MRS + [R5 E]
> Wil Array Name[10]

|
e

> EAFPES PR Z= AL - aT T &Array_Name[3] /Y7 2 CHU:
> ERE(E AP REET - PRSI R (E e
o AERESINERSER - iz B EEROMEE
const rom char ch[7]={“H”,7e”,”17,°17,7’07,°\07"};
const rom char ch[]={*Hello0”’};
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n TEERIRERVEES I ERIRYA SRR TTRE » EfEEREF
ER SRRV RESRArHE

VT100.C

const rom far char * Disp_Line[10]=  /* F 10 {78 ~EYMEY| EBER */
{

VT-100 Terminal",
Microchip Technology Taiwan ",
MPLAB C18 Advance Application Workshop ",
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VT100.C

void VT100 Fill Screen(unsigned char Line)

{

char i;
for (i=Line ; i<23 ; i++) Il 881~ 0 & 23 17
{

putrsUSART ( Disp_Line[i]);

VT100 Cursor_N_Line (); Il {7655
}

putrsUSART (Disp_Line [23]); Il 8 58 24 17
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SRR HYE

%?TMJ?Z

FAE CEESEPK 16 %

= VT100 &0

x|

i

S HEERRE LCD —1% » FREHERARE VT100 #mR

ASCII T fo 5 8 1] ELBEEUR
AR R16ZEHIE -
A ER10EHIE -

ok A Y ASCII

» SE4T 16 HEH S 10 & L O] B

1y ASCI!

##E 5 100006y > L Fe = 4096 (10
4096 (10) # H& 4%k = ¥ BEo1 enASCI F ¢
0x34 , 0x30, 0x39, 0x36 , 0x00




e

S 5T B REF] \VT100

7IN7mt
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-

Main.C

void Print_Temperature ( int Data)
{
if (Data==0) WriteUSART ( ‘0°) ;
else
{
itoa ( Data,ASCII_String) ;
Str_Len = strlen ( ASCII_String );

for (iI=0;i<Str_Len;i++)
{
if(i==(Str_Len-1))
{
if (Str_Len==1) Print_Byte( ‘0°) ;
Print_Byte( “.“);
}
Print_Byte(ASCII_String [i] ) ;
}

}
putrsUSART ( Degree C);

IR O » BN 0 F&E

I 7R SRR ASC B 77 5
I BUSASCNE FFRRE

Il BB/ NBREE B S

I T/ NBREEIAL B

IFFR A8 HZ
I A/ NS

I R T

/| e “ deg. C 7
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m B8 Win
> T “Ffy
>
>
>
> +PH/£

dows XP E’jﬁ%& L tik
EEEZC 2> EE > ERmETE

ez 19200, N, 8,17 ; SHEied| « i
%ZYIHL%TM;%T%% : VT100
b B A IR T (icon) B 4G 4

[EAELR AN save FEHHVEIR AR - FHIR—K

n RNEEE(ER PC Ay COML » #H$E RS-232 7|

J>

s FARE

luly

s BREER

77#.

PP001 HYBEERIR

Win 7 ;4585 Hyper-Terminal ;Nf2=(?

LB B2 A RS-232 7




MicRocHrS Win 7 ;2% Hyper-Terminal

m 0 DIEER Win XP By Hyper-Terminal

> RRE = PR RS U H gk N HYAE L
v 1 hypertrm.dll & hticons.dll —#E$E H 2|
¢ CA\WINDOWS\system32
> BT hypertrm.exe
¢ B IHEITHREECEREET
& (EFEZEEEIE N EEEE "RHREETE" BB “VT-100.ht” RTH]
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_
" fE
>

RE
SB to RS-232

~

fe :

1<

ESRIEISEADYH RS-232 M1
BBEG/ 28 TTDARE

T ki

2%1‘”5‘%% COMb5

EiTA) ARG EREECD
m & £ A

{B

O

fid

USB FiisE#gHy COM Port

- OX

+ &ﬂ §'-§'4'H”-‘

B ARFFIE TR
S (oM %u LET

r;,."1 181(R) Active Man

nt Technology - SOL (COMI)

Frolific USBtoS IC m Peort (20K
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lﬂv

SEN

S KA

u Eﬁgﬁj@m&w ﬁﬁiﬁ%
> BtE> PR %éfi > [iff
> WIN7 (T

W

EIE TR > aEl

&k = HY hypertrm.exe

f e VT-100 - iBEE G
BEE WwEE SR

VT-100 E

COMS PIZE

NE & &> yo B
N——_—
[ E#=ETO0. |
1. FE2 R
22 ) SHEGTE: [
ER EC: T EE e
S S T B AR BRI TS o BRI D: |8 4
oo {IFE g 0z
EHHE) _ B R |3§E v|
TREAATB(E): 20009610 |
sEmaEa: (coms ) v ILATTE: |1 |
SREE) | EEHE: |8 v
ATV R G E RS R ERE )
2 2 .
2. 3K 2_it iR R) [ EREEEER |
* COMbS
[ me =B’ ]| [ e | ®m® | =8
ELEgrES | ANSTW QR0 B--1 L 0 ) P LY R I L0 0 = = ) I




AlphaCom - Serial

MICROCHIP Ei
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m {7 Plpha.exe
> File > New Session 217 511:E R E

Mew

TCP/IP Telnet Connection
TCP/IP 55H Connection Cancel
RS-232 Senal Connection

F* USB fifaid
EEEA=E &
19200, 8, N, 1

Flow Control : &

Flow Control

[~ DTR/DSR
| |l =T =
[~ XONMXOFF

Port g‘f‘l}@ *%‘{g %r{f‘) Emulation

FREEIREATAL

USB to RS-232 {ﬁﬁ &ﬁi - .% 1%- » ™ ﬁutuwrap [v Display Errors Advanced
4 78— & COM? VT100 3 B2 | [ tomtoe [ sopon it

PP U s £
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s USART RY#EREAEIRGE
> 1£ Init. MCU.C H1j A InitializeUSART( ) p&#y

v FERT, = 19200 bps, 8 bit Data , No Parity , 1
Stop bit

v 2 USART DAHERr A=, 3RS A High Priority

v RCIE=1,RCIP=1

= BN USART

v USART RYEZEAZEERATETAZ > EZUHRRPILEE,
FRHVBRBR AL ERE USART

> Eganty o BHEAEIE AT Main.h




5=

MICROCHIP

Regional Training
Centers

& USART

Init. MCU.C

void InitializeUSART (void)
{
TRISChits. TRISC7=1;
TRISChits. TRISC6=0;
RCSTADbits.SPEN=1;

OpenUSART ( USART _TX_INT _OFF
& USART_RX_INT_ON

& USART_ASYNCH_MODE

& USART _EIGHT BIT
& USART_CONT_RX

& USART_BRGH_HIGH
,51);

IPR1bits.RCIP=1;
PIE1bits.RCIE=1,;

/Il Set input for RXD
/Il Set output for TXD
// Enable USART Module

Il Set TXSTA Reg. =0b00100100
/I Set RCSTA Reg. =0b10010000

// Set SPBRG=51, Baud Rate = 19200 Bps
Il @ 16MHZ

Il Set Receive of USART are High priority
// Enable RxD Interrupt
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» #FUR VT100 FI9EEITE

= f£ main.c FIIALLTHILIR
> 45 500 ms SEH {35

> FIGEHUBASSAER T1_Buffer , T2_Buffer missg 4

> T VT_100_Update() s
VT100 st ia o a

X

=
B

T Sensor i Ea < LCD

P53 RS-232 {#45
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JC D2

(. ® oCP2 OUT SEL.

JP6 * % & MAX232
Pinl &_TxD (On)
Pin2 &_RxD (On)
Pin3 &_CTS (Off)

JP7 * %i@i & RS-485
PR BB

JP9 i¢ * % SPI /i &
BRARRY FRE

JP10 i * % 12C 4 &
1 & 2 ‘&3 24L.C04
3& 4 HRH TCTAAT

J2EE
32768Hz
IR
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RS A &S m sk L

o MEIFUTIES IR ST EIE

o FHHUAN(E S |DJ§£%EI’J/MELMF“ RIS
TB%EI’\] i fERETAE VT100 &% umf b

—)—a

> HURNTL fe T2 BYmfE

> {5 500mS T R EE
R T2RAERREECERLL VRLEA
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Y
ﬂi

7%
L

/\1>% uu

=
.

s VT100.c FHYFEZ

] for 5[5

Lab3-1 &) E b

L (7017 ~
IEET VT-100 /1Y

- EI’J %’Jr/

T

73 17)

.)..}'L ,—\—,:[:'..

o BB

B A& farr Bl Reypai vl
F17I0A “ESC + E”

g —17 (23 17) i B IIA T
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I E R

ER A B EN=1TR ] 58K
e main.c BENERNE 104 7~ 108 17

if (Flagbits.Timerl Flag) // update Temperature on LCD every 0.5 Sec

N0y

{
1. 7Ek® 500mS HYiESR
2. BHTRERERE LCD Ea
LATDbits.LATD7 = |LATDbits.LATD7 ; // Flash LED7
3. EHTVT100 &Ry a RN
}

EHEREFE T —H
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BE(F) {®EE) #RNV) BWC) 2|=T) FEB(H)

Ktk ERURHVE

Received Slave update

Current Temperature 1

Microchip Technology Taiwan

MPLAB C18 Advance Application Workshop

YT-1680 Terminal

Current Temperature 2

. Set Maximum Temperatu
. Set Minimum Temperatu
. Request Auto Cooling

OO D
e Wt o

Counter : 168
: 22 deg.C Current PWM Output :
: 23.5 deg.C _  Status :
Display Remote Setting

re
re :

. Cooling Svystem Shutdown

Current EEPROM Setting :
Current EEPROM Setting :

1

CRzm 000128 am@mm  192008-N-1 <

- AN _AF

(Fa ]




ﬂ

_ MICFIOCHIP

T?HS(PWB EEPROM

1. 10 8 16 6] -
o 2. 16 ki 10 #d] ",1 =]
N ==1 |

O

S0 OO0000 3AFEEEPROM
Q00 00000000
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& File Edit Session Configure Transfer View Window Help

.

= T | & o BN Em= %
_ _ _ YT1-100 Terminal
Microchip Technology Taiwan

MPLAB C18 Advance Application Workshop

Received Slave\update Counter : 1387
Current Temperathre 1 : 22 deg.C Current PWM Output :

Current Temperature : 265 deg.C Status :

. Set Maximum Temperaturg 1 : 99.3 deg.C
. Set Minimum Temperatury Lurrent EEPROM Setting\: 10.0 deg.C
. Request Auto Cooling

. Cooling Svstem Shutdown

20, 36 Tuesday, Januany
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= VT100 §2% A ARV{E R 10 ey ASCI

BB HEENUNE S LRI TR Hex
code A REEE

> W A G E [ 78.6°C

0x37| 0x38 | 0x36| #:1cASCII#c%

376(10) & = 10:8

| |

178(16) ﬁ 2N 163@-#']

IIII'-v




wesoewe  ASCII B 10 ¥ B 16 36
i C18 #rik ik i Sl

Centers

m atob():
> RHE AT E B B ER A R B T HY A S B B
> f5: “100” = 0x64 > “127” = Ox7F (IF#%)
> ”.128” = 0x80 > ”-2” > OxFE (&#))

x atoi( )
- SRS B B S R L6 i T SR
> f4: “1000” -> Ox03ES8 > ”-1000”-> OxFC18

a atol()

> RHERRE FIRY B T T SRR R 32 TTHY A SRR R
> fl: “1234567890” -> 0x0499602D2
> “-1234567890” > 0xB669FD2E




MICROCHIP R =T

R ontora (B CDtoH eX)

_ ﬁl]if%;@l%‘ HLEERARKE > A RERES
C 5ES MU/l A

> & BB LA 10000 B mALE

> B “FALE” FELL 1000 %4558 —(F{E

> B “BEfrE” Ll 100 BEE=(EE

> B i x 10 BEHREE S DU EHE

af

M
/rrl‘

AW \M|
/rrl‘

> REFTA VR EAE TR B A G— 16 ZEHIHE




=il

=i

MICROCHIP 10 :}l_-:F
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I8 16 ] - FD

& 7’ VT100 5 ARVRE (000~999) 8ERY, 16 ]
Rec Cmd.c

near int T2_Setting ;

near unsigned char T2 _Hi;
near unsigned char T2_Mid;
near unsigned char T2 Low;

T2 Setting = (int) (T2_Hi & 0x0F) ; /| SRR AT By 0 charZUREHE & intRURE
T2 Setting = T2_Setting * 100 ;

T2 _Mid = (T2_Mid & 0x0F) * 10 ; /] ST 8

T2 Low = (T2 _Low & Ox0F) ;

T2 Setting = T2_Setting + (int) T2_Mid ; @~ +~-8"° =(EEEmn

T2 Setting = T2_Setting + (int) T2 _Low ;

return T2_Setting ;




?f/ | - = 7

MICROCHIP

/AN

Regi%r::t:rrasining (H eX tO B C D)

n HERES
> DUBGE TS #T

v DU G R 0x2710 EE/NY 0x2710 > 4]
MR 10 HERITYEAE > IR EREL -

v BREF R OX3ES8, Hth
v BREUF Ox64
v BREUF OXO0A
m CES
> DL unsigned int ]

7@

I EREL

v SEFR10000 - 755058 F 10 #ERIRY “EArE
v [&10000 EYELERE M N — (g E
v ik F20EE - FRE 1000 > 100 - 10

@Pﬁ
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void LCD_ItoA (unsigned int 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");
}
unsigned char Set BCD_ASCII (unsigned char BCD_Data)
{
if (BCD_Data == 0)
{ If (DS_Zero_FLG) return * ’;
else return ‘0’;

}

else
{ DS_Zero_FLG =0;
return (BCD_Data +='0’);

'\

-
o

il

==y

10 %

Il B JE S BRI

I BERTALR
/I B B AL AR RV
Il BURE LB

I ™A%

I BB B

Il BUK BB eI
I {E [ FH S ERERY ASCII Code

/| B4R - [E{E° 225" ASCIl Code
Il BET—RE ASCII Code “0” (B)




e —

&7y ASCI 5

o

16 &S

. A7
MICROCHIP —
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fk 10 %

m Dbtoa()
> RALTTA PR R AR L0E Ry ASCH By 551%
FEFEE R RIAYALIL
> f41: 0x80 -->"-128" » 100-->"100" » 199-->"-57"
m itoa()
> BERR16AT TTHYA 92 B 102E/HHY ASCI &y
> f41: 0x1000-->"4096" > 1000-->""1000"
m ltoa()

> FEIR32(I TRV SRR B 10E IR ASCI B8

&
P

HH
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C18 R fitry s pr R e

4

Function Description

atoh Convert a string to an 8-bit signed byte.

atof Convert a string into a floating point value.

atoi Convert a string to a 16-bit signed integer.

atol Convert a string into a long integer representation.

btoa Convert an 8-bit signed byte to a string.

itoa Convert a 16-bit signed integer to a string.

ltoa Convert a signed long integer to a string.

rand Generate a pseudo-random integer.

srand Set the starting seed for the pseudo-random number generator.
tolower Convert a character to a lowercase alphabetical ASCIl character.
toupper | Convert a character to an uppercase alphabetical ASCI character.
ultos Convert an unsigned long integer to a string.
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e Rec_CMD.c BNEHE
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m Get 3 Digital ()
> H VT100 i A =& A108EHE - BRI EEE
> R E [EHEE 16 ZHH]
> RHEHFATRAYL16 HERDRE R E [H %4 EE_Write() 35 A EEPROM

m EEPROM_ Update ()
> H EEPROM & 16 #EHPREEEE - #85 10 #EHHY ASCI {215
1% % VT100 zzﬁ—r
m EE Write ()
> BREEEREERE A EEPROM

\Iv—' \Iv—'

m EE Read ()
> H EEPROM EHVREEEER
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yYGIE:S L

A

11,
-

s EEPROM H]DIEFHE VT100 Frig AR

ASCII &

ST

> R

& thu] DL E R ASCIl Codejit
B/ EEPROM & » Fi£48 VT100

R {r] R A 7

ST R

R E Y PWM Duty Cycle

SOAREHALE 16 | AR B E &
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¥ EEPROM Y%/

=
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m 1E Ikr 2 5%t Configuration Bits, Device ID RkAE
j—
EEPROM YRz E & (Code Page)
CODEPAGE NAME=config START=0x300000 END=0x30000D PROTECTED
CODEPAGE NAME=devid START=0x3FFFFE END=0x3FFFFF PROTECTED
CODEPAGE NAME=eedata START=0xF00000 END=0xFOOOFF PROTECTED

SECTION NAME=EEDATA ROM=eedata // EILESIIA Ikr f£E& » SR EFAHENE S =

m *':'_QE B E FJam S EiE Y EEPROM # (J&E FHY EEPROM
ﬁﬁ@,\&‘ﬁ BE—REEE A PIC18F4520 # )

EEDATA=0xFO00000

rom unsigned char Temp_Setting[ ] = {OxE7,0x03,0x00,0x00}
/] %€ EEPROM B ERiE #1445 E1{H (0.0°C ~ 99.9°C)
// 0XO3E7 = 99.9°C , 0x0000 = 0.0°C #&i%FE Internal EEPROM Addr. 0x00 ~ 0x03 firtif




A EAEEE (—)
n RANEECESHE

» In-Line Assembly

e A EZHHIMPASM (R )
> AT EEREFE S (directive)

v ORG, EQU, RES, BANKSEL SET, #DEFINE ......

> ERAVEEL - A SCIRIEREE
v 4 xxx.inc REEINES : RCIF ADIF,W,F,FAST

s _asm REESFEANEESES

’ MICROCHIP C 1 8 E"J‘ELB_'& A:_IZI

Regional Training
Centers

= _endasm {ERNEHEESHIGER
n ERERERERTER

> moviw 10 ==> moviw 0x0a




mosmoe  C18 IR ATUSSESAAEE ()

Regional Training
Center

n RF BT STER
> T DIE F PR 84T
> ‘o] DU FHCHYEEY
ma(Label)
v EEC B B9t (Tx_Loop:)
> %ﬁﬁ%@i?}éﬁ%ﬁ
~ BIMPASM#E[E (RCREG, SSPBUF ..)

» —EEREEN TR A REHE

> FSRO , FSR1, FSR2

> PCLATU , PCLATH , TBLPTRX
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—REE MPASM BEE . In-Line Assembly £ :
movT PORTD,W movT PORTD, 0,0
andlw b"11110000" andlw  OxfO

xorwf Temp Varl,W xorwf Temp Varl,0,0
btfss STATUS,Z btfss STATUS,2,0
goto DiscFail goto DiscFail

bsT STATUS,C bsT STATUS,0,0

return s




s

Centers

m PIC18Fxxxx &% MCU ENEE
_ “E/}%B'W“%'J@ 5 NI

: DIC18E452C
SUCRocHe NEE EEPROM HJ72HL

Fas

EEDATA
> EEADR
> EECONL1
> EECON2

v EECON2 3E{Dl —(EnERE fragdH | MR E
Oxaa A BERLENEE AR

n ERAERFEELGERIE MR FTE SHET

> [5EH GIEH & GIEL

A

et EEPROM

B A 0x55,

R B8l el




P 3% EEPROM ¥HA1E

m PIC18F4520 (N& 256B EEPROM
u E_D/LTEE’%%E%#&:R}L :\ 7t_|,/§.1
n JEPRIF A] DUORF (SE R R T &SR [ )
m EEPROM #E46ArHE OxFO0000

C18 5% % EEPROM Hy=al

#pragma romdata EEDATA=0xF00000
rom unsigned char Temp_Setting[ |={OxE7,0x03,0x00,0x00},

IIII'

Il 3% € EEPROM B EE#]465% E{E (0.0°C ~ 99.9°C)
#pragma romdata
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unsigned char EE_Read (unsigned char EE_Address)
{

EEADR = EE_Address;

EECON1bits.EEPGD = 0;

EECON1bits.CFGS =0;

EECON1bits.RD =1,

return EEDATA;

AEHR*EF?—
> 1B EEADR B EEDATA & A #
EHIE

> EEPGD fijt = O =
EEPROM Z[E&

> CFGS firyt = 0 ﬁﬁﬂiiﬁﬁﬁ
VERY &l By EEPROM Jid

Flash Program Memory

> BEyEf RD 77T
> EEDATA HY{E R 7] T2 B aE
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PIR2bits.EEIF = 0;
EEADR = EE_Address;
EEDATA = EE_Data,

EECON1bits.EEPGD = 0;

EECON1bits.CFGS =0
EECON1bits.WREN = 1;
INTCONDits.GIE = 0;
_asm
MOVLW
MOVWF
MOVLW
MOVWF
BSF

_endasm
INTCONDbIts.GIE = 1;
while (IPIR2bits.EEIF);
PIR2bits.EEIF = 0;
EECON1bits.WREN = 0;

5
EEPROM HYR ABIE

0X55
EECONZ2,0
OXAA
EECONZ2,0
EECON1,1,0

%A*ﬁ}t?

¥ EEADR B EEDATA & A
EHHE

EEPGD firot =0, 519
EEPROM &%

CFGS firot =0, FABEEEE(E

{ERE 1 EEPROM J Flash
Program Memory

Bi@E WREN {777
B8+ FR BT R R R RS 5T T 5
v 0x55 > Oxaa
HIES EEIF i tEI AR B A%
AR T !




V0 HYRE=

EITE
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while(1) S \ I
( s FHEBESRAEREE

Rec_Cmd_Check() ;

[
if (Flagbits.Timerl_ Flag)

{
Flagbits.Timerl_ Flag=0;
switch ( Timerl _Count)

{

casel:
LCD_Temp_Update () ;
break ; ®
case?2: /
VT100 Update() ;
break ;
case 3:
EEPROM_Update(); ®
break;
default :
break ;

}

LATDbits.LATDO = !LATDbits.LATDO ;

FH switch 2R 7y Foiz =(an  THY
517

Rec_Cmd_Check() =Rz
P & ImtA R LS AH foe & A
VT100 Update &5 B fE{H
HEoAE (13,32) & (15,32)
EEPROM_Update =&
EEPROM A1 E ([E AT
1£ (20,68) & (21,68)
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& F&XUmfdkia A “1” 2 Maximum Temperature
& (&L ImtRm A “2°

) 2L

a AE

Minimum Temperature

ik VT100 & imtiin AR 2 5 8 (B AR 16 HEH{E

{ﬁf/& EEPROM -

sl EEPROM Hy)m RE s e (HER AR 10 HEFE R AR

?lj VT100 1y

%H PIC18F4520 J#L% Stand-Alone Mode 74 FHEA

PR - DU R

YEZEGF A EEPROM




Mesoce LAbA-1 B F-HEER
m main.c FEYRRE

» voild EE_Write (unsigned char EE_Address,
unsigned char EE_Data)

1. 2Hf Data Book Bifesg i &k » IR ARGHERE
_‘_E,jl:lljlli ;%*i_ﬁ

2. firhk & RHE A 28 : EE_Address , EE Data

3. BABRHIEETT B

» unsigned char EE_Read (unsigned char
EE_ Address)

1. {HEFEHEER: EE Data




M_I-C(F!OCHIP LAb4 2 ;JJ_—‘f&E%

:::::::::::::
eeeeee

m Rec_Cmd.c THYEE (fT5% 142 ~ 151)

> SRS L0ZERRR 16 /]

> 10 #EFH ey AME: T2 Hi, T2 Mid, T2 Low

v B VT 100$ﬁ‘AH’j_{IEIASCII%ZE$

> 16 #HflE{E: T2_Setting A4S E

> ERCT R

1 ZE%HE ASCI BB SR BCD 5T

FCAHE FERY 16 HERHNE

2. RF{E 16 EFHMERVEEMIISE]— 16 %

I
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YT1-160 Terminal
Microchip Technology Taiwan

MPLAB C18 Advance Application Workshop

Received Slave update Counter : 13087
Current Temperature 1 : 22 deg.C Current PWH Output :

Current Temperature 2 : 24.5 deg.C Status :

. Set Maximum Temperfture : 99.3C rrent EEPROM Setting : 99.3 deg.C
. Set Minimum Temperdure : 12. urrent EEPROM Setting : 10.0 deg.C
. Request Auto Cooling

. Cooling Svstem Shutdown

Tuesday, Januan
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N0 000000 DA Cycle S+ EHE 0| =
P03 BBy cle AR e

mmﬁrmcrnﬁlﬁgs\lncorporated.kﬁﬁ B o r_\\ m m ﬁ W4FZ'CTB‘Advance Afﬁl@'!ﬁn
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m extern HYSERE

> BB extern <SEEEUATRI> SRR,

v extern unsigned char Varl,
v extern near unsigned char Varl,

> Extern @ k& iFdakas (Compiler) L2 8 EH
RIEIRES T 1 - 4558 (MPLINK) &1 1
firfik

n HREIMER (extern ) HYRRRL

> 1F C 12=CHE » (R FEFE AL Ol ph By R 2
(prototype) E-EH1H]

A




WS C18 2ENEE

Re g:onal Trainin

s EHSBHVER
» void VT100 puthex (unsigned char HEX Val)
> A VTlOO_putheX EH WA —2EUHE A
> L2V EIE—RE B R AR AR EERY MY RAM ( static

local #7 enable H¥ )

s HEAARHEECRERSEYIRMEER - Ehieais E
THE, BghHRZ TR At

n BEEXENES  RAZENIUERSE > HEERL

BAEHZEE

s X FHBFEHAEMERTEENERE > oJDIH extern K%
BT
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Main.C

near unsigned char Rec_Data;
near unsigned char Buzzer_Count;
near union
{
unsigned char Flag;
struct {
unsigned Key_ Flag:1;
unsigned Timerl Flag:1;
unsigned Pause Flag:1;
unsigned Buzzer_On_Flag:1;
unsigned Buzzer_Fast_Flag:1;
unsigned Buzzer_Mid_Flag:1;
unsigned Buzzer_Slow_Flag:1;
unsigned Shutdown_Flag:1;
|3
} Flagbits;

extern

Rec_Cmd.C

extern near unsigned char Rec_Data;
extern near unsigned char Buzzer_Count;
extern near union
{
unsigned char Flag;
struct {
unsigned Key_Flag:1;
unsigned Timerl Flag:1;
unsigned Pause_Flag:1;
unsigned Buzzer_On_Flag:1;
unsigned Buzzer_Fast_Flag:1;
unsigned Buzzer_Mid_Flag:1;
unsigned Buzzer_Slow_Flag:1;
unsigned Shutdown_Flag:1;
|3
} Flagbits;
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Duty Cycle Registers r-—- CCPACOM<54=
CCPRIL :
CCPR1H (Slave),
1
Comparator R
RC2/CCP1
TMR2 (Note 1)
v =
Comparator 1 TRISC<2>
Clear Timer,
4 ZCP1 pin and
PR2 latch D.C.

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

>
>

TIMER 2 B PWM B THSET 758

Bl PR2 fHEEESK A E Period

Bl CCPRxH ELESIE PWM HY
Duty

TMR2 = PR2 %:

v TMR2 & HEIERZE, Wik CCPX &%
& 1 (High)

v Z5Duty &0, H] CCPx #k#50
(Low)

v CCPRXL , CCPxCON<5:4> ¥
#k A CCPRxH k& 2 fusthe&frit
ZHRHY 10 bit EFEs

‘= TMR2 = CCPRxH B%, CCPx s
5 E &y 0 (Low)
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F PIC18F RYMIIEIHE PWM & 10 bit RYFEHTEL, (22 ..
> TMR2, PR2, CCPRxH , CCPRxL £ % 8 bit E@@%ﬁaﬂ !

PWM By Duty B CCPRxL Kk CCPxCON Hy bit 4:5 ¢H/% 10 bits
S EE

CCPRxH EEEANEREE MT?JDE’JIXZI{IEMLE,ﬂ'
i H CCPRXL , CCPXCON<4:5> HRHyEE &g

TMR2 g HA 8 bit , (HEARI(E bit 2R E 7Y

10 bit HYZE[E2KEF

> %5 Timer2 HY Prescaler & 1:1
v 2 bit By Internal Q Clock ( &{E+E5<H 4 {8 Q Clock 4HjK ,

> #5 Timer2 Y Prescaler & 1:4 or 1:16
v 2 bit BYTEERSS (Pre-scaler)

sLfE ?)




e Timer2 BN®J981 B !
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m Timer2 A Pre-scaler 81 Post-Scaler

void InitializeTMR2(void) m Timer2 By Prescaler 3223 Timer2 Reset
{ g (Period)
OpenTimer2 (TIMER_INT_OFF  m  ZEHETE#E Enable , HI Timer2 Y Post-
&T2Ps 14 Scaler 32 EHBELE Timer2 hf CPU By

&T2 POST 1 _15);

s

PR2 = OxFF;

»  DUREBREFRE > Timer2 HRGRIGS/D?

> 16 MHz Fosc

> Pre-Scaler 1:4
> EH] = (PR2+1)* Tcy * Pre-scaler * 16
> (OXFF + 1) *0.25uS *4 8 15=4.1mS




HMIC_(F!OCHIP | I_ ab 5 El’\] =n %ﬁ‘%ﬂlﬁ
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n BT T
> UART Bl

> Timer 2 & 4.1mS By & ( 8 wHD)
¢ Timer2 BY#EHH = 0.25 x 4 x 256 = 256uUS
o Timer2 BFYREFRE] = 256uS x 16 = 4.1mS

n BABSTTE T

> Timerl & 100mS &

> iR FRER ISR 3 (Task)
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PWM & Initial !!

. FE¥ Timer2 @SR TAERAH PWM gl bry T/E !
s OEFAFEARYRE OpenPWM1( period ) , OpenPWM2( period )

m PWM #EHH = ( period
m TMR2 BY Prescaler &
m 3.9K Hz B ANJHEERE

+1)*4 *Tosc * TMR2 Prescaler

Sk 1:4 | SRRy H#EEE B 256 uS = 3.9K Hz
E - AR [EIFRELE Buzzer K FAN HYFZEH]

void InitializePWM(void)
{

\

OpenPWM1(0xFF); // Open PWML for Buzzer
OpenPWM2(0xFF); // OPen PWM2 for FAN
SetDCPWM1(0x3FF/2); // Buzzer out frequency

TRISCDbits. TRISC2=
TRISBbits. TRISB3=

Il PWM = (PR2+1)*4*(1/16MHz)(Prescaler)
/Il 3.9KHz = 256 *4*0.0625uS * 4 = 256 uS
1; I/l Turn off the PWML1 output (Buzzer)

0; /[ Turn on the PWM2 output (FAN)
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n RS S PR RS T E T A HEE E TN A H S22 8
> EEPROM_Hi_Setting , EEPROM_Low_Setting

n T2 PR E TR T2_Buffer 88

s 7 PWM iy Duty Cycle £ 0 .. 1023 HIJFEEH DL MYV AT KRG HZ
i H Y Duty Cycle

(T2_Buffer - EEPROM_Low_Setting) * 1024
---------------------------------------------------------------- = Temp_PWM

(EEPROM_High_Setting — EEPROM_ Low-Setting)

|

m [Ff SetDCPWM2( Temp PWM-1) zk:%7E Duty Cycle

= FHERY, F1E T EIRRY PWM Duty 12 5TF]F Temp_PWM ZGETH
SR NHYE Y H 7 EL (Disp_Duty )
» Disp Duty =[( Temp_ PWM) /1024 ]* 100
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m {&E%& EEPROM_Hi_Setting =800, EEPROM_Low_Setting = 200, T2_Buffer = 600
n  REAFETHE , Disp_Duty = 66 (%) ,iilf Temp_PWM =66 % x 1024 = 682

Add 5FR

IADCOND vI Add Symbaol ||_parameter_1

Address | symbol Name | Value
000A Temp  PEM ot
00F0 Disp Duty oY)

[watch1 Watch2| watch 3| watch 4]
e 1YY LA S TTATL TG WILGLIL

void FWhLI Control(void)

i

O if (T2_Buffer==EEFROM_Hi_Setting) Temp PWNM= 0x3FF;
else if (T2 Buffer<=EEPROM _ Low_Setting) Temp PWNM= 0x001,
else

{
Temp_ PWM = (0x3FF * (long) (T2_Buffer-EEPROM_Low_Setting))/ ( EEPROM _Hi_Setting - EEPROM_Low_Setting) ;

3
SetDCPWM2(Temp PWILI);

Disp_Duty = (100 * (long) Temp PWNM) /1024 ;

5] YT100_ Cursor_Position(13,69);
btoa(Disp_ Duty,ASCI String); _Ij
2
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FEETR Temp_PWM B{EAFH] (long) iEIER T ERHEKEREE T !
RofTVE 27

—|o] x|
Add SFR IADCOND v| Add Symbal ||_parameter_1 |
Address | symbol Name | Value 1=
N0ZD Temp PHM 26 -
00F0 Disp Duty 2 -
0 = looo o0 ol
(=l

void FWhLI Control(void)
i

if (T2_Buffer==EEFROM_Hi_Setting) Temp PWNM=0x3FF;
else if (T2 Buffer<=EEPROM _ Low_Setting) Temp PWNM= 0x001,
else

i

O Temp PWM = (0x3FF * (jegRsiliiia@ungsieltigyinighizinnty) )/ ( EEPROM Hi Setting - EEFROM Low_Setting ) ;

¥
SetDCPWM2(Temp PWILI);

Disp_Duty = (100 * (long) Temp FPWNM) /1024 ;

=) YT100_ Cursor_Position(13,69);

btoa(Disp Duty, ASCII String),
YT100_Clear_Right();
putsUSART(ASCII String);
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n EEE Temp PWM BRXFH

y ]

115

5T

~ICETREVE

> (1024 * ( T2-Buffer - EEPROM_Low_Setting ))
n 553EE, 1024 * 400 = 409600

n 409600 BB int BIRIEEZT4 Ps[E]’]j(/J\(O 65535 )

> BT R AT PSR S R R
» (A (long) AERF

> RETREVEERMER  “long” WVEREIRRREFIESRSEHVER

o 1 AR TR

o IRV R BRSSP

\LEEL

= HYBRAG AE K

MPLAB SIM + Watch Window

> ;ﬁ7ﬁ%§m§?%ﬁﬁﬁ/\%ﬁf§ A% IR TAEZEE
> ZHEREETER “Set PC at Course” ek EFRIEIEZE ARE
& Watch fREHME

> HeEETRAVECERE IS -
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void PWM_Control(void)
{

EHETHE

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,ASCII_String);
VT100 Clear_Right();
putsUSART(ASCII_String);
Print_Byte('%");

}

// %‘i‘ia‘.i,fﬁiiz}ifib"'r%ﬁ’?i‘l'lﬁﬁ !
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£ main() BEEE_EE#{TE] PWM_Control() B , 57
BEME Timer 1 % Timerl_Count IWEFH ERIERE !

while(1)
{

Rec_Cmd_Check() ;

if (Flagbits.Timerl_ Flag)

{
Flagbits.Timerl Flag=0;
switch ( Timerl _Count)

{

caseO0: LCD_Temp_Update () ;
break ;

casel: VT100_Update() ;
break ;

case 2: EEPROM_Update();
break;

case 3: PWM_Control() ;

break ;
default : break ;
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if (SW2_Debance != 0) ® Ef%l?ﬁ%%i@ﬁ gﬁﬁ)gﬁﬂﬁ% ’
{ WA 7 15 I =R

if (SW2 | ISW3) SW2_Debance = 10; |
else SW2 Debance--; BE ]/ \ te
} o RIS PLAFI A ERE

else 7‘:7 f‘)}\gﬁi

Co o DUBBIEREEG T2 -
{ HEH 2 RE MCU |JF
Flagbits.Key Flag=1; ° L\/L Timer == ’%ﬁjﬁfﬁ}}%}%
}SWZ_Debance = 10; %ﬁﬁ&:&%
if 1SW2) e [/ 5mS HEEEMmE 10
{ X » 2 50 mS

Flagbits.SW2_Flag = 'Flagbits.SW2_Flag;

SW2_Debance = 10; o R FHPERLRGE » Al
) e SYIIRES
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m Lab5-1:Timer2 BNE%5E (Init._MCU.c) ZE801T
> A OpenTimer2( )HJRAEAGEE:
> BUH Timer2 sy HREmD R S B S
> Timer2 #Y#EHA (45 PWM FHY) & 256uUS (3.90KHZz)
>
>

Timer2 gy EISEE] & 4.1uS
£ Data Sheet # Timer2 1y 5 Hi[E

m Lab5-1A :Read Tmp.c (598 17)
> A SW2 135l > I FI[H VR g ABREEHY REE
> {#HH AN3 & ADC 4N 3.3V =% 5 B A KT > [FhEF ANO ~
AN3 &z ADC dyEm AR > A& AN2 (RA2) EyfZel]
LCD_E mv#firim il > B2V A BEEE?

I e B ——— . i
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m main.c £y PWM_Control () ZE17617:
> sTHEHAT T2 #YRAEEL EEPROM Fra Y m & & [EHY PWM
Duty Cycle g} » B H4S R~ VT100
> FIIF PWM fECEES) fE 5300 DA Duty Cycle J7 {2 mhiE 2
> FELEESRE S - DL LED 2SR AU E Ry PWM

> JFE: PWM2 i o] LLE#E Config. AYE%E4S RC1 = RB3
v LCD (D9) £E#% RB3 HyfIfir » JP CCP2 Rk~ RB3
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M File Edit Session Configure Transfer e NMindc Help

= e B &= %
YT-180 Terminal

Microchip Technology Taiwan

MPLAB C18 Advance Application YWorkshop

Received Slave update Counter : 694

Current Temperature 1 : 22 deg.C Current PWH Outp

Current Temperature 2 : 81.1 deg.C Status :

. Set Maximum Temperature : Current EEPROM Setting : 99.9 deg.C
. Set Minimum Temperature : Current EEPROM Setting : 0 deg.C

. Request Auto Cooling
. Cooling System Shutdown _

Ready 12,71 Thursday, Janu
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ok. m EMIMERERESS - WHENHEFNAREAE LCD K VT-100 &tk

oK. m User H[7E#E VT-100 &imtRHy A SRa e i ~ S BRIz,
WAFEA mEEZEHIEEH EEPROM

OK. m User R[4 VT-100 &&UmtBe R kB0 PHmAE FZE R R 2

ok. W HRFEEEARGHVEHA—E 10-bit PWM #it - Hig (Duty) &g
EEPROM WYk ~ sx{BoRERCEREE H ATRT AR AT R T
Duty BVEHI{E (1% to 99%) » DIFZERHIREERHVEZE

....................................
UJ

» REERAGE HRS  gRAESHARNEREE

L R 08% - M
O ORENRTERT 75% - 97% ~ BUEEHE  gv g
> SR/ TATIEGINY 1% - 74% - BARAES & o &

>

R 1% - ERREE

e
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S WAP02 - B RIuEHE

MPLAB C18 Advance Application Workshop

Received Slave update Counter : 126

Current Temperature 1 : 19 deg.C Current PWM Output :28%

Current Temperature 2 : 21.9 deg.C Status :

. Set Maximum Temperature : 80.0

. Set Minimum Temperature : 00.0
3). Request Auto Cooling

4). Cooling System Shutdown

: Normal Temperature

Current EEPROM Setting : 80.8 deg.C
Current EEPROM Setting : 8 deg.C

- o x|
BEE HwWEE WRGD U $EhED  EREAHD
D|=| (3] =0l
Al
YT-108 Terminal
Microchip Technology Taiwan

SRR 00:01:07 |[HENEA  [192008-N-1  SCROLL

[CAPS [WUM [BE [FTFT
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£V

s BESIREEER © BRSO TR R ERER
n  FlFETimer RyorBCHYRF R ZRIR

>  PIC18xxxx NHEER Timer &R

n TEERHE Task (577

ERITESEIER) /@A K A ERE B¢ Dead Loop

» 15 EEPROM 8 CPU [l (S R » WA KI5 B e

HIEEAE |

n  TEESE Task By TEFRD/INPR 2 HCHFE]
> H MPALB SIM }H|&=

> (EF—E /O MIFEEHE Task #E ARFEZRE High Bt - 72 N —{EFE6R -
[EF R EsE— N High HRFHE -
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while(1) 11 FREHTERE
{
Rec_Cmd_Check(); Il BN k&R S-232 BARESK
Key Press_Check(); Il B R E R BT

if (Flagbits.Timerl Flag)

{
Flagbits.Timerl Flag=0;

switch (Timerl_Count)

{

case 0x00:

if (LCD_Count==0) LCD_Temp_Update();

break;

case 0x01:
VT_100_Update();
break;

case 0x02:
EEPROM_Update();
break;

case 0x03:
PWM_Control();
break;

case 0x04:
Temp_Compare();
break;

/l Timerl By IS 2B % E(0.1s)
I B > B ERESR R R T
I BB RES - InPRR

/1 4§0.5s update JBERRFILCD

/I $40.5s update VT 100~ &R

I &40.5s FEEYEEPROMNHYEEEEE

Il SHECEEEPWMAY Duty Cycle

/' B AR B EEPROMET R R M ELEE
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emp_Compare B

m Temp_Compare() DL Disp_Duty A¥HEr4s
> %5 Disp_Duty >=99

v

<\

AN #

1
.t,

\%
Eooit

v
v

HEo~ Over Temperature FYEERE (15,58)
BB T BE (Flagbits.Buzzer_Fast_Flag=1)
Disp_Duty >= 75, Disp_Duty < 99

¥~ High Temperature B (15,58)

s BB AR (Flagbits.Buzzer_Mid_Flag=1)
Disp_Duty >= 25, Disp_Duty < 75

Disp_Duty >= 1, Disp_Duty < 25
B~ Lower Temperature FYEERE (15,58) i ph R =
Disp Duty <1

HE7~ Lost Temperature YRR (15,58)

s BB AR (Flagbits.Buzzer_Slow_Flag=1)
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if (Buzzer_Count==0) TRISCbits.TRISC2=1;

else

{

25k

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

}
else if (Flagbits.Buzzer_Slow_Flag==1)

{
if (Bz.B4==1) TRISCbits.TRISC2=0;
else TRISCbits. TRISC2=1,

\Y
-

H- Y

IS H

SV BRAR ] Buzzer

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

/I Check the alarm with fast mode

// Turn On the PWML1 output (Buzzer)
/l Turn off the PWM1 output (Buzzer)

/I Check the alarm with slow mode

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

/I Check the alarm with slow mode

/ Turn On the PWML1 output (Buzzer)
/[ Turn off the PWM1 output (Buzzer)
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near union

{

unsigned char Count;

struct {

} Bz=0;

unsigned BO:1;
unsigned B1:1;
unsigned B2:1;
unsigned B3:1;
unsigned B4:1;
unsigned B5:1;

e R PP T

£ —{E4 5 Bz #Y union &8
Ao & E RV RS R SRS

> Flagbits.Buzzer Fast _Flag

» Flagbits.Buzzer Mid_Flag

» Flagbits.Buzzer_ Slow Flag

HEEERERE Bz YA ERVLIT

if (Flagbits.Buzzer_Fast_Flag==1)
{

if (Bz.B1==1) TRISCbits.TRISC2=0; // Turn On the PWM1 output
/[ Turn off the PWM1 output

else TRISCbits.TRISC2=1;

}
else if (Flagbits.Buzzer_Mid_Flag==1)

{

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

else TRISChits. TRISC2=1;
}

N% Bl E B2y EAR - ELENRETREHAM
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Jdu

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

II* &L EERAENENEERT

I*

I* 1. B EHEE 99% » #="Over Temeperature" FEVT100(15f7 » 58%1))
I* K LCD®—_fT

I 2. MECREEE 99% » HEBHETE 20

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

MARRSAERE S 99% KFFrEMEVanE Eg
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n R PWM HY#H ?JHL)L_J LA TLREE

SRFESTHY 99% -100% -

>

>j$..l A A

il

SKRE 7N 5T

R

SERmIZE &

Pagev:il fa

( #87~ Over Temperature )

( #87~ High Temperature )

( #87~ Normal Temperature )
( #87~ Lower Temperature )

( #87~ Lost Temperature )

IR RV R R E

- BRSNS T5% - 98% - FRAEsEs
- BERESN 25% - T4% -~ REEFEE
 BERES 1% - 24% - REEAEE
> EREAN 0% DT - B
n FJH Bz.Count s8N TG
4 BUZZER Wy E4GEE
n FH Lite fRéEs=s8 » BB\ EE » BB R A 9.1K

Bytes » f
[&]

- PIC18F4520 (32KB)

HUSAE] 29% ByZE
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