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ABSTRACT

The goal of this article is to present the automatic awning. The plastic sheet with 150cm.
wide 300 cm. length mounted along on edge to a roller tube was constructed as an illustrative case
study. The designed awing is operated by a dc motor controlled by microcontroller for rolling up
or rolling down. The control technique to provide the shade from the sun is divided into 2 modes,
which are manual mode and automatic mode. For manual operation, the variable resistance is
applied to adjust the microcontroller input voltage. The light dependent resistance (LDR) is used
instead of the variable resistance in automatic operation. Experimental results show that the

proposed awning functions correctly and provides the reliability.
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RA3/AN3/REF+ - nidyauAAAD FunAeINIHETA
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- dygaemun nfSeuisy ADC 904 1
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ldvmugiiuuy 15y Ardeduynie1iymwese Timer iTudu
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o = 1 = I's d
TTYYIUAAAD DUNNADITNWNNDIA

RC3/SCK/SCL -9

- IFYRIUUIRMYI2995 SPI (SCK)

- dyasuRmesssuuld I'C (SCL)
RC4/SDI/SDA - nidyaufnde sunnaeHea

- 1Ay QY19 Input/Serial Data ¥B3997 SPI (SDI)

- 1deyRy 164 Data Y8955 0UITA I°C (SDA)
RC5/SDO - NFyuAase Sunnieniymneia

- 1A 19 Input/Serial Data Y8424%5 SPI (SDI)
RC6 - NAYIUARAD DUNNADINYINDIA
RC7 - nidyanaAnde Buynieninwesa

b,

v
\ a

o o = 3 dl. = o
4, g Teelindnlunsaasedyauaad

MCLR/Vpp ~ IAYYINAIMI Reset svihaufiaentn o

- FaIMIuUsIAU 11sunsy (Programming Voltage)
OSCI1/CLKIN - dyImdMIUAD Crystal K305 UAYYIUUIRM
OSC2/CLKIN - PFYIUEIMTUAD Crystal HIOFUFUAIUUIRN 3
Vo, - R0 (+5V) | :
\ - IABNI1IA
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2.5 Software M¥ UL qya1HNusH
] »
TudIuves Software M3 1Fvzliogianum 2 drufe Tdsunsuudasnmud

@ &£ ¥ ¢ & ] ] - P o q’
uag Tdsunsutiudindeayavululnsnou Insawmes Swaazdulisvozideadail

2.5.1 Tlsunsumlaaning

o

TUsunsuudasnuid (Software C Compiler) Misn1daziduTusunsuniiaautag

ﬂ'lH'l‘?ﬁﬁ‘ﬁﬂ‘h CCS C Compiler WAL IA8UIEN Custom Computer Service TgWaninnu
a'lulnsaouTnsamedaszga PIC TasannsaldausiudululasneuInsames pic 12
14 une 16 fin ieidounndtusenauas’ cCs ¢ Compiler yafidsvsanmiszgnurladids
AuinsBaneuRIAe Fa5eni1 1M UATEs (Machine Language) lasdaudaniyiesti
Source Code #its1 18N 13ud2 yvhimsasnaeuagndesvesnn Aeushlyly

awusulyInsaeuInsamasse lt
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¥
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wazlududouTasTusunsuvs it dusmiousy Compiler  M1lvmsdouTusunsy
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" ¢ o 4 T
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o o o a { 4 0’: o =]
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2.6.1.2 MY MBTVNYT

o
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2.6.1.3 MENVAR
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A dauh 1 Aea e lUsiunsuman (Main Code Programming) tazeau 2 Ao 1Usunsy
T - o o . .
§08%50NWNTU (Function Code Programming)
] »
Taon?hiiuda Wsunsamanezdludssyduneumsiaundn uos Tu T sunsuvdn
t o o [l or :
wrimsBonldlisunsudosniedendu Taolysunsudeensefaddusziudunounis
o e - 3 1 ’ o o ' & o o s A v ®
Mamddnezgnisonldves 9 wu Aangunisnuaaal nseWansunssIn Fadusidh
IdaninTdsunsudes ldTuiinlugruldsunsudnegi ldvuwrrnves I sunsundnd
1 o = 9t o 1
vnAalugmuiiaumasonlenisiiauvesTdsunsudes
= Y : = s = a o - t‘-"l

TumsWeuldsunsunamiueeii lnsesadaveamsitoundaufeiio ldsunsuay
o ‘o & e 4 1 o . 4 4 =
MaudsidunirmenFo 1 Randu main r1ldsunsuszgaiou P lunsemusilnnile ({)

» » 3
wazlnnitla () TaslidruvunisBiauees Tdsunsuuyuuuaa yennnis1Haa1u1son
o o ! Y [ r d aw 1Y -

siFonnisiiauyes lusunsusenin 19 1ade Tdsunsudesnaeiidnymz Inseaianiioy
Hardu main fie Tlsunsuezgaidion 1 lwnSominetlnnila (O vastantila () Tnofidrdy

¥
[ o L] 1) alt A o 1 =
YUABUNITHINUYD TYSUNTUNUD VU IR TUSUNUFIA WA UIYEI T 5unT Voo FeU

o .
HINBBANIINWINTY main

]
o’

suuuInssafravesldsunsunansziisiduisunislwaieanuolnnudla (0
~ o o u’: o k) nla o ¥ A T

uazlnn1da ) Tasaraudumsiinueesmidsregdinuuuuuradaerslug19duye
Tdsunsueziunsfimuanidauys nSef1neN (Declarations)  nazdamvziugids
Tun15M191U (Statements)  uaziloruMsNIHURasmIFsiinToanumsii Inaeu ()
Y dy a 4 oy o o 1 w 3 Y
lumstiame venviniisi@eaviselfinsoanuin /7 WudinimuadvdunTosnuied

-] o oo d' A 1 t )
Usz ToanSed1onus Adunuuninemes (Comment) g lifinademsiiauvesIsunsy

»

Funaning 20613 1n59a3 198 1UNU W04 declarations statements HAE comment 351

main(}{
declaration; // comment 1

statements; // comment 2

}

2.7.2 arsnmuadinils
masafmuaf s (Declaration) Tunw1d14lion TasRuwgduuufids
ussialudumt eI i muA s e
Vanable_type variable name;

1Ag Variable_type fin ¥1AYBIA M3 UDE variable_name fip ¥pvoesautls
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2.7.2.1 shiavesans

o w . PrgY A A 9y w vl Y
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Tuns@ouTdsunsuunluTasneu Insames oz i) sh1%971ufAe bit char unsigned char int

A 3 = 1 ol d‘ ¥ o o 4’
unsigned int 1A% float %umaz‘uuﬂﬂ:ﬁmwmmuﬂimmnmaﬂumu

bit

char

unsigned char

nt

unsigned int

float

Wudusuuie 1 g0 Jemsilasulasvesdauils1d 2 s fe o

ey 1

Wusaufsvuis 8 9a Usenisiasunasvesauls 14 256 A1 fie
=

-128 9127

Wumusvuie 8 Ja eemndasusdasvesdiulsla 256 a1 9o

014 256

Wudaulsvue 16 s 3929m5lFeunifasvesninys 18 65536 m

fin -32768 D4 32767

Wudwdsuuta 16 e T¥enmsiasuntasvesdnnls 14 65536 a1

-1 F-3

fB 00465535

[~ ar = o ar ) PR
Wuamysvuia 32 da Jedumsuavuuunatoy 3929075

d‘ o ‘38 38
wasuudasresn s A9 34x 10 093.4x10

2,7.2.2 ¥owssnunls

4 qs = 1 = I a o o
FoveedmdsezduezlsAlduadoslnueriluifu 31 @28nus

3
[ ) o o

¥ =AY o A ¥ l:
!&ﬁ&’ﬁﬁN1miHﬂu‘hﬂﬂ?UﬂQlﬁﬁjﬂﬂﬁﬂﬂﬂﬁqwﬂ']ﬂvﬂ?ﬁﬂ?uFN'IJ

auto double inline sizeof volatile
break else int static while

case enum long struct _Bool

char exteam register switch _Complex
const float restrict typedef _Imaginary
continue for return union

default goto short unsigned

do if singned void
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2.7.3 msilszananamanau
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= A x =3 Aws x Iaumfiv 3
(MIRTUIN)= $uM X +=3 17nM 3 aaluannls x (x = x+3)

£28819MSMMUARIUDIA WS

1 o Y e =
x=30; ¥WIwAUN Amualdasls x Ia1 30

] LY 4 @ 1o [ & A ¢ d '
x+=5;  RUWA1IUH 1Huna 5 duauduludus x ¥9fe 30 udunua1ag

[T t:J - Aﬂy F-
Tusels x dufonauil x dnudu 35

2732 msananuasinmend

o - Fw ¥ Yo w e o w o
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o

Faydnval ANHHING A0e19 HOAWS

+ A13UIN x+y HATIUUDI x AT y

- 5au x-y HARIIVDY x LiAS y

* NI x*y HRRMUDI x AT y

/ RERYRP: Xy W xWIHe y
+(@uls) | smuadusiunnduuan +x dhudauduuan
@) | Amuadudwou@uey x Fuimawdvay

=+ lﬁllﬁ?‘ﬁ’u 1 979w x++ i x ‘ﬁu 1 91U (x =x+1)
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2.7.3.3 MIAITI0aPUTou 1Y

] T 9
o oW 9 e oo 4 = o =
remnsaasnaeudeu lviuduls1a Tnolddydnualnumaiai 2.5 Asil

M99 2.5 Fydnysintsaraeudonly
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= iy xt=y | du1dx hivduy

fap819MIATIvTEUoY luveed s

x=30; HuwauN Smualdaaiuals x Ia1 30
if{(x==40)
{__statementl...} NU0AIYI statement] %1910 ar3ou Tulufdy

N o = A & 4
if () mu'imamm'ﬂunﬂ mm‘ﬂul FINIDUIY

10 ]
statement] 92 TR 1912 x==40 15U

2.7.3.4 N1INIERINIER0IN

o d 1 ] U ] o [y
mniaeslulnsneu Insameiaulngerdsdueviymiludygnn

o &S o < & v ' 3
wuuftaea TunisldsunsunrunuieiinisnssRinisastniie lddrudenisfiiay

Qe o o 4 P o q’
uuuatrea laolddyanualniuaisian 2.6 Al

{ o ¢ o =
M15190 2.6 dydpualnsnszimisanin
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dydnwal AHUWNIY Mot | wadwsiForluih 1 (039) n3e o (i)

& ATNTEAUUUUBUAAND) | x&y | e x umimsueudiiu y

| A1INTERUUVOBF(OR) xly | xymimseeifuy

A o 2 Yy o r e
&& Goulunutunoun(AND) | x&&y | u 1 e x uaz y luimfy 0
I Beu'lunyvesi(Or) xlly | ¢Hu1 i xv3e ywhiu 1
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FIDENMINTZNIN1B0INUD IR ALUS

' L) Y a1
x=1; HUWAINI Mruaiaeuds x a1 1
T a ¥ 1 oo = 1
y=1; nuwaNu Mrualvmawys y i1
if(x&y)
{...statement]...} WUUAUN statement] 9e¥ 19 1udlo@eu T ludids

. [~ F - 4 e ] -:‘!u
if O n1a1mazauzﬂuws mmﬂu 1 AIBI0H19U

statement] 9Z¥TUINTIE x&y U034

o ]
2.74 M ‘HIN'IMII‘U‘]JNNQ'IH'U
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-] L o o

frdenmsiisunuitou ludlusidsidrsumszitumdansmuanan19g ey

o
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o
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amsmavsaTdsunsuFemsi@oumdlsznniasududoudrle lasiadravoen1dy
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9 G.r' : H 3 . 13 ula R 4
Tasmrdauuiidouluilosl 2 didefe A1d9 if.. else... LABZAIE switch case F91) IATITI IS

' »
YEIAIFIAT

2.7.4.1 A184 if...else...
o o‘a a [-] A ' -
fdanmsmanusmuaitouly ssutiseenilu 3 uuy e
4 a 4 @
1. if condition then Statement 9za329a0uE0u T duduase Az Tuvineu
i 5 g o ] 1 o
Tudiuues Statement dudauluiumsfazdunisiinuludiuues Statement Tt
Tudrvude livesTdsunsy
sUuuuns e

If (expression) Statement;

2. if condition then statement Statement2 %:ﬂswﬂau{?auh 5’“{[1111?\1
Fazid1 1R 191uTudIuves Statement AuSow Tudluita vz dunisviem luduwe
Statement2

suumsifau

If (expression) Statement;

else statement;

»
3, if condition then Statement] else if condition? else Staternent2 ‘lugﬂuuuu
azasvmaudoulan 1 aou ddlueTefzen luv 1o ludguees Statement? uadason v

< ° ] o o o w
HumvAve s ludiuvos Statement2 T lugduda lves T sunsy
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siuunsldau
If (expression) Statement ;

elseif (expression) Statement;

2.7.4.2 M9 switch
0w . ° e‘/ c; 9 ' . o A -
fde switch vt IufdaR 19a5 19 900UR (expression) AURaUlY (condition)
o ] ¥ & o = - [ o
Femrsonsnasmioulylanandenlvlaseziinisasnaeviiazdouledas iy
P muafnaNnogndaiida case dunsiamvedlsunsueziamludids (Statements)
fegia lnmnseanuolnaon ) TliSes 9 suwefidausn (Break) Tusunsuvznizlag
] I 3 »
msia llfsdugavhevesiidefiomiomngtnnila ) Tunsesisaeudenlyiu
o o 1 M 3 ] T o
Tsupsuneziinmuvuuuasan llises q sutunTosnuyiellnnitda (1) uadqlimseiu
Reulvynifeulundmuall dreumsiauvedllsunsuezsiiauluf1ds (Statements)
Nogndafids default 11500 q suvefiduusn (Break) lilsunsusznsz Taamshagmluds
) o w A = ) a’a g o a =1
daugatisvesimdeneinsomusinnia () dwnefilusuiludedddfidaunnld
1 »
fiteulumsasrvaon g
silununisldem
Switch {expression) {

case condition] :

Statements]l;

default :
StatementsX;

Break;

2.7.5 21N MK
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¥

) ¥

A1sauseuRIIuYes llsunsy Tasmsi@oudsidalszianidsndudeoadiloInseadng

- Q

P N & o & o , o &
VpIMIA BAMFUULIUTBUNIEY 3 Aidefio A1da while loops do loops LLBEATTY for loops

1 E1
Taoii Inseasavosmdaneil
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2.7.5.1 M&4 while loops
°o © .L a } dr ) o . ] = -~ 1
msmﬂwmmﬁw:wmumiﬂﬁﬂmaau"lﬂumm while 'ﬂtﬂu%ﬂﬂﬁﬂuh.l

Y -] Q QIJ : U o U’ 4 1 ﬁ :
diflursaeziidaiioglugyl white() uazazsidrliSon 4 sundiwzihuiie 9niiuisezn

1
ar

MQAINAINT while loops
st 19au

While (expression) statement;

138

While (expression) {
Statement];
Statement2;

}

2.7.5.2 M1ae do loops

o o = o Q » @ o e N -~ o o

f1da do loops BEIMANNITNIMUARILAVAIFY while loops fio ziiludirda
181 UN1391971 (statements) HoglunToanuiviinnuda ({) uaziniesnueiinmila ()

: 4 . L= o o’ 1 4 - =] v 1 o

diedou'le (condition) 11ue%s Trwazvhamd19und13oule (condition) 1M uAszA19riU
hnmsasasaeuitou luveadids do loops szasnasuludduioges

siuums o

Do {statements;}

while {expression);

2.7.5.3 M&3 for loops
Wudidanisauguisisiuumiven uazlddmualiud ludiuves
o & o . 4 1A w . 1
N13IUHITDUY msmﬂumwu'lwzmﬁuﬂiu expression ‘ﬁﬂtﬂuﬂ’lﬁnﬂu expression2 l.‘clll‘uff’m
= - . ] a a - )
l'LEU'LIL?IU‘UNﬂNil‘U URNY expression3 Eﬂuﬁ'&ulﬂﬂtﬂﬁﬂiﬂﬂﬂﬂ']‘llﬂﬂuﬁ
sunuums iy
For(expressionl;expression2;expression3) statement;
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#include <16F872.h>

#device ADC=10

#use delay(clock=4000000,RESTART WDT)

#fuses XT,WDT,NOPROTECT NOPUT,NOBROWNOQUT

#byte port_b = 0x06
#bit output] = port_b.7
#bit output2 = port_b.6
#bit enable = port_b.5

#bit mode = port_b.0

#idefine Offset] Value 10
#define Cffset2_Value 10

#int TIMERO

I ey A Yl sunsuS e/
void TIMERO isr()

{restart_wdt(); }

Wy YIS Uns AR/
void main()
{

intl6 Buffer;

float feedback,error,min,max,setpoint,Offsetl,Offset2, gap;

char Check_Up,Check_Down;

port_b_pullups{TRUE);
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outputl = 0;

output2 = 0;

setup_ade_ports(0000);
setup_ade(ADC_CLOCK_DIV_8),
setup_spi(FALSE);
setup_counterstRTCC_INTERNAL,RTCC_DIV 32);
setup_timer_1(T]1_DISABLED);
setup_timer_2(T2_DISABLED,0,1);
enable_interrupts(INT_TIMERO);

enable_interrupts(global);

set_tris_a(0xFF);
set_tris_b(0x01);

enable = 1;

while(1)
{
defay ms(20);
AN N NN Y
if(mode ==1)

{
set_adc_channel(0);
Buffer = read_adc();
setpoint = Buffer;
set_adc_channel(1),
Buffer = read_adc();

feedback = Buffer;

gap = 20;
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setpoint = setpoint + gap;
min = setpoint - gap;

max = setpoint + gap;

if ( setpoint > feedback )
{

error = setpoint - feedback;

}

else

{

error = feedback - setpoint;
}
if ( {feedback < min) | ( Check_Up==1))
{
if { error > 10)
{
outputl =1,
output2 = 0;
Check_Up=1;
}
else
{
Check_Up =0;
}
}
else if { (feedback > max) || (Check_Down ==1))
{
if ( error > 10}

{



outputl =0,
output2 = 1,

Check_Down=1;

}
else
{
Check_Down =0;
}
}
else
{
outputl = 0;
output2 = 0;
}
}
else

A T N Y Y L
{
set_adc_channel(0);
Buffer = read_adc();

setpoint = Buffer;

set_adc_channel(1);
Buffer = read_adc();

feedback = Buffer:

gap = 20;

setpoint = setpoint + gap;



min = setpoint - gap;

max = setpoint + gap;

if ( setpoint > feedback )
{
error = setpoint - feedback;

}

else

{

error = feedback - setpoint;

}

if ( {feedback < min) || ( Check_ Up==1))
{
if (ermor > 10)
{
outputl =1;
output2 = 0;
Check_Up=1;
}
else
{
Check_Up = 0;
}
}
else if ( (feedback > max) || (Check_Down ==1})
{
if (error > 10 )

{
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outputl = 0;
output2 = 1;
Check_Down =1,
}

else

{

Check_Down =0;
}

else

{
outputl =0;
output? = 0;
}
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MicROCHIP

PIC16F872

28-Pin, 8-Bit CMOS FLASH Microcontroller

- A M gt

Devices included in this Data Sheet:
* PIC16F872

Microcontrofler Core Features:

High-performance RISC CPU
Only 35 single word instructions o learn
All singie cycle insiructions except for program
branches which are two cycle
Qperating speed: DC - 20 MHZ clock input

DC - 200 ns instruction cycle
2K x 14 words of FLASH Program Memoary

126 x 8 bytes of Data Memory (RAM)
64 x 8 bytes of EEPROM Data Memory

Pinout compatible to the PIC16CT2A

Interrupt capability {up to 10 sources)

Eight level deep hardware stack

Direct, indirect and relative addressing modes
Power-on Reset (POR)

Power-up Twmer (PWRT) and QOscillator Stari-up
Timer {(OST)

Watchdog Timer (WDT) with its own on-chip RC
oscillator for reliable operation

Programmabie code-protection

Power saving SLEEP mode

Selectable oscillator options

Low-power, high-speed CMOS FLASH/EEPROM
technology

Fully static design

in-Circuit Senal Programming™ ({CSFP} via two
pins

Singte 5V in-Circuit Senal Programming capability
In-Circuit Debugging via two pins

Processor read/write access to program memory
Wide operating voltage range: 2.0V to 5.5V
High Sink/Source Current: 25 ma

Commerciat and Industrial lemperalure ranges
Low-power consumption;

- <2 mA typical @ 5V, 4 MHz

- 20 pA typical @ 3V, 32 kHz

- <1 pA typical standty current

.

Pin Diagram

BiP, SOIC, S50F

|

RAQAND [ ] v REFFGC
RALANT =+ RE5
RAZANDI . i e RER

RANARD s+ [] o~ - FEIECM
T ++ (] & -— R
RAaArSe = 1 ™ -~ T
oacvakan—s [] 3] -—\to
QLT - [] o -— gy
RO HIED TV - [ ] - RC7
RCVTIOR =+ [] - FOD

B e [] -— R0

AoV =[] — ROMECWTO0,

Peripheral Features:

Timer(): 8-bit timer/counter with 8-bit prescaler
Timer1: 16-bit imericounter with prescaler,

can be incremented during sleep via external
crystat/clock

Timer2: B-bit timer/counter with 8-bit period
register, prescaler and posltscaler

One Caplure, Compare, PWM module

- Capture is 18-bit, max. resclution is 12.5 ns

- Compare is 16-bit, max. resolution is 200 ns

- PWM max. resolution is 10-bit

10-bit mult-channe! Analog-to-Digital converter
Synchronous Serial Port (SSP) with SPI™ {Master
Mode) and 12C™ {Master/Slave)

Brown-out detection circuitry for Brown-out Reset
{BOR)
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Key Features

PiCmicro™ Mid-Range Reference Manual PIC16FBT2
(DS33023)
perating Frequency DC-20 MHz

Resets (and Delays) POR, BCR
(PWRT, OST)

FLASH Program Memory 2K

(14-bit words)

Data Memary (bytes) 128

EEPROM Data Memory 64

Interrupts 10

1Q Ports Ports A,B,C

Timers 3

Capture/Compare/PWW module 1

Serial Communications MSSP

10-bit Analog-to-Digital Module Sinput channels
356 Instructions

Instruction Set

66
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PIC16F872

1.0 DEVICE OVERVIEW

This document contains device-specific information.
Additional information may be found in the PICmicro™
Mid-Range Reference Manual, (DS33023), which may
be obtained from your iocal Microchip Sales Represen-
tative or downicaded from the Microchip website. The
Reference Manual should be considered a compie-

mentary document to this data sheet, and is highly rec-
ommended reading for a better understanding of the
device architeclwre and operation of the peripheral
maodules.

This data sheet covers the PIC16F872 device. The
PIC16F872 is a 28-pin device and its block diagram is
shown in Figure 1-1,

FIGURE 1-1: PIC16F872 BLOCK DIAGRAM
Device Program Data Memory Data
FLASH EEPROM
PIC16FE72 2K 128 Bytes 64 Bytes
13
5] Program Courtey |
FLASH RAAND
Program RA1/ANY
Memaory !’ RAZAN2MVREF-
B Lewved Stack RAJANINREF+
{13-bit) RANTDCK!
RAGIANASE
P’SE:“ My RAM Addr (1
d w RBATNT
Instuction feg gg;
] Drectacy 7 RBYPGM
7 RBd
RBS
RBPGC
RBPGD
] RCIFT1OSOYTICK]
e 4 RCYT408!
= 4 RC2/CCP
Power 14 RCUSCHSCL
kvi Tiener 4 RCA/SDISDA
Instruction Oscilator H RC5/SDO
Decode & [“—2- | Stan-up Timer 4 RCA
Coniral Power-on RCT
Resat
= Gn s Tamer
CSCUCLKON Brown-out
O3CACLKDUT Resst
n-Circuit
| Debugger |
Ff,.ow-\fbme
WCIR Voo, Vss
Timee) Timer) Times2 10-hit AD
& Fo IS
! i il 0
4 & I
Dxta EEPROM CCP1 Sypchrocous

Note 1: Higher order bits are from the STATUS register.
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TABLE 1-1: PIC16F872 PINOUT DESCRIPTION
. P SOIC voiP Bufler .

] Pin Name Pindl Pind Type Type Description

OSC1CLKIN g 8 ! ST/CMOS! | Oscillator crystal inputextemal tlock source input.

OSCCILKOUT 10 10 o] -_ Oscillator crystal output. Connects 10 crysial or resonator n erystal
ascillator mode, In RC mode, the OSC2 pin outputs CLKOUT,
which has 1/4 the frequency of DSC1 and denotes the inshruction
cycle rate.

MCLRVPRITHY 1 1 WP sT Masier clear {reset) mpul or programming voltage input of high
voltage tesl mode control. This pin s ah active low reset 10 the
device.

PORTA is a bi-directional IO povt

RAD/AND 2 Vo TTL RAD can 3150 he analog input.

RA1/AN1 k] igs] T RA? can also be analog Input1.

RAIANZIVREF- 4 vo TTL RA2 can also be anatog inpul2 of negative analog reference

voltage.

RAZANIVREE« 5 5 Vo TTL RAJ can also be analog input3 or positive analog reference

viltage.

RA4/TGCK] 6 L] vo 5T RA4 can akso be the clock put 10 the Timerd module. Cuaput

is open drain type.

RASST/ANA 7 7 o T RAS can also be analog inputd of the slave seteci for the

synchronous serial post.
PORTA is a be-girectionat O port PORTB can be software
programmed for internal weak pull-up on afl inputs.

RBCANT 21 21 ro TTUST RBO can also be the external interrupt pin.

RB1 22 22 1o TTL

RB2 n 23 Vo TiL

REYPGM 24 L) o TTUST RB3 can atso be the low voltage programming input.

RB4 25 25 vo TTL Interrupt on thange pin.

RB5 26 26 vo TTL tmesrupt on change pin.

RBE/PGC 27 27 ro TTUSTE Interrupt on change pin or In-Circuit Debuggper pin. Serial

programming cloch.

RB7/PGD 29 L] Vo TTUsSTE interrupt on change pin or in-Circuit Debugger pin. Serial

programming ¢ata.
PORTC is a bi-directianal ¥0 port,

RCOT10SOMICKI 11 11 vo ST RCO can also be the Timer! oscillator output of Timer1 clock

nput.

RCATIOSI 12 12 [F{e] 5T RCY can atso be the Timert oscillrtor input.

RC2ICCP 13 13 I[e] ST RC2 can also be the Capfure1 input/Compare { oulput/PyyM1

outpud.

RCISCK/SCL 14 14 Vo ST RC3 can aiso be the synchronous serial ciock ingut/oupu for

both SP| and C modes.

RCASDNKSDA 15 15 L] ST RC4 can also be the SPI Data In (SPi mode) or

data VO (12C mode).

RC5/500 16 16 "o} 5T RC5 can also be the SP{ Data Out (SPI mode).

RCE 17 17 ¥o ST

RC? 18 18 I[e] 8T

Vs 8.19% 819 P — Ground reference for logic and I/0 pins.

Voo 20 20 P — Positive supply for logic and /O pins.

Legend: f=input G = output Q= inputiowtput P = power

— = Not used TTL = TTL input ST = Schmit Trigger input

Note 1:

This bufter is a Schmitt Trigger inpul when configured as the external interrupt or LVP

2: This buRler is a Schmilt Trigger input when uted in sefidl programming mode.
3! This bufter is a Schmm Trigger Input when configured in RC ostilator mode and a CHMDS input otherwise,
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10.0 ANALOG-TO-DIGITAL
CONVERTER (A/D) MODULE

The Anaiog-to-Digital (A0} Converter module has fve
inputs.

The analog input charges a sample and hold capacitor.
The output of the sample and hold capacitor is the
input into the converier. The converter then generates
a digital resuft of this analog levei via suctessive
approximation. The A/D conversion of the analog input
signal results in a comresponding 10-bit digital number.
The A/D moduie has high and low voliage reference
input that is software selectable to some combination
of VDD, Vss, RA2 or RAJ.

The A/D converter has a unique feature of being able
to operate while the device is in SLEEP mode. Te
operate in SLEEP, the A/D clock must be derived from
the AD's mternal RC oscillator.

The AT module has four registers. These registers
are;

» AJD Resuit High Register (ADRESH)

+ A/D Result Low Register (ADRESL})

+ AD Control RegisterD {ADCONQ)

« AJD Control Register! (ADCON1)
The ADCOND register, shown in Register 10-1, con-
irols the operation of the A/D module. The ADCON?
register, shown in Register 10-2, configures the func-
tians of the port pins. The port pins can be configured
as analog inputs {(RAJ can also be the voltage refer-
ence;} or as digital ¥O.
Additronat information on using the A/D module can be
found in the PICmicro™ Mid-Range MCU Family Ref~
erence Manual (DS33023).

REGISTER 10-1: ADCONO REGISTER {ADDRESS: 1Fh)

RW0O RWO RWO RWO RWO

u-o R/W-0

| ADCS1[ADCS0 | CHS2 | CHS1 | CHSD [GOMONE| — [ ADON | (R = Readable bit

bit7

6o = Foscs2
01 = Fosc8
10 = FOsC/32

bit 5-3: CHS<2:0>: Analog Channel Select bits
000 = channel 0, (RAD/AND)
001 = channel 1, (RAT/AN1}
¢10 = channel 2, {(RA2/AN2)
011 = channel 3, (RAYAN3J)
100 = channed 4, {RAS/AN4)

bit2:. GOMONE: A/D Conversion Status bit
WADON = 1

1s compiete)
bit 1:  Unimplemented: Read as '

bit0:  ADON: A'D On bit
1 = A/D converler module is operating

bit 7-6: ADCS<1:0>: A/D Conversion Clock Select bits

11 = FRC (clock derived from an RC osciltation)

1 = A/D conversion in progress (setting this bit starts the A/D conversion)
o = A/D conversion not in progress (this bit is automatically cleared by haroware when the A/D conversion

0 = A/D converter module is shulofl and consumes no operating current

bitg | W= Wrilable bit

U = Unimplemented bit,
read as ‘0

-n = Vaiue at POR reset
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REGISTER 10-2: ADCON1 REGISTER (ADDRESS 9Fh)
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u-o uU-0 RW-0 u-0 RW-D R0

RAW-D

RW-D

used as vollage reference inputs.

[aorm | — T — 1 — [ Pcre3 | PcFG2 | PCFG1 | PCFGD | [R = Readable bit
bit7 hiip | YW = Wiitable bit
U = Unimplemented bit,
read as ‘0’
- n = Value at POR reset
bit7:  ADFM: A/D Result format select
1 = Right Justified. 6 most sigrificant bits of ADRESH are read as 'D'.
0 = Left Juslified. 6 least significant bits of ADRESL are read as 0",
bit6-4: Unimplemented: Read as '0’
bit 3-0: PCFG<3:0>: A/D Port Configuration Control bits
porocue | AN | A3 | MZ | N0 | NG | e | v | Cond
0000 A A A A A Voo Vss 50
0001 A VREF+ A A A RA3 Vss 4/t
0010 A A A A A VoD Vss 510
o011 A VREF+ A A A RA3 Vss a1
0100 D A D A A Voo Vss 30
0101 D VREF+ D A A RAJ VES 2/
01lx D D D D D Vop Vss oo
1000 A VREF+ | VREF- A A RA3 RA2 32
1om A A A A A Voo Vss &0
1010 A VREF+ A A A RA3 Vss 4N
1611 A VREF+ | VREF- A A RA3 RA2 32
11060 A VREF+ | VREF- A A RA3 RA2 32
1101 D VREF+ | VREF- A A RA3 RA2 22
1110 D D D 1] A oD Vss 10
11 D VREF+ | VREF- D A RA3 RA2 112
A = Anpalog input
D = Dital YC

Note 1;  This column indicates the number of analog channels available as A/D inputs and the humber of analog channels
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e A —— l_:
FIGURE 10-1: A/D BLOCK DIAGRAM
CHS=2.0>
...... IR -
v " I_OM RAS/ANA
AIN ' '
(input voltage) ' o »—g RAVAN3IVREF+
; ‘\) olo .
A . . g RAANZIVREE-
X oo g RAT/AN1
VoD PN g RAD/AND
veerr ) O
Reforonce | o
vohage - !
mr
PCFG<3.0>
vaere 1 OT
. i
(Ij::'eren)ce , :
NI vss
PCFG<3:D>
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FIGURE 10-2: ANALOG INPUT MODEL

Yoo .
Sampling
vr=06v , Swich
Ric < th 1 58 Resse
et | SR
= | LEAKAGE —_— = citance
V= D.6v({ ) LLEARAG T = 0
i l_vss
Legend CriN = input capatilance
VT = threshold voltage g
JLEAKAGE = lgakage current at the pin due to Voo d
VariGUS junclions 3
Ric = interconnect resistance z
SS = samplng swiich
Crn = sampla/hold capacitance {from DAC} 567891011
Sampling Switch
(W2}
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L2938

DUAL FULL-BRIDGE DRIVER

» OPERATING SUPPLY VOLTAGEUPTO 46V

» TOTALDC CURRENT UP TO 4 A

s LOWSATURATION VOLTAGE

s« OVERTEMPERATURE PROTECTION

s LOGICAL "0" INPUT VOLTAGE UP TO 1.5 V
(HIGH NOISE IMMUNITY)

DESCRIPTION

The L298 is an integrated monolithic circuitin a 15-
lead Multiwatl and PowerSO20 packages. It is a
high voltage, high current dual full-bridge driver de-
signedto acceptstandard TTL Jogic levels and drive
inductive joads such as relays, solenoids, DC and
stepping motors. Two enableinputs are providedto
enableordisable the deviceindependentlyaf thein-
put signals. The emitters of the lower transistors of
each bridge are connected iogetherand the corre-
sponding extemal terminal can be used for the con-

BLOCK DIAGRAM

Powers 020

Muitiwatt15

DRDERING NUMBERS : L298N (Multhwatt Vert.)
L298HN (Muitiwatt Horiz. )
L298P {Powers020)

nectionof an externalsensing resistor, Anadditional
supplyinputis provided so that the logic works at a
lower voltage,

g s

ouT1 our? ouTs T
? = N
2 F] ™ fu

= Yror
A

1 2 3 &4
™ 5 - 4 s
o
=
1 }
iz
o—42 w |
Ll U End
O "
\ E ~0
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ABSOLUTE MAXIMUM RATINGS
Symbol Parameter Value Unit
Vg Power Supply 50 v
Vss Logic Supply Volkage 7 v
V1. Ven Input and Enable Voltage -03tc7 v
lo Peak Output Current {each Channel)
— Non Repetitive {t = 100us) 3 A
—Repetitve (80% on —20% off, t,, = 10ms) 25 A
~DC Operation 2 A
Viens Sensing Voltage 11023 v
Pt Total Power Dissipation (Tcase = 75°C) 25 W
Tep Junction Operating Temperature —2510 130 °C
Teip. Ti | Storage and Junction Temperature —40to 150 °C
PIN CONNECTIONS (top view)
/ { LY S—— GURRENT SENGING B
4 D QUTBUT 4
'@' 13 P OUTPUT 3
12 > NPUT4
1 > ENABLE ©
w0 —3 WPUTS
. 9 Fr— LOGIC SUAPLY VOLTAGE Vag
Multiwatt15 g S &ND
7 > INPUT 2
[} > ENABLEA
L A——— INPUT 1
4 "> SUPPLY VDLTAGE Vg
_@. - E—— GUTPUT 2
2 T ouTRUTY
N i o~ cumrenTsENswoa
Z TAB CONNECTER TO PIN 8 Corazu
/
GhND ] 1+ 20 [ GND
Senses [ 4 2 19 I Sense B
Ne 23 3 18 [ Ne
outy [ 4 17 [ Out4
ow2 ] 5 PowerSO20 5 I ou3
v 0] 6 15 177 nputd
nput =3 7 14 =1 EnebleB
Enable A [C22] 8 13 £ tnput 3
nput2 =1 9 12 73 vss
GND 7 10 tt ] GND
DFEINDIR
THERMAL DATA
Symbeol Parameter PowerS$020 Multiwatt15 Unit
Rinicase | Thermal Resistance Junction-case Max. - 3 CAY
Rumjami | Thermal Resistance Junction-ambient Manx. 13{%) 35 CIw
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