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ABSTRACT

At present, the study and research in soil moisture has increased in a wide range of interest

such as, in agricultural and industrial areas.

This project therefore proposes a soil moisture meter by means of capacitance measuring. As

a result, we obtain a cheap and reasonably accurate instrument compared with the commercial one.
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nsona WDT(Watchdog Timer) time-out maiuﬂsmauq 150nsUALEUAUNEININ reset B

Y
ANVUI

1 v ¥
Peripheral Interrupt Vector ( 0004h ) ionans interrupt U program memory pointer 93 %

v
1189 21 @l

k3 ]
Configuration word ( 2007h ) M3yhauiesduved PIC szgnimuanniwANiINge
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¥
S P g % ; . ; . .
11 'l3i119211)4 Enable/Disable Power-up timer, Enable/Disable Watchdog timer, Oscillator Selection
5 o = s = 1 o Ao ] dy 1 = Yy =
bltS(ﬂ"ITTHﬂﬂlﬁ']‘llﬁ]ﬂﬁmuig'lmu'ﬁ‘i'ﬂﬂ ‘Viu’)ﬂﬂ’}']iﬁ]']ﬂﬂ'm‘l"lHQ‘L!ulllﬂ'lil'liﬂﬁlﬁlﬂvl,ﬂﬂ'lﬂﬂ'l'iﬁ!ﬂﬂ
Tilsunsw szdeatmualuvaziinisWeon 1isunsuaag Flash memory 499 MCU
RAM(Random Access Memory) File Registers
' ° o3 1
wioanuiwes RAM mwlu PICI6F84(A) i lassadrailuniaily vank Taoesd
Vv
W1 80 bytes(00h-4Fh) 7D bank 11N38Iv09 PICIGF84A 95 2 banks Memory Tuaiuilasgnui
sonifu2dufe
! ' 4 ' = .
AIUUTN 12 bytes(00h-0Bh) ¥dAlHAY bank mdﬂzg‘ﬂﬁﬂﬂ’ﬂ SFR(Special Function
. o @ e 7 o 4 o '
Registers) 3¢ 1ddhmsuifufinaniumsaiviauues pic, Mo luvssmsimuagoiugyog port 1
5 A oy oA
!.'ﬂu input/output ports LAY l‘U@‘HG]
1 { = & a 3 ' o =y 1
dNae99ziviIa 68 bytes(OCh-4Fh) F5uAIA TuAh 13 929ni50n31 GPR(General
. &£ v o ] o =1 o A v 1 2 3
Purpose Registers) Gaamnsalsumionmdimsginumaans tazitouluaee mioldlums
¥
Usgyramalusunsuvms Isunsuiiam fauidn PICI6F84A 923] 2 bank 11 SFR 9119nun
= a |oig o = " @ IS usj 1 -2 3/ = oo
U 16 1A 13]1‘]3’ 24 BUA Iﬂﬂ SFR UNHAIISHBYT 2 bank 9% GPR QQLliJil?‘JLﬂﬂﬂ‘l-! bank N8N
AN tw v oA a e a T A Yy orety (3 1 QYo
Wlaldadumuiaudinmang 16F84A 3} GPR ogifiod bank wouviniy uaziie liil lvvhewlddu pic
' 1 -d.y v =" W g 2‘3"-_1. y ~ € lcin’:dlyllci
Ay memory dnilvzymoliviua ethalsimuiuily GPR awsooulminasild lull
¥
Podradiuannss
EEPROM (Electrically Exrasable ProgrammableRead Only Memory)
T o 1 dy A Y A 9 ¥ 9 ar y g o 1 o ' wor
wiawanui ludmihde il lvihswldny Mcu  udrdeyaniegnuludinseges li
v = £ b Wyor =1 LR =} = 3 =1
e 1‘]J HAZTINTEUAIUATNUBY program 9EUVYUIA - 64 bytes. DU lﬁﬂﬁ'ﬂiﬂ"l'i!‘llﬂue]ﬂﬂ
A3 o w = ar 1 ¥ ¥ usj @ oij 1 1 dy vd 9
3]‘1]@'1)1ﬂﬂ1ﬂﬂlﬂ]iﬂﬁDL‘UU'I—!'#’I“]J%'HJ lﬂl]'iﬁi'lﬂﬂ! 1 81UNIY ﬂ31«!1”111'35?1'313&14ﬂ?14”il$1‘l)’£ﬂﬂ‘ﬂ@3&ﬁ
A = ' a 1 o ] d;; a 9 ] ¥ =
#i lisesaznlaouuilasiestin wilasanud ludmticunsafudoyalduu 401
SFR Registers
. ; ; A s ¥ ow Yy 2 4
SFR(Special Function Registers) 39¢ 16 BUAAIUNY FIT1NITHONDIAWNT nlaou
[ ¥ ¥
AM19UD3 bank NILde Nauasiivua 160 bytes Aaualslu SFR A
< ' = ﬂ?‘ . . .
INDF : 9210UA1U0Y Data memory NN indirect addressing
I . .
TMRO : 11U Timer counter Y94 Timer 0
a U . i
PCL : 1nUf1 8 bits 119V09 program counter
=] ' o ded a o
STATUS : 921AUA1 Flag ﬂJﬂQF‘I'ﬂﬂ‘W‘ﬁﬁlﬂﬁﬁnﬂﬂ’lﬁﬂ’]uﬁm
o3 . q ¥ o - i i
FSR : i1y pointer 14 M35 u01994 data memory U1 indirect
[~ 4
PORTA : tnUA@D1UZUDI PORTA

PORTB : 1UAE01UZUD9 PORTB
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o ' { c!y 1
EEDATA : (1UA1984 Data § EEPADR %8y
EEADR : §1119U99 EEPROM 1idi0an1391984
I~
PCLATH : 11l 5 bits UHUDI program counter
INTCON : 1%ﬁ1ﬂuﬂ1‘5tﬁﬂ Interruption
OPTION REG : 1¥dm5usmua Mode 1591911999 MCU
TRISA : 14 111ua Mode Y84 PORTA 31ilu INPUT %50 OUTPUT
a & [~
TRISB : 19111114a Mode Y89 PORTB 21l INPUT 1150 OUTPUT
IS =
EECONI : 1ilu register #1¥n7u71u EEPROM
o3 { ar
EECON2 : 1] register 1 191loafunsiiioy EEPROM
Program Counfer
o A 2 o , A Y Yy 1y v =
1 counter NUAAIDIANNUS address VDS program NI 1111971 flash memory
ot o 4 o \ & o, - |
fMaaimsdszuana Geaziilu connter U@ 13 bits Taw 2 1lud) counter AIHvZMNAY 1 19
o A e ¢ b 3 AR S da o | o & A e
asuflolimsdszunamamduiadn 1 ase  desfuaasnnedumisvesmidede lRvzhng
[ . v ' ¥
Usguaara uaiiolszunadfid JUMP §2 counter aziimmfudiuniiaifiids JUMP 1udeils
8 Level Stack
= 2 [~ 1 ) 1 [ A 9 o
stack A1® memory FIVEINVAN return address VDA program AIDUNUTH Hianeammailsy
' & & 4 1 dy g o " n s 9
WIAHABINHITIN ALY ATS F9 program Tudaniignadraily subroutine 13 Tuneugamoves

. =1 eqlp | ar 3 =4 o @ = i
subroutine ARTifA1da RUTURN naase lumsisonldisis 14dids caLL TumsiSen subroutine

b 4
A o o @ =3

o ] =] I [
AU program address NOANNAITI CALL NIEYINUAIY stack (ﬂ‘iﬂﬂumiﬁ‘lﬂﬁﬂﬂﬁ)tﬁﬂﬂ
11 PUSH) ndann ld1lszananadids i subroutine uda luneugamuiionaof1da RETURN
v 9 Q v o o VoA d v 9t cﬂy oij = T VoA
Tuneztimsnse Taa lldadmmismnu 131y stack (n3z11MsiU19ATI9250n1POP) UALLDY
' = Wy o d ' o w ] o’: a
910791 stack Hunaifios 8 Tl TuAMIBANNANS IENNIRISen Ade CALL 18 ithassdadie
@ o 4 ) Yo w [} — (i ] w ' o g o £
Fuitiu adh1dmas caLL Tihnandnfiulaell RETURN nify A1 stack vzgnviuunavinly
4 o @ [~} ] o T ) a g9
iioldmda RETURN Aag hiansondu hdadwmadn 14
Instruction Register
o & 1 = Cf ' 3 v s = a -ci.y
fdanan vealilsunsy HignTae program counter vxgnB U lUds register @ail lag
v
nIzUIUMIHEYNSENI FETCH,

Instruction Decode & Control
1 [ ¥

Adangn FETCH 1311 instruction registers vzgauiannuminouaziaumumid i

Multiplexer and Arithmetic Logic Unit

'
hrd o

Tasmsualannummnouazinaumumdezgnnszii lae Multiplexer 1ag the Arithmetic

ay

Logic Unit(ALU)
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W Register
[} . Qs =1 Y Ao [~ | o A a o
911910 work register UHIZHHINNT I UAVHAVDINIIATUIUNINADIN ALU 191 l'J‘if'J
A A o o [ ar s o 3 ) Y < ° 1 @ w9
AT HDNISUNNATUIDAD LlJ ﬁ’)‘Uﬂﬂlﬁdi]3“ﬂ']1’1‘L[']'ﬁ!‘ljHﬁ?ﬂﬁ1~31ﬂﬂ1§ﬂ']u’lﬂ!ﬁ1ﬁ‘] HaguUHaIN
Y .
NINNAIHIUAD U output YOI input-output port DAARIY
STATUS Register
o . & g 1 v . d
I,‘]J'Ll register FAVSNUAINAVDY ALU (J5U HAAWTVDINIT UIN DU VDI register (1l 0,
4 v a . <3 o o " d’ Vv = = ¥
12N, aY), o l‘um‘ilﬂﬂ timeout , Wudrmvuanungil PIC 914 register 11 bank l'H‘LI
FSR Register
. : Yo a9 o T . .
FSR(File Select Register) l¥dmsudadumiaves RAM ‘lugﬂxmu indirect address
¥ . o - & |
MIDNUVY direet address NABFUIUUNS1909 Address 111 TASMTNZI91Z 9908 151 movEw h*20°
4 1 o 1 ! 4 yys " -:1-:15‘ kY o vy 3
PIHWWAIIUNNINITDIUAT N address 20 WAL l’J’ﬂ W register 114]”1‘5 UUTTHITOD A UH U lﬂ

& 4 A ¥ A ' o A = o {
daud 0 B9 127 30819 Id1F0e 7 bit Fevzegluusnva 1 bank Tunisivzilaon bank Suiludies

deufudeany RPO bits Y89 STATUS register MIDMUVY indirect address 1av1d FSR register

[ ¥

) &

vriionldlunsdie address Moging Audaomserdofids inc FSR ierfiou T
a |
memory 019 la
Address Multiplexer
q Y o ar ' [ & = % =) 5 4 I o
lailudalatendily indirect addressing Y1790 the direct address, HIHWYANTUNINING
1 1 £ 3
87UA1 1 address 20 WUAY1AN w register Tunsdisianinsadradummialddaud o 81 127 nSeds
. < ' : { o o 4 4 [ A
1&ifiv 7 bit Favzagluveuwa 1 bank lumshznlaou bank suilunvzdeanoidosiu RPO bits
YB3 STATUS register N150191UD indirect address 10014 FSR register 92110319 1un15919 address
A a o Dy, W P A A&y e ' @
Nogfns A8 39 1AUA1ES inc FSR tiatdion T umis memory da 11
EEDATA
= . i WA [ A A g
W register N9z 141ilalims o1mmsofivudoya EEPROM
EEADR
ﬂ . P 3 o o 9 P & =1 1 o
WU register N1FTMTVO1Y address Y99 EEPROM. #alu PICI6F84A iM120A1181
E (]
EEPROM 819111 64 bytes tifovzin1silion EEPROM vz@od Weudoya 55h uaz AAh lida
o 2 a g P yy
EECON2 (ionoud9isudun1siiou EEPROM 1@
Timer
=1 = law = = o v o @
PICI6F84A 93 timer (NSUARUAYI (TMRO) HUUIA 8 bits MIMUV0IIUNADIUY

o

o LY & = . d‘l @ =2 & 9 .

WnmsiuliiFose uazezifians time-out 11an151U104 256 9929114 TOIF bit YB3 INTCON
. & o ] = o Y a s a :g A a % o o

register &1 SFR naedlu "1 #9iinai 1HiAan1s interrupt INAYIBNANIS time-out. 1151

¥

a ° ' e . a 4 yy a4 yi1d o Y .
MsnvzMrua Nz 11IN3 interrupt Y99 TMRO AT 1aW50 1T HAMUA 1A the GIF bit
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R . g o 1o
uaz TOIE bit ¥99 INTCON register #Tu SFR Tnoduihs "1 fmneanuhidmualisins
. a & gy
interrupt INAVU 14
I/OPorts
=1 3 & o 1 g o3|
PIC16F84 (A) 92 1/O Ports Miaviua 13 v1 Gamsmimuaineg ldanimily INPUT w3e
& o oy > o | o ' o d
OUTPUT HudnnsamimualddatoTsunsy e 13 antuaansoutsoenldiilu 2 ngudonun
A a 4 A4 = '
fo s vuilu A port agdn 8 MwABSIAI B port
TimingGeneration
{ 9 as = o o o
PIC vzinssmalunszadudynionndnm lumshinuannusmizysansiiauues
ko 1
Al Teedgannimiagiunasiuilauian crystal N30 ceramic oscillator 91NN1BUBN 10
dyananninmdosnisanuiudigusngdendonld  oysal  ud laoinanag liudaes e
: L w oo . i - o &
ceramic resonator f91U111) capacitors 111 module ayn1uuen PICIGF84A 92 exccute 1 ANEN(1
q ¥ ar =  V— I 1 1 = o n‘l k2
cycle) 92 1% aynnniuiin 4 pulses Iavaz1d pipeline architecture tg lunsaivesfida JUMP ag 14
[} Vv H
2 cycle dmsunanldluns exceute 11 Tavtndaud 9z 1919@71 200 nanoseconds 119 crystal il
A0 20MHz, 1/(20MHz) = 50 nanoseconds. HINBAIINEN5D execute AIA 5,000,000
instructions A0 111987 1 3199
Initialization circuits

o
a1y PIC16F84A tzdealimsimuaguaniianisiiauvaisogaail

[ . =q 9o o k' ! I = v [ 4
POWER ON - 1l Timer R 1¥nsuasv9szeznaneungld MCcU Mauiese
Timer aunseanssan liihntleulddu Mcu wislunsdioninstloulvldh T
Tnyl

Qs b

0SC StartTimer : 11111 Timer N Fdwfuadhadisszusnateniiog 18 McU heniese
ywnseRadyannamitenliiu McU sxiislunsdiiiofinstion Trlidh
T 1w

POW ON Reset : 931113 RESET 29asmelu PIC Tnaiffedimsflon lelhdhlaf L

=] o @ wr ' ] o = 1
Watchdog Sy Timer dwsvdvunari Talsunsuaunasaaly PIC shamunuiu ldwse i
. ; o i ' & o o
Timer wietlosdueIn1sNGond1 Dead Lock 44 Timer @211azdeaiins clear @70

1 v 1 VY
199114 software 1310 timer 2T UIUNTZNY time-out tHadY PIC znav i

og luanmzmilousvanmniinmsilow vl v
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2.5 IC 1J917 555 [8]
o =] v = c;n g ar o V¥ g} Qs d'{ 1 1
1Ic wos 555 wWuled nilenldiuunnlumsihldadvdygagladuuuuaiee wu
i & 8. S e ¥ P ¢
N SquareWave , dayanaiad doanon ramp Hozesdanm ledwes 555 1luginsal
et da o = o ] e Y 1 A o
vsswnilginsaldmanselindous agnvlu uaziidmidesdomousniioniugunsiinu
@ 1 é [} 1 1 ar @ o d'l =S
nazldauiudnpuzaieg Fahedemsoonuuy uaziwlumsadudyanaiadanuadie on
kA ° ' P @ P o {
maansadnlemsimanldde uennnledwes 555 udadeillediues ss6 Miuuuy Dual
. ¥ = J o @ ] O | @ & !Jﬂ &
Timer Usznoudie ledes 555 $wau 2 @ egmelududendu wieldilunwsdauia uaz
:;BJ' E15 = L4 a
zadnlumseonuuu995Ndeals ladiues 555 nareqda

1 R =1 o
auilsznevved ladiues 555

&
(3)
s 74 ) © X
| @2 R - F/F | (4
P - g 0
1(2)
7
2 R —
(5)
4 i
1.GND
10 \_/ M 8 2.Trigger
2 7 3.0utput
E] || 4 .Reset
3 LM555 6 5.Control Voltage
O] ] 6 .Threshold
4 5 7 .Digcharge
[ -] 8.Veco

1l 2.8 dalsznevvedlediuessss (8]
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3.1.1 MINAaIIAANHTHIHANY 33N
9 o s 3 ' 4 o U v w & ¥ g
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g = or 1 = = o
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naaes  laemstmanms Capacitance 1119 Fauiuwriudni 2wy Mvuuiu szegesin
H’j o = li'd ; 1 ar U 3/ o CI} 1
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Source Code ‘llﬂﬂ‘ljiuﬂ‘i%l
/**************************************************/
[¥¥* C metering wakf

/*¥** Auther: R&D02 *kkf

JRRRE R R R R R R R R R R KRR R R R R R R R R Rk Rk R

#include <pic.h>

__ CONFIG(XT&WDTDIS);

#define PORTBIT(adr, bit) ((unsigned)(&adr)*8+(bit))

//*¥*¥* LCD Pin definition

static bit LCD RW @ PORTBIT(PORTA, 2);
low forever

static bit LCD EN @ PORTRBIT(PORTA, 1);
clk

static bit LCD RS @ PORTBIT(PORTA, 0);

instruction/data

static bit D4 @  PORTBIT(PORTB, 4);
static bit DS @  PORTBIT(PORTB,5);
static bit D6 @  PORTBIT(PORTB, 6);
static bit D7 @  PORTBIT(PORTB, 7);

[/¥** 1C 555 Pin definition

static bit TRIG @ PORTBIT(PORTA, 3);
static bit PULSE @ PORTBIT(PORTA, 4);
static bit " RESETS555@ PORTBIT(PORTB, 3);
static bit RANGE u @ PORTBIT(PORTBR, 1);
static bit RANGEn @  PORTBIT(PORTB, 2);

HLCD :
HILCD
/ILCD:
//LCD :

i Trig
/{ Pulse

/f Reset

// LCD : Read/Write

/[ LCD : Enable

// LCD : RS

Data bit 4

Data bit 5

Data bit 6

Data bit 7

42

/! Select range u (micro)

/! Select range n (nano)
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/****#*******t***i LCD E stobe **********t*##*#*/

void LCD_STROBE()

{
//*** Create LCD : Enable High to Low

[]xE*
JRE*

J[R**

//*¥** For LCIj activate

unsigned char i;

LCD EN=I; /I LCD : Enable Set to High
for(i=5:--i;) /l Delay for High

continue;

LCD_EN=0; //'LCD : Enable Clear to Low
for(i=5:--i;) /f Delay for Low

continue;

/***************** LCD DB]H}' ***#*************,{

void Delay 1.CD(void)

{

//**¥% LCD delay. When LCD received the instruction or data it will use the time to execute this
instruction

/1*** You will wait for execution time, Delay LCD
unsigned char ij;

for(i=30:--i;) ¢ {/ Outer loop delay

forG=12;-j5) // Inner loop delay
continue;

JEFERERR Rk R [ (O] write ¥F*FxFFrsrskistsrs)

void led_write(unsigned char c)

43
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{
//*** Scnt data bus 8 bit to LCD 4 bit

//*** LCD is in 4 bits mode but data is 8 bit,we will seperate 8 bit to 4 bits upper and 4 bit lower
/*** data = b' xxxx xxxx '

//¥** The data will be sent 4 bit(nibble) upper frist data="xxxx 0000’

//*¥*%* and then sent 4 bit lower data="0000 xxxx '
[/¥*%* Example

%% led_write(0xAF)

//¥*% data=b' 1010 1111"

PORTB = (PORTB & 0x0F) | (c & 0xF0); // Port B =[Port B and 0xOF] or
[0xAF and 0xFO0]
i s " Mask 4 bit upper
I ~ Clear Port B bit 4,5,6,7

// Port B = [b'0000 xxxx'] or [b'1010 0000

// Port B= b'1010 xxxx'

// Sent data 4 bit upper to Portb B bit 4,5,6,7
LCD_STROBE(); , //'Sent LCD Stobe for the 4 bit

upper data execution.

PORTB = (PORTB & 0x0F) | (c<<4); //Port B=[Port B and 0x0F] or [0xAF rotate left
4 time]

/l OxAF rotate left 4 time

//0xAF=  b'1010 1111"

// rotate 1st b'0101 1110’

I/ rotate 2nd b'1011 1100'

/f rotate 3rd b'0111 1000'

// rotate 4th b'1111 0000’

/I Port B = [b'0000 xxxx'] or [b'1111 0000']

//Port B= b'I111 xxxx'

// Sent data 4 bit lower to Portb B bit 4,5,6,7
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LCD_STROBE(); /1 Sent LCD Stobe for the 4 bit
lower data execution.

Delay LCD(); /I Wait for data execution

freekkekk [ CD Write Charcter at position ¥¥*¥¥¥¥dkior/

void led_write_at(unsigned char pos,unsigned char ch)

{

//%%* For wrile character to LCD address

{/¥** LCD address (16*2)

//*** First Line :

/7¥*%% [0x80] [0x81] [0x82] [0x83] [0x84] [0x85] [0x86] [0x87] [0x88] [0x89] [0x8A] [0x8B] [0x8C]
[0x8D] [0x8E] [0x8F]

//*** Second Line :

/%% [0xCO0] [0xC1] [0xC2] [0xC3] [0xC4] [0xC5] [0xC6] [0xC7] [0xC8] [0xC9] [0xCA] [0xCB]
[0xCC] [0xCD] [0xCE] [0xCF]

LCD RS=0; /f Set LCD mode to Instruction mode
Icd_write(pos); // Sent address to LCD

LCD RS=1; /f Set LCD mode to Data mode
led_write(ch); // Sent character to LCD

/%% Example

/14%% led_write_at(0x87,A") /1 Write character ‘A" to LCD address 0x87
/1¥%% 1ed_write_at(0xC3,F') // Write character 'F' to LCD address 0xC3
1010100000100 tA100 010001 010101101
H***[][][][F][][][][][]t][][][][][][]

H

/t**********t***** Inilia]izc LCD *****************/

void init_lcd()
{

/¥** For initialize LCD to 4 bit mode, 1/16 duty, not blink cursor and clear LCD memory
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LCD_RS=0; // Set LCD mode to Instruction mode
led write(0x28); / 4 bit mode, 1/16 duty, 5x8 font
led_write(0x08); /] display off

led_write(0x0C); f/ display on, blink cursor off
led_write(0x06); {/ entry mode

led write(0x01); /! clear

void LCD_cls(void)

{

/*** For clear LCD display
LCD_RS=0; /f Set LCD mode to Data mode
led_write(0x01); // Sent command clear LCD screen

}

frE*EEx Digplay Percent in second ling ******/

void disp_percent(unsigned char num)

{

/*¥** For display percent number

/*** The number cannot direct sent to LCD because LCD will display data that be only character
value,

/[*** gee the ASCII table

unsigned char t;

LCD RS=0; // Set LCD mode to Instruction mode
led write(0xCO); // LCD address 0xCO0

LCD RS=1; ' - /f Set LCD mode to Data mode
for(t=15;--t;)

led write(0x20); // Sent character ' ' (blank) to LCD second line

led write_at(Oxc0,'H"); {/l write character 'C'to address 0x80

led write_at(Oxcl,'M"); // write character 'x'to address 0x81

LCD RS =0; /I Set LCD mode to Instruction mode

led write(0xC7); / LCD address 0xC7



LCD RS = I;
if (num<10)
led_write((num+0x30)*2);

0x30

else if (num<100)

{

t=num/10;
led_write(((t)+0x30)*2),
led_write(((num-(t*10))+0x30)*2);
}

else

{

t=num/100;
led_write((t+0x30)*2);
tt=(dec-(t*100))/10; '
led_write((tt+0x30)*2);

/l Set LCD mode to Data mode

// If number < 10

/! Write character '0','1",'2',...,'9"

/f number = 1 convert to character 'l'

/! character '0' = 0x30
// character'l' = 0x31
/ character '2' = 0x32
// character '3' = 0x33
// character '4' = 0x34
// character '5' = 0x35
/l character '6' = 0x36
// character '7' = 0x37
/f character '8' = 0x38
/f character '9' = 0x39

/{ if number <100

// number : 10,11,12,13, ... ,98,99

/I t=number/ 10

/f Display first digit

/I Display second digit

// number > 100

led write(((num-((t* 100)+(tt*10)))+0x30)*2);

!

led write(0x25);

/{/ Write character '%'



48

/*#*#***##******* D!Splay C Value ******#*******#**/

/*** format xx.xx nF i f

void disp_value(unsigned char dec,unsigned char dig,unsigned char unit)

{
/*** For Display C value

unsigned char t,tt;

LCD_RS=0; /l Set LCD mode to Instruction
mode

led_write(0x80); ' /I LCD address 0x80

LCD RS=1; // Set LCD mode to Data mode
for(t=15;--1;)

led write(0x20); /I Sent character' ' (blank) to LCD first line

led write at(0x80,'C"); /! write character 'C'to address 0x80
led_write_at(0x81,'x"); I write character "x'to address 0x81
LCD RS =0; // Set LCD mode to Instruction
mode

led write(0x86); /I LCD address 0x86

LCD RS=1; /f Set LCD mode to Data mode
if (dec<10) H# If C value < 10

// Value:0,1,2,..,8.,9

led_write(dec+0x30); // Write first digit

else if (dec<100) [/ 1f C value < 100

{

t=dec/10;

led write((t)+0x30); | - /l Write first digit
led_write((dec-(t* 10))+0x30); // Write second digit

}

else A1 C valu> 100
{

t=dec/100;

led_write(t+0x30);



tt=(dec-(t*100))/10;
lcd_write(tt+0x30);

led_write((dec-((t*100)+(1t* 10)))+0x30);

t
led write(0x2E); // Write character '.' (point)

led write(dig+0x30);

led_write(0x20); /! Write character ' ' (blank)
led write('n'); ’ _ // Write unit 'n'
led_write('T"); // Write character 'F'

l************* Initialize Ha]-d“,are #**************/
void init()

[/*¥** For initialize microcontroller

TRISA=0x10; {// Port A Direction
TRISB=0x00; // Port B Direction
PORTB=0x00; /{ Clear Port B
PORTA=0x00; /I Clear Port A
LCD RW=0; /I LCD Write mode
}
void Delay1(void)
{
unsigned char i, j, k;
for (i=80; --i;)
for(j=50; --j;)
for(k=15; --k;)
continue;
]

void trigger(void)
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{

/1*** For trig IC555 for one short
unsigned char i;
TRIG=1;

TRIG=0;
for(i=10; --i;)
continue;

TRIG=1;

void delay_count1(void)

{
unsigned charcl;
for(c1=78; --cl;)
continue;

}

void delay _count2(void)

{
unsigned char cl;
for(c1=25; --cl;)
continue;

}

void delay count nano(void)

{
unsigned charcl;
for(c1=78; --cl:) /178
continue;

void delay _count_pico(void)

/' TRIG
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unsigned char cl;
for(c1=5; --c1;)
continue;

}

[HEEERERRRR Rk R RO Main Program *¥FFFEEskrionkkk/

main(void)
{
unsigned char countl, temp, perc;

unsigned char range_pico, range_nano;

init();
for(temp=10;--temp;)
{

init_lcd();

LCD EN=0;

LCD RS =0;

led_write(0x80);
LCD RS=1;
led_write(0x20);
}

range nano=0;
for(;;)
{

/! Init. Hardware

// Init. LCD

Il goto position

/! Clear line

/I write character

/I goto range nano

[RERRRRRRRRRFFRRRRRRE ang range *HFFERERRR KRk kR

nano_range:
RESETS555=0;
TRIG=1;
TRISB2=1;
RANGE n=l;
RANGE u=l;

disp_value(0,0,'n");

/I Reset TLC555

Il Trig for discharge

// Enable nano range
/! Disable micro range

// Display C value
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disp_percent(00);

while(range_nano==1)

/I Display percent

/I Reset TLC555

/10 -255

// Enable TLC555

Niig

// Delay for a single pulse out

// Count single pulse width

/! count = count+1

// Display C value

{
RESETS555=0;
Delay1();
Delay1();
count1=0;
RESET555=1;
trigger();
delay_count2();
while(PULSE==1)
{
++countl;
delay_count_nano();
}
temp=count1;
disp_value(temp,0,'n");
disp_percent(0); // Display percent
}
}

JrERRERER kR Rk B of pico range *H*FEEERERERE X/

32



MANHIN U

do3ya PIC16F84A
High Performance RISC CPU Features:

« Only 35 single word instructions to learn

+ All instruclions single-cycle except for program
branches which are tvo-cycle

Operaling speed: DC - 20 MHz clock input
DC - 200 ns instruclion cycle

+ 1024 words of program memory
+ 68 bytes of Data RAM
+ 64 byles of Data EEPROM
+ 14-bit wide inslruclion words
+ B8-bil vide dala byles
« 15 Spedal Funclion Hardware registers
« Eight-level deep hardware slack
« Direcl, indirect and relalive addressing modes
« Fourinterupt sources:
- External RBO/INT pin
- TKMRO limer overflow
- PORTB<7:4= inlerrupt-on-change
- Data EEPROM vrite complete

Peripheral Features:

+ 13 1/O pins with individual directien conirol

« High current sink/source for direct LED drive
- 25 mA sink max. per pin
- 25 mA source max. par pin

« TMRO: 8-bil limer/counter with 8-bil
programmable prescaler

Special Microcontroller Features:

» 10,000 erase/wrile cycles Enhanced FLASH
Program meimory lypical

« 10,000,000 typical eraseAwiite cycles EEPROM
Data memory typical

+« EEPROM Data Relention > 40 years

In-Circuit Serial Programming™ (ICSP™) - via

two pins

« Power-on Resel (POR), Power-up Timer (PWRT),

Qscillator Start-up Timer (OST)

-

QOscillator fcr reliable operation
+ Caode protection
+ Power saving SLEEP mode
+ Selectable oscillator oplions

Pin Diagrams
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PDIP, SOIC
RA2 -e=—a-[] o1 === RA{
RA3 ~—s[] 2 17[] == RAO
RAYTOCKI =[] 3 R 16] =+— OSCA/CLKIN
ITR—e[J4 ©Q 15[]—=0SCZCLKOUT
Ves—w[]6 € 14d=—Von
RBOINT =—=[] & £ 13[=—~RB7
RB1 -=—a-[] 7 P  12[]-=—e=-RB6
RB2 =—=[] 8 ~a—a RB5
RB3-=—=[] 0 == RB4
SSOP
RAZ2 —==—a=[]+1 M 20[] -==== RA1
RA3 =—w[] 2 10[] =—= RAD
RAUTOCK| =—=[] 3 ) 18] === 0SCV/CLKIN
WAR—=[4 © 17[]—=0SC2CLKOUT
V55 sms-[] 6 % 16| ]-==—=Vpn
Vs ——a[] 6 vl ]-=—Von
RBMINT =—=[] 7 P 14[]=—=RB7
RB1 -«—=-[]8 13|]-=—=-RB6
RB2=—=[] 0 12|]-+—=RBs
RB3 w—w[] 10 11[1 %= RB4

Walchdog Timer (#DT) with its owvn On-Chip RC

CMOS Enhanced FLASH/EEPROM
Technology:

« Low power, high spead technology
+ Fully static design
+ Wide operaling vollage range:
- Commercial: 2.0V to 5.5V
- Industrial: 2.0V to 6.5V
+ Low power consumpflion;
- <2 mA typical @ 5V, 4 MHz
- 15 uAlypical @ 2V, 32 kHz
- < 0.5 pAtypical standby current @ 2V



1.0 DEVICE OVERVIEW

This document conlains device specilic information for
the operation of the PIC16F84A device. Additional
information may be found in lthe PICmicro™ Mid-
Range Reference Manual, (D$33023), which may be
downloaded from the Microchip websitle. The Refer-
ence Manual should be considered a complementary
document to this data sheel, and is highly recom-
mended reading for a beller understanding of the
device architeclure and operation of the peripheral
modules.

The PIC16F84A belongs to the mid-range family of the
PICmIcroa micoconlroller devices. A block diagram of
the device is shownin Figure 1-1.
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The program memory contains 1K words, which trans-
lates lo 1024 instruclions, since each 14-bil program
memory v/ord is the same width as each devicz instnic-
lion. The data memory (RAM) contains 68 byltes. Dala
EEPROM is 64 byles.

There are also 13 11O pins lhal are user-configured on
a pin-lo-pin basis. Some pins are mulliplexed wilh other
device lunclions. Thesa funclions include:

+ Extermalinterupt

+ Change on PORTB interrupt

+ Timer0 dock input

Table 1-1 details the pinout of the devics with descrip-
lions and details for each pin.

FIGURE 1-1: PIC16F84A BLOCK DIAGRAM
13 — DataBus g, :
Program Counter < 7 EEPROM Dala Memory
FLASH
E‘mgmm
amory
EEPROM
1Kx 14 8 Level Stack Filo Roghters EEDATA |t Dala Memory
{13-bit) PR 64 x8
Program }v y
Bus 4" W RaM Addr
r
Instruction Regislar | [ Adde ML"“ l\
l 5, Direcd Addr LL’ Indiract TMRO
= Addr
| FSR reg I=
; X raamocki
i STATUS reg =>
| 8, ;
Povier- H
L+ Tim erup —_:—__d 1 ’, IfO Ports
Instruction Qscillator A 4 ] |
Decade & ——>{ | Start-up Timer ALU
Sookml Power-on
prac —=1 RA3:RAD
Watchdo :
Gonendn k=={] " Timer " RB7:RBA
% é % «—=[X] ReoANT
OSC2/CLKOUT FCIR Voo, Vss
OSC1CLKIN
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TABLE 1-1: PIC16F84A PINOUT DESCRIPTION
Pin N PDIP | SOIC | SSOP | VO/P Buffer D ot
n Name No. No. No. | Type Type Bk pHo
OSC1/CLKIN 16 | 16 18 I |sTicMos™ |oscillator crystal inputexternal dock source inpul.
OSC2/CLKOUT| 156 15 19 0] = Oscillator crystal oulpul. Connects to cryslal or
resonator in Crystal Oscillator mode. In RC mode,
0S8C2 pin outputs CLKOUT, which has 1/4 the
frequency of OSC1 and denotes the instnuclion
cycle rate.
MCLR 4 4 4 P ST Master Clear (Reset) input/programming voltage
inpul. This pinis an aclive low RESET {o the device.
PORTA is a bi-directional 11O porl.
RAQ 17 17 19 110 TTL
RA1 18 i8 20 110 TIL
RA2 14 1 1 110 TTL
RA3 2 2 2 11O TTL
RA4/TOCKI 3 3 3 110 ST Can also be selecled io be fhe clock inpul to the
TMRO timer/counter. Output is open drain type.
PORTB is a bi-directional /0 port. PORTB can be
|software programmed for internal weak pull-up on
all inputls,
RBOINT 6 B 7 1o | TTLsT! RBO/INT can also be selected as an external
interrupt pin.
RB1 7 7 8 170 TTL
RB2 8 8 9 110 TTL
RB32 9 ] 10 110 - = =
RB4 10 10 1" [{0] TTL Interrupt-on-change pin.
RBS 11 " 12 /(8] TTL Interrupt-on-change pin.
RBES& 12 12 13 o | TTL/IsT® Interupt-onchange pin.
Serial programming clock.
RB7 13 13 14 o | TTLAST® Interupt-onchange pin.
Seiial programming dala.
Vss 5 5 56 P — Ground reference for logic and 11O pins.
VDD 14 14 15.16 P — Positive supHy for logic and 1/0 pins.
Legend: I=inpul O = Oulput /O = InpulOutput P = Power
— = Nol used TTL = TTL input ST = Schmilt Trigger input

Note 1: This buffer is a Schmitt Trigger input when configured as the external interrupt.
2: This buffer is a Schmitt Trigger input when used in Serial Programming mode.
3: This buffer is a Schmill Trigger input when confligured in RC oscillator mode and a CMOS input otherwise.



2.0 MEMORY ORGANIZATION

There are two memory blocks in the PIC16FB4A.
These are the program memory and the data memory.
Each block has ils own bus, so lhat access to each
block can oocur during the same oscillator cycle.

The data memory can further be broken down into the
general purpose RAM and ihe Special Funclion
Registers (SFRs). The operation of the SFRs that
conlrol the “core® are described here. The SFRs used
lo control the peripheral modules are described in the
seclion discussing each individual peripheral module.

The dala memory area also contains the data
EEPROM memory. This memoryis not direclly mapped
into the data memory, butis indirectly mapped. That is,
an indirect address pointer specifies the address of the
data EEPROM memory lo readAwrile. The 64 bytes of
data EEPROM memory have the address range
0h-3Fh. More delails on the EEPROM memory can be
found in Seclion 3.0,

Additional information on device memory may be found
in the PICmicro™ Mid-Range Reference Manual,
(DS33023).

2.1 Pragram Memory Organization

The PIC16FXX has a 13-til program counter capable
of addressing an 8K x 14 program memory space. For
the PIC16F84A, the first 1K x 14 (0000h-03FFh) are
physically implemented (Figure 2-1). Accessing a loca-
tion above the physically implemented address wil
cause a wraparound. For example, for locafions 20h,
420h, 820h, C20h, 1020h, 1420h, 1820h, and 1C20h,
the inslruction vill be thz same.

The RESET veclor is at 0000h and the interrupt vector
is at 0004 h.
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FIGURE 2-1: PROGRAM MEMORY MAP
_ AND STACK -PIC16F84A
[ PC<12:0> |

CALL, RETURN 1 13,

RETFIE, RETLW <& 7
HackLovel 1
SlackLevel 8

¥ RESET Vedor (CI0h

Usar Mamory
Space

Peripheral Intarrupt Veclor

Odh

3FFh

1FFFh




2.2 Data Memory Organization

The data memory is partitioned into two areas. The first
is the Special Funclion Registers (SFR) area, while the
second is the General Purpose Registers (GPR) area.
The SFRs control the operalion of the device.

Portions of data memory are banked. This is for both
lhe SFR area and the GPR area. The GPR area is
banked to allow greater than 116 byles of general
purpose RAM. The banked areas of the SFR are for lhe
registers that control the peripheral funclions. Banking
requires the use of conlrol bits for bank seleclion.
These control bits are located in the STATUS Regisler.
Figure 2-2 shows the data memory map organizalion.

Instructions MOVWF and MOVF can move values from
the W register to any location in the register file (*F7),
and vice-versa.

The enlire data memory- can be acocassed eilher
direclly using the absolute address of each regisler lile
or indireclly through the File Select Register (FSR)
(Seclion 25). Indireclt addressing uses lhe presenl
value of lhe RP0 bil for access into the banked areas of
data memory.

Data memory is parlilioned inlo two banks which
contain the general purpose regislers and lhe special
funclion registers. Bank 0 is selecled by clearing the
RPO bil (STATUS<5>), Seiling the RP0Obilselects Bank
1. Each Bank extends up to 7Fh (128 byles). The first
twelve locations of each Bank are reserved for the
Special Funclion Registers. The remainder are Gen-
eral Purpose Registers, implemented as slatic RAM.

2.21 GENERAL PURPOSE REGISTER
FILE

Each General Purpose Register (GPR) is 8-bils wide
and is accessed either directly orindireclly through the
FSR (Seclion 2.5).

The GPR addresses in Bank 1 are mapped o
addresses in Bank 0. As an example, addressing loca-
lion OCh or 8Ch will access lhe same GPR.
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FIGURE 2-2: REGISTER FILE MAP -
PIC1GFB4A
Fila Address File Address
00h | Indiract addr.(V | Indirect addr{" | 80h
01h TMRO OPTION_REG | 81h
02h PCL PCL 8zh
03h STATUS STATUS 83h
04h FSR FSR 84h
05h PORTA TRISA 85h
06h PORTB TRISB 86h
07h S = 87h
08h EEDATA EECON1 8sh
00h EEADR EECON2(Y 80h
0Ah PCLATH PCLATH 8Ah
OBh INTCON INTCON 8Bh
oCh 8Ch
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General Mapped

Purpose (accesses)

Re%lsiers in Bank 0

(SRAM)
4Fh CFh
50h DOh
7Fh ﬁ FFh

Bank 0 Bank 1
[ Unimplementad data mamory location, read as 0.
Note 1: Nota physical register.
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The Special Function Regislers (Figure 2-2 and
Table 2-1) are used by the CPU and Peripheral
functions to conlrol the device operalion. These

Special Function Registers
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The special funclionregisters can be classified inlo two

sels, core and peripheral. Those associated with lhe

registers are static RAM.

core funclions are described in this seclion. Those
relaled to the operation of the peripheral fealures are
described in the seclion for thal specific fealure.

TABLE 2-1: SPECIAL FUNCTION REGISTER FILE SUMMARY

) Value on Details
Addr Name Bit7 Bit6 Bits Bit 4 Bit3 Bit2 | Bit1 Bit0 Power-on

RESET [°MP3ge

Bank0
00h |INDF Uses contents of FSR to address Data Memory (nol a physical register) | ---- ---- 11
0th |TMRO 8-bit Real-Time Clock/Counter xxxx xxxx| 20
0zh |PCL Low Order 8 bits of the Program Counter (PC) < 0O0D 0DOD [§]
03h [STATUS@ RP [ Rt JRPO| TO | PO | z [oc] € [ooor wxux| 8
04h |FSR Indirect Data Mamory Address Pointer 0 XXX XAXX 11
05h |PORTAM - — —_— RA4TOCKI RA3 RA2 RA1 RAD |---x xxxx 16
06h |PORTB™ RB? RB6 RBs RB4 RB3 RB2 RB1 | RBOANT | xxxx xxxx 18
O07h .2 = |Unimplemantad location, read as'0’ - —
08h |EEDATA EEPROM Data Register xxxx xxxx | 13.14
0%h |EEADR EEPROM Address Rapister xxxx xxxx | 1314
0Ah |PCLATH F 1Z —  |Wiite Buffer for upper 5 bits of the PC(" —--o pooe| W
OBh [INTCON GIE | EEE | TOE | INTE | RBIE | TOF | INTF | RBIF |ooco osox| 10
Bank 1
80h |INDF Uses Conlents of FSR lo address Data Memory (not a physical register) | --—- —-—-- 11
8th foPTioN_REG [ RePU [INTEDG | Tocs [ TosE | Psa | ps2 [ Pst | PSO i1 1ana] 9
82h  |PCL Low order 8 bits of Program Counter (PC) 0ooD 00D 11
83h [STATUS (7 IRP | RP1 | RPO | 1O | PD | z | DC | C |ooor txxx| 8
84h |FSR Indirec! data memory address pointer 0 XKXK XXXX 11
85h |TRISA — 1 — I — |PORTA Data Direclion Register ---1 1111| 16
86h |TRISB PORTR Data Direclion Register 1Y T 18
87h i) o — _ |Unimplemented location, read as 0’ 5 FrEanh — —
86h |EECON1 — | — ] — | EEFF |WRERR|WREN| WR | RD |---0 xoeo| 1a
8%h |EECON2 EEPROMConlrol Regisler 2 (not a physicalregistery oo -oo- 14
OAh |PCLATH = 13 — | Wiite buffer for uppar 5 bits of tha PC'Y ——-p poop| M
0Bh |INTCON GIE EEIE TOIE INTE | RBIE | TOIF t INTF | RBIF |oecoo pobx 10

Legend: x = unknown, u = unchanged. - = unimplemented, read as ‘U, g = valua depends on condition

1: The upper byle of the program counter is nol direclly accessible. PCLATH is a slave regiter for PC<12:8>. The contents
of PCLATH can be transferred o the upper byte of the program counter, but the contents of PC<12:8> are never lrans-
ferred lo PCLATH.

Note

The TO and PD stalus bits in the STATUS register are not affected by a TICLR Resat.
Otlher (non power-up) RESETS include: external RESET through MCLR and the Walchdog Timer Reset.
On any device RESET, these pins are configured as inputs.
This is the valua thal will be in 1he port output latch.
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231 STATUS REGISTER Note 1: The IRP and RP1 bils (STATUS<7:6>)
The STATUS register contains Lhe arithmetic stalus of are not used by the PIC16FB4A and
the ALU. the RESET slalus and the bank select bit for should be programmed as cleared. Use of
data memcry. thesa bils as general purpose R/W bils is

NOT recommended, since this may affect

As with any register, the STATUS register can be Lhe upward compalibility with future products

deslination for any inslruction. If the STATUS registeris

the destination for an instruction that affects the Z, DC 2; The C and DC bits operale as a borow
or C bits, then the wiite lo these three bits is disabled. and digit borrow out bil, respectively, in
These bits are set or cleared according to device logic. sublraclion. See the SUBLW and SUBKF
Furthermore, the TO and PD bils are not wrilable. Instructions for examples. e
Therefore, the result of an instruction vith the STATUS ' 3:When the STATUS register is the
regisler as destinalion may be different than intended. destinalion for an instruclion that affecls
Forexample, CLRY STATUS will clear the upper three the Z, DC or C bils, then he vrile o thase
bils and set the Z bil. This leaves the STATUS register Ihree bits is disabled. The specilied bil(s)
as 000u uluu (where u = unchanged). will be updated according to device logic

Only the BCP, BSF, SWAPF and MOVWE insliuctions
should be used lo aller the STATUS register (Table 7-2),
because thess instructions do not affed any status Lit.

REGISTER 2-1:  STATUS REGISTER (ADDRESS 03h, 83h)

RMW-0 RA-0 RMW-0 R-1 R-1 RAN-x RANW-x RMW-x
[ RP | RP1 | RP0o | TO | PO | 2z | bc | c |
bit 7 bit 0
bit7-6 Unimplemented: Maintain as ‘0’
bit & RPO: Regisler Bank Select bits (used for direct addressing)

¢l = Bank 1 (80h - FFh)
@0 = Bank 0 (00h - 7Fh)

bit 4 TO: Time-oul bit
1 = Afler power-up, CLRWDT instruclion, or SLEEP insiruction
& = AWDT lime-out occurred

bit 3 PD: Paower-down bit

1 = After power-up or by the CLRWDT instruclion
¢ = By execulion of the SLEEP instruciion
bit 2 Z: Zero kit
= The result of an arithmetic or logic operation is zero
G = The result of an arithmetic or legic operation is not zero
bit 1 DC: Digit carry/orrow bil (ADDWF, ADDLYW, SUBLW, SUBWF inslructions) (for borrow, the polarity
is reversed)
1 = A carry-out from the 4ih low order bit of the resull occurred
¢ = No carry-out from the 4th low order bit of the result
bit 0 C: Carryiborow bit (ADDWF, ADDLW, SUBLW, SUBWF inslruclions) (for borrow, the polarity is
reversed)

1 = Acarry-out from the Most Significant bit of the result occurred
¢ = Mo carry-out from the Most Significant bit of the result occurred

-
nn 9

1
i

Note: A sghlraclion is executed by adding the two's complement of the second operand.
For rotale (RRF, RLF) instructions, this bil is loaded with either the high or low order
bit of the source register.

Legend:
R = Readable bil W = Writable bit U = Unimplemenled bit, read as "0
- n = Value al POR 1’ =Bilis set ‘0" =Bit is cleared x = Bitis unknowvn




2.3.2 OPTION REGISTER

The OPTION register is a readable and writable
register which contains various control bits to configure
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Note:

When the prescaler

the WDT (PSA = "1), TMRO has a 1:1

prescaler assignmenl.

is assigned to

the TMRWWDT prescaler, the external INT interrupt,

TMRO, and the weak pull-ups

on PORTB.

REGISTER 2-2: OPTION REGISTER (ADDRESS 81h)
RIW-A1 R/W-1

R/W-1 R/W-A1

RAN-1 R/W-1 R/W-1 R/W-1

| rerPu | INTEDG | TocsS | TOSE | Psa PS2 PS1 Ps0
bit 7 bit 0
Ll 7 RBPU: PORTB Pull-up Enable bit

1 = PORTB pull-ups are disabled
0 = PORTB pull-ups-are enabled by individual port latch valyes

kil 6 INTEDG: Interiupt Edge Select bil

1 = Interrupt on rising edge of RBUWINT pin
0 = Interrupt on falling edge of RBO/INT pin

kit 5 TOCS: TMRO Clock Source Select bit

1 = Transition on RA4/TOCKI pin
0 = Internal instruclion cycle clock (CLKOUT)

kit 4 TOSE: TMRO Source Edge Select bit

1 = Increment on high-to-low transiion on RA4/TOCKI pin
0 = Increment on low-io-high transiion on RA#TOCKI pin

kit 3 PSA: Prescaler Assignment bit

1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module

Lit 2-0 PS2:PS0: Prescaler Rate Select bils
Bil Value TMRORate WDT Rale

oDo 1:2 1.4

001 1:4 1:2

010 1:8 1:4

011 1:16 1:8

100 1:32 1:16

101 1:64 1:32

110 1:128 1:64

111 1:256 1:128
Legend:
R = Readable Lit W = Writable bit U = Unimplemented bil, read as "0’
-n = Value al POR 1" = Bil is sat 0 = Bil is deared x = Bit is unknown
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233  INTCON REGISTER ok

The INTCON regisler is a readable and vrilable
register thal conlains the various enable bils for all
interrupl sources.

Interupt flag bits are set when an interrupt
condition occurs, regardless of the state of
its corresponding enable bit or the global
enable bil, GIE (INTCON<7>).

REGISTER 2-3: INTCON REGISTER (ADDRESS 0Bh, 8Bh)
R/W-0 RAN-0 RW-0 RMN-0

RAW-0 RAN-0 RANV-0 RMW-x

| e | eee | 1o0E | iNTE |

RBIE ToF | INTF | RBF |

bit 7

bit 7 ,/ GIE: Global Intesrupt Enable bit
1 = Enables all unmasked interrupts
* 0 = Disables all interrupls
bil 6 ‘ EEIE: EE Wrile Canplele Inlerrupt Enable Lit
1 = Enables the EE Wrile Complete interrupts
0 = Disables the EE Write Complete internipt
bit 5 TOIE: TMRO Overflow Internupt Enable bit
1 = Enables the TMRO interrupt
0 = Disables the TMRO interrupt
bit'4 INTE: RBWINT External Interrupt Enable bit
1 = Enables the RBW/INT external interrupt
0 = Digables the RBO/INT external interrupt
bil 3 RBIE: RB Port Change Interrupt Emable bit
1 = Enables the RB port change interrupt
0 = Disables lhe RB port change interrupt
bit 2 TOIF: TMRO Overflow Interupt Flag bit

bit 0

1 = TMRO regisler has overllowed (must be cleared in soflware)

0 = TMRO register did nol overflow
bit 1 INTF: RBIWINT External Interrupt Flag bit

1 = The RBUINT external interrupt oczurred (must be cleared in software)

1 = The RBUWINT external interrupt did not occur
bit O RBIF: RB Port Change Inlerrupt Flag bit

1 = At leasl one of the RB7:RB4 pins dhanged state (must be cleared in software)
0 = None of the RB7:RB4 pins have changed slate

Legend:
R = Readable bil W = Writable bit
- n = Value at POR ' =Bitis set

U = Unimplemented bit, read as "0
‘0'=Bitis cleared  x = Bitis unknown




24  PCLand PCLATH

The program counter (PC) specifies thz address of the
instruction to fetch for execution. The PC is 13 bits
wide. The low byte is called the PCL register. This reg-
ister is readable and wrilable. The high byte is called
the PCH register. This register conlains the PC<12:8>
bits and is not direclly readable or vritable. If the pro-
gram counter (PC) is modified or a conditional test is
{rue, the instruction requires two cycles. The second
cycleis executed as a NOP. All updates to the PCH reg-
ister go through the PCLATH register.

2,41 STACK

The stack allows acombination of up to 8 program calls
and interrupts to occur. The slack contains the relurn
address from this branch in program execulion.

Mid-range devices have an 8 level deep x 13-bit wide
hardvrare stack. The stack space is nol parl of eilher
program of dala space and lhe slack pointer is not
readable or writable. The PC is PUSHed onto the stack
when a CALL inslruction is executed or an inlerrupt
causes a branch. The stack is POPedin the eventof a
RETURM, RETLW or a RETFIE instruclion execution.
PCLATH is not modified when the stack is PUSHed or
POPed.

After the stack has been PUSHed eight times, the ninth
push overwriles the value that was stored from the first
push. The tenth push overvrites the second push (and
5O 0n).
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2.5 Indirect Addressing; INDF and
FSR Registers

The INDF register is nol a physical register. Addressing
INDF aciually addresses lhe register whose address is
contained in the FSR regisler (FSR is a pointer;. This is
indirect addressing.

EXAMPLE 2-1: INDIRECT ADDRESSING

+ Register file 05 contains the value 10h

+ Register file 06 contains the value 0Ah

« Load the value 05 inlo the FSR register

+ A rcad of the INDF register will return the value
of 10h

+ Increment the value of the FSR reqister by one
(FSR = 0G)

» A read of the INDF register now will return the
value of OAh.

Reading INDF itself indirectly (FSR = 0} vill produce
00h. Wriling lo the INDF register indirectly results in a
no-operalion (although STATUS bits may be alfected).

A simple program lo clear RAM locations 20h-2Fh
using indirect addressing is shown in Example 2-2.

EXAMPLE 2-2: HOW TO CLEAR RANM
USING INDIRECT
ADDRESSING
movliw  OXED ;inicialize pointer
movwi  FSR O RAM

NEXT clrf INDF iclear INDF register
inaf FER ;inc polinter
btfsr FSR,4 jall donez
Jote REXT iNO, clear next
CCHNTIHUE
;YES, continus

Aneffective 9-bit address is obtained by concalenaling
the 8-bit FSR register and the IRP bit (STATUS<7>), as
shovn in Figure 2-3. However, IRP is not used in the
PIC16FB4A.



FIGURE 2-3: DIRECT/INDIRECT ADDRESSING

Diroct Addressing Indirect Addressing

RP1 RFU 6  FromOpcode o IRP 7 (FSR) 0
lwf | LLTTTTT] @l [TTTTTTT]
Bank Selecl ) Localioﬁ@eta:l i Bank Selact Loca ﬁ;{Sele-:t ’
! #= 00 a1 - |
00h 80h
L B o
0Bh
0Ch
Dala Addresses
Mamary bk b
4Fh
50h
Fn)| B @) Lren

Bank 0 Bank 1

Note 1: For memory map detail, sea Figure 2-2.

2: Mainlain as clear for upward compatibility with future producls.
3: Nolimplemented.
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