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Digital Input/Output

 Only two states

— ON/ OFF

— HIGH / LOW
-1/0

-5V /0V

- 3.3V/0V
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n Chapter 4 — PIC I/O PORT
PROGRAMMING

* Ports are not only used for simple 1/O, but
also can be used other functions
— ADC (analog-to-digital conversion)
— Timers
— Oscillator Input
— Interrupts
— Serial communication
— Capturing and Generating PWM Signals
— Programming the PIC



PIC18F452 Pin Diagram

MCLR/VPP ——= [] 1 N
RAOAN) -—s[] 2 29

RATAN] -—=[]3 a8
RAZ2/AN2VREF- a7
RAZANIVREF+ =—=[15 | 36
RAJTICKI «—— [ & 5
RAS/ANA/SS/ILVDIN =—=[ 7 34
REORD/ANS —=[8 & » 33
RE{WR/ANG =—=9o T =
RE2ICS/ANT =—=[]10 @ @ 31

VoD — = [] 11 5 O

Ves w112 o o 29

OSC/CLKl ——= ] 12 2g
OSC2ICLKO/RAE - 14 27
RCOTI0SOMTICK] -—[] 15 g
RC1/T1OSICCP2* - [] 16 25
RC2CCP1 - w17 24
RCYSCK/SCL =—a[] 18 29
RDO/PSP0 «—s [] 19 22
RD1/PSP1 <—s[] 20 21

| | =—= RE7/PGD
[ +—= RBG/PGC
| +— RBS/FPGM
[ | +— HB4

] «— RB3/CCP2"
] =—= RB2/INTZ
[ =+— RB1/ANTH
[T — RBO/JINTO

[ | =— \OoD

[ | =——Vss

[] =+—= RD7/PSPT
| | «=— RD&PSPE
| =—= RDS/PSPS
] «— RD4/PSP4
[] «+—= RCT/RXDT
] =+—= RCETX/CK
] -— RCSSDO
[ | =— RCA/SDISDA
] «—= RD3IPSP3

|| =— RD2/PSP2
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Pin 5: RA3/AN3/Vref+

PORTA is a bi-directional 1/O port.

RAO/ANO 2 3 19

RAO I/0 TTL Digital I/0.

ANO I Analog Analog input 0.
RA1/AN1 3 4 20

RA1 I/O TTL Digital I/O.

AN1 I Analog Analog input 1.
RA2/AN2/VVREF- 4 5 21

RA2 I/0 TTL Digital I/0O.

AN2 I Analog Analog input 2.

VREF- I Analog A/D Reference Voltage (Low) input.
RA3/AN3/VREF+ 5 6 22

RA3 I/O TTL Digital I/0O.

AN3 I Analog Analog input 3.

VREF+ I Analog A/D Reference Voltage (High) input.
RA4/TOCKI 6 7 23

RA4 I/O ST/0OD Digital I/0. Open drain when configured as output.

TOCKI I ST Timer0 external clock input.
RA5/AN4/SS/LVDIN | 7 8 24

RAS5 I/0O TTL Digital I/0O.

AN4 I Analog Analog input 4.

SS I ST SPI Slave Select input.

LVDIN I Analog Low Voltage Detect Input. 5
RAGB (See the OSC2/CLKO/RAG pin.)




PIC18F452 (40 Pins) has 5 ports,

More or Less

Table 4-1: Number of Ports in PIC18 Family Members

Pins 18-pin 28-pin 40-pin 64-pin 80-pin

Chip PIC18F1220 PIC18F2220 PIC18F458 PIC18F6525 PIC18F8525

Port A X X

Port B X X

Port C X

Port D

iktiteiballs

Port E

Port F

Port G

Port H

ol el teltedtaltaltaltalls

Port J

Port K

o ol Il o) Il ] 1ol Focel IR Rof oo

Port L

Note: X indicates that the port is available.



PIC18F452 Pin Diagram
= 5 Ports

l\--'} 40 [ =—= RE7/PGD
30 [ =+—= RBE/PGC
38 [ =— RBE5/PGM

STH=—=FRB4 PORTB
98 [] =— RB3/CCP2

a5 [] «—= RB2/INT2
34 [T =—= RB1/INTI

MCLRYVEE —= j;
RAQAND =[]

RAT/ANT =— ]
RAZ/ANZVREF- +— []
RASANIVREF+ =+—s []
RA4TOCK] =—s []
BAS/ANASSILVDIN =[]

PORTA

-l T n o 0O RS

REQ/RD/ANS <—= ] & @ |330=—= RBOINTO
RE{WR/ANG =—=o | T & s20-——~"Vo
REZCS/AN? <—=[]10, @ ¢ 31 [] «———Vss
Voo —= 011 G G |30Q=— RDTPSP7
Vss — 12 g F |20 -<— RD&PSPE PORTD
OSC1/CLKI —» 1 13 28 [T =+—» RDS/PSP5
OSC2/CLKO/RAE <] 14] (27 [ BUAPSF |
RCOTT0SOMICKI =— [] 15 26 [ +— RCT/RX/DT
RC1MTIOSICCP2" == [ 16 25 [] =— RCETX/CK
PORTC RC2ICCP1 == [ 17 24 [] =—= RCHSDO
SCK/SCL =—= 23 [] =—»= RC4SDISDA
RDO/PSP0 «— [] 19 22 [] «—= RDI/PSP3
RD1/PSP1 «— [] 20 21 [] =— RD2PSP2 .




Number of Individual Port Pins
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 For example, the PIC18F452

— Port A has 7 pins
— Ports B, C, and D each have 8 pins
— Port E has only 3 pins

- 34 total digital 10 pins

e Each port has three SFRs associated
— PORTX
— TRISx (TRIState)
— LATx (LATch)
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SFRs Iin the File Registers

STACK,
PROGRAM |l — FC
ROM Y RAM EEPROM
Pragram Data
Bus Bus Y
CRU ot l -
I I
Int t '
nterrup
Control O5C Timers Farts cher
: Feripherals
Logic

Yo
FIMS
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SFRs Iin the File Registers

RAM

STACK FileReg
PROGRAM |l — FC
ROM i EEPROM
Pragram Data
Bus Bus Y
CRU ot l -
I I
Interrupt
Control O5C Timers Farts cher
: Feripherals
Logic
o
FIMS
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F&0h FIEZ FCOh FEOh BSR
Fedh FIRZ FCih]| Aapconi FE1h| FSRIL
Fazh IFRZ Fozh| ADCOND FEzh| FSR1H
F&2h Fczh| ADRESL FESh| FLUSwMM
F 2eth Fcah| AapDRESH FEdh| FREINCA
Fa5h Fcsh| sspoconz FESh|POSTDECH
F 25h FCEh| SSPCON1 FEGh| POSTINCA
0ooh Farh FCrh| ssPsTAT FEZh| INDF1
Fa2h FcEh| ssPaDD FESh| WRE®
F2ah Fcah| ssreUF FESh| FSROL
FaAh - Fcan| TzCOW FE&h| FSROH
FaBh|l RCSTA FCBh FRZ FEBR| PLUSWO
Fach] TxsTA Fcch|l TmRZ FECh| PREINCO
=H Fabh| TXREG FCOh| TICOM FEDh|FOSTDECO
A FeEh| RCREG FCER] THRAIL FEEh| POSTINGO
FaFh| SPBRG FCFh| TmRAH FEFh| INDFO
L s FBOh Fpoh| RCOM FFOh| INTCOMS
Fedh| TacoOM Foih| mroTCOM FFih| IMTCOMNZ
Fezh| TMR3IL Fozh| LwpcoN FF2h| INTCOHM
FEzh| TMRIH Fozh| oscocon FFzh| FRODL
F7Fh F Bdh F Dth FFah| FPROCH
FEBSh Fosh| Tocaow FFSh| TaBLAT
FROR F BSih Fosh|  ThROL FFSh| TBLFTRL
FEFh Forh|l TMROH FF7h| TELFTRH
-FR F B2h Fosh| STATUS FFeh| TELFTRU
FEFh =21 Foan| FsRzL F Fah FCL
Feah| cocPzcon Foah]l FSR2H FFah| PCLATH
FeBh| CCPRZL FoBh| PLUSWZ |* FFeh| PCLATU
Fach FeCh| ccPR2H Foch| PREINCZ |* FFch| sTKPTR
Fabh FIE1 Fech| ccPican Fooh|PoOsTRECZ]" FFCh TOSL
FOEh FIR 1 FEEh| CCPRAIL FDEh| POSTHCZ |7 FFER| TCEH
FOFh IFR1 FBFh| CCFRH FoFh] WDFz |° FFFh| TOSU




TRISX SFR
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P Each of the Ports A-E in the PIC18F452 can
be used for input or output

— TRISX Is used solely for the purpose of making a
given port an input or output port

e TRISX bit =0 2 PORTX bitis an OUTPUT
— Can now write to the PORTX bit(s)

* TRISx bit =1 =2 PORTX bitis an INPUT
— Can now read in from the PORTX bit(s)

— Can set /O bit-by-bit or whole TRIS byte at once



PORTx and LATx SFRs

e PORTX

— For reading input coming into the PIC
 Digital High (1) or Low (0)
— For writing output from the PIC
e Writing a 1 - pin is High, 0 = pin is Low
e LATX

— For writing output from the PIC
e Writing a 1 = pin is High, 0 = pin is Low

e Point of the Latch??

13



PORTB Example

TABLE 9-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Value on Value on
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 All Other
POR.BOR | REsETs
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO KXXK XXX | UuUU uuuu
LATB LATB Data Output Register XKXXK XXXX | uuuu uuuu
TRISB PORTB Data Direction Register 1111 1111 | 1111 1111
INTCON GIE/ PEIE/ TMROIE INTOIE RBIE | TMROIF | INTOIF | RBIF | oooo 000x | 0000 000u
GIEH GIEL
INTCON2 | RBPU | INTEDGO | INTEDG1 | INTEDG2 — TMROIP — RBIP 1111 -1-1 | 1111 -1-1
INTCON3 | INT2IP | INTHIP — INT2IE | INTHIE — INT2IF | INT1IF | 11-0 0-00 | 11-0 0-00

Legend: x = unknown, u = unchanged. Shaded cells are not used by PORTB.

14




N and P Transistors
(MOSFET Logic)
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N and P Transistors
(MOSFET Logic)

INPUT
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N and P Transistors
(MOSFET Logic)

INPUT

SV

Vop
‘OFF B;< PMOS
I_
-

SV

QUTPUT

oV
e [LNMOS

INPUT

oV

SV

Vss
(GND)

oV

VDD
o |
ON ) PMOS
|.—..._
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‘OFF’
|_._

OUTPUT
oV
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Outputting a 0

RD LAT
M
__.....—> ‘\l
DATA BUS 0 0
0 1 D Q Voo
e
DATA LATCH 0 Z ZERO
O_O—O
+
0 S S 0 1 1 (
N ON
N 1 3—"57
WR TRIS 5 CLK 61___..
\Y)
TRIS LATCH 88
- TTL or
TRIS=0 1 E X7 SCHMITT
RD TRIS TRIGGER
RD PORT Dc

Figure 4-3. Outputting (Writing) 0 to a Pin in the PIC18

18



#1 MikroElektronika (img source)

oEeU http://learn.mikroe.com/ebooks/picbasicprogramming/chapter/input-output-ports/

00)1)1/0/1)0||1] TRISA(B,C,D,E)

PORTA (B, C, D, E)

Pins

=

sv vl O
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#L MikroElektronika (Img source)

oEeU http://learn.mikroe.com/ebooks/picbasicprogramming/chapter/input-output-ports/

TRIS register bits determine whether

o/0(1/11/0/1/01 TRISA (B, C, D, E) lp;tn.piniﬁmaﬂﬁa"mmmm

PORTA (B, C, D, E) Pin's logic state depends on the 1/0
port's contents.

Pins

w !
\ ) W




PIC18F452 Pin Diagram
= 5 Ports

l\--'} 40 [ =—= RE7/PGD
30 [ =+—= RBE/PGC
38 [ =— RBE5/PGM

STH=—=FRB4 PORTB
98 [] =— RB3/CCP2

a5 [] «—= RB2/INT2
34 [T =—= RB1/INTI

MCLRYVEE —= j;
RAQAND =[]

RAT/ANT =— ]
RAZ/ANZVREF- +— []
RASANIVREF+ =+—s []
RA4TOCK] =—s []
BAS/ANASSILVDIN =[]

PORTA

-l T n o 0O RS

REQ/RD/ANS <—= ] & @ |330=—= RBOINTO
RE{WR/ANG =—=o | T & s20-——~"Vo
REZCS/AN? <—=[]10, @ ¢ 31 [] «———Vss
Voo —= 011 G G |30Q=— RDTPSP7
Vss — 12 g F |20 -<— RD&PSPE PORTD
OSC1/CLKI —» 1 13 28 [T =+—» RDS/PSP5
OSC2/CLKO/RAE <] 14] (27 [ BUAPSF |
RCOTT0SOMICKI =— [] 15 26 [ +— RCT/RX/DT
RC1MTIOSICCP2" == [ 16 25 [] =— RCETX/CK
PORTC RC2ICCP1 == [ 17 24 [] =—= RCHSDO
SCK/SCL =—= 23 [] =—»= RC4SDISDA
RDO/PSP0 «— [] 19 22 [] «—= RDI/PSP3
RD1/PSP1 «— [] 20 21 [] =— RD2PSP2 21




PORT/TRIS Functionality Is
Mapped to the SFRs

RAM
STACK FileReg
PROGRAM | — PC
R OkA 1 EEPRCM
Program Data
Bus Bus Y
CPU ot l -
I
Int t '
nterrup
Control OsC Timers cher
: Feripherals
Logic
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Addresses of SFR, PORTX, TRISx
(TRIState), and LATx (LATch)

TABLE 4-1: SPECIAL FUNCTION REGISTER MAP

Address Name Address Name Address Name Address Name
FFFh Tosu FDFh INDF213) FBFh | CCPR1H FOFh IPR1
FFEh TOSH FDEh | POSTINC2(} FBEh [ CCPRiL F9Eh PIR1
FFDh TOSL FDDh | POSTDEC2®) FBDh | CCP1CON FODh PIE1
FFCh STKPTR FDCh | PREINC2®) FBCh | CCPR2H FoCh —
FFBh PCLATU FDBh | PLUSW2(3) FBBh [ CCPR2L F9Bh —
FFAR PCLATH FDAh FSR2H FBAh | CCP2CON FOAR —
FFoh PCL FD9h FSR2L FBoh — Fo9h —
FF8h | TBLPTRU FD8h STATUS FB8h — Fo8h —
FF7n | TBLPTRH FD7h TMROH FB7h — T —
FFeh TBLPTRL FD6h TMROL FB6h — Fosh | TRISE®
FF5h TABLAT FD5h TOCON FBSh — Fosh [ TRISD®
FF4h PRODH FD4h — FB4h — Fo4h TRISC
FF3h PRODL FD3h | OSCCON FB3h TMR3H Fo3h TRISB
FF2h INTCON FD2h LVDCON FB2h TMRSL Fazh TRISA
FFih | INTCONZ2 FD1ih | WDTCON FB1h T3CON Fo1h —
FFOh | INTCONS3 FDOh RCON FBOh — Fooh —
FEFh INDFO®! FCFh TMR1H FAFh SPBRG F8Fh —
FEEh | POSTINCO®) FCEh TMRAL FAEh RCREG F8Eh —
FEDh | POSTDECO® FCDh T1CON FADh TXREG FeDh | LATE®@
FECh | PREINCO®) FCcch TMR2 FACh TXSTA FBCh LATD@
FEBh | PLUSWO®) FCBh PR2 FABh RCSTA F8Bh LATC
FEAR FSROH FCAh T2CON FAAR — F8Ah LATB
FESh FSROL FCOh SSPBUF FASh EEADR Faoh LATA
FEBh WREG FC8h SSPADD FABh | EEDATA Fash —
FE7h INDF1 FC7h | SSPSTAT FA7h | EECON2 Fa7h —
FE6h | POSTINC1®) FCeh | SSPCON1 FABh | EECON1 F86h —
FESh | POSTDEC1® FC5h | SSPCONZ FASh — Fash —
FE4h | PREINC1®) FC4h ADRESH FA4h — F84h | PORTE®
FE3h | PLUSW1®) FC3h ADRESL FA3h — Fash | PoORTDW@
FE2h FSR1H FC2h ADCONO FAZh IPR2 Fa2h | PORTC
FE1h FSRIL FC1h ADCON1 FA1h PIR2 Feih | PORTB
FEOh BSR FCOh — FAOh PIE2 F8oh | PORTA




Accessing SFRs in . ASM
PORTB as an OUTPUT

THEE{E} E "”ﬁ ::]f_.,. .
TRieD@® | | emwmwe [ ] s | owauwos 5
TRISC [ o f
TRISB 4 e o
TRISA i I L
e I 7 = L
— PORTB EQU O0XF81 in .H header file
LATE TRISB EQU O0XF93 in .H header file
LATD
LATC
LATE ORG 0x00
LATA
- MOVLW O :All 0's to WREG
— MOVWF TRISB :All of PORTB is an OUTPUT
PORTE2
PORTD'
PORTC MOVLW B’10101010’
el MOVWF PORTB ‘Write 1/0 to PORTB pins %




PORTB Example

/
TABLE 9-4: SUMMARY OF REGISTERS ASSOCIATED WITH PORTB
Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0
PORTB RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO
LATB LATB Data Output Register
TRISB PORTB Data Direction Register %
INTCON GIE/ PEIE/ TMROIE INTOIE RBIE | TMROIF | INTOIF | RBIF | <
GIEH | GIEL LL
INTCON2 | RBPU | INTEDGO | INTEDG1 | INTEDG2 — TMROIP — RBIP 2
INTCON3 | INT2IP | INTHIP — INT2IE | INTHIE — INT2IF | INT1IF | O
(a B

Direction

(TRISB)

Pin Value
(PORTB)

2 40 [ =— RB7/ 7
2 39 ] =— RB6/ 7
2 38 [ ] =— RB5/ ?
237 ] =<— RB4 ?
2 36 ] =— RB3/ 2
? 34 [] «+— RB1/ ?
? 33 ] =— RBO/ ?
32 ] =— VDD
31 [ ] «——Vss
30 [ =— RD7/

29 [] «+—— RDo/
o [ «——» RD5/

25



Accessing SFRs in . ASM

PORTB as an OUTPUT

PORTB EQU 0XF81
TRISB EQU O0XF93

ORG 0x00

MOVLW O
MOVWF TRISB ;

MOVLW B’10101010’
MOVWF PORTB

'in .H header file
'in .H header file

‘All 0's to WREG

PORTB is an OUTPUT

;Write 1/0 to PORTB pins

PIC18F452

WREG =7

TRISB =72

PORTB =7
Direction Pin Value
(TRISB) (PORTB)

2 40 [ =— RB7/ 7
?ngHRBG/?
2 38 [] =—— RB5/ 7
2 37 [ <—— RB4 ?
2 36 [] «—— RB3/ 2
? 34 ] =— RB1/ ?
? 33 [ ] =— RBO/ ?
32 [ ] «=—— VDD
31 [] «——Vss
30 [ =— RD7/

29 [] «— RD6/
o 1 «— RD5/
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Accessing SFRs in . ASM

PORTB as an OUTPUT

PORTB EQU 0XF81
TRISB EQU O0XF93

ORG 0x00

MOVLW O
MOVWF TRISB ;

MOVLW B’10101010’
MOVWF PORTB

'in .H header file
'in .H header file

‘All 0's to WREG

PORTB is an OUTPUT

;Write 1/0 to PORTB pins

PIC18F452

WREG = 0000 0000
TRISB =72
PORTB =7
Direction Pin Value
(TRISB) (PORTB)

2 40 [ =— RB7/ 7
?ngHRBG/?
2 38 [] =—— RB5/ 7
2 37 [ <—— RB4 ?
2 36 [] «—— RB3/ 2
? 34 ] =— RB1/ ?
? 33 [ ] =— RBO/ ?
32 [ ] «=—— VDD
31 [] «——Vss
30 [ =— RD7/

29 [] «— RD6/
o 1 «— RD5/

27



Accessing SFRs in . ASM

PORTB as an OUTPUT

PORTB EQU 0XF81
TRISB EQU O0XF93

ORG 0x00

MOVLW O
MOVWF TRISB ;

MOVLW B’10101010’
MOVWF PORTB

'in .H header file
'in .H header file

‘All 0's to WREG

PORTB is an OUTPUT

;Write 1/0 to PORTB pins

PIC18F452

WREG
TRISB
PORTB =7?

= 0000 0000
= 0000 0000

Direction
(TRISB)

0 40
0 39
0 38
0 37
0 36
035
0 34
0 33

32

31

30

29
28

Pin Value

(PORTB)
1 — RB7/ 2

] — RB5/ »
'] — RB4 2
1 — RB3/ 7
1 — RB2/ 7
1 — RB1/?
1] — RBO/ ?

| | «<— RD6/

1 «—— RD5/

28



Accessing SFRs in . ASM

PORTB as an OUTPUT

PORTB EQU 0XF81
TRISB EQU O0XF93

ORG 0x00

MOVLW O
MOVWF TRISB ;

MOVLW B’10101010’
MOVWF PORTB

'in .H header file
'in .H header file

‘All 0's to WREG

PORTB is an OUTPUT

;Write 1/0 to PORTB pins

PIC18F452

WREG
TRISB
PORTB =7?

=1010 1010
= 0000 0000

Direction
(TRISB)

0 40
0 39
0 38
0 37
0 36
035
0 34
0 33

32

31

30

29
28

Pin Value

(PORTB)
1 — RB7/ 2

] — RB5/ »
'] — RB4 2
1 — RB3/ 7
1 — RB2/ 7
1 — RB1/?
1] — RBO/ ?

| | «<— RD6/

1 «—— RD5/

29



Accessing SFRs in . ASM

PORTB as an OUTPUT

PORTB EQU 0XF81
TRISB EQU O0XF93

ORG 0x00

MOVLW O
MOVWF TRISB ;

MOVLW B’10101010’
MOVWF PORTB

'in .H header file
'in .H header file

‘All 0's to WREG

PORTB is an OUTPUT

;Write 1/0 to PORTB pins

PIC18F452

WREG =1010 1010
TRISB = 0000 0000
PORTB =1010 1010

Direction Pin Value

(TRISB) (PORTB)
40 d —= RB7/1

0390 —= RB6/
038 —=RB5/ 1
037d —= RB4 0
0361 —= RB3/1
0351 —= RB2/0
0341 —= RB1/1
033 —= RB0/O
32 [ ] «=—— VDD
31 [] «——Vss
30 ] =— RD7/

29 [] «— RD6/
o 1 «— RD5/

30



Accessing SFRs in . ASM

PORTB as an OUTPUT

PORTB EQU 0XF81
TRISB EQU O0XF93

ORG 0x00

MOVLW O
MOVWF TRISB

MOVLW B’10101010’
MOVWF PORTB

'in .H header file
'in .H header file

‘All 0's to WREG
:PORTB is an OUTPUT

;Write 1/0 to PORTB pins

PIC18F452

WREG =1010 1010
TRISB = 0000 0000
PORTB =1010 1010

Direction Pin Value

(TRISB) (PORTB)
40 d —= RB7/1

o339l —RB6/g__
038d —=RB5/ 1 __|
0374 —RB4 0 ___
03 —=PRB31__ T
031 — RB2/0 __
0ssaf —mB1/1__ T
033 —= RB0/O

32 [ ] «=—— VDD

31 [] «——Vss

30 ] =— RD7/

29 [] «— RD6/
o 1 «— RD5/

31



Accessing SFRs in . ASM

PORTB as an OUTPUT

PORTB EQU 0XF81
TRISB EQU O0XF93

ORG 0x00

MOVLW O
MOVWF TRISB ;

MOVLW B’10101010’
MOVWF PORTB

'in .H header file
'in .H header file

‘All 0's to WREG

PORTB is an OUTPUT

;Write 1/0 to PORTB pins

PIC18F452

WREG =1010 1010
TRISB = 0000 0000
PORTB =1010 1010
o40d —= RB7/1 | ::,:
0 39 — RB6/p
0 38 —=nRBs5/1_ T
0 37
0 36
0 35
0 34
0 33
32
31

30

29
28

Direction Pin Value
(TRISB) (PORTB)

—» RB2/ 0
—»RB1/1 I
—» RBO/ 0

>

] «— RDo6/
1 «—— RD5/

32




PORTB as an INPUT

In order to make all the bits of PORTB an input, TRISB
must be programmed by writing 1 to all the bits. In the
code below, PORTB is configured first as an input port
by writing all 1s to register TRISB, and then data is
received from PORTB and saved in some RAM location
of the file registers:

MYREG EQU 0X20 ;Program location (RAM)

MOVLW B‘11111111° ;All1’'sto WREG
MOVWF TRISB ;PORTB as INPUT port (1 for In)

MOVF PORTB, W ;move from filereg of PORTB to WREG
MOVWF MYREG ;save in fileReg of MYREG

33



Accessing SFRs in . ASM
PORTB as an INPUT

= ORG 0x00
MYREG EQU 0X20 ;Program location (RAM)

MOVLW B‘11111111 ;All 1's to WREG

MOVWF TRISB ;PORTB as INPUT port

MOVF PORTB, W ;move from filereg of
PORTB to WREG

MOVWF MYREG ;save in fileReg of
MYREG

PIC18F452

MYREG = ?
WREG =7
TRISB =7
PORTB =7

Direction Pin Value
(TRISB) (PORTB)

2 40
2 39
2 38
2 37
? 36
? 35
? 34
? 33

32

31

30

29
28

] <— RB7/ 2

] «— RB3/ 2
] «— RB2/ ?
| | «— RB1/ ?
| | «— RBO/ ?
[ ] «—— VDD
[] «——Vss
[ ] «—— RD7/
[ | «— RD6/

1 «—— RD5/

SV

]HRB5/?r5V
[ ] «— RB4 2 |

—0V
oV
oV
oV
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Accessing SFRs in . ASM
PORTB as an INPUT

ORG 0x00
= MYREG EQU 0X20 ;Program location (RAM)

MOVLW B‘11111111 ;All 1's to WREG

MOVWF TRISB ;PORTB as INPUT port

MOVF PORTB, W ;move from filereg of
PORTB to WREG

MOVWF MYREG ;save in fileReg of
MYREG

PIC18F452

MYREG = 0000 0000 (at 0x20)
WREG =?
TRISB =7
PORTB =?

Direction Pin Value

(TRISB) (PORTB)
2 40 [ =— RB7/ 7 oV

’)39]4—.*RB6/7_I72x
?38]HRB5/?r5V
2370 <—RB4 2 __ [T

236 [] «— RB3/ 2 — 0V
?235[] «— RB2/ 2 ———— 0V
? 34 [] «— RB1/ ? ———0V
? 33 [] =— RBO/ ? ———0OV

32 [] «=— VDD
31 [] «——Vss
30 [] =— RD7/

29 [] «— RD6/
o 1 «— RD5/
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Accessing SFRs in . ASM
PORTB as an INPUT

ORG 0x00
MYREG EQU 0X20 ;Program location (RAM)

==»MOVLW B‘11111111" ;All 1's to WREG

MOVWF TRISB ;PORTB as INPUT port

MOVF PORTB, W ;move from filereg of
PORTB to WREG

MOVWF MYREG ;save in fileReg of
MYREG

PIC18F452

WREG =11111111
TRISB =7
PORTB =7

MYREG = 0000 0000 (at 0x20)

Direction Pin Value
(TRISB) (PORTB)

2 40
2 39
2 38
2 37
? 36
? 35
? 34
? 33

32

31

30

29
28

] <— RB7/ 2

SV

]HRB5/?r5V
[ ] «— RB4 2 |

] «— RB3/ 2
] «— RB2/ ?
| | «— RB1/ ?
| | «— RBO/ ?
[ ] «—— VDD
[] «——Vss
[ ] «—— RD7/
[ | «— RD6/

1 «— RD5/

oV
oV
oV
oV
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Accessing SFRs in . ASM
PORTB as an INPUT

ORG 0x00

- MOVWF TRISB

MOVWF MYREG

MYREG EQU 0X20 ;Program location (RAM)

MOVLW B‘11111111 ;All 1's to WREG

;PORTB as INPUT port

MOVF PORTB, W ;move from filereg of

PORTB to WREG

;save in fileReg of
MYREG

PIC18F452

WREG
TRISB

MYREG = 0000 0000 (at 0x20)
= 1111 1111
= 1111 1111
PORTB = 1111 0000

Direction Pin Value
(TRISB) (PORTB)

1 40
1 39
1 38
1 37
1 36
135
1 34
133

32

31

30

29
28

[1<+— RB7/1

SV

J1<— BRB5/ 1 __ I

' 1]<«— RB4 1 | oV

1]<«— RB3/0
1] «— RB2/0
[1]<«— RB1/0
1]<«— RBO/O
] «—— VDD
] «——V/ss
[ ] «—— RD7/
] «— RD6/

1 «— RD5/

oV
oV
oV
oV
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Accessing SFRs in . ASM
PORTB as an INPUT

ORG 0x00
MYREG EQU 0X20 ;Program location (RAM)

MOVLW B‘11111111 ;All 1's to WREG

MOVWF TRISB ;PORTB as INPUT port
== MOVF PORTB, W ;move from filereg of
PORTB to WREG
MOVWF MYREG ;save in fileReg of
MYREG

PIC18F452

WREG
TRISB

MYREG = 0000 0000 (at 0x20)
= 1111 0000
= 1111 1111
PORTB = 1111 0000

Direction Pin Value
(TRISB) (PORTB)

1 40
1 39
1 38
1 37
1 36
135
1 34
133

32

31

30

29
28

[1<+— RB7/1

SV

J1<— BRB5/ 1 __ I

' 1]<«— RB4 1 | oV

1]<«— RB3/0
1] «— RB2/0
[1]<«— RB1/0
1]<«— RBO/O
] «—— VDD
] «——V/ss
[ ] «—— RD7/
] «— RD6/

1 «— RD5/

oV
oV
oV
oV
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Accessing SFRs in . ASM
PORTB as an INPUT

ORG 0x00
MYREG EQU 0X20 ;Program location (RAM)

MOVLW B‘11111111 ;All 1's to WREG

MOVWF TRISB ;PORTB as INPUT port
MOVF PORTB, W ;move from filereg of
PORTB to WREG
=»MOVWF MYREG ;save in fileReg of
MYREG

PIC18F452

WREG
TRISB

PORTB =1111 0000

'MYREG = 1111 0000 (at 0x20)
= 1111 0000
= 1111 1111

Direction Pin Value
(TRISB) (PORTB)

1 40
1 39
1 38
1 37
1 36
135
1 34
133

32

31

30

29
28

[1<+— RB7/1

SV

J1<— BRB5/ 1 __ I

' 1]<«— RB4 1 | oV

1]<«— RB3/0
1] «— RB2/0
[1]<«— RB1/0
1]<«— RBO/O
] «—— VDD
] «——V/ss
[ ] «—— RD7/
] «— RD6/

1 «— RD5/

oV
oV
oV
oV

39



Register bit manipulation

Bit set flag

— BSF filereg, bit BSF TRISB, 4
Bit clear flag

— BCF filereg, bit BCF PORTB, 2
Bit toggle flag

— BTF filereg, bit

Bit test filereg skip next instruction if clear (0)
— BTFSC filereg, bit

Bit test filereg skip next instruction if set (1)
— BTFSS filereg, bit
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MPLAB Example

CSE@UTA

 http://omega.uta.edu/~nbb0130/misc files/
Main5 l.asm

41


http://omega.uta.edu/%7Enbb0130/misc_files/Main5_1.asm

Working with I/O Ports in C
Whole BYTES at a Time

CSE@UTA

#include <xc.h> //OLD - #include <p18F452.h>

void main(void)

{
unsigned char mybyte;
TRISC =0b11111111; //PORTC is input
TRISB = 0b00000000; //PORTB is output
TRISD = 0b00000000; //PORTD is output

while(1)

{
mybyte = PORTC; //load the value of PORTC

If(mybyte < 100)
PORTB = mybyte; //send it to PORTB is it is less than 100
else

PORTD = mybyte; //otherwise, send to PORTD
} 42



Working with I/O Ports in C
Single BITS at a Time

CSEGUTA

#include <xc.h> //OLD - #include <p18F452.h>
void main(void)

{
unsigned char mybyte;
TRISC = 0b11111111; //PORTC is input
TRISB = 0b00000000; //PORTB is output
TRISBbits.RB4 = 1;
TRISD = 0b00000000; //PORTD is output

while(1)

{
mybyte = PORTC,; //load the value of PORTC

if(mybyte < 100)
PORTB = mybyte; //send itto PORTB is it is less than 100

else
PORTD = mybyte; //otherwise, send to PORTD

mybyte = PORTCDbits.RC1,; 43



Fan-out

CSE@UTA

e Current can flow in (pin at O level) and out (pin at 1 level)
of port pins.
« This current is limited by the design of the IC.

e Fan-out is really the number of logic gates a pin can
drive but is closely connected to the total current of pins.

* Arguably, for microcontrollers it is more important to
remember the total current drawn (see LEDs driven in

QwikFlash)
Maximum output current SUNK BY any 1/ Pin. ...t 25 mA
Maximum output current sourced by any /O PN ..o e et e e e e e e nnn e e aanas 25 mA
Maximum current sunk by PORTA, PORTB, and PORTE (Note 3) (combined) ..o 200 mA

44



Example of Interfacing PIC to
Components on QwikFlash

| RO T vDD Potentiometer
, - POT1
ANG (RAS5)H— — 5kQ
can be 6 D2 R8=1k{) 0 T | potentiometer
mused RA4 H M VDD Alive LED ’_LF hd
pins > R7=1k0
‘dware < RA3F >} D3 Left LED
f serial & [ wr» R6 =1k
ers. l é % RA2 My IR Center LED _ED’S
A 'T’ R5 =1k
RA1P——Am— 20 Right LED
’:VgéT , R1 =470 Q VDD pypy
L ANO (RAO)= T M E,_) Temperature
S o—_ T ~ Uk = sensor
ANt RE2 10 oE2/ANT
MCLR | MCLR = LCDI1 ——T°GND
—eeeeeee O} B 3'-’1
13 o RE 2 " g E o sx2LCD vbb
O3] _ REO RS display
14 30 LCD 14| 13- e = CI17
3 OSC2 RD?_ Q) m— 13 . 0.1 nF
: RD6 B6 | "Nibble"
F 28 12| o=
P VDD RD5 B5 | interface
LU pp RD4 gy
15 Y - R13 = 10 kQV PP =
oo 2 Rpsfd SW3
= = 2 . 1 SW:
VDD 3 x 21 < |— Pushbutton switch
e (VDD £ RD2 Unused he _
1= 5 nn  1naoVDD = Push Button Switch
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Example of Interfacing PIC to

Components on QwikFlash

(\.l.m . iy
' . : 4y [ " g oy
. i ] W

- Ui Hi [ I:l : 3 ] £ ] -’u

"‘F{ o A BlE2 B1"BO C2 et ; T
C‘hi' VIO DAC ' AN7 NTI NTO CCP1 SO0t chgr e bhdo B e
=y W CRei slafale

Hlche Bk

|

2 B R i AR

[34]
B ) i i i i
E2 M 3 LEDACH = + 4

gl U R i ) b L

Haruwalc

hI_H e wHE I*I:IE = Unused
oL T 207

Fﬂﬂnllv- L
... RIEA-‘Eﬂj H o
"In.—du_'}a ]
(2 JGND b o r.
ﬂCFE H-'! RPGI




Example: Parallel Digital Output
LCD Control

Driving LCD Controllers

(textbook chapter 12,
PICBook chapter 7)
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LCDs

Liquid Crystal Displays are frequently used with
microcontrollers and embedded devices

Usually have their own controller for logic and
receiving commands

Commonly have parallel digital inputs for interfacing
— Some have serial interfaces instead (SPI, 1°C, etc.)

LCD modules usually require an initialization
sequence when powered up before regular
commands can be sent

— So some small wait time should be expected (ms range)
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CSE@UTA
| +5Y
LCD c1 =
c2
Elon Musk has lost ::22 2 22:F: |
. . p p
+5V his mind I:I
i . U1 .
RESET PCOISCL —==
aMHZ i PC1/SDA —zi
o] wwlo]  ]olo]o)e|cfe] 1= ATAL1 PCZ:'TGK—LES
Ty XTALZ PCITMS —=
T a0 PCATDO (52
PACIADCO PCSTDI —=L
,ﬁ— PA1/ADCI PCETOSC —%
==— PA2IADC2 PCTITOSCE (—=2
=t PA3ADC3 "
22— PA%ADC4 PDORXD =7
PAS/ADCS PDUTHD
1 ; PAB/ADCE PDZINTO %
REWV1 PATIADCT PDIINT1 ——
e PDAICCIE =
100K . ; PEOTOXCK PDS/OCIA —;g-
< PBAITI PDBICP1 f—==
=—{ PBAINGINT2 PDTIOCE f—=—
——{ PEIAIN1/OCD
I
_j_—*— PBSMOSI "
S_ FEEMISO AREF Tl
-2 pe7iscK AVCE
ATMEGA3ZZ

@) Gadgetronicx

Image Source: http://www.gadgetronicx.com/lcd-interface-with-atmega32-avr/
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LCD Controller

CSE@UTA




LCD Controller

CSE@UTA

; : 1 3¢ . _.! L\:[‘ FEH
AT ABCDERFGR
Alzi300 HE! [_ ek

4tk Li of le




LCD Common Pins

Supply, “ground”, and LCD contrast voltage

Register Select (RS)

— RS=0 for sending instructions (such as clear screen, or defining
characters)

— RS=1 for sending data to be displayed

Enable (E)

— Essentially a clock input; a high-low transition will cause the LCD
to latch in the data on the data pins

Data (DO-D7) or (DO-D3)
— The parallel interface pins (can use all 8 or just 4)

Read/Write (R/W)

— Direction of I/O (if used only as a display, “grounding” this is
necessary)

Hitachi HD44780 LCD controllers are by far the most used 53



Connections to QwikFlash

CSE@UTA
€2 = 0AF L ; D& ;E_ll:-iTkE r’UHLI | {bodbom of board §
. R0 —J” VDD
C1=01uF = - = L POTI
us ATA TEAGI — 5 kA2
*RTS & CTS can be & E:.I-? BE = 1k ) e 1 potentiometer
conpecied to unussd RA4 ol AA——Y DD Alive LED s T
mF‘]EJEFt-thSES:ﬁ < paali BLTlED D4 i LED
support hardware [+
o coniriol of s=rial I E BAZ 4 Bé =1 ki o 15 Center LED
data trand = eutet
a transf ers. H = , RS =1k pg _
— Rl iy __;F'.lg_hl: LEEI:.D
R4 B2 BESET 2 Rl =470 0 Tr{P1
4Tk 400 A i LA ' o1 !'El F E’l Ternperatune
VDD —AN 5o L= < sensor
Tren] ANT= I'_.u RE2 1
LdicLr % 9 & LEB
s REL E
A P ol 7] 4 B B2 LD
¥l RER display
e ] i
.. |[|| ll:l-l'i[[-lz 14 T BT = B BT
-.-.l:l_ T T Cl3 R = B Bé& | "Nibkl=®
2pF - I F']':_TID ] T BS | interkace
l ! b
p 1 Pomer cis = e 3 = 104 DD = ~
APz LED C 1ED ol pF 12 um - 3 — X _
LCD Module —

Hitachi HD44780
onboard controller

54



CSE@UTA

RE2 10‘ oE2/ANT7
LCDI1 ——T1°GND

L) 6 2 -
REI1 3 > E 8 % 2 L.CD — VDD
REO— SRSy Sk
RD6 29 | Blae | i ” R15 0.1 uF

) 2S 1,) \ .Nlbble 470 ﬂ

RD5 > = B5 | interface - ]
RDA4 27 R 11 B4 5

R13 = 10 kQVPD ’ ad

—AAA —]
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Typical LCD Timing for
Displaying (Write)

R&

ST

N =

=
; L mw o
: ! it i
: tpwm f
| taH

tpprgr = Enable prlse wicth = 450 ns {ramrom)
tronr = Data setup tirae = 195 ns (roindroomm )

tpr = Data hold fizne = 10 ns (roanireoam )
tpe = Setup tirne pror to E (going high) for both BS and BAW = 140 ns (rrara v
tappr = Hold tiree after E has corne down for both BS and BW = 10 ns (rormrmrm )
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Example Initialization (Nibble

Interface)

Wait 100ms to make sure own initialization has
occurred

RS=0, (all commands)

3 times: E=1,D=3,E=0, walit

2 times: E=1,D=2,E=0, wait (set nibble iface)
E=1,D=8,E=0, wait, E=1,D=0,E=0 (two line display)
E=1,D=1,E=0, wait, E=1,D=0,E=0 (clear display)

E=1,D=0xC,E=0, wait, E=1,D=0,E=0 (Turn off cursor,
turn on display)

E=1,D=1,E=0, wait (auto cursor increment)
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Cursor Positioning

e All commands (RS=0) where the MSB Is
set are cursor positioning commands

 Row 1 begins with 0x80 (1000 0000)
 Row 2 begins with 0XCO (1100 0000)

* Positions are counted left to right and auto
Increment can be enabled (no need for
cursor positioning for short strings)

Hitachi HD44780 LCD controllers are by far the most used 58



Special Characters

o ASCII lower 128 characters are easy to display
(just send ASCII codes) with a few exceptions

e Japanese characters at codes 0xa0 to Oxff
e Eight user defined characters 0x0 to 0x7

e All command codes (RS=0) with MSBs '01’ are
character generating commands

e 5x8 characters are then defined by sending their
bitmaps (sending 8 bytes where upper three bits
are always ignored)

Hitachi HD44780 LCD controllers are by far the most used 59



Debugging

 LCDs (as they are displays) are a great
tool for debugging embedded code

e Of course we need to assume that the
microcontroller works

* Displaying variables and port statuses can
be very helpful

Hitachi HD44780 LCD controllers are by far the most used 60



Questions?

CSE@UTA

Textbook Ch. 4.1 and 4.2 for PIC IO examples
and more detalils

Textbook Ch. 12.1 for LCD detalls

LCD Videos

— https://www.youtube.com/watch?v=mo4 5vG8bbU
— https://www.youtube.com/watch?v=Z2P0OKXxZI5N20
— https://www.youtube.com/watch?v=85LvVW10ODLLw

Start reading Chapter 7
— PIC Programming in C
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