Chapter 9

Input/Output (I/O) Ports and
Interfacing

Updated: 3/13/12



Basic Concepts in 1/O Interfacing
and PIC18 I/O Ports (1 of 2)

0 I/O devices (or peripherals) such as LEDs
and keyboards are essential components
of the microprocessor-based or
microcontroller-based systems.
= Classified into two groups

input devices
output devices



Block Diagram of I/O Interfacing
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Port +5V
i
Lldy < Data Bus o T > Isg'l_'ll <): J:‘
| —— |Buffer
RD <Ro..ad>
WR ~——1
R
/O LEDs
Port
. A
Access one port at a time “Port ::>—{>*—
8-bit registers Write)
I/O ports are associated with a SFR —
Each port is associated with 3 registers:

PORT / LAT / TRIS



[/O Ports:
Interfacing and Addressing

o To read (receive) binary data from an input peripheral
= MPU places the address of an input port on the address bus,
enables the input port by asserting the RD signal, and reads
data using the data bus.
o To write (send) binary data to an output peripheral

= MPU places the address of an output port on the address bus,
places data on data bus, and asserts the WR signal to enable
the output port.
o Remember:
= Writing to the port
When the MPU sends out or transfers data to an output port
= Reading from the port
When the MPU receives data from an input port



PIC18F452/4520 1/O Potts (1 of 5)

o MCU includes five I/0O ports
= PORTA, PORTB, PORTC, PORTD, and PORTE

0 Ports are multiplexed meaning they can be
set up by writing instructions to perform
various functions

' ¥ Bab PORI':I'A: IE_xampIe of Multiple
— unctions
S| AN NSRS o Digital I/O: RA6-RAQ
<« RA4 TOCK1 o Analog Input: ANO-AN4
O V gt @ A/D Reference Plus
<—> RA3 | AN3/Vggg, VoFitage
O V g~ @ A/D Reference
<«—> RA2 | AN2/Vggr m| Minus Voltage
o TOCK1: TimerO Ext. Clock
RAL 1 ANI o SS: SPI Slave Select Input
) > RAO | ANO m| II_|\1/|:I>DUIPI Low voltage Detect




PIC18F452/4520 1/O Potts (2 of 5)

o Each I/O port is associated with the special
functions registers (SFRs) to setup various
functions.

= Can be set up as entire ports or each pin can be set up.

PORT: This register functions as a latch or a buffer
determined by the logic levels written into the associated
TRIS register.

TRIS: This is a data direction register. Writing logic 0 to a pin
sets up the pin as an output pin, and logic 1 sets up the pin
as an input pin.

LAT: This determines if port is bidirectional .



PIC18F452/4520 1/O Potts (3 of 5)

o Internal block diagram of PORTB includes:

= Three internal D flip-flops (latches)

Data latch to output data
TRIS latch to setup data direction
Input latch for input data



PIC18F452/4520 1/O Potts « of 5)

o PORTB Internal Block Diagram

Pull-up
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“* Q- TRIS: 0 > A is enabled

Q- TRIS: 1 - Ais disabled



Intertacing Output Peripherals (1 of 2)

o Commonly used output peripherals in embedded systems are
= LEDs, seven-segment LEDs, and LCDs; the simplest is LED
o Two ways of connecting LEDs to I/O ports:

m LED cathodes are grounded and logic 1 from the I/O port turns on the
LEDs - The current is supplied by the I/O port called current sourcing.

= LED anodes are connected to the power supply and logic O from the I/
O port turns on the LEDs - The current is received by the chip called

current sinking.
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Interfacing Seven-Segment
LEDs as an Output (1 of 4)

O Seven-segment LEDs

= Often used to display BCD numbers (1 through
9) and a few alphabets

= A group of eight LEDs physically mounted in
the shape of the number eight plus a decimal
point as shown in Figure 9-5 (a)

= Each LED is called a segment and labeled as
‘a’ through ‘g’.



Interfacing Seven-Segment
LEDs as an Output (2 of 4)

o Two types of seven-
N segment LEDs

» Common anode
f b » Common cathode
g

AN

decimal point



Intertacing Seven-Segment
LEDs as an Output (3 of 4)

5V (Common Anode)
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To Data Lines
Through an Interfacing Device

a
,
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In a common anode seven-
segment LED
= All anodes are connected
together to a power supply

and cathodes are
connected to data lines

Logic O turns on a
segment.

Example: To display digit
1, all segments except b
and c should be off.

Byte 11111001 = FOH will
display digit 1.



Interfacing Seven-Segment
LEDs as an Output 4 of 4)

From Data Lines
Through an Interfacing Device

D; Dy Ds Dy D3 D, D; D

A R

YYYYYYYY

GND (Common Cathode)

o In a common cathode

seven-segment LED

= All cathodes are connected
together to ground and
the anodes are connected
to data lines

Logic 1 turns on a

segment.

Example: To display digit

1, all segments except b

and c should be off.

Byte 00000110 = 06H will
display digit 1.



Segmént LEDS to PORTB and

PORTC
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Sample Program

ooo1
ooz
0003
0004
0o0s
nlnln)
o007
(nln]n}s]
nln]n}=]
0010
0011
noniz
0013
0014
001s
0016
o017
0013
nn1s
nopnzo
nonz1
npnzz
nnz3
nnz4
nnzs
nnze
ooz7
nnzs
nnzs

Title "ExS9-4 BCD Digit Display"

List p=18F452, £ =inhx32 vj;
#include <pl8F452.incs> ;This is a he O7- Segment LED Displays Panel
REGO EQU 0Ox00
NUMEER EQU 0x9 ,<<<————
ORG o0
GOTO Oxz0
ORG Oxz0
START: CLRF PORTE ;Intial readlng = Setup Setup | Setup | Setup |
CLRF TRISE ;3et up F
MOVLW NUMEER BECI .
i v Always OnTo Keep Last Displa Close
MOVUF REGO, O v 5 El & b —I
MOVLW UPPER CODEADDR ;Copy upg
MOVUF TELPTRU ;21-bit ¢ r—ir—q a |PORTE, O Hide Setup
MOVLUW HIGH CODEADDR ;Copy hic b |PORTE, 1 _
MOVWF  TBLPTRH f b c |PORTE, 2
MOVLW LOW CODEADDR ;Copy lov d |PORTE, 3
i |V |nverted Levels
MOVUF TELPTRL I 2 l e |PORTE, 4 v
MOVF REGO, 0O, O b € c f JPORTB.5
ADDUWF TELPTRL, 1,0 b d h g |PORTE, 6
TELRD* l—l h |PORTE, 7
MOVFF  TABLAT, PORTE ¢Turn on | DisplayEnable  |AlwaysEnabledd [V Inverted Level
ORG Ox40 ;3tore LED code starting at location UU4UH
CODEADDR: DE OxcO, 0OxF9, 0Oxi4, OxBO, 0x99 ;LED code for digits 0 to 4
DE 0x92, 0x82, 0OxF8, 0x80, 0x98 ;LED code for digits 5 to 9



Intertacing to Multiple 7-Segments
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Using the Simulator

File Simulation

Rate

Tools

Options

Help STEP

| Program Location |

C:\Microchip_projects\llust3-8 Multiplex Seven Segment. hex

| Microcontroller | PIC18F4520 | Clock Frequency | 8.0 MHz
— Last Instruction Nest Instruction
| MOVLW 0x02 ( MOVWF 0x011.A
| Instructions Counter | 307 | Clock Cycles Counter | 1500
— Program Counter and WWorking Register | Real Time
[PC [Tooooae I Duration
. [ i
[W Register WREG) 02 T (I W 187.50 s
— Special Function Registers [SFRs) — General Purpose Registers [GPRs)
Hex Binary Value Hex Hex

Address andName Value 76543210 Addr. Value Addr. Value
FFFh TOSU oo Frrrerrr poch | o0 [oich | o0
FFEh TOSH oo Frrrerrr 00Dh |00 [01Dh |00
FFDh TOSL oo Frrrerrr O0Eh |00 [O1ER [ 00
FFCh STKPTR oo Frrerrrrr 00Fh | 00 h | 00
FFBh PCLATU oo IFrrerrrrr 010h 020h | 7D
FFah PCLATH oo Frrrerrr 011h [ o [021h | 3F
FFSh PCL 3 T AEREET 012h (B0 [022h | 3F
FF8h TBLPTRU oo IFrrrrrrr 013h 023h |56
FF7h TBLPTRH oo Frrrrrrr 014h | 00N\L024h | 00
FF6h TELPTRL oo Frrrerrr 015h | 00

FF5h TABLAT oo Frrrerrr 016h |00 [026h |00
FF4h PRODH oo Frrrrrrr 017h |00 027k | 0O
FF3h PRODL oo Frrrerrr 018h |00 [028h |00
FF2h INTCONT oo Frrrerrr 019h |00 [025%h |00
FF1h INTCON2 F5 T 01ah |00 [028h |00
FFOR INTCON3 co WECTTTECT «| | fotek [00 [028h |00

() 7-Segment LED Displays Panel

[EN[ISY X |

I Setup l

[~ AlwaysOnTop v Kegpast Display Close |
. 2 |PORTE. 0 Hide Setup |
sl e
b ¢ |PORTE. 2
d |PORTE, 3
g E PORTE 4 [ Inverted Levels
el |e| [T [FoRTE.S
. o [FORTE. 6
I—I E] h |PORTEB, 7
| DisplayEnable  |PORTC, 3 ™ Inverted Level




Intertacing Input Peripherals

o Commonly used input peripherals in embedded
systems are:

= DIP switches, push-button keys, keyboards, and A/D
converters.

o DIP switch: One side of the switch is tied high (to
a power supply through a resistor called a pull-up
resistor), and the other side is grounded. The
logic level changes when the position is switched.

o Push-button key: The connection is the same as
in the DIP switch except that contact is
momentary.



Interfacing Dip Switches and

Intertacing LEDs
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Driving an LED

o Transistor inverter acting as the driver

o Assume LED requires 3.5 Volts and 20 mA
o 2N2222 is Current Amplifier > generates collector current
(multiplies base-current) 12
o In this case the current gain is 100!
o Note Vbe=0.7 {m é 430 20 mh
4.3-0.7 0 mA
3.6V
f_)RzH
i [ Sz

-\ 3.6/18000

0.2mA




Driving a RELAY & SOLENOID

o Controlling appliances
o Driving solenoid
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Example: Reading from an [/O Port

o The instruction: MOVF PORTB, W reads from
PORTB.

o To execute the instruction, the MPU does the
following:

Reads the instruction from memory

Places the address of PORTB (F81H) on the address bus
of data memory

Selects PORTB
Asserts the RD signal and enables PORTB

Reads Io%c levels (1/0) of the switches and places on
the data

Saves the reading in the WREG



Internal Pull-Up Resistor (1 of 2)

o The pull-up resistors are
connected externally.

However, PORTB can
provide equivalent ), @{T

resistors internally through - . T X,
initialization. | st -
WR TRIS K Ealm §7

o Turning off the internal FET lon B
is equivalent to providing a T e
pull-up resistor. ;&

K]
RBO/INT 3
~
LT

Note 1: I/O pins have diode protection to VD and Vss
2: To enable weak pull-ups, set the appropriate TRIS bil(s) and clear the RBPU bit (Option_REG<7>).




Internal Pull-Up Resistor (2 of 2)

o Bit7 (RBPU) in the INTCON2 register enables or
disables the pull-up resistor

= Instruction to Enable Pull Up Resistors:
BCF INTCON2 7,0

C Code: INTCON2bit.RBPU = 0 // pull-ups on

B7 B6 B5 B4 B4 B3 B2 B1 BD

RBPU

RBPU = PORTB pull-up resistor enable bit
0 = Pull-up resistors are enabled
1 = Pull-up resistors are disabled



Intertacing Push-Button Keys (1 of 2)

o Electrical connection of a push-button key is
same as that of a DIP switch except that the
connection is temporary when the key is pressed.

= When a key is pressed (or released), mechanical metal
contact bounces and can be read as multiple inputs.

= The reading of one contact as multiple inputs can be
eliminated by a key-debounce technique, using either
hardware or software.



Intertacing Push-Button Keys (2 of 2)

(a) J‘ E = MCU

Key Key
Logic 1 Push Release Logic1

<« 20ms—

(b) [\/\ » m




gt
= SPST Toggle Switch

L

= &  SPDT Pushbutton
SPDT Toggle Switch Switch

)
10K
)
10K
0
10K
i
| .
i
;
.

DPDT Toggle Switch ’ Switch

DPDT Pushbutton




Key Debounce Techniques

o Hardware technique

= Two circuits, based on the principles of generating a

delay and switching the logic level at a certain threshold
level.

= Two NAND gates connected back to back, equivalent of
a S-R latch. The output of the S-R latch is a pulse
without a bounce.

= An integrated circuit (MAX 6816) that bounces the key
internally and provides a steady output.

+5V
—% 5 Q MAXIM
MAX
6816
- é R —’J'—IN ouT f-»

+5V

[|[|



[Hustration:

Intertacing Push-Button Keys (1 of 6)

O Problem statement

= A bank of push-button
keys are connected as
inputs to PORTB.

= The pull-up resistors are
internal to PORTB.

= Write a program to
recognize a key pressed,
debounce the key, and
identify its location in
the key bank with
numbers from O to 7.

PORTB

RB7

RB6

RB5

RB4

RB3

RB2

RB1

RBO




Intertacing Push-Button Keys (3 of 6)

0 Hardware VIO
= PORTB should be set up as input port f Read Inpu

Port

= Internal pull-up resistors should be enabled

0 Software Altgrnatively I
= Checking a key closure Debouncing the key gy LK Debounc
= Encoding the key ng'in.m




Intertacing Push-Button Keys
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K1 _

RBO

O

O

O

Ko

Checking a key closure

= When a key is open, the logic level is one (assuming pull-ups
are enabled) and when it is closed, the logic level is zero.

= When all keys are open, the reading will be OxFF, and when a

key is closed, the reading will be less than OxFF.

Therefore, any reading less than FFH indicates a key closure.

This will be the first read!

Debouncing the key

= Software technique
Wait for 20 ms.
Read the port again.

If the reading is still less than FFH, it indicates that a key is

pressed.

Encoding the key

= Key closure can be identified by rotating the reading right and

looking for ‘No Carry’ and counting the rotations




Sottware Debouncing —
Used for Active LOW!

// >>> Don’ t forget the #include <delays.h> statement <<<

// to use this function, make sure that it is invoked as follows

//

// Switch( 0x04 ) & switch on bit 2

//

// or

//

// Switch( 0x40 ) < switch on bit 6
//

// or

//

// Switch( 0x03 ) < switch itsO0and 1
//

3K 3K 3k 3K 3K 3K 3K 3K 3k 3K K 3k 3k 3k 3k K kK %k kK k
#define KEYPORT PORT
#defing DELAY 15
void Switch( char bit )

// change to match the actual port
// change as needed for time delay — 15 msec.

[ m o I o I o o I I o o s o I o o s I s

{

do // wait for release

{
while ( ( KEYPORT & bit ) != bit );
DelaylKTCYx(DELAY);

by

o while( ( KEYPORT & bit ) != bit );

do // wait for press

{

while ( ( KEYPORT & bit ) == bit );
DelaylKTCYx(DELAY);

ooooao

by
= while( ( KEYPORT & bit ) == bit );

u]
[



Software Debouncing —
Used for Active LOW!

A 4 A 4

Switch in
pressed state?

Increment Counter Clear Counter |
Another Example
. . ' Counter = 57 No :I Delay 1ms |
void main (void)
Yes

unsigned char Switch Count = 0;

Switch Pressed!

LED Display = 1; // initialize
TRISD = 0b0000000O; J/ PORTD bits 7:0 are all outputs (0)
INTCON2bits.RBPU // enable PORTB internal pullups

WPUBDbite .WPUBO = // enable pull up on RBO
ANSELH = 0x00; // AN8-12 are digital inputs (AN12 on RBO0)

o
=

TRISBbits.TRISBO = 1; // PORTR® bit 0 (connected to switch) is input (1)
while (1)

LATD = LED Display; // output LED Display value to PORTD LEDs

LED Display <<= 1; // rotate display by 1

#define Switch_Pin PORTBbIits.RBO
The demo board switch is connected to
I/O pin RBO, which is normally pulled up
while (Switch Pin i= 1);// wait for switch to be released to VDD internally. When the switch is
Switch Count = 5; pressed, it pulls RBO to ground (low
do state).

{ // monitor switch input for 5 lows in a row to debounce
if (switch Pin == 0}
{ // pressed state detected
Switch Count++;
}

else

{

if (LED Display == 0)

y:
LED Display = 1 // rotated bit out, =0 set bit o0

Switch Count = 0;

DelaylOoTCYx(25); // delay 250 cycles or 1ms.
} while (sSwitch Count < DetectsInARow);



PIC18F46K20 Pin Diagram

44-pin TQFP 5&
.
. & . B&E
§83§§§§§§9
BHALaaLDOE
33385288889
HHHHHHHHAE
IUYTIRBERS
RCTRXDT =——CI1 0 330 NC
e e P DSCICLKOUTRAS
RDSPSPAP1B =113 31 -—
RD&PSPaPICc =tz PIC18F43K20 3000 «— OSC1/CLKINRAT
ROTPSPTPID =—~CIQ5  PIC18F44K20 2B~ Ve
v — T 8 — Do _
Voo —err]; PIC18F45K20 ;ome— REDTTANT
RBOINTOFLTOAN1I2 =— I8 PIC18F46K20 26T -— RE1/WR/ANG
RB1/INTI/AN10/C12IN3- -—C1 9 25001 =— REQRDVANS
RB2ZINT2ZANS -=—-C1T] 10 24010 -+ RAS/ANS/SS/HLVDIN/C20UT
RBAANQ/C12IN24CCP2Y) <—et7] 11 23000 =—= RA4TOCKUCIOUT

NOIVSCRSQYSN |
OTHHHEHEHHEEE
000000000
SREARRAR! WpinPOIP g
MCLR/V==/RE3 —[] 1 _/ 40 [ =— RETKBIVPGD
3¥=3§°n$’:ii RAD/ANO/CI2ING- «— 2 20 [] «—— RBEKBIZPGC
zP ggagn_ RAVAN1/C12INT- —[]3 33 ] =— RBSKBIIPGM
5555;66‘3‘3 RAZ/AN2V=zr-/CVRerIC2IN® ——[] 4 37 [] =—= RB4/KBINANT11
gmgga Swi RAAN3VRE=+/C1IN+ =——[]5 28 [] =—— RBIANACI12IN2-/CCP2!
;5 "|d§§§§ RA4TOCKICIOUT «—[]6 25 [] =— RB2INTZANS
PRER 53: RAS/AN4/SS/HLVDIN/C20UT <—=[] 7 24 [] =< RB1IINTUANID/CIZINZ-
§§§ REOFD/ANS «——[8 o o o o 33 []+— REIINTOFLTOANI2
gg REVWRANG —Ho ST Y 2~
< RE2TSIANT -—[] 10 33§3 31 [ =—Vss
3 Voo —— 11 W w w w 30[-— ROT/PSPTPID
_ Vas — .12 R R L 200« ROVPSPEPIC
OSCICLKINRAT «—w]12 Q ©Q O O 23] «—— RDIPSPSPIB
OSC2CLKOUTRAS o w14 @ O O O 27 «— RD4/PSP4
RCOT10SOMI3CKI —— ] 15 28 [] «— RCT/RX/DT
RC1M0SICCP2 « o 16 25 [] =— RCBTX/CK
RCUSCK/SCL =— [ 18 23 [] =— RC4/SDI/SDA
RDOPSPD -—[] 12 29 [] ~— RD¥PSF3
RD1PSP1 =—= [ 20 21 ] «=—= RD2PSP2




Digital Input Port

INTCON2bits.RBPU = 0; // enable PORTB internal pullups Interrupt Control
WPUBbits.WPUBO = 1; // enable pull up on RBO Weak Pull Up

ANSELH = 0x00; // AN8-12 are digital inputs (AN12 on RB0O) Analog Sel
TRISBbits.TRISBO = 1; // PORTB bit 0| (connected to switch) is input (1)

REGISTER 10-3: ANSELH: ANALOG SELECT REGISTER 2

u-0 u-0 u-0 Riw-11 Rw-1(1 RAW-11 Riw-11 Rw-11
— | = | = | ANs12 | ANS11 | ANS10 ANSS ANS8
bit 7 bit 0
Legend:
R = Readable bit W = Writable bit U = Unimplemented bit. read as '0’
- = Value at POR ‘1" = Bitis set ‘0" = Bit is cleared x = Bit is unknown PIC 1 8 F46 KZO
bit 7-5 Unimplemented: Read as '0’ 40-pin PDIP WMCLRNV==RE3 —[] 1 \_/ 40 ] <—— RBTKBIVPGD
bit 4 ANS12: RBO Analog Select Control bit RAD/ANO/CIZING: =—— ]2 30 ] «— RBGKBI2ZPGC
S £ RAVANT/C12INT- —[] 3 38 [] = RB5/KBI1/PGM
1= D!gftal ?nput buffer of RBO is disabled RA2/AN2Vazs-ICVREF/C2INS ds 7 h RE4/KBIVAN11
3 = Digital input buffer of RED is enabled RAVAN3VRe=+/C1IN+ =—[]5 38 [ =—— RBIANC12IN2-/CCP2"
RA4TOCKICIOUT ——s[] 6 25 [] =— RB2INTZANS
RAS/AN4/SSHLVDIN/C20UT =—= 7 0
- . RE&;RD?ANS —=[8% oooo 33[ - RSINTOFLTO/ANIZ
Pins are configured as REIWRANS ~—o F IS Voo
| d t | ) th SFR RE2TT/ANT «—[] 10 33§3 31 Q
analog or daigital In e S ve_fi EB5E 5k mosesearic
OSC1/CLKINRAT «—]13 Q ©Q O Q 23] «—— RDSPSPSPIB
ANSEL and ANSELH OSC2/CLKOUT/RAB ._.E 14 OO0 70 - RO4PSP4
RCOT10SOMI3CK =——e ] 15 28 [] «— RCT/RXDT
RCIMOSICCP2™" o] 18 25 [] =— RO&TX/CK
RCSCK/SCL =~— ] 18 23 [] =——= RCA/SDISDA
RDOPSPD -— ] 12 22 [] ~— RDUPSF2
RD1PSP1 «—=[]20 21 [] =—= RD2PSF2




Class Exercise
o Find the following bits in the Data Sheet:

INTCON2bits.RBPU // enable PORTB internal pullups

WPUBbits.WPUBO = 1; // enable pull up on RBO
ANSELH = 0x00; // BN8-12 are digital inputs (AN12 on RBO)

TRISBbits.TRISBO = 1; // PORTB bit q (connected to switch) is input (1)

Il
o



Interfacing a Matrix Keyboard

RB7
RB6
RB5
RB4
RB3
RB2
RB1
RBO
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Keyboard as seen by software
before the lookup table
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Interfacing a Matrix Keyboard

O Software

= To recognize and encode the key pressed, the
program should:
Ground all the columns by sending zeros.
Check each key in a row for logic zero.

Ground one column at a time and check all the rows
in that column.

Once a key is identified, it is encoded based on its
position in the column.



Matrix Keyboard Sottware

o //

o // key codes for a telephone style keypad 1 2 3

o // stored as static constants in the program memory

o //

o rom near char lookupKey[] = 4 5 6

o {

o 1,4,7,10, // left column

o 2,538,0, // middle column 7 8 9

o 3,6,9, 11 // right column

o }i

o // 10 0 |11

o // uses function Switch

o //

o unsigned char Key(void)

o {

[u] #define MASK 0xOf // set mask

o #define ROWS 4 // set number of rows
o char a;

o char keyCode;

o PORTB = keyCode = 0; //clear Port B & keyCode

o Switch( MASK ); // de-bounce and wait for any key
o PORTB = OxFE; // select a leftmost column

o

o while ( ( PORTA & MASK ) == MASK ) // while no key is found

o {

o PORTB = (PORTB << 1) | 1; // get next column

o keyCode += ROWS; // add rows to keycode
o

o for(a=1;al=0;a<<=1)

o { // find row
o if ((PORTA&a)==0)

o break;

o keyCode++;

o

o return lookupKey[keyCode]; // lookup correct key code

o b



7-Segment Interface
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// 3k 3k %k 3k %k 3k %k %k %k %k %k %k %k *k %k k %k program memory data % % %k %k %k 3k 3k K 5k %k ok 3k %k ok %k ok %k %k ok %k kK ok %k ok ok
rom near char look7[] = // 7-segment lookup table

{

¥

0x40, // 0 active low signals
0x79, // 1 xgfe dcba

0x24, // 2

0x30, //3

0x19, // 4

Ox12, //5

0x02, // 6

0x78, // 7

0x00, // 8

0x10 //9

// ¥kkkkkkkkkkkk¥kkk* data memory data % % %k %k %k 3k %k ok 3k %k ok %k ok 3k %k ok %k ok %k %k ok ok ok ok ok ok ok ok

int count;

#pragma code

// ¥kkkkkkkkkkkkkkkkdda-bounce functions % kskkskkk sk k %k k dk %k 5k % %k 5k %k %k 5k %k 3k 5%k %k 5k % %k % % %k %k *k %

void Switch( char bit )

{

do // wait for release
{
while ( ( PORTA & bit ) != bit );
Delay1lKTCYx(30); // 15 ms delay
}while( ( PORTA & bit ) != bit );
do // wait for press

{
while ( ( PORTA & bit ) == bit );
Delay1lKTCYx(30);

}while( ( PORTA & bit ) == bit );

// ¥k kkkkkkkkkkkkkk* main program 3k 3k %k 3K 3K 3k %k %k K 3K 3k %k %k 3k 3K %k 3k %k %k K 3k %k %k %k K %k %k %k k Kk k %k
void main (void)

{

ADCON1 = Ox7F; // Ports A and B are digital

TRISA = 1; // Port A, bit 0 is input
TRISB = 0; // Port B is output
count = 0; // start count at zero
while (1) // main loop
{
PORTB = look7[count]; // display number
Switch( 1); // wait for pushbutton
count++;
if (count >=10)
count = 0;
b

7-Segment

Control Software with
De-bounce >

Each time the input is
Pressed the number
Shown by the 7-segemnt
Increments!



Intertacing 1.CD
(Liquid Crystal Display)

O Problem statement

= Interface a 2-line x 20 _

CharaCter LCD mOdU|e W|th Bot "2%... Esszaggds
the built-in HD44780 T
controller to I/O ports of the

PIC18 microcontroller

0 Multi-LCDs refer to LCDs
with different interfaces



Converting to ASCII

o The LCD can represent characters in ASCII
o For example number 0x08 - must be converted to 0x38

o To perform this:

= If W=0x08 then ASCII=XORLW 0x30->W=38

Dec HxOct Char Dec Hx Oct Html Chr |Dec Hx Oct Html Chr| Dec Hx Oct Html Chr
0 0 000 NUL {null) 32 20 040 &#32; Space| 64 40 100 &«#64; B | 96 60 140 &#96;
1 1 001 S0H (start of heading) 33 21 041 &#33; ! 65 41 101 &#65; A | 97 61 141 &«#97; a
2 2 002 STX (start of text) 34 22 042 &#34; " 66 42 102 &«#66; B | 95 62 142 &«#98; b
3 3 003 ETX (end of text) 35 23 043 &«#35; # 67 43 103 &«#67; C 99 63 143 &«#99; cC
4 4 004 EOT {(end of transmission) 36 24 044 &#36; § 658 44 104 &«#68; D (100 64 144 &«#100; d
5 5 005 ENQ (enquiry) 37 25 045 &«#37; % 69 45 105 &«#69; E |101 65 145 &«#l0l;
6 6 006 ACK (acknowledge) 38 26 046 &#38; & 70 46 106 &#70; F |102 66 146 &#102; £
7 7 007 BEL (bell) 39 27 047 &«#39; ' 71 47 107 &«#71; G |103 67 147 &«#103; ¢
8 8§ 010 BS (backspace) 40 28 050 &#40; | 72 48 110 &«#72; H |104 68 150 &«#104; h
9 9 011 TABE (horizontal tab) 41 29 051 &«#4l: ) 73 49 111 «#73; I [105 69 151 &#105; 1
10 A4 012 LF (NL line feed, new line)| 42 24 052 &«#42; * 74 44 112 &#74; 7 [106 64 152 &«#106; J
11 B 013 VT (wertical tab) 43 2B 053 &«#43; + 75 4B 113 &#75; K [107 6B 153 «#107; k
12 C 0l4 FF (NP form feed, new page)| 44 2C 054 «#44; , 76 4C 114 «#76; L (108 6C 154 &«#108; 1
13 D 015 CR (carriage return) 45 2D 055 &«#45; - 77 4D 115 &«#77; M |109 6D 155 &#109; m
14 E 016 50 (shift out) 46 2E 056 &«#46; . 78 4E 116 &#78; N |110 6E 156 &#ll0; n
15 F 017 58I (shift in) 47 2F 057 «#47; / 79 4F 117 «#79; 0 |111 6F 157 &#lll:; o
16 10 020 DLE (data link escape) 43 30 060 &#48; 0 80 50 120 &«#80; P |112 70 160 &#ll2:; p
17 11 021 DC1 (dewice control 1) 49 31 061 &#49; 1 81 51 121 &«#81; 0 |113 71 161 &#113; 4
18 12 022 DCZ (dewvice control 2) 50 32 062 &#50; 2 82 52 122 «#82; R |114 72 162 &#lld; ¢
19 13 023 DC3 (dewvice control 3) 51 33 063 &#51; 3 83 53 123 &«#83; 5 |115 73 163 &#ll5; S
20 14 024 DC4 (device control 4) 52 34 064 &#52; 4 84 54 124 «#84; T |116 74 164 &#ll6; ©
21 15 025 NAK (negatiwve acknowledge) 53 35 065 &#53; 5 85 55 125 &«#85; U |117 75 165 &#l17: u
22 16 026 5YN (synchronous idle L 86 56 126 &«#86; V |118 76 166 &#ll3: v
23 17 027 ETE (end of trans. 55 37 067 &«#55:; 7 ',? 57 127 &«#87; W (119 77 167 &#119; w
24 18 030 CAN {(cancel) &«#56; 8 G5 58 130 &«#88; X [l20 78 170 &#$l20; x
25 19 031 EM {(end of medium) 89 59 131 &#89; Y |121 79 171 &«#lZl: ¥
26 14 032 SUE (substitute) 58 3A 072 &«#58; : 90 S5A 132 &#90; Z |122 7A 172 &#lz2; 2z
27 1B 033 ESC (escape) 59 3B 073 &«#59; ; 91 5B 133 &#91; [ |123 7B 173 &#123; {
28 1C 034 F3 (file separator) 60 3C 074 &«#60; < 92 5C 134 &#92; % |124 7C 174 &«#l24;
29 1D 035 G5 (group separator) 61 3D 075 &#61; = 93 5D 135 &«#93; ] |125 7D 175 &#125; }
30 1E 036 RS (record separator) 62 3E 076 &#62; > 94 S5E 136 &#94; * |126 7E 176 &#l26; ~
31 1F 037 US (unit separator) 63 3F 077 &#63; 7 95 5F 137 &«#95; 127 7F 177 &«#127; DEL




Intertacing 1.CD

o Hardware
= 20 x 2-line LCD displays (two
lines with 20 characters per
line)
= LCD has a display Data RAM

(registers) that stores data in
8-bit character code.

= Each register in Data RAM has
its own address that
corresponds to its position on
the line.

The address range for Line 1 is
00 to 13H and Line 2 is 40H to
53H.
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RS

R6

M
10K

30

<
o

3 | ERE]

LCD1

0x00
0x01 3\,8

0x014

0x040
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4
DBO —
e om1 [£-
1 RW DB2 7—
[ DB3 5=
= b DB4 |5
} Vee DB5 R0
! 12 10
5 GND DB6 7 RD2
GND1 DB7

|

BSY g2, =zmmazss
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Intertacing 1.CD

o Driver HD77480

= Three control signals:
RS - Register Select (RA3)
R/W - Read/Write (RA2)
E - Enable (RA1)

= Three power connections

10K
AN

RS

LCD1

E

DBO
DB1

RW

DB2

RS
Vee
Vee

DB3

DB4

DB5

GND
GND1

DB6
DB7

Power, ground, and the variable register to control

the brightness

DB7 8

DBO

RW ———»

RS ———»

Control LSI
HD44780

or equivalent

COM 16

SEG 40

LCDP

40 characters x 2lines

SEG 160

Column Driver

LC7930N x 4
or equivalent

R

D

“laloimi~o ;|
b (=]

Ajolola

o o

S B =]
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Intertacing 1.CD

o Can be interfaced either in the 8-bit mode or the
4-bit mode

= In the 8-bit mode, all eight data lines are connected for
data transfer

= In the 4-bit mode, only four data lines (DB7-DB4 or
DB3-DBO0) are connected and two transfers per
character (or instruction) are needed

o Driver (HD77480) has two 8-bit internal registers

o IL%%ruction Register (IR) to write instructions to set up

= Data Register (DR) to write data (ASCII characters)

IR REGISTER
DR REGISTER




ommand and Instruction set for
LCD type HD44780

[ Code I Deccrlption Execution
RS |[RW|DB?|DB8|DB5|DB4|DB3| DB2| DB1| DBO| Time
Clear Clears the display and returns
Displa 0 oflo0 oo |0 0] 0] 0] 1 |the cursorto the home position 82ps~1.64ms
Y
(address 0).
Returns the cursor to the home
position (addrass 0). Also returns
::ﬂg‘ ol ojofojofo] of O 1] * |ashifted display to the home 40ps-1.64ms
position. DD RAM contents
remain unchanged.
Entry Sets the cursor move direction
Mode 0 0| 0 0| 0 0 0 1]UD | S |and enables/disables the display. 40ps
Set
Tums the display ON/OFF (D), or
Displa: the cursor ONVOFF (C), and blink
ON’O!F LA LA RCH BUA LS B 1| O €| B |of the character st the cursor dlpe
Control position (B).
Cursor & Moves the cursor and shifts the
Display 0 0] 0 0|0 1 |SIC]RL| * * | display without changing the DD 40us
Shiﬂ RAM contents.
. Sets the data width (DL), the
g:?d'm o]l ol o| o 1oL Ns] F| * | # |numberoflines inthe display(L). 40us - - *
and the character font (F). Set Sets the CG RAM address. CG
CGRAM | 5| ol o Acg RAM data can be read or alterad 40us
Address after making this setting.
Set Sets the DD RAM address. Data
DD RAM o] o0 1 Apo may be written or read after mak- 40us
Address ing this setting.
Reads the BUSY flag (BF) indi-
slo:ad&ausy o P G cating that an internal operation .
Address is being parformad and reads the Hs
address counter contents.
Write Data ) Writes data into DD RAM or CG
to CG or 1 0 Write Data RAM 46us
DD RAM .
Read Data Reads data from DD RAM or CG
fromCGod 1 1 Read Data RAM 48pus
DD RAM )
I'D = 1: Increment I'D = 0: Decrement DD RAM: Display data RAM Exacution
S =1: Accompanies display shift. CG RAM: Character generator times are typi-
S/C= 1: Display shift SJC = 0: cursor move RAM cal. If transfers
R/L=1: Shift to the right. R/L=0: Shift to the left. Aca: CG RAM Address are timed by
DL =1: 8 bits DL =0: 4 bits Apg: DD RAM Address software and
N =1: 2lines N =0: 1line Corresponds to cur- the busy flagis
F =1: 5x10 dots F =0: 5x7dots sor addrass. not used, add
BF =1: Busy BF = 0: Can acceptdata |ac: Address counter 10% to the
# Set to 1 on 24x4 modules Used for both DD abave times.

3 With KS0072 is Address Mode.

and CG RAM
address.




Intertacing 1.CD

o LCD Operation
= When the MPU writes an instruction to IR or data to DR,
the controller:

Sets the data line DB7 high as a flag indicating that the
controller is busy completing the operation

Sets the data line DB7 low after the completion of the
operation

= The MPU should always check whether DB7 is low before
sending an instruction or a data byte

= After the power up, DB7 cannot be checked for the first
two initialization instructions.



Intertacing 1.CD

o Writing to or reading from LCD
o The MPU:

Asserts RS low to select IR
Reads from LCD by asserting the R/W signal high

Asserts the E signal high and then low (toggles) to latch a data
byte or an instruction

Asserts RS high to select DR
Writes into LCD by asserting the R/W signal low

Asserts the E signal high and then low (toggles) to latch a data
byte or an instruction



HD44780 Bus Timing

RS )J :
\ Symibol Meaning Min_ Typ Max. Unit
o tAS—p] e tovoue Enable cycle time 1000 ns
— 1 PWen Enable pulse width (high leval) 450 - ns
R/W / ten ter Enable rise-dhd decay time - 25 ns
PW, . tas Address setup time, RS, R/W,.E 60 - ns
‘ EH ] | tes toor Data delay time - 360 ns
[ A /_ tosw Data setup time 195 - ns
E \ ) ty Data hold time {write) 10 ns
oHR Data hold tine (read) 5 ns
' ter > M toom —>] l“tDHR tan Address hold timé B 20 ns
DB0-DB7 )( Valid data » K
! |
- tovoLe _ 7
RS RS is asserted High
Read timing diagram L ),
[—AS =] AH
RW 51 ‘
— PWgy , .
—p| L tEf
Y N /-
i —_
« Asserts RS high to select DR E gy ——
« Writes into LCD by asserting

tEl'-'> ’.‘— ] tH
: )L Valid data

the R/W signal low DBO-DB7 |

+ Asserts the E signal high and - vore
then low (toggles) to latch a |
data byte or an instruction

Write timing diagram



Inter facing LCD (Write)

O Software

= To write into the LCD, the program should:

Send the initial instructions (commands) before it can
check DB7 to set up the LCD in the 4-bit or the 8-bit
mode.

Check DB7 and continue to check until it goes low.

Write instructions to IR to set up the LCD parameters

such as the number of display lines and cursor
status.

Write data to display a message.



Resetting L.LCD

O In 4-bit mode the data is sent in nibbles

First we send the higher nibble and then the lower nibble.

o To enable the 4-bit mode of LCD, we need to follow special
sequence of initialization that tells the LCD controller that
user has selected 4-bit mode of operation:

Wait for about 20mS

Send the first init value (0x30)

Wait for about 10mS

Send second init value (0x30)

Wait for about 1mS

Send third init value (0x30)

Wait for 1mS

Select bus width (0x30 - for 8-bit and 0x20 for 4-bit
Wait for 1mS

http://www.8051projects.net/lcd-interfacing/commands.php



http://www.youtube.com/watch?v=tTym5apZwCE

http://video.google.com/videoplay?docid=7437543675646211278#



Organic LED

o Organic light-emitting diodes - OLEDs - emit light when a current
flows through them
o Unlike conventional LEDs, OLEDs are made from layers of plastic
and other organic (carbon-based) materials
= Very flexible!

Applications: displays in MP3 players and phones

Advantages:
= cheaper than the techniques required to make conventional LEDs.
= inherently thin
= can be made on flexible plastic substrates
= all colors, and multi-colors, are possible

o Disadvantages

= incredibly sensitive to moisture which leads to short life - glass blocks
all moisture, so displays made on a glass substrate and covered by a
second glass sheet can have a long life, particularly if the edges are

hermetically sealed

O o0

http://en.wikipedia.org/wiki/Organic_LED



Organic LED

o OLEDs are generally made of several
layers

O A typical stack (variations are possible):
= Anode
= Electron donor
= Electron transport
= Emitter
= Hole transport
= Hole donor.
= Cathode



Reterences

e http://home.iae.nl/users/pouweha/lcd/
cdO.shtml|
e Huang




