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1. Introduction / Theory of operation
This lab had us working with the microcontroller’s LCD and push button matrix to
display strings and data on the LCD either hard coded in or from the keypad/push button matrix.
We first hard coded a string display message, then a string message when a push button in the
matrix was pressed, and then when a code was inputted correctly.

2. Experiments
a. Experiment 1:

1000000UL




#define
#define

lcd init ()

lcd cmd( cmd _out) ;
lcd data( data out);
lcd str( *str) ;

DDRB |= OXFF;

DDRC |= (1<<rs) | (1l<<rw) | (1<<en):;
lcd init();

lcd str("Rojas, Kimberly");

lcd cmd (0xCO) ;

lcd str("CPE 301L: Lab 8");

while (1)

{}

lcd cmd (0x38) ;
lcd cmd (0xE) ;

lcd cmd (0x1) ;

(
(
(
lcd cmd (0x80) ;

lcd cmd ( cmd out)

data = cmd out;
PORTC &= ~ (1<<rs);
PORTC &= ~ (1<<zrw) ;
PORTC |= (1<<en):;
_delay ms(10);




PORTC &= ~(1<<en);
_delay ms(10);

lcd data( data out)

data = data out;
PORTC |= (1<<rs);
PORTC &= ~ (1 << rw);
PORTC |= (1<<en);
_delay ms (10);

PORTC &= ~ (1 << en);
_delay ms(10);

i=0;
while (str[i]!="\0")
{

lcd data(str[i]);

i++;

b. Experiment2:


https://www.youtube.com/shorts/u3HjRn0tbeM

16000000UL

vr/io.h>

util/delay.h>

#define
#define

lcd init ()
lcd cmd( cmd _out) ;
lcd data( data out);
lcd str( str) ;
check () ;

main ()

DDRD 0xO0F;
DDRB OxFF;




PORTB 0x00;
DDRC |= (1<<rs) | (1<<rw)
PORTC = O0OxFF;
while (1)
{
lcd init ()
_delay ms(5);
check () ;
_delay ms (5);

lcd init ()

lcd cmd (0x38) ;
lcd cmd (0xOF) ;
( ) i
( )

r

lcd cmd (0x01
lcd cmd

r

lcd cmd ( cmd out)
data = cmd out;
PORTC &= ~ (1<<rs);
PORTC &= ~ (1<<zrw) ;
PORTC |= (1<<en):;
_delay ms (10);

PORTC &= ~ (1<<en);
_delay ms(10);

lcd data( data out)

data = data out;

PORTC (1<<rs) ;
PORTC &= ~ (1 << rw);




PORTC |= (1<<en):;

_delay ms(10);
PORTC &= ~ (1 << en);
PORTC &= ~ (1 << rs);
_delay ms (10);

1=0g
while(str[1i]!'="\0")
{
lcd data(str[i]);

i++;

check (

PORTD = 0b00000001;
if ((PIND & 0b11110000) == 0b00010000)

lcd str("A was pressed");

else if ((PIND & 0b11110000) == 0b0010000O0)
lcd str ("4 was pressed");

else if ((PIND & 0b11110000) == 0b0100000O0)

lcd str ("7 was pressed");
else if ((PIND & O0bl11110000) == 0b1000000O0)

lcd str("* was pressed");

PORTD = 0b00000010;

if ((PIND & Ob11110000) == 0b00010000)
lcd str ("1 was pressed");

else if ((PIND & 0b11110000) == 0b0010000O0)
lcd str ("5 was pressed");

else if ((PIND & 0b11110000) == 0b0100000O0)
lcd str ("8 was pressed");

else if ((PIND & 0b11110000) == 0b1000000O0)




lcd str ("0

PORTD = 0b00000100;
if ((PIND & 0Ob11110000) == 0b00010000)
lcd str ("2 5 pre 1") ;
if ((PIND & 0Ob11110000) == 0b00100000)
lcd str ("6
if ((PIND & Ob11110000) == 0b01000000)
lcd str ("9 5 pre 1) g
((PIND & 0b11110000) == 0b10000000)
lcd str("# was p ed") ;

PORTD = 0b00001000;
if ((PIND & Ob11110000) == 0b00010000)
lcd str ("3 was pre
((PIND & 0b11110000) == 0b00100000)
lcd str ("B P ) g
if ((PIND & 0Ob11110000) == 0b01000000)
lcd str("C 5 pre
if ((PIND & Ob11110000) == 0b10000000)
led str ("D pressed") ;

c. Experiment 3:


https://youtube.com/shorts/FyYyDkmIfuI?si=8nhtmYTzVGYVlDXP

16000000UL
include
#include
#include<avr/

#include<uti

#define
#define
#define

#define

lcd init ()

lcd cmd ( cmd out) ;
lcd data( data_out) ;
lcd str( wElee)




lcd key ( keyin) ;

seqcompare () ;
check () ;

sequence[6] = "4214D";

seqgin[6] = "";
digit = 0;

] 1

keyin = g

main ()

DDRD = 0xO0F;

DDRB |= OxFF;
PORTB 0x00;
DDRC | (1<<rs) | (1<<rw)
PORTC OxFF;

lcd init ()
while (1)
{

check () ;

lcd init ()

lcd cmd (
lcd cmd (0x0F
lcd cmd(

lcd cmd (0x80

r
’

’

r

)
)
)
)

lcd cmd ( cmd _out)




data = cmd out;

PORTC &= ~ (1<<rs);
PORTC &= ~ (1<<rw) ;
PORTC |= (1<<en):;

_delay ms(10);

PORTC &= ~ (1<<en):;
_delay ms (10);

lcd data( data out)

data = data out;

PORTC |= (1<<rs):;
PORTC &= ~ (1 << rw);
PORTC |= (1<<en):;

_delay ms(10);
PORTC &= ~ (1 << en);
PORTC &= ~(1 << rs);
_delay ms (10);

lcd str(

i=0;
while (str[i]!="\0")
{
lcd data(str[i]);

AR g

lcd key ( keyin)

seqgqin[digit] = keyin;




str[2];
str[0] = keyin;
str[l] = '"\0';
lcd str(str);
if (segin[digit] == 'D"'")

seqgcompare () ;

digit++;

seqcompare (

if (strncmp(seqgin, sequence, 5)

lcd cmd (0x01) ;
lcd str ("Lock Opened") ;

lcd cmd (0x01) ;

lcd str("Incorrect Code");

check (

PORTD = 0b00000001;

if ((PIND & 0Ob11110000) == 0b00010000)

lcd key ('A');

else if ((PIND & 0bl11110000) == 0b00100000)

lcd key('4'");
else if ((PIND & O0b11110000) == 0b0100000O0)

lcd key('7');
else if ((PIND & 0b11110000) == 0b1000000O0)

lcd key ('*');




PORTD = 0b00000010;

if ((PIND & 0b11110000) == 0b00010000)

lcd key ('1');

else if ((PIND & 0bl11110000) == 0b00100000)

lcd key('5");
else if ((PIND & 0b11110000) == 0b0100000O0)

lcd key('8');
else if ((PIND & 0b11110000) == 0b10000000)

lcd key('0');

PORTD = 0b00000100;

if ((PIND & 0b11110000) == 0b00010000)

lcd key('2");

else if ((PIND & 0b11110000) == 0b0010000O0)

lcd key('6');
else if ((PIND & 0bl11110000) == 0b01000000)

lcd key ('9');
else if ((PIND & 0bl11110000) == 0b10000000)

lcd key ("#');

PORTD = 0b00001000;

if((PIND & 0b11110000) == 0b00010000)

lcd key('3");

else if ((PIND & 0b11110000) == 0b00100000)

lcd key('B');
else if ((PIND & 0b11110000) == 0b0100000O0)

lcd key('C');
else if ((PIND & 0b11110000) == 0b10000000)

lcd key('D'");

_delay ms (20) ;




3. Questions

a. We connected the data connections (D4-D7) to PORTB for the visual display. We
connected RS, RW, and EN to PORTC’s PCO, PC1, PC2 respectively.

b. The keypad is organized in a 4x4 matrix similar to an array matrix in c++ in how first you
would need to access the column then the row.

c. The difference between 16x2 and 40x2 is the amount of char symbols, font size, and lines
that can be displayed. Thel6x2 has 16 rows and 2 columns and the 40x2 displays 40 rows
and 2 columns.

4. Conclusions
We had difficulty understanding how to get the push button working correctly as at first it
wouldn't work so I tested it on the dip switch above the 4x4 push button matrix and it worked. I
changed how I masked the input and it eventually worked.



