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Executive summary

In this Module we will use PIC18F4550 with seven segment displays.
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Chapter 1: Overview

Table 1. Overview

e The student will be able to connect seven segment displays on the
microcontroller

e The student will be able to handle code for seven segment displays

e The student will be able to design simple circuits with seven segment
displays

e The student will be able to load and animate a microcontroller
program in the Proteus Design Suite

Seven segment, display, LED, outputs

The duration of the module_2-9 is 3 hours

o Presentation of the module_2-9 by the teacher, 30 minutes
e 1% activity, three seven-segment displays, 30 minutes

e 2" activity, input binary number — output to seven segment displays,
45 minutes

e 3" activity, real time clock, 75 minutes

The teacher:

Presents the slides associated with the module_2-9 and answers question

The students:
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Draw circuits in Proteus Schematic, write programs in C language, load
programs to a microcontroller and run the simulation using the Proteus
Design Suite

At the end of the Module_2-9 will be given:
o Open Project

e Material: PC

e Software: CCS C compiler, Proteus Design Suite

e The student must be familiarized with the Proteus Design Suite

(link1)

e The student must be completed Module 2-1, Module 2-2 and
Module_2-8

e CCS C Compiler manual (C Compiler Reference Manual)

e MICROCHIP, PIC18F2455/2550/4455/4550 Data Sheet

e Module_2-9 slides
e Module_2-9 Evaluation leaflet
e Module_2-9 Open project leaflet

e Module_2-9 Programs, Schematic Proteus (Compressed folder)

Tip. Common anode vs common cathode seven segment display
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Chapter 2: Activities

2.1 Activity 1. Three seven segment displays

The purpose of the activity is to display the number 123 on three seven-segment displays.

Table 2. Activity 1

Draw the circuit of the picture in the Proteus Design Suite. Three
common-cathode 7-segment displays are connected to PORTB of
the 18F4550 microcontroller as shown in the figure. The base of the
transistor corresponding to the right display is connected to PIN_CO,
the base of the transistor corresponding to the middle display is
connected to PIN_C1, and the base of the transistor corresponding
to left display is connected to PIN_C2.

8X3300Q

5

Figure 1. Connections
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Write in CCS Compiler the program in C language

#include <main.h>
#byte PORTB=0xF81
//define PORTB data register
#byte PORTC=0xF82
//define PORTC data register

void main ()

{

set tris b (0x00); // define PORTIB as output
set _tris c(0x00); // define PORTC as output

while (TRUE) {
// the codes of each digit are sent every 5 ms
// by activating the corresponding display

//...Number 3

PORTC=0b00000001; //activate the right display
PORTB=0b01001111; //code for “3”

delay ms(5);

//...Number 2

PORTC=0b00000010; // activate the middle display
PORTB=0b11011011; //code for “2”.

delay ms(5);

Y Number 1
PORTC=0b00000100; //activate the left display
PORTB=0b00000110; //code for “1”
delay ms(5);
}
}
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Compile the program in C in order to create the program in the
microcontroller machine code (hex file).

« CCs C Compiler - O X
Edit Search Options | Compile | View Tools Debug Document  User toolbar o @
&3 Compile arget £ C/ASM List
§ Unknown v \
’ « % Rebuild L’ & = :& = = Call Tree
Build Build & Run g Clean Program Debug Statistics & Symbols
Compile Compiler Run Ouput Files
[Fcactivity_1.c | x
P
B 1
3 2 #include <main.h> // th
] 3
% 4
2 s
|
=z
Ly 2
'i,‘ 9 #include <flex_lcd.h> The h
2 10 shoul rogram.
3 11
o 12
13 e
14
15
16 | #byte PORTB =0xF81
17
18
19
20
21
22 |E void main(){
23 lcd_init(); 1
24 led_putc("\f"); cl
25 lcd_gotoxy(3,1); t
26 1cd_putc("ELECTRONICS");
27 lcd_gotoxy(4,2); ne
28 led_putc("*=***");
29
30 while(TRUE){;} he main program do th te loop
aill | )
‘ 32
Figure 2. CCS C Compiler, translation to machine code (hex file)

Load to the microcontroller the hex file (program in machine code)
that was created from the CCS Compiler.

Run the simulation and check the correct operation of the circuit.

2.2 Activity 2. Input binary number - output to seven

segment displays

The purpose of the activity is to continuously read the value of PORTB which is used as an input and

display its value in the decimal number system in the
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Table 3. Activity 2

Step 1. The circuit is drawn in the Proteus Design Suite.

Step 2. The program in C language is written.

Step 3. The program is compiled with the use of CCS C compiler to
the microcontroller machine code. The machine code is loaded to
the flash memory of the microcontroller.

Step 4. The animation is activated.

Draw the circuit of the picture at the Proteus Design Suite.

R11[| R4 || RS[| R6| | R7[ | R8[ | R9 | R10 U1
10k 10k 10k | | 20k| | 20| | 20k| | 20k| | 20k

RAO/ANO
RA2/AN2IVRE]
RA3/AN3/VRE]
RA4/TOCKIC]|
RA5/AN4/SS

RAB/0SC2/CL
OSCL/CLKI

®swie

2

©|s |B|:|N|m|m|b|w|r\l

il
il

35
36
37

RB3/ANY/CCH
RB4/AN11/KB|

39

|7
LTI
5[8]8

—— vusB
PIC18F4550

Figure 3(a). Dip-switches and 7-segment displays

Tl

Hell

Figure 3(b). Dip-switches and 7-segment displays
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Write in CCS C Compiler the program

#include <main.h>
#byte PORTB =0xF81
#byte PORTC =0xF82
#byte PORTD =0xF83

void main () {
// Define PORTB as inpout
// DEfine PORTC and PORTD as output
set tris b (0xFF);
set tris c(0x00);
set tris d(0x00);

int8 table[l6] ={
//Table of codes to display in a 7-segment
display

Ob00111111, //0
0b00000110, //1
0b01011011, //2
0b01001111, //3
0b01100110, //4
0b01101101, //5
Ob0l1111101, //6
0000000111, //7
O0b01111111, //8
0b01101111, //9
0b01110111, //A
Ob0l1111100, //B
0b00111001, //C
0b01011110, //D
0b01111001, //E
0b01110001};//F

int input value;

// variable to store the input value

int monades;

// variable to store the units of the input
value

int decades;

// variable to store the tens of the input value

int ekatontades;

// variable to store the hundredths of the input
value

while (TRUE) {
// the codes of each digit are sent every 5 ms
// by activating the corresponding display

input value=PORTB;

ekatontades=input value/100;

decades=(input value-ekatontades*100)/10;

monades=input value-ekatontades*100-
decades*10;

PORTC=0b00000100; //activate the left
display
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PORTD=table[ekatontades];
delay ms (5);

PORTC=0b00000010; //activate the middle
display

PORTD=table [decades];

delay ms (5);

PORTC=0b00000001; //activate the right
display
PORTD=table [monades];
delay ms (5);
}

Use the CCS C Compiler to translate the programm from C
language to the microcontroller machine code. Load to the
microcontroller the hex file (machine code) that was created from
the CCS Compiler.

Run the simulation and check the correct operation of the circuit.

2.3 Activity 3. Real time clock

In this activity we want to develop a real time clock. The system will work as follows: Initially the
indication will be 12:00. The indicator will be done in two phases. For one second the hour will be
displayed and for one second the minutes will be displayed. In order to be able to separate the
indication between hours and minutes, when the indication on the two rightmost indicators is the
hour, the leftmost indicator should show the “€Q”, while when the indication is the minutes, the
leftmost indicator should have the indication “IT”.

Table 4. Activity 3
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Draw the circuit of the Picture 1 in the Proteus Design Suite

The Timer0 overflow interrupt method will be used to measure the
time. Specifically, 5ms will be used as a time base, that is, an
interruption from TimerO will occur every 5ms. When 200
interruptions have passed, 1 second will have elapsed.

Let's assume that: Fclock=48MHz xoun Prescaler=1

To calculate what value timerQ should take we need to solve the
equation:

1
(65536 — y) * &
clock

4

* Prescaler = 5ms <=>y = 5536

Where vy is the initial value that Timer0 should have.

Write in CCS C Compiler the program

#include <main.h>
#byte PORTB =0xF81
#byte PORTC =0xF82
#byte PORTD =0xF83

// Variable definitions

int8 des=0;

//variable to select one of the three displays
int8 seconds=0;

int8 minute=0;

int8 hour=12;

int8 counter=200;

//variable to count interrupts

intl flag=0;

//choose to display hours or minutes

//Table of codes to display in a 7-segment display
int8 table[l6] = { 0b00111111, //0
0b00000110, //1

0b01011011, //2
0b01001111, //3
0b01100110, //4
0b01101101, //5
Ob01111101, //6
0b00000111, //7
0b01111111, //8
Ob01101111, //9
0b01101011, //@
0b00110111, //m

}i
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int8 dig[3] = {1,2,4};

transistors

// Function declaration
void timer0 int (void);
void init (void):;

void main ()

{
init ()
while (1) { }

// Interrupt Service Routine
#INT_TIMERO HIGH
void timer0 int (void) {

intl6 mon,dec,eka;

displays
set timer0(5536);
every bms
counter--;
//200 * 5 msec = 1 sec
if (counter == 0){
seconds++;
counter = 200;
flag™=1;

if (seconds > 59) {
seconds = 0;

minute++;

if (minute > 59) {
minute = 0;
hour++;

}
if (hour >24){
hour = 0;

}

if (flag == 0){

//Table for driving a single display from PORTC
//PORTC applies 5V to the base of only 1 of the 3

//variable to display digits in the 7-segment

//Timer0 initial value to have interrupts occur

//Counter is decremented by 1 and reset every

//if flag=0 then the minutes are displayed

dec = (int8)minute / 10;
mon = minute - dec * 10;
eka = 11;
}
if (flag == 1) {
//1if flag=1 then the hours are displayed
dec = (int8)hour / 10;
mon = hour - dec * 10;
eka = 10;
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des = ++des%3;

/* This variable takes the values sequentially

o, 1, 2, 0, 1, 2, 0, 1,
so that they are selected from the digl[de
array sequentially

the values .. 0000 0001, 0000 0010, 0000 0100 ..

and to activate the displays in order */

PORTC = digl[des];

if (des==0) {
PORTB = table[mon];
}
if (des==1){
PORTB = table[dec];
}
if (des==2) {
PORTB = table[ekal;

}

// Initialization routine
void init (void) {

set tris b (0x00);

set tris c(0x00);

PORTB = 0;
PORTC = 0;
counter = 200;
seconds = 0;
minute =0;
hour = 12;

des =0;

flag = 0;

SETUP_TIMER 0 (TO INTERNAL | TO DIV 1);
set timer0(5536);

enable interrupts (INT TIMERO) ;

enable interrupts (GLOBAL) ;

s]

Compile the program in order to create the hex.file (program in

machine code). Load the program (hex.file) to the microcontroll

er.

Run the simulation and check the correct operation of the circuit.
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Chapter 3: Recapitulation

@ The schematic of the circuits was drawn with Proteus Design Suite
& The programs in C was written in CCS C compiler.

@ The programs in C was compiled to the microcontroller machine code (hex file).

# The machine code was “loaded” to the microcontroller and the animation was activated.
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Figure 1.  Connections
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«5 CCS C Compiler - O X
m Edit Search  Options \ Compile View Tools Debug Document User toolbar a @
g6 ‘ &3 Compile Target ‘ L 8 C/ASM List

R -t ) [Unknown vI
W P - DRevuia % * = Call Tree
Buld  Buld&Run (g Clean [PcH 16 bit v Program Debug Statistics & Symbols
Compile Compiler Run Ouput Files
¢ activity_1.c x
1
2 #include <main.h> // the file main.h with the
3 // initial settings is included.
4 // This file must be placed in the same
S // folder with the project.
€ // Also the 18F455@.h file must exist
7 // in the same folder with the project
8
9 #include <flex_lcd.h> // The h file of the lcd driver
10 // should be in the same folder where we will save our program.
11 // The #define LCD_DB4 PIN_B4 etc statements in flex_lcd.c
12 // should be checked and possibly modified.
13 // These statements determine the pins of the microcontroller
14 // that are connected to LCD 2x16.
15
16 #byte PORTB =0xF81 // We attribute to the memory position @xF81 the name PORTB.
17 // This means that we define a 8 bit variable whose value
18 // will be stored to the memory position F81h.
19 // The memory position F81h is the PORTD data register.
20
21
22 | void main(){
23 lcd_init(); // Initialization routine
24 lcd_putc("\f"); // Clear display
25 lcd_gotoxy(3,1); // The cursor moves to the third position of the first line
26 lcd_putc("ELECTRONICS"); // print the message on the LCD
27 lcd_gotoxy(4,2); // he cursor moves to the fourth position of the second line
28 1cd_pute("'TTRY*")e // print the message on the LCD
29
30 while(TRUE){;} //The main program does nothing. Eternal loop
31 }
3zl

Figure 2.  CCS C Compiler, translation to machine code (hex file)
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Figure 3.
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