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Executive summary

In this Module we will use PIC18F4550 parallel ports as outputs.
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Chapter 1: Overview

Table 1. Overview

e The student will be able to define the pins of a microcontroller
parallel port as inputs or outputs by using commands in C language

e The student will be able to send a binary word to a parallel port that
has been defined as output

e The student will be able to connect LEDs to the pins of a
microcontroller

e The student will be able to write a program in C Language to turn
ON/OFF LEDs that are connected to the pins of a microcontroller

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

Direction Register, Data Register, Parallel Port, LED

The duration of the module_2-1 is 3 hours

e Presentation of the module_2-1 by the teacher, 30 minutes
e 1% activity, turn ON 8 LEDs connected to a parallel port, 1h

e 2" activity, turn ON/OFF 8 LEDs connected to a parallel port, 20
minutes

e 3" activity, rotate the value or PORTB, 20 minutes

e 4th activity, animate a moving dot (LED on) from left to right, 20
minutes
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The teacher:

Presents the slides associated with the module_2-1 and answers question

The students:

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_2-1 will be given:

Open Project

Material: PC

Software: CCS C compiler, Proteus Design Suite

The student must know the characteristic of a LED and how to
connect it to a DC source (link1)

The student must know the use of the Direction Register and the Data
Register of a microcontroller parallel port

PIC18F4550 datasheet (1/0 ports, p. 113)

The student must know the commands of CCS C Compiler associated
with the use of parallel ports

CCS C Compiler Manual (Built In Functions, DISCRETE 1/0 p. 159,
set_tris_x() command p.244)

The student must be familiarized with the Proteus Design Suite

(link2)
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https://www.electronicshub.org/simple-led-circuits/
https://www.youtube.com/watch?v=GYAHwYUUs34&t

e CCS C Compiler manual (C Compiler Reference Manual)

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

o Module_2-1 slides
e Module 2-1 Evaluation leaflet
e Module_2-1 Open project leaflet

e Module_2-1 Programs, Schematic Proteus (Compressed folder)

Tipl. Some devices have polarity, for instance the LED, they must be
connected in the right way.

Tip2. The program must include the main.h and the 18F4550.h files.
These files must be in the same folder with your project.
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https://www.ccsinfo.com/downloads/ccs_c_manual.pdf
https://ww1.microchip.com/downloads/en/devicedoc/39632c.pdf

Chapter 2: Activities

2.1 Activity 1. Turn ON/OFF four LEDs

The purpose of this activity is to turn ON 4 LEDs that are connected to the PORTB of the
microcontroller.

Table 2. Activity 1
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Draw the circuit of the picture in the Proteus Design Suite.

indicates the voltage drop across the LED

The voltmeter is connected parallel to the LED and

The animated LEDs present a voltage drop of 2,23 V

The ammeter is connected in series with the resistor and indicates
the current that passes through the resistor

The current that passes through the resistor is the same with the current
that passes through the LED (connection in series)

Ul

RAO/ANO RCO/T10SO/T1CKI
RAL/ RCL/T10SIICCP2/UCE
RA2/AN2/VREF-/CVREF RC2/CCPU/PIA
RA3/AN3IVREF+ RC4/D-VM
RA4/TOCKICIOUT/RCV. RC5/D+VP
RAS/ANA/SS/LVDIN/C20UT RC6/TX/CI

RA6/0SC2/CLKO. RC7/RX/DTISDO

OSCL/CLKI

= RBO/ANL2/INTO/FLTO/SDISDA
1/SCKI/SCL

VusB

PICI8F4550

RDO/SPPO
RDY/SPPL

RD7/SPP7/P1D

REO/ANS/CK1SPP
RE1/ANG/CK2SP!

RE3/MCLRVPP

R6 R5 R4 R3 R2 R1 RO
270 270 270 270 270 270 270

D2 D3 D4 D5 D6 D7 D8
LED- LED- LED- LED-} LED!

1

Figure 1.

LEDs connection to the PORTB parallel port
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Write in CCS Compiler the program in C language

#include <main.h>

// the file main.h with the

// initial settings is included

// This file must be placed in the same
// folder with the project

// Also the 18F4550.h file must exist

// in the same folder with the project
#byte PORTB =0xF81

// We attribute to the memory posistion 0xF81
// the name PORTB

// This means that we define an 8 bit

// variable whose value will be stored
// to the memory position F81h

// The memory position F8lh is the PORTB
// data register

void main (void) {

set tris b (0x00);

// PORTB is defined as output
// The PORTB direction register
// is given the wvalue 0000 0000

PORTB =0b011110000;
//The PORTB data register is given
//the value 1111 0000

while (TRUE) { }
// eternal loop
}

// closes the bracket of main ()

Calculate the value of the resistors so that the current through the
LEDs is in the range from 10 to 15 mA.

Tipl. We accept that the voltage drop across the red LED is 2,2 V
and we calculate the value of the resistor so that the current through
the resistor (and the LED) is 10 mA.

Tip2. The voltage drop across a LED depends on the color of the
LED and we should consult the manufacturers datasheet
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Compile the program in C in order to create the program in the
microcontroller machine code ( hex file).

tan Semth  Opfemts | Comnpiie View feclh Dwbig Dotument (1w Soola
o Camgie P \ © a5 ug|
#riarqseo v
’ T Ratus e - d - 3 Coll Tree
BT Bebd A Bn o Omm TO1 38 Wit ‘| pegm Ry
fan

FU LT A Symoon
Camenie Comnpant Otsint Frs
| | Fewenone_Oat

Aot lade <maln h>

‘
3 Alyte PORTE «Oufil
g

15 void mein{weid){

17 axt_tris_b(owie);

a1 FORTD «ipll1ileNee;
2
L riiite B g - .
3,‘ 1531 Indert Fit exercize D%s CALE
Maroe wage FONSOS  RaMTS 0%
DEvore. 0 Waress
il Sccentud

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 that the 4 LEDs to the left are turned
ON. Check that the voltage drop across the LED and the current
through it is as predicted.

Viep=___

ligp=
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2.2 Activity 2. Turn ON/OFF LEDs every 500ms

The purpose of this activity is to turn ON and OFF every 500 ms eight LEDs that are connected to
the PORTB of the microcontroller.

Table 3. Activity 2

Step 1. The circuit is drawn in the Proteus Design Suite. In this step
8 LEDs are connected to the PORTD parallel port. A voltmeter and
an ammeter are also connected to check the voltage drop across one
LED and the current through this LED.

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, and we check that the 8 LEDs
turn ON and OFF.
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Draw the circuit of the picture at the Proteus Design Suite.

-

Figure 3. LEDs connection to the PORTD parallel port
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Write in CCS Compiler the program in C language

#include <main.h>

// The file of the initial settings

// main.h is included

#byte PORTD =0xF83

// We attribute to the memory position
// 0xF83 the name PORRD

// This means that we create an 8 bit variable
// whose value will be stored

// at the memory position O0xF83

// The memory position F81lh is

// the PORTD data register

void main (void) {

set tris d(0x00);
// PORTD is made output
// This is done by giving to the
// PORTD direction register the wvalue 0000 0000
PORTD =0b11111111;
//We give to the PORTD data register
//the value 1111 1111
while (TRUE) ({
// eternal loop

delay ms (250);
//delay 250 ms

PORTD=0b00000000;
// turn off the 8 LEDs

delay ms (250);
//delay 250 ms

PORTD=0b11111111;
//turn on the 8 LEDs

}

// closes the bracket or while

}

// closes the bracket of main|()

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 that the 8 LEDs turn on and off.
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2.3 Activity 3. Rotate the value of PORTB

The purpose of this activity is to set an initial value to the PORTB of the microcontroller and to rotate

it continuously from right to left.

Table

Draw the circuit of the picture in the Proteus Design Suite

4.

Activity 3

&PORTB

rotate_left(&PO

is the address of PORTB data register

Rotation to the left of the content of PORTB

Ul
-

RTB,1)

R7 R6
270 270

R5
270

R1
270

R4 R3
270 270

R2
270

<<LLLLLLLLL <L
(The initial value

_L <L L L L L L L L
of PORTB is 1111 0000)

Figure 4.

LEDs connection to the PORTB parallel port
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The student must complete the following program in C language.

#include <main.h>

// We include the file of

// the initial settings main.h

#byte PORTB =0xF81

// we assign to the memory position O0xF81

// the name PORTB

// This means that we create an 8 bit

// variable whose value will be stores

// at the memory position F81h

// The memory position F81lh

// 1s the PORTB data register

void main(void) {

set _tris b (0x00);

// We define all the pins of PORTB as outputs
// This is done by giving to the

//PORTB direction register the value 00000000
PORTB =0b11110000;

//We give the PORTB data register

//the initial value 111100. This is the value
// that will be rotated

while (TRUE) {
// eternal loop

Complete the program with the necessary
commands

}
//closes the bracket of the while

}

// closes the bracket of main()

Tipl. The command rotate_left(&PORTB,1) will be used to rotate the value of
PORTB.

Tip2. The command delay_ms(100) causes delay of 100 ms

Compile the program in order to create the hex.file (program in
machine code).

Load the program (hex.file) to the microcontroller.
Check that the program runs properly.
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2.4 Activity 4. Create a moving dot with LEDs

The purpose of this activity is to create a moving dot with the 8 LEDs that are connected to PORTB

of the microcontroller. The dot will move from left to right and from right to left.

Table 5. Activity 4

Activity 4"
(20 minutes)

Step 1. The circuit is drawn in the Proteus Design Suite. In this step
8 LEDs are connected to the PORTB parallel port.

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 hex.file is created). The
machine code is loaded to the microcontroller. The animation is
activated and we check that the ON LED moves from left to right
and from right to left.

Step 1
(5 minutes)

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

The ammeter is connected in series with the resistor and indicates
the current that passes through the resistor

. . u2
The current that passes through the resistor is the same . =— o s
with the current that passes through the LED 32 ravant RCLTIOSICCP2IUOE (=12
_ h N = RA2/AN2/VREF-/CVREF RC2/CCP1/P1A w23
(connection in series) —2{ RASIANIIVREF+ RC4ID-VM |22
=1 RA4/TOCKI/C10UT/RCV RC5/D+VP =25
Tan] RAS/AN4/SS/LVDIN/C20UT RCB/TX/CK =
13—. g);(s:l?lifi:CLKO RC7/RX/DT/SDO ==
The voltmeter is connected parallel to the LED and en o
. . 3am RBO/AN12/INTO/FLTO/SDISDA RDO/SPPO =20
indicates the voltage drop across the LED 3o RBUANIO/INTLISCKISCL Rouseed |55
gg: RB3/AN9/CCP2IVPO RD3/SPP3 :—g
3o RB4/AN11/KBIO/CSSPP RD4/SPP4 l_28
oesprsris 115
B D RD7/SPP7/P1D [32
REO/ANS/CK1SPP %
RE1/ANG/CK2SPP F10
18 RE2/AN7/OESPP o

—— vuse RE3/MCLRNPP

4 H H H H H H TC18FA550

R15 R14 R13 R12 R8 R9 R10 R11
270 270 270 270 270 270 270 270

D9 D1 D1. D1 D1 D1 D1 D16

LED- LED- LED- LED- LED-} LED- LED-F LED-RED

SSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSS>>

<LLLLLLLLLLLLLLLLL L

Figure 5. LEDs connection to the PORTB parallel port
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The student must complete the following program in C language.

#include <main.h>
// We include the file

// of the initial settings main.h

#byte PORTB =0xF81

// we assign to the memory position O0xF81
// the name PORTB

// This means that we create an 8 bit

// variable whose value will

// be stored at the memory address F8lh
// At the memory address F8lh is the PORTB
// data register

int8 1i;

void main (void) {

set _tris b (0x00);
// We define PORTB as output

// This is done by giving to the PORTB
// direction register the value 0000 0000

PORTB =0b10000000;
// We give to the PORTB data register

//the initial value 1000 0000
while (TRUE) {

// eternal loop
for (i=1;i<=7;i++) {

Complete the program with the
necessary commands

// closes the bracket of for

for (i=7;i>=1;1i--) {

Complete the program with the
necessary commands

//closes the bracket of for
}
// Closes the bracket of while (TRUE)
}
// Closes the bracket of main()
//The initial value of PORTB is 10000000.
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Tipl. Division of the value of PORTB by 2 moves the 1 to the right.

Tip2. Multiplication of the value of PORTB with 2 moves the 1 to the left.

Compile the program in order to create the hex.file (machine code).
Step 3

(5 minutes) Load the program (hex.file) to the microcontroller.

Check that the program runs properly.
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Chapter 3: Recapitulation

& The schematic of the circuit was drawn with Proteus Design Suite.

& LEDs were connected to the pins of the parallel PORTB.

@ The program in C was written in CCS C compiler.

@& The parallel PORTB of the microcontroller was defined as output.

< An 8 bit binary word was sent to PORTB and the LEDs were turned ON/OFF.
& The delay_ms() was used to cause delays in the program.

& The program 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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Appendix. Figures with high resolution

The ammeter is connected in series with the resistor and indicates
the current that passes through the resistor

The current that passes through the resistor is the same with the current
that passes through the LED (connection in series)

U1

. g: RAO/ANO RCO/T10SO/TICKI :12
The voltmeter is connected parallel to the LED and o RAvANL RCL/TLOSIICCP2/UCE [£12
. . Tn RA2/AN2/VREF-/ICVREF RC2/CCP1/P1A 523
indicates the voltage drop across the LED 2= RAZ/ANSIVRER+ RC4/D-VM (=23
i RA4/TOC}G£10UT/RCV RC5/D+/VP =55
Tim RAS5/AN4/SS/LVDIN/C20UT RC6/TX/CK =56

RA6/0SC2/CLKO RC7/RX/DT/SDO

. 132 ] osci/cLki

The animated LEDs present a voltage drop of 2,23 V 33 1o
am RBO/AN12/INTO/FLTO/SDI/SDA RDO/SPPO 520
om RB1/AN10/INT1/SCK/SCL RD1/SPP1 So1
36w RB2/AN8/INT2/VMO RD2/SPP2 =20
37 RB3/AN9/CCP2/\/PO RD3/SPP3 So7
38m RB4/AN11/KBIO/CSSPP RD4/SPP4 528
308 RB5/KBI1/PGM RD5/SPP5/P1B 559
0% RB6/KBI2/PGC RD6/SPP6/P1C =30

RB7/KBI3/PGD RD7/SPP7/P1D
_ REO/ANS/CKISPP f=2
RE1/ANG/CK2SPP :20
mA 18 RE2/AN7/OESPP o1

- VUSB RE3/MCLR/VPP

U H U . U . PIC18F4550
R6 R5 R4 R3 R2 R1 RO
270 270 270 270 270 270 270
D2 , D3 , D4 D5 , D6 D7 D8
LED-| LED-| LED-| LED-| LED-| LED-| LED-RED
| | [ | [ | [ | [ | | |

Figure 1.  LEDs connection to the PORTB parallel port
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C

C

CS C Compile

Edit Search Options | Compile View Tools Debug Document User toolbar
: £ &3 Compile Target / | C/ASM List
B . | Fctgrasso v| \
e > ~ 0% Rebuild = . f FcaliTre
Build  Build &Run g Clean |PcH 16 bit v] Program Debug Statistics & Symbols
Compile Compiler Run Quput Files
- exercise_01a.c 1
1 #include <main.h> // the file main.h with the
2 // initial settings is included
3 // This file must be placed in the same
4 // folder with the project
5 // Also the 18F455@.h file must exist
€ // in the same folder with the project
7 #byte PORTB =0xF81 // We attribute to the memory posistion @xF381
8 // the name PORTB
] // This means that we define an 8 bit
10 // variable whose value will be stored
11 // to the memory position F81h
12 // The memory position F81h is the PORTB
13 // data register
14
15 void main(void){
ig
17 set_tris_b(@x@0); // PORTB is defined as output
18 // The PORTB direction register
19 // is given the value 220G 8060
20
21 PORTB =0b11110000; //The PORTE data register is given
22 //the value 1111 @206
19:51 Insert Pjt: exercise O1a C:\...\Exerci
3 Memory usage: ROM=0%  RaM=0% - 0%
0Emors, 0Warnings.
Build Successful.

Figure 2
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~£— RA4TOCKICIOUTRCY RCSID+/VP 2
< RASIANASSALVDNC20UT RCBITXICK |2
2 RASIOSC2ICLKO RCTIRXDTISDO |2
L oscriciki
ﬁ: REVAN12ANTOIFL TOISOHSDA ROCISPRO (2

REVANIGINTY/SCKISCL el
22 REIANBINTZVMO ROD2/SPPZ i
2 REIANICCP2VPO ROWSPRI |22
2 REAAN1 1 /KEKICSSPP ROWSPPA

RESKBI/PGM ROSISPPSIPIB Eéé
2 RoamBniae ROGISPPAPIC
£ 1 Re7mepGD RO7ISPPT/PID

. 8
sl B R7 [1R6 [IR5 [IR4 []R3 []1R2 []1R1 []RO
REJANTIOESPP ::i a0 ||z0 | |26 || 270 zo | |20 | |270 | |20

18 Jvuss REWNCLRIVPP

PIC18F&550

D D D D8 D D5
LED, LEDRED
Figure 3.  LEDs connection to the PORTD parallel port
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&PORTB

rotate left(&PORTB,1)

is the address of PORTB data register

Rotation to the left of the content of PORTB

[ [ [ ]
R7 R6 R5
270 270 270
D1 D2 D
LED- LED-
] ] ]

'f

R4
270

D8

LE LED-RE,
] [

R3
270

.r
D4
LED.

[
o

R2
270

[
L

R1
270

D
LE!

'f

<L L L L L L LKL

1

(The initial value of PORTB is 1111 0000)

Ul
221 rRao/ANO RCOTIOSO/TICKI (=12
321 ravant RCLTIOSICCP2/UGE (=18
22 RAIANZIVREF-/CVREF reziccpypia (=11
2 RA3/ANI/VREF+ RC4/D-/VM =23
821 RaarmocKiC1OUTIRCY RC5D+/VP (=24
=1 RAS/AN4/SS/LVDIN/C20UT RCBTX/CK | =22
142 RAGIOSC2ICLKO RC7/RX/DT/SDO
0SC1/CLKI
2321 RBO/AN1Z/INTO/FLTO/SDISDA RDO/SPPO (=22
242 ] RBI/ANIOINTLISCKISCL RD1/SPP1 | =20
252 RB2IANGINT2IVMO RD2IsPP2 | =21
202 | RBI/AN9ICCP2IVPO RD3/SPP3 | =22
222 | RBA/ANLI/KBIOICSSPP RD4/SPP4 [ =21
282 | RBS/KBILPGM RDS/SPP5/P1B (=23
= | RBOIKBI2IPGC RDG/SPPO/PIC (222
RB7/KBI3/PGD RD7/SPP7/P1D
REO/ANS/CKISPP |=2
RE1/ANGICK2SPP =2
o RE2IAN7/OESPP (=2
18 1yuse RE3/MCLRNVPP
270
PICI8FA550
D5
LED-RED

<L L L L LLLKL

Figure 4.
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The ammeter is connected in series with the resistor and indicates

the current that passes through the resistor

The current that passes through the resistor is the same

with the current that passes through the LED
(connectionin series)

The voltmeter is connected parallel to the LED and
indicates the voltage drop across the LED

mA

Volts

|

R15
270

D9

LED-

R12
270

e [ |

D1

LED-|

D1

LED-

D1

LED-

D1

LED-|

0 [

R9
270

D1

LED-

|

|

R10
270

D1

LED-

1

u2
2= RA0/ANO RCO/TIOSOITICKI [ =12
- Raw/ANL RC1/T10SICCP2/UGE (=18
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Figure 6.

LEDs connection to the PORTB parallel port (moving dot)
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