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1. Introduction

Microcontroller-based systems are widely used within electronics and digital applications to provide a
highly flexible, programmable control over electronic systems. One such application is with the
seven-segment LED display and using the display to present alphanumeric information to the user.

The following report focuses on the use and programming of the seven-segment display using the
PIC16F84A microcontroller, simulated within the Proteus design software, and programmed using
Assembly code. The original hardware circuit is recreated within the simulation software to analyse
the roles and functions of the individual components within the system. Exploring how to represent
various hexadecimal characters on the display and controlling the display through the use of input
switches, including counting in sequence, displaying characters and latching behaviours.

2. Section 1

2.1 Overview of the Assignment Board

The original assignment board, recreated in figure 1, showed the microcontroller, driven by a crystal
oscillator, connected to the seven-segment display with a current-limiting resistor network in series
connected to the PORTB pins, with the final pin connected to the speaker output circuit, and the input
switches connected to first two pins in PORTA.

The input switches were set up in a “pull up”, meaning the microcontroller would be configured to
detect when the input pins are pulled low.

Pin B7 is connected to the base of a transistor acting as a switch, enabling the use of components
that would typically require a higher voltage than would be possible with output of the microcontroller.
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Figure 1: Recreation of the Assignment Board built within proteus.
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2.2 Proteus Circuit

The circuit shown below in Figure 2, shows the annotated version of the assignment circuit, clearly

showing the key areas of the circuit.

Power is supplied through the MCLR pin for the microcontroller; any additional power sources are
supplied separately to the required areas, and labels are used in place of wires in places to provide
clear indication of the connections in an easily digestible format.

A resistor network was used in place of the individual resistors shown in Figure 1, to better match the
physical circuit and to provide easier adjustment to the values of the resistors, as since they are only
required to be current limiting resistors, the current necessary would be the same across the output

pins.
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Figure 2: Annotated version of figure 1, breaking the circuit into key areas.
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2.3 Component Analysis

2.3.1 PIC16F84A

The PIC16F84A is used as the central control unit for the system, executing the set program and
controlling the output signals sent to the seven-segment display and the output speaker.

The microcontroller features [1]:

e 13 Programmable I/O pins

e Harvard Architecture providing separate program and data memory.

e Aninternalinstruction cycle derived from an external clock source.

e 1000 words of program memory

o This translates into 1024 instructions since each program memory word is the same

width as each device memory instruction.

e Asimple but effective instruction set, consisting of 35 overall instructions.
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RA2 =[]

RA3 =[]
RA4/TOCKI =— ]
MCLR —= [

V&g —e E
RBO/INT =— [
RB1 =[]

RB2 =[]

RB3 =[]

.
-

© O NOOO, s N

X
\

(

V8491 0Id

18
17
16
15
14
13
12
1"
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] - RA1

[] == RAO

] «—— OSC1/CLKIN
[]— OSC2/CLKOUT
] «—Vo0

[] =—= RB7

| ] -—= RBS

[] =—= RBS

] =—= RB4

Figure 3: Pinout of the PIC16F84A

In this circuit, PORTB is configured to be the output, driving the seven-segment display and the Piezo

Speaker, while PORTA is configured to handle the switch inputs. Each output corresponds to a

segment on the display, allowing for individual control through software.
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2.3.2 External Oscillator Clock

The clock source provides a timing reference for the microcontroller, determining how fast
instructions are executed and directly affects delay routines within the program [2].

In this circuit, the crystal oscillator is connected to the PIC’s clock input pins. The oscillator defines
the instruction cycle time, which is essential when implementing precise delays and timings such as
when configuring the program for PWM control.

An accurate clock ensures consistent and predictable system behaviour, both within the proteus
simulation and in hardware applications.

Crystal Clock

E
— C2 22pf
22pf |

|
1||:||2

CRYSTAL

ckin O

clk out O

Figure 4: External Crystal Oscillator, providing a stable clock signal.

2.3.3 Seven-Segment Display

The seven-segment display is used to visually represent limited alphanumeric characters. It consists
of seven individual LEDs arranged in a pattern with each LED segment labelled A through G.

By selectively illuminating the segments, characters and digits can be displayed. Within this circuit,
the display is controlled through the output pins on the microcontroller, with each segment
connected to a corresponding output pin.

The display used in this circuit uses a common anode, this determines whether high or low logic is
required to illuminate each segment, in this case, low logic is required. This means that when a pin is
driven low, the segment will illuminate.

Common Anode

NOOAhRhWN=

Figure 5: Segment Labelling of the Seven-Segment Display.
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2.3.4 Resistor Network

Each segment of the seven-segment display is connected in series to a pin of a resistor network,
which acts as a network of current-limiting resistors, protecting the LEDs from excessive current,
which could cause damage in a practical application.

To calculate the resistance required for each pin, the following equation is required [3]:

_ vf
R—Vs—F (1

Where:

e Rrepresentsresistance in Ohms

e Vsis supplyvoltage in volts.

e Vfisthe LEDs forward voltage drop in Volts.

e [fisthe forward current through the LED in Amps

In this case, the resulting resistance required is 350 Ohms, as the supply voltage is 5V, the LED
forward voltage is 1.5V and the current required to turn on the LED is 10mA, resulting in 350 Ohms.
This is a standard value in the E96 and E192 series of resistors, however in the E24 series 360 is the
nearest preferred value, such 360 Ohms is used within the circuit.

7 Segment Display

16
15
14

12
11

3333833 12

36

o

Figure 6: The seven segment display, showing the resistor network in series.
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2.3.5 Input Switches

The push buttons provide user input to the circuit, allowing for the inputs to be programmed, enabling
functions such as incrementing counts, toggling outputs, and changing display modes. The switches
in this circuit are configured for a logic low input.

In this circuit, the switches are configured with pull-up resistors, meaning the input pins read a logic
high when the switches are not pressed, and is then pulled low when the switch is pressed.

Button Input
+5V

R1 R2
10k 10k
BLACK1
/e
a0 O—e 0 O
<
GREEN1
a1 O o © j—
o T—r -

Figure 7: The input switches, labelled in line with the physical circuit.

2.Section 2

3.1 Hexadecimal Number Overview

The hexadecimal number system is commonly used in digital electronics and provides a shorthand
method of representing binary values, able to show 16 digits, ranging from 0 to 15.

Values 0-9 can be represented as a standard digit, as they are single characters, however numbers
with multiple characters, 10 and above, are instead represented as letters A-F, where:

e A=10
e B=11
e C=12
e D=13
e E=14
e F=10

Each hexadecimal digit can be represented using 4 bits, or a nibble, meaning that a full hexadecimal
value can be equated to one byte of data.
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3.2 Segment Encoding for Hexadecimal Characters

A seven-segment display consists of seven individual segments, labelled A - G, and by illuminating

specific combinations of these segments, different characters can be displayed. Characters B and D

must be displayed in lower case, as on a seven-segment display they look like 8 and 0, respectively.

Each of these segments correlate to each of the pins, so by telling the microcontroller the order of

which to enable the pins, a number can be displayed on the display, this output can be defined

through a hexadecimal number when using an 8-pin output.

7 Segment Display

Py
=

16

15

14

13

12

11

10

135353333

36

+5V

Figure 9: A seven-segment display displaying the number 6.

SECOND DIGIT | FIRST DIGIT

01 02 04 08|01 02 04 08

a b ¢ d e f g HEX
00 O O O O o0 1 0 0x40
1/1 0 0 1 1 1 1 0 0x79
2,0 0 1 0 0 1 0O O 0x24
3/0 0 O O 0 1 1 0 0x30
4 (1 0 0 1 1 0 0 O 0x19
5|10 1 O 0o 1 0 0 O 0x12
6 |0 1 O 0 0O O o0 o 0x02
7 /0 0 0 1 1 1 1 0 0x78
8 0 0 0 0 0O O O O 0x00
90 0 0 1 1 0 0 O 0x18
A0 O 0 1 O 0O 0 O 0x08
B |1 1 O 0 O O o o 0x03
c|o 1 1 0 O 0 1 0 0x46
D|{1 0 0 O 0 1 0O O 0x21
E |0 1 1 0 O O O O 0x06
F |0 1 1 1 O 0 0 ©O OxO0E

Table 1: Atable showing the hexadecimal representation of each desired character, and how they correlate to each output pin.

Table 1 shows the binary and hexadecimal representation of each character, which when processed

by the microcontroller can be applied to the output pins of a port to display certain characters. This is

assuming the display used has a common anode, and such any outputs will be inverted. For example,
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0=00000010 or 0x40, which when applied to the seven-segment display will hold all pins low except
for the pin correlating to segment G, which will light all segments except from G, displaying 0.

3.Section 3

4.1 Task 1

4.1.1 Task Overview

This tasks requires the modification of an existing assembly code to increment the display from 0to F
with a delay of 0.2 seconds, which then resets upon exceeding F, repeating indefinitely.

4.1.2 Program Logic

Initialise PORTB For
output

Load starting Value(0)
Output Segment
Pattern

0.2s Delay

Increment Count

Figure 10: A flowchart outlining the logic of the intended program.

The program will initialise PORTB for output, then load the initial starting value of 0 or 0x40, which will
be output to the seven-segment display, where a 0.2s delay will be in place before incrementing count
and then outputting this to the display after checking if count is greater than the value of F, if it is not
then the program will loop, if it is, then count will be reset to 0, and the program will begin anew.
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4.1.3 Assembly Code

QUVAONOTUVHEWNME

26 count
27 nCount
28 mCount
29 tablestart

count
get_count

count,
sevensegtable

count,
count,

longpause
get_count

73 sevensegtable

Figure 11: Task 1 screenshot 1 of 2, showing the modified and commented code for the task.




72 sevensegtable

mCount

nCount

nCount,
decN

mCount,
loadN

Figure 12: Task 1 screenshot 2 of 2, showing the modified and commented code for the task.

At the start of the program, PORTB and TRISB are set to the same address, then the direction of portB
is set using “movlw 0x00” and “movwf trisb” which sets all of the PORTB pins to output, or 0 on the tris
register.

Then using a lookup table labelled “sevensegtable”, with the hexadecimal values of 0-15, the lookup

table uses the “movf count,w” and “get_count” functions to load the current value of “count” into the
working register, then calls the lookup table, and inside the table adds the current value of count(W)
to the program counter, causing the program to “jump” forward by W(value of count, currently stored
in the working register) number of entries. This value is then stored in the working(W) register.

“Movwf portB” is then used to move the value of W to portB, which displays the stored value on the
seven-segment display. The value of count is then incremented by one, the program experiences a
200ms delay, and begins the loop again, until reaching 15, where count wraps around to 0.




4.1.4 Simulation Result

7 Segment Display

RN1
b0 O 12l a8
b1 O A T
b2 O YTl BAAAZ BEE
b3 O s AANN— -
b4 O =T e
b5 O T
b6 O 3 AANN— 5

AVAVAY,

360

PAUSED: 0.050000000s

Figure 13: Start of simulation.

7 Segment Display

RN1
1m 16
b0 O AVAVAY.
b1 O e A
b2 O O R
b3 O A
b4 O — AN
b5 O e 0
b6 O 5 AN\ 5
AVAVAY.
360

PAUSED: 0.550000000s

Figure 14: Simulation at 550ms.

7 Segment Display
RN1
60 QA A2
b1 O g: AR Ii
b2 O oy
b3 O a R
348 A AAA B
o = AN
& a2
360

PAUSED: 00:00:02.950000

Figure 16: Simulation at 2.95s.

Page |13



7 Segment Display +5V

RN1
b0 O L2l AAA——E
b1 Q——2AM——2
b2 O O R
b3 O =T VWA
b4 O =T e
b5 O T AN N 0
b6 O 5 AN\ 5

AN

360

PAUSED: 00:00:03.150000

Figure 17: Simulation at 3.15s showing successful wrap.
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4.2 Task 2

4.2.1 Task Overview

Task 2 calls for a program wherein the seven-segment display shows either an L or an R depending on
which inputis pressed.

4.2.2 Program Logic

Initialise PORTB For
output

Initialise PORTA for
input

Button 1

Set output variable to Set output variable to
nLn e

Output segment
pattern

Figure 18: A flow diagram outlining the logic of the logic of the program.

The program will initialise ports B and A for output and input respectively, where it will then wait for
input from portA, and upon receiving an input, display the corresponding output on the display, then
return to awaiting input.
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4.2.3 Assembly Code

1
2
3
4
5
6
7
8
9

46 main_loop

show_r

main_loop

62 wait_L_release
s
wait_L_release

seg_L

show_r
wait_r_release

s
wait_r_release

Figure 19: Task 2 Assembly code.

The program begins by defining ports A and B to and then defining the segment hex values under an
easily referenceable definition allowing for future changes if necessary. Then the input and output
pins are initialised, setting pins A0 and A1 as input pins, and all pins on port B to the output.

The main loop works by continuously polling the input pins for a change in status, and depending on
the input, runs the correlating subroutine.

The show_l and show_r subroutines are identical in how they work, with the only difference being the
input pin and the file to be moved to working, where they wait for the input to be released, then brings
the value of seg_L or seg_r and moves it to the working register to be displayed in portB, before
returning to the main loop
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4.2.4 Simulation Result
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Figure 20: simulation with no inputs.

Crystal Clock
Button Input
+5V
=
C3
—C4 22pf
22p1 u
u
= = R16[| R17
10k
X2
1 BLACK1
- 0 -
o a0 ]
= CRYSTAL 2 GREEN1
- <
: 5 wo—d=5 L
o ot B
Piezo Speaker Output PIC16F84A Microprocessor
+5V
U1
Mzl 168
Clk In Q—22- OSCH/CLKIN
Cik Out O~ 0SC2/CLKOUT
sl RIS
47 RA4/TOCKI
-
RBO/NT -E?—O b0
RB1 TO b1
RB2 [oe—0) b2
RB3 TO b3
1 RB4 [ro—O) b4
RBS. TO b5
8%
peaker
ICT6FB4A
O Speaker 7 Segment Display +5V

Figure 21

RN1

o AAA
mg—g:—'vv‘
b2 O 5 N
bso—ﬁ_—W
u()—JA\« Vv

: Simulation after input A0 has been pushed.
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Figure 22: Simulation after input A1 has been pushed.
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4.3 Task 3

4.3.1 Task Overview

This task calls for a program wherein a latching effect is putin place, so that when one button is

pressed all pins are set high, and when another is pressed all pins are set low.

4.3.2 Program Logic

Initialise PORTB For
output

Initialise PORTA for
input

Button 2

Button 1

Set all Pins high Set all pins Low

Output to port B

Figure 23: a flowchart of the program logic.

The program will start by initialising ports A and B for input and output respectively, where it will then
poll for inputs, setting the pins high when one is pushed, and low when the other is pushed.
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4.3.3 Assembly Code

1
2
3
4
5
6
7
8
9
e
o
2
3
4
5
6
7

k6 main_loop

show_on

show_off

main_loop

b1 show_on
b2 wait_on_release

s
wait_on_release

on

b4 show_off
bSs wait_off_release

s
wait_off_release

off

Figure 24: Task 3 assembly code.

The program begins by defining ports A and B to and then defining the on/off values under an easily
referenceable definition allowing for future changes if necessary. Then the input and output pins are
initialised, setting pins A0 and A1 as input pins, and all pins on port B to the output.

The main loop works by continuously polling the input pins for a change in status, and depending on
the input, runs the correlating subroutine.

The show_on and show_off subroutines are identical in how they work, with the only difference being
the input pin and the file to be moved to working, where they wait for the input to be released, then
brings the value of ‘on’ or ‘off’ and moves it to the working register to be displayed in portB, before
returning to the main loop.
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4.3.4 Simulation Result

Crystal Clock
Button Input
+5V
]
——=C4
22pf
]
= R16[ | R17
10k
BLACK1
o L= 5=
L_’ CRYSTAL 2 GREEN1
3 £
= 5 wOo——42g
(3] oT—
Piezo Speaker Output PIC16F84A Microprocessor
+5V o u1
Ci In Q—12z] OSCH/CLKIN RA0 [HT—0 a0
R §Ik Out O———] 0sc2/CLKOUT RA1 [===—0 at
= = an|——x o
MCLR RA3 [
47 RA4/TOCKI [
.
RBO/INT %0 b0
RB1 -TO b1
RB2 [=o—0 b2
N RB3 [==o—0 b3
u RB4 [0 b4
RB5 [==>—0 b5
RB6 b6
RB7 [—2—0 Speaker
IC16F84A
O speaker 7 Segment Display +5V
4K7
BC107 &
RN1
L o—=Fun
- b1 O——oF-AAA
b2 —1-V/
b3 O- CNEAAY
b4 O T3 BAAA
b5 O- T3 BAAA
b6 O- A
360

Figure 25: Simulation start.
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Figure 26: Simulation after input 1.
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Figure 27: Simulation after input 2.
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4.4 Task 4

4.4.1 Task Overview

Task 4 calls for the integration of the components from the previous task to create a counter that
starts at 5, counts up to 9 and down to 0, without wrapping.

4.4.2 Program Logic

Initialise PORTB For
output
Initialise PORTA for
input

Move 0x12(5) to file
register, stores as
digit

Output file to 7
Segment display

Check digit I=9 Button 1 Pushed Button 2 pushed Check digit I= 0

increment digit by 1 decrement digit by 1
Output to seven
segment display

Figure 28: A flow diagram showing the logic of task 4.

The program will start by initialising ports A and B for input and output respectively, then moving the
hex value for 5 to the file register, and storing this as the starting digit, where this will be output to the
7-segment display. From this the inputs will be polled to wait for button 1 or 2, if button 1 is pressed, a
checkis made to see if digitis not 9 yet, if itisn’t 9, allows for the value of digit to incremented and
displayed on the display, if it is not, it returns to the previous step. Button 2 checks for 0 instead, ifitis
not 0, allows digit to be decremented, if itis returns to the previous state, and just displays the current
value for digit on the display.
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4.4.3 Assembly Code

1
2
3
4
5
6
74
8
9

digit

display

main_loop

>
count_up

>
count_down

main_loop

count_up
wait_up_release

’
wait_up_release

Figure 29: Task 4 part 1 of 2.
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digit,
update_display

digit,
update_display

count_down
wait_down_release

’
wait_down_release

digit,
update_display

digit,
update_display

display

digit,
DigitTable

Figure 30: Task 4 part 2 of 2.

The program works by first initialising the registers and providing definitions for the I/O, where the I/0
ports are then set to input on portA and output on portB. The main loop of the code works by polling
the input ports and when they are pulled low triggering the count up or count down subroutines. For
count up the value of digit is compared against the literal value of 9, where it will force the program to
loop if digit == 9, preventing the program from counting up, otherwise increasing the value of digit,
which pulls the hex value from the lookup table in reference to the current value. Count down does
the same, however it does not need to reference against a value due to the limit being 0.
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4.4.4 Simulation Result

Crystal Clock

T 22t

I
v-IDIIz

Button Input
+5V

BLACK1
o

a0 —
3 =
: S at = L
S eTT -
Piezo Speaker Output PIC16F84A Microprocessor
5V U1
b cik In Q—122] osc/CLKIN RAD [ —0 a0
o rommi o e S
« & ~ 22 WeR ﬁ [z
o) RA4ITOCKI (23—
i Ls2 RBO/INT |2 b0
R14 7 RB1 [=L b1
*® — RB2 2
T RB3 Ig b3
g SOUNDER

Q2
R15
J}—«:'—o Speaker
4K7
.

BC107

bl T
B4 o oA
Res 11— b5
RES b6

RB7 [—2—0) Speaker

PIC16F84A

7 Segment Display

RN1

Figure 31: Simulation at the beginning .
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Figure 32: Simulation at the count_up limit.
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Figure 33: Simulation at count_down limit.
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