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Abstract

This report details the simulation and exploration of a circuit centered around a PIC16F84A
microcontroller. The individual components of this circuit; their functions and implementations, are
evaluated in section one. Following on in section two, the report specifically explores the use ofa 7-
segment LED display to display a variety of characters, for example hexadecimal counting, in
combination with the microcontroller. The third section explores six example tasks that can be
programmed on the microcontroller, using assembly language, and interact with the embedded
circuit. One of the key examples is the generation of a varying PWM (pulse width modulation) signal
in software.

Introduction

PIC (programmable integrated circuit) microcontrollers are popularly used in a variety of electronic
circuits: from simplistic driving of LEDs (light emitting diodes) through to automotive and industrial
applications [1]. The PIC16F84A is an example of one of these, and belongs to the 8-bit
microcontroller family produced by Microchip Technology. It can be used as part of a circuit, as is
explored in Section 1 and onwards. For example, push buttons can be used as inputs for the PIC, and
a 7 segment display and sounder used as outputs. These functions are defined in Assembly software,
compatible with the PIC hardware, and can then be demonstrated in a theoretical simulation.




Section 1: Circuit Simulation

Below is shown a circuit diagram of the PIC16F84A assignment board [2], followed by the produced
Proteus simulation of the same circuit. The constituent components and design and then discussed.
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Figure 1 - Assignment Board Circuit Diagram
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Figure 2 - Proteus Circuit Simulation




PIC16F84A Microcontroller

The circuit is based around the PIC16F84A microcontroller —an 8 bit PIC (programmable integrated
circuit) produced by Microchip [1]. It is programmable, with 35 instructions, and has a 200ns
execution rate. The PIC has 1.75kB program memory, 68B RAM (random access memory), and 64B
EEPROM data (electrically erasable programmable read-only memory). It has 18 pins, 13 of which
are /0 (input or output) and configurable in software by the user — labelled as port A and port B.
There are also the Vss and Vdd pins, which give the ground reference and positive supply (2-6v) for
the logic and 1/0 pins. Whilst these are fundamental for the PIC operation in practice, they are not
present in the circuit diagram or simulation. Furthermore, there are the oscillator input and output
ports, which direct the program timing.

There are various connections of its ports discussed below, in relation to the other circuit
components. In addition, it must be noted that the inverting MCLR pin (master clear) has a 4.7kQ
pull-up resistor (R1) to +5v. Since the pin resets the device when low; the resistor ensures there is no
reset as it sets the input on the pin to +5v (high). Pins RA2, RA3 and RA4 are unused in this circuit.
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. . . . Figure 4 - Microprocessor Pin Diagram
Figure 3 - Simulation Microprocessor

Voltage Supply and Switch

Starting at the top left of both the diagram and simulated circuit, we have a voltage supply and
switch to contral current flow (shown below). The power is a +9v DC supply, and the switch is a basic
contact design — if closed then current flows, if open then no current passes through.
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. . . Figure 6 - Simulation Supply and Switch
Figure 5 — Supply and Switch Diagram




7805 Voltage Regulator

The 7805 (part of the 78xx series) voltage regulator is featured, with a 220nF capacitor (C4 and C3 on
the diagram) either side. It has 3 terminals; an input, and output, and a ground connection. The last
2 digits: 05, denote the output voltage of +5v [3]. The capacitors are referred to as ‘bypass
capacitors’, and provide stability on the output and input. A voltage regulator, such as the one
below, is used in a circuit to ensure a compatible voltage is supplied to the microcontroller and other
components — in this case at +5v DC. A component image is also given [4].
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Figure 8 - Simulation 7805
Figure 7 - 7805 Diagram

Piezo Sounder

Following the 7805, there is a ‘Sounder’ on the diagram — implemented in the circuit as a piezo
buzzer. A piezo buzzeris a low cost, audio-emitting device which uses the vibration of a piezoelectric
crystal — under deformation by an applied voltage — to produce sound [5]. In the case of a DC circuit
as in our example, the buzzer requires an on/off cycle mechanism. This is provided the connected
transistor (see BC107 below) and the 1kQ resistor in parallel. The specifications, whilst not given in
the circuit diagram, can be derived from the other components: +5v DC voltage, externally driven.
The example component given below has a 91dB sound level [6].
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Figure 10 - Sounder Diagram Figure 12 - Piezo Buzzer Component

Figure 11 - Simulation Piezo Buzzer




BC107 NPN Transistor

As mentioned with regards to the piezo buzzer, the BC107 transistor is used as an on/off switch for
the buzzer's cycle mechanism. The BC107 is an NPN bipolar junction transistor (BJT), with 3 pins [7]
[8]. The top pin, drawing from the buzzer, is the collector pin. The side pin, which takes its input
from pin RB7 of the microcontroller, is the base. Lastly, the bottom pin is the emitter and hence is
connected to ground. Since RB7 is an output pin on the microcontroller, the microcontroller can be
programmed so to produce an on/off pulsed output of +5v (or logic 1 - see Section 3) - setting the
base pin on/off. When power is supplied to the base pin, current flows from the collector to the
emitter, causing the piezo buzzer to sound. Alternatively, when there is no power to the base pin, no
current flows from the collector — resulting in no sound from the buzzer.
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Quiartz Crystal Oscillator

Moving on to the quartz crystal oscillator; connected to the OSC1/CLKIN and OSC2/CLKOUT pins of
the microcontroller, which sets the microprocessor clock (see PIC16F84A above). The example in the
circuit, and shown below, has an oscillating frequency of 4 MHz [9]. Quartz crystal oscillators are
considered stable, and also operate by the piezoelectric effect — generating a voltage at a designated
frequency by the effect of an applied electric field [10]. The 22pF capacitors connected to ground on
either side of the oscillator (C9 and C8 in the diagram) cause the input and output to be in phase by
phase shifting, which is necessary for sustained clock operation [11].
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Figure 17 - Simulation Oscillator
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Push Buttons

Also, within the circuit are two push buttons; SW2 button inputs to pin RAQ, and SW3 button inputs
to pin RA1 of the microcontroller. From this, the RAD and RA1 can be set as input pins on the
microcontroller — meaning that a button output (see Section 3) can be used as a stimulus for the
microcontroller — such as a program interrupt [2]. Both push buttons have 10kQ pull-up resistors (R3
and R2) to +5v, and are also connected to ground. The pullup resistor on a button means that when
it's open, the +5v rail supplies power to the microcontroller pin. On the other hand, when the button
is pressed/closed the +5v passes through the button to ground (following the path of least
resistance). As a result, no power is supplied to the microcontroller pin in this circumstance [12].
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Figure 19 - Buttons Diagram Figure 20 - Simulation Buttons

DIP14 Resistor Array

The microcontroller output pins RBO-RB6 are connected to a DIP14 resistor array, as shown below
[13]. The array is composed of 6 parallel 220Q resistors, which is used to regulate the output signals
from the microprocessor, before they input to the display (see 7 Segment Display below).
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Figure 22 - Simulation Resistors
Figure 21 - Resistor Array Diagram




Common Anode 7-Segment Display

A 7-segment display, with a common anode configuration, is used in the circuit [14]. It receives
inputs from the pins RBO-RB6, via the DIP14 resistor array, and a power supply of +5v. Each input pin
corresponds to one of the 7 display segments, and is controlled on an on/off power basis [15]. These
display segments are illuminated by LEDs, and are arranged to form various decimal and
hexadecimal digits. Since the example used has a common anode display, all seven segments have
their anodes connected together to the +5v (logic 1). As a result, segment LEDs are illuminated when
a low signal is applied to their corresponding pins (logic 0) — which can be achieved by setting the
connected microcontroller pin output to zero. As a result, different logic sequences can be applied to
the microcontroller pins in order to display different characters on the 7-segment display.

1

Figure 25 - Display Component
Figure 23 - Display Diagram Figure 24 - Simulation Display




Section 2: Character Display

The 7-segment display has 7 input pins a-g which are controlled by the microcontroller pins RBO to
RB6. This relationship means a binary value can be written across port B of the microcontroller in
order to illuminate the display. By evaluating which display input pins correspond to each LED
segment, we can determine binary sequences in order to display each of the hexadecimal values 0-F
on the 7-segment display (see table below). Pin ais shown by the least significant bit
(microprocessor pin RBO), through to pin g as the 6™ indexed bit (pin RB6). Since pin RB7 (most
significant bit), the eighth pin on port B of the microcontroller, is unused for this application it will be
set low.

It must be noted that since the 7 segment display used has a common anode configuration,
segments must have a logic 0 to illuminate (see Section 1). As a result, if a segment is required its
value in the sequence is zero. If a segment is off then it's represented by a binary value 1 [15].
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Figure 26 - 7 Segment Display Diagram
Hexadecimal Value Display Pins Binary Sequence
0 ABCDEF 0100 0000
1 BC 0111 1001
2 ABDEG 0010 0100
3 ABCDG 0011 0000
4 BCFG 0001 1001
5 ACDFG 0001 0010
6 ACDEFG 0000 0010
7 ABC 0111 1000
8 ABCDEFG 0000 0000
9 ABCDFG 0001 0000
A ABCEFG 0000 1000
b CDEFG 0000 0011
C ADEF 0100 0110
d BCDEG 0010 0001
E ADEFG 0000 0110
F AEFG 0000 1110
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Section 3: Assembly Programming

Task 1

Firstly, the PIC is programmed “so that the 7-segment display counts from 0 to Fin hexadecimal
numbers in 0.2 second increments”. These characters can be displayed but outputting a bit
sequence each to the 7-segment display, via port B of the microcontroller, as set out in section 2.
The flowchart below demonstrates how indexing can be used to increment through the characters,

and reset at the maximum.

Y

Assign
display

sequences in
memory

Set index to

zero

Yes
Get display
sequence at Increment
index and Index e L i

output on

portB

Figure 27 - Task 1 flowchart

Using assembly code, the microprocessor type and supporting file must first be referenced, then
memory allocated — this is the initialisation process. Task 1 includes memory allocation for ‘hex_vals’
and ‘hex_end’ which are pointers to a block of RAM (random access memory) reserved for indexing
the binary sequences required. The addresses ‘inner’ and ‘outer’ are selected to be used for the
delay subroutine.

main.asm [£]
: FILE: Task 1.asm
2; AUTHOR: Caitlin Lonsdale
3; DATE: 02/01/2025
4
5
& LIST p=16F84 ; Select microprocessor type
7 RADIX  hex ; Define hexadecimal as the number base
a

g#include plefBd.inc ; Find and include the microprocessor File
10
1;
12

13 UDATA_SHR ; Declare the start of a section of shared unintialised data
4 hex_vals RES ax1e ; Pointer to reserved memory block (168)

15 hex_end ; Pointer to memory address directly after data being used
15

17 portB EQU @x@6 ; Pointer to portB memory address

18 trisk EQU @x86 ; Pointer to portB data direction register memory address (trisB)
wstatus EQU exe3 ; Peointer to status register memory oddress (9-7)

2 RP@ EQU 5 ; Bit number (5) of RP® in the status register

21 RP1 EQU & ; Bit number (6) of RP1 in the status register

2

23 inner EQU @x1C ; RAM memory address of data

24 outer EQU ex1D ; RAM memory address of data

5

% ORG @xee ; Start the program at 8x80

27

Figure 28 - Task 1 assembly code: initialisation

The main subroutine starts by initialising the status register bits and setting all the pins on port B as
outputs. Next the reserved RAM block is initialised with the binary sequences of the display
characters, by calling the display subroutine. The main loop the iterates over so the display counts
up in hexadecimal and restarts. These counts are at 0.2 second increments by use of the delay

subroutine.
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2 ; Subroutine: main
31; Description: This is the main function for the program. It starts by initialising the status register bits

i - and setting portB pins as outputs. Then the RAM block is intialised with the display values,
o5 after calling the subroutine display. The main lLoop iterates over so the display counts up in
34 hexadecimal in 8.2 second increments.

35 ; Register Usage:

36 ; w -» 'Working register' stores values temporarily

7; status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory

i trisB -> Sets the data direction (input/output) of ports

»; portB -> Accesses data pins of portB

a; FSR -> Addresses indirect data memory (data pointer)

= INDF -> Accesses data at FSR address (non-physical register)

42

43 main ; Subroutine main

BCF status,RP8 Clegr RP@ bit in the status register
BCF status,RP1 Clear RP1 bit in the status register
BSF status,RP® Set RPA bit in the status register

4
45
%
7 MOVLW  Bxea i Move value @ to the W register
bl
4
50

MOVWF  trisB Move value @ to trisB to set portB as all output pins

BCF status,RP@ ; Bit Clear File - Clear RPO bit in the status register
CLRF portB ; Clear current pin values on portB
51
52 CALL display ; Call subroutine display
53
54 reset MOVLM  hex_vals ; Move hex_vals to the W register
55 MOVWF FSR ; Move hex_vals to FSR register
56
57 Loop MOVF INDF,@ ; Move FS5R value (in INDF) to the W register
58 MOVWF port8 ; Move FSR value to portB to output to the display
59 CALL delay ; Call subroutine delay
&0 INCF FSR ; Increment the FSR pointer
61 MOVF FSR,8 ; Move F5R value to the W register
62 XORLMW  hex_end ; XOR the W register (from FSR) and hex_end (from RAM) values to test if equal
&3 BTFSS  status,Z ; If address value ore equal skip next instruction (Z bit=8 if equal)
(2] GOTO loop ; Return to loop to display the next number
85 GOTO reset ; Return to reset to start hexadecimal count
&6 RETURN ; Return from subroutine main

Figure 29 — Task 1 assembly code: main subroutine

The delay subroutine, as shown below, is called in the main subroutine.

]
m; Subroutine: delay

71; Description: This is the deloy subroutine, called in the main function for the program. It forms a counting loop
2; to occupy the microprocessor for @.2 seconds as reguired.

73 ; Register Usage:

4 ; w -3 'Working register' stores volues temporarily
s outer -» Contains the outer loop counter

7 ; inner -» Contains the inner loop counter

7

al
o
m
o
o
=

; Subroutine delay

Fe] MOVLW  @xFF ; Move value 255 to the W register

a0 MOVWF outer ; Outer loop counter - Set outer value as 255

a1

82 outerlL MOWVLIW exFF ; Move value 255 to the W register

a3 MOVWF inner ; Inner loop counter - Set inner value as 255

24

8s innerL DECFSZ  inner,f ; Decrement inner by 1, skip next instruction if @
86 GOTO innerL ; Return to innerl to repeat count

a7 DECFSZ outer,f ; Decrement outer by 1, skip next instruction if @
= GOTO  outerl i Return to outerl to repeat count

&% RETURN ; Return from subroutine delay

90

Figure 30— Task 1 assembly code: delay subroutine (1)

93 ; Subroutine: display
o4 ; Description: This is the display subroutine, called in the main function for the program. It stores all the

95 ; binary sequences for the hexadecimal display in RAM so they can be sequentially outputted on portS.
% ; Register Usage:

o7 ; w -> 'Working register' stores values temporarily

o hex_vals -» Contains the addresses of the hexadecimal display sequences

=

Figure 31 — Task 1 assembly code: delay subroutine (2)
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The delay subroutine, as shown below, is called in the main subroutine.

100 display
101
102
103
104
105
106
07
108
109
110
11
112
13
114
115
116
u7

BEBREBBRERRRRREREEE

RETURN

END

hex vals

b'elilleel’
hex_vals+8x@1
b*20106100'"
hex_vals+8x82
b'ee116080"
hex_vals+0x@3
b’ees1
hex_vals+@x@4

b'eee1ee1e’
hex_vals+8x@5
b'eeeee0le’
hex_vals+@x06
b'01111000"
hex_vals+0x07
b'oee0e000 "’
hex_vals+ox@8
b'eee16808 "

hex_vals+8x09
b'eeeel1000’
vals+@x0A
911’
vals+0xeB

088

hex

Figure 32 — Task 1 assembly code: display subroutine
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Task 2

Secondly, the PIC is programmed “so that when you press one of the two buttons, it displays L on
the 7-segment LED display, then when you press the other one, it displays r”. These characters can
be display by the same process as task 1, where a corresponding binary sequence (shown in the
table below) is outputted from the pins on port B.

Character Display Pins Binary Sequence Hexadecimal Value
L DEF 0100 0111 0x47
r EG 0010 1111 0x2F

The flowchart below shows the logic of the button-pressing and response. When button SW2 (on the
simulation) is pressed, and gives an input to the microcontroller, the character ‘L’ is displayed. The
same process takes place with SW3 and the character ‘r'. It must be noted that since the inputs from
the buttons are received at pins A0 and A1, these must be set as inputs on the microcontroller (see
initialisation below).

Start

Y

Polling
Buttons

4

Input on Display
RAO? ™| character L

No
Y

, Input on Display
Clear Display |=No RA1?

character r

Figure 33 — Task 2 flowchart
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Below we have the initialisation process for task 2 - microprocessor type and supporting file must
first be referenced, then memory allocated. In this case the assigned hexadecimal values for
displaying ‘L’ and ‘v’ are listed (as given in the table above).

main.asm [
i, FILE: Task 2.asm
2,; AUTHOR: Caitlin Lonsdale
3; DATE: 82/81/2825
4
5
3 LIST p=16F84 ; Select micreprocessor type
7 RADIX hex ; Define hexadecimal as the number base
8
g#include p16f84.inc ; Find and include the microprocessor file
10
11 ;
1z
13 portA EQU exes ; Pointer to portd memory address
4trisA EQU @exes ; Pointer to portdA data direction register memory address (trisA)
15 portB EQU exes ; Pointer to portB memory address
16 trisB EQU exes ; Pointer to portB data direction register memory address (tris8)
17 status EQU @xe3 ; Pointer to status register memory address (8-7)
18 RP@ EQU 5 ; Bit number (5) of RP@ in the staotus register
18 RP1 EQU 6 ; Bit number (6) of RP1 in the status register
20
nL EQU @xa7 ; Hexadecimol value for display L
zr EQU ex2F ; Hexadecimal wvalue for display r
X
24 ORG exee ; Start the program at 8x988@
25

Figure 34 — Task 2 assembly code: initialisation

The main subroutine starts by initialising the status register bits — setting all the pins on port B as
outputs, and first two pins of port A as inputs. The main loop polls over pins A0 and Al, to see if
there is input from either being pressed. According to the brief; if SW2 is pressed the character ‘L’ is
displayed, and if SW3 is pressed the character 'r’ is displayed.

lli; oo e T B S A A S B S A R
7

=® ; Subroutine: main

2 ; Description: This is the main function for the program. It starts by initialising the status register bits,
3 ; setting portd pins as inputs and setting portB pins as outputs. Then it polls over the input
3; from the buttons to see if either have been pressed. If the Left side button (5M2) is pressed,
32 ; then the Letter L is displayed. If the right side button (SW3) is pressed, the r is displayed.
33 ; Register Usage:

34 ; w -» "Working register' stores values temporarily

35 ; status -»> Contains the ALU arithmetic stotus, RESET status, and bank select bit for data memory

3% ; trisA -» Sets the data direction (imput/output) of portA

37 ; portA -> Accesses date pins of portd

> ; trisB -> Sets the data direction (input/output) of portB

»; port8 -»> Accesses data pins of portB

e

s main ; Subroutine main

42 BCF status,RP@ j Clear RP@ bit in the status register

43 BCF status,RP1 ; Clear RP1 bit in the status register

a4 BSF status ,RP@ ; Set RP@ bit in the status register

45 MOVLW  8xe3 3 Move value bEPEOEA11 to the W register

% MOVWF trishA ; Move value booPeeEE11 to trisA to set portA pins @ ond 1 as inputs

47 MOVLW  exee ; Move value bBBPOBAAY to the W register

a MOVWF trisB 3 Move value bBBP8BEBE to trisB to set portB as all output pins

L]

0 BCF status,RP@ ; Bit Clear File - Clear RPO bit in the status register

51 CLRF portA ; Clear current pin values on portA

52 CLRF portB ; Clear current pin values on portB

53

54 loop BTF55 portA,@ ; Test pin A8 - if high then skip next instruction, if low then execute
55 MOVLW L i Move hexadecimal value for L to the W register

56 BTFSS portA,1 ; Test pin Al - if high then skip next instruction, if low then execute
57 MOV LI r ; Move hexadecimal value for r to the W register

= MOVWF  portB ; Move W register value to portB to output to display

= GOTO loop ; Return to loop to display the next Letter

]

61 END ;s End program

Figure 35 — Task 2 assembly code: main subroutine
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Task 3

Thirdly, the PIC is programmed “so one button causes all of the LED segments to light, and the other
switch turns them off”. The flowchart below shows the logic of the button-pressing and response,
where if button SW2 is pressed (and there is an input on pin RAQ), all 7 LED segments are switched
on by outputting a binary sequence to port B (as in tasks 1 and 2). If button SW3 is pressed, causing
an input signal to the microcontroller, the LED segments are switched off by the same process.
Below the flowchart is a table containing the corresponding binary sequences for the display.

Start
Y
Polling
oo
Buttons
Y
N Input on = All LED
- RAD? ™| segments on
No
Y
Input on All LED
. Yes p=
RA1? segments off
Figure 36 — Task 3 flowchart
Display Binary Sequence Hexadecimal Value
On 0000 0000 0x00
Off 01111111 Ox7F
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Below we have the initialisation process for task 3 - microprocessor type and supporting file must
first be referenced, then memory allocated. In this case the assigned hexadecimal values for setting
the display all ‘on’ or ‘off’ are listed (as given in the table above).

man.asm [
E: FTLE: Task 3.asm
2 ; AUTHOR: Caitlin Lonsdale
3; DATE: az2/01/2025
a
5
6 LIST p=16F84 ; Select micreprocessor type
7 RADIX hesx ; Define hexadecimal as the number base
a
g#include pl16f84.inc ; Find and include the microprocessor file
10
e et e L e EEE e e e
12
15 porta EQU 8x85 ; Pointer to portd memory address
MtrishA EQU 8x8s ; Pointer to portA daota direction register memory address (trisA)
15 portB EQU Bx8d ; Pointer to portB memory address
16 trisB EQU @x86 ; Pointer to portB dota direction register memory address (trisB)
17 status EQU 8x83 ; Pointer to status register memory address (@-7)
18 RP8 EQU 5 ; Bit number (5) of RP@ in the status register
19 RP1 EQU 6 ; Bit number (6) of RP1 in the status register
i)
1 on EQU 8x8a ; Hexadecimal value for display all on
noff EQU @x7F ; Hexadecimal value for display all off
3
24 ORG 8x88 ; Start the program ot 8x00

25

Figure 37 — Task 3 assembly code: initialisation

The main subroutine starts by initialising the status register bits — setting all the pins on port B as
outputs, and first two pins of port A as inputs. The main loop polls over pins A0 and Al, to see if
there is input from either being pressed. According to the brief; if SW2 is pressed the display
segments are all on, and if SW3 is pressed they are all off.

B S m e mm oo
2
2 ; Subroutine: main

2 ; Description: This is the main function for the program. Tt starts by initialising the status register bits,

30 ; setting portA pins as inputs and setting portB pins as outputs. Then it polls over the input
3 ; from the buttons to see if either have been pressed. If the left side button (SW2) is pressed,
32 ; then all the display segments are on. If the right side button (SW3) is pressed, all are off.

33; Register Usage:

34 ; w -> 'Working register' stores values temporarily

B status -»> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
3% ; trisA -» Sets the data direction (input/output) of portd

7; portA -> Accesses data pins of portA

= ; trisB -> Sets the data direction (input/output) of portB

3 ; portB -> Accesses data pins of portB

40

; Subroutine main

&
2
@
-
2

2 BCF status,RP@ ; Clear RP® bit in the status register
43 BCF status ,RP1 ; Clear RP1 bit in the status register

4 BSF status,RP@ ; Set RP@ bit in the status register

45 MOVLW  ex@3 ; Move value bOPOOOEI1 to the W register

% MOVWF  trisA ; Move value bBBOEBO11 to trisd to set portd pins @ and 1 as inputs

47 MOVLW axea ; Move value bOPBEEEAY to the W register

45 MOVWF trisB ; Move value bBOBBOBEO to trisB to set portB as oll output pins

49

50 BCF status,RP@ ; Bit Clear File - Clear RP8 bit in the stotus register

51 CLRF porth ; Clear current pin values on portd

52 CLRF portB ; Clear current pin values on portB

53

54 loop BTFSS portA,8 ; Test pin A9 if high then skip next instruction, if Low then execute
35 MOVLW  on ; Move hexadecimal value for display oll on to the W register

s BTFSS  porth,1 ; Test pin A1 - if high Ehen skip next instruction, if Lew then execute
57 MOV LW off i Move hexadecimal value for display all off to the W register

58 MOVIWF portB ; Move W register value to portB to output to display

5 GOTO locp ; Return to loop to display again

0

81 END ; End program

Figure 38 — Task 3 assembly code: main subroutine
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Task 4

Next, the PIC is programmed “so you start by displaying '5' but you can count up (to a maximum of
9) if you press one button, and count down (to a minimum of 0) if you press the other”. The
flowchart below shows the logic of the button-pressing and response, where if button SW2 is
pressed (and there is an input on pin RAQ), the LED display number is decremented down to a
minimum of zero. As in task 1, characters are displayed on the 7-segment display by outputting a
binary sequence to port B (as in tasks 1 and 2). If button SW3 is pressed (and there is an input on pin
RA1), the LED display is incremented up to a maximum of nine.

Start

Polling

Buttons

Y
J Input on Yoi s e Decrement
o RA0? ™ counter
- No /
No
-
Y
Input on - - Youo Increment
N RA1? counter
o

Figure 39 — Task 4 flowchart

Below we have the initialisation process - microprocessor type and supporting file must first be
referenced, then memory allocated. As in task 1, memory is allocated for ‘hex_vals’ and ‘hex_end’
which are pointers to a block of RAM (random access memory) reserved for indexing the binary
sequences required. The addresses ‘inner’ and ‘outer’ are selected to be used for the delay
subroutine.
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pe—

N FILE: Task 4.asm

2,; AUTHOR: Caitlin Lonsdale

3; DATE: 02/01/2825

5

5

& LIsST p=16F84 ; Select microprocessor type

7 RADIX  hex ; Define hexedecimal as the number base

8

9 #include pl6f84.inc ; Find and include the microprocessor file

0
S ——
12

13 UDATA_SHR ; Declare the start of @ section of shared unintialised data

14 num_vals RES @x@A ; Pointer to reserved memory block (188)

15 num_end ; Pointer to memory address directly ofter date being used

16

17 porta EQU @x@5 ; Pointer to portA memory oddress

18 trisA EQU @xas ; Pointer to portd dota direction register memory oddress (trisa)
19 portB EQU ex@d ; Pointer to portB memory oddress

2 trish EQU @x@6 ; Pointer to portB dota direction register memory oddress (trisB)
21 status EQU exa3 ; Pointer to status register memory address (8-7)

2 RPA EQU 5 ; Bit number (5) of RPO in the status register

[ RP1 EQU & ; Bit number (6) of RP1 in the status register

E2

25 inner EQU @x1C ; RAM memory address of data

2% outer EQU @x1D ; RAM memory eddress of data

k24

E ORG @x09 ; Start the program at Ox89

el

Figure 40 - Task 4 assembly code: initialisation

The main subroutine has the same initialisation as task 1 (see above). After starting the display with
the number 5; the main loop polls over pins A0 and Al, to see if there is input from either being
pressed. According to the brief; and if SW2 is pressed the display decrements down to 0 in integer
intervals, as in the countD subroutine. Alternatively, if SW3 is pressed the display increments up to 9
ininteger intervals, according to the countU subroutine. The delay subroutine is used within the two
‘count’ subroutines to ensure changes between the display are readable to the human eye.

R ; Subroutine: main
33 ; Description: This is the main function for the progrem. It starts by initiolising the stotus register bits,
3 ; setting portA pins as inputs and setting portB pins as outputs. The number 5 is intially

3, displayed.Then it polls over the input from the buttons fo see if either have been pressed.
% ; If the Left side button (5W2) is pressed, the display will decrement the number (min is 8).
57 ; If the right side button (5W3) is pressed, the display will increment the number (max is 9).
3 ;

3 ; Register Usage:

- w -3 'Working register' stores volues temporarily
4 ; status -> Contains the ALV arithmetic stotus, RESET stotus, and bank select bit for dota memory
@ ; trisA -3 Sets the dato direction (input/output) of porta

5 ; portd -> Accesses daote pins of portd

a4 trisB -»> Sets the date direction (input/output) of portB

48 ; portB -» Accesses dato pins of portf

% ; FSR -3 Addresses indirect data memory (data pointer)

a7 ; INDF -> Accesses data ot FSR address (nmon-physical register)

+

# main ; Subroutine main

s BCF status,RP@ ; Clear RPO bit in the stotus register

£ BCF status,RP1 ; Clear RP1 bit in the stotus register

51 BSF status,RPB ; Set RPO bit in the status register

53 MOVLW Bx83 i Move volue LEVEOGEII to the W register

54 MOVKF trisA Move value bBOOGGE11 to trisd to set portd pins @ and 1 as inputs
55 MOVLW 2xed Move value bOVSOBOOE to the W register

56 MOVWF trisB ; Move volue bBGBSAEBA to trisB to set portB as all output pins

57 BCF status,RPB ; Clear RP@ bit in the stotus register

58 CLRF parta i Clear current pin values on portA

£l CLRF partd ; €lear current pin values on portd

&

&1 CALL  display ; Call subroutine display

62 MOVLW  num_vals+B8x@85 ; Move num vals index 5 to the W register

&1 MOVWF FSR & num_vals index 5 to FSR register

&4 MOVF TNDF @ : » INDF value to the W register

& MOVWF  portB ; FSR value to portB to output to the display

Figure 41 — Task 4 assembly code: main subroutine (1)

&7 loop BTFSS porthA,@ i Test pin A8 - if high then skip next instruction, if Low then execute
58 CALL countD ; Call subroutine countD
&9 BTFSS porthA,l ; Test pin Al - if high then skip next instruction, if low then execute
m CALL countU 5 Coll subroutine countl

7 GOTO loop ; Go to loop Line

Figure 42 — Task 4 assembly code: main subroutine (2)
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The countD subroutine, as shown below, is called in the main subroutine.

75 ; Subroutine: countD
% ; Description: This is the countD subroutine, called in the main function for the program. It counts down the

MOVIIF partB
CALL delay
RETURN

Move FSR value to portB to output to the display
Call subroutine delay
Return from subroutine countD

T number on the display, decreasing by 1 for each related button press, down to @.

% ; Register Usage:

u; w -»> 'Working register' stores values temporarily

B ; status -»> Contains the ALU arithmetic status, RESET status, and bank select bit for deta memory

B1 ; portB -» Accesses data pins of portB

B2 ; FSR -3 Addresses indirect data memory (dota pointer)

B3 ; INDF -»> Accesses data at F5R address (non-physical register)

85 countD ; Subroutine countD

B MOVF FSR,@ ; Move FSR volue to the W register

& XORLW  8x6C ; XOR the W register (from FSR) and 8x6C (display 6) velues to test if equal
&8 BTFSS  status,Z ; If address value are equal skip next instruction (Z bit=@ if equal)
B3 DECF FSR,1 ; Decrement the FSR pointer

w0 MOVF INDF,@ ; Move INDF value to the W register

91

52

53

Figure 43 — Task 4 assembly code: countD subroutine

The countU subroutine, as shown below, is called in the main subroutine.

97 ; Subroutine: countl

%8 ; Description: This is the countl subroutine, called in the main function for the program. It counts up the

% number on the display, increasing by 1 for each related button press, up to 9.
W0 ; Register Usage:

101 ; w -> 'Working register' stores values temporarily

02 ; status -> Contains the ALU arithmetic status, RESET stotus, and bank select bit for data memory

13 ; portB -> Accesses dota pins of portB

104 ; FSR -> Addresses indirect dota memory (data pointer)

105 ; INDF -» Accesses data at FSR address (non-physical register)

106

107 countl ; Subroutine countl

108 MOVF FSR,8 + Move FSR value to the W register

109 XORLW  @x15 ; XOR the W register (from FSR) and 8x15 (display 9) values to test if equal
110 BTFSS status,Z ; If address value are equal skip next instruction (Z bit=@ if equal)

111 INCF FSR,1 ; Increment the FSR pointer

12 MOVE INDF,@ ; Move INDF value to the W register

13 MOVWF  portB ; Move FSR value to portB to output to the display

114 CALL delay ; Call subroutine delay

115 RETURN ; Return from subroutine countl

116

Figure 44 — Task 4 assembly code: countU subroutine

The delay subroutine, as shown below, is called in the main subroutine.

118 ; Subroutine: delay
13 ; Description: This is the delay subroutine, called in the main function for the program. It forms a counting loop

2 to occupy the microprocessor for 8.2 seconds as reguired.

122 ; Register Usage:

123 ; w -» 'Working register' stores values temporarily

124 ; outer -»> Contains the outer Loop counter

125 inner -» Contoins the inner loop counter

1%

127 delay ; Subroutine delay

128 MOVLM  @xFF ; Move value 255 to the W register

13 MOVIWF outer ; Duter loop counter - Set outer value as 255

130

131 outerL MOVLH @xFF ; Move value 255 to the W register

132 MOVWF inner ; Inner loop counter - Set inner value as 255

133

134 innerL DECFSZ  inner,f ; Decrement inner by 1, skip next instruction if @
135 GOTO innerl ; Return to innerl to repeat count

1% DECFSZ outer,f 3 Decrement outer by 1, skip next instruction if @
157 GOTO outerl ; Return to outerl to repeat count

138 RETURN ; Return from subroutine delay

13

Figure 45 — Task 4 assembly code: delay subroutine
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The display subroutine, as shown below, is called in the main subroutine.

i1
142 ; Subroutine: display
143 ; Description: This is the display subroutine, called in the main function for the program. It stores all the

144 binary sequences for the 8-9 display in RAM so they can be ocutputted on portB.
145 ; Register Usage:

146 ; w -> 'Working register' stores values temporarily

147 ; hex_vals -» Contains the addresses of the hexadecimal display sequences

148

149 display

150 MOVLW  b'al8esose ; Move binary sequence for @ to the W register
151 MOVWF num_vals ; Move binary sequence for @ to num vals (8x8C)
152 MOVLW  b'allilest ; Move binary sequence for 1 to the W register
153 MOVWF  num_vals+8x81 ; Move binary sequence for 1 to num_vals (8x8D)
154 MOVLW b 1 88 ; Move binary seguence for 2 to the W register
155 MOVWF num_vals+@xe2 ; Move binary seqguence for 2 to num_vals (@x8E)
156 MOVLW b’ 1ae8e ; Move binary sequence for ? to the W register
157 MOVWF num_vals+8x83 ; Move binary sequence for 3 to num_vals (6x8F)
158 MOVLW  b'eealleal ; Move binary sequence for 4 to the W register
159 MOVWF  num_vals+8x84 ; Move binary sequence for 4 to num_vals (8x18)
160 MOV LE b'aaaloalc j Move binary sequence for § to the W register
181 MONWF num_vals+8xB5 ; Move binary sequence for 5 to num_vals (Bx11)
.62 MOVLW b a @ ; Move binary seguence for 6 to the W register
163 MOVWF num_vals+@x86 ; Move binary sequence for 6 to num_vals (8x12)
164 MOVLW b'@l1l1888 ; Move binary sequence for 7 to the W register
165 MOVIF num_vals+8x87 ; Move binary sequence for 7 to num_vals (8x13)
166 MOVLW  b'eodaoes ; Move binary sequence for 8 to the W register
%7 MOVWF  num_vals+8x88 ; Move binary sequence for & to num_vals (Bx14)
168 MOVLW  b'Gaa16666 ; Meve binary sequence for 9 to the W register
169 MOVWF num_vals+8x89 ; Move binary seguence for 9 to num vals (8x15)
170 RETURN ; Return from subroutine display

171

172 END 3 End program

Figure 46 — Task 4 assembly code: display subroutine
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Task 5

Penultimately, the PIC is programmed “so that the piezo sounder produces a tone while one of the
buttons is pressed”. The flowchart below shows the logic of the button-pressing and response,
where if button SW2 is pressed (and there is an input on pin RAQ), the piezo buzzer sounds. This is
because the microcontroller will output a signal (high or logic 1) on pin 7 of port B (as discussed in
section 1). When the button is not pressed, the microcontroller output on RB7 is low (or logic 0) and

the piezo buzzer is off. Below the flowchart is a table containing these corresponding binary
sequences.

Start

Polling

Buttons

Y
Piezo Buzzer » Input on Piezo Buzzer
Off i RAO?
Figure 47 — Task 5 flowchart
Piezo Buzzer Binary Sequence Hexadecimal Value
On 11111111 OxFF
Off 01111111 Ox7F

Below is also a capture of the required update to the Proteus simulation circuit — a digital
oscilloscope is connected to the output of the sounder to observe the program. It is to be noted that
this update is also implemented in task 6.

swi T d
o
e

MOLTAGE REG

'l

B
z:_Q
]
Eimszf gﬁi?i
| ]
i

Figure 48 — Updated Proteus simulation circuit
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Below we have the initialisation process - microprocessor type and supporting file must first be
referenced, then memory allocated. In this case the assigned hexadecimal values for setting the
piezo buzzer ‘on’ or ‘off’ are listed (as given in the table above).

main.asm [
1; FILE: Task 5.asm
2 ; AUTHOR: Caitlin Lonsdale
3; DATE: 03/01/2025
4
5
& LIST p=16F84 ; Select microprocessor type
7 RADIX  hex ; Define hexadecimal as the number base
8
g#include pl6fB4.inc ; Find and include the microprocessor file
10
Ll = m o m o o o m oo
12
13 portA EQU 8x@85 ; Pointer to portA memory address
#Erish EQU Bx85 ; Pointer to portd data direction register memory address (trisd)
15 portB EQU Bx86 ; Pointer to portB memory address
16trisB EQU 8xes ; Pointer to portB data direction register memory address (trisB)
17 status EQU 8x83 ; Pointer to status register memory address (8-7)
18 RPO EQU 5 ; Bit number (5) of RPB in the stotus register
18 RP1 EQU B ; Bit number (6) of RP1 in the status register
0
21 on EQU BxFF ; Hexodecimal value for piezo buzzer on
2 off EQU 8x7F ; Hexadecimal value for piezo buzzer off
23
24 ORG exee ; Start the program at 8x08
25

Figure 49 — Task 5 assembly code: initialisation

The main subroutine has the same initialisation as previous tasks, setting port A as input and port B
as outputs. Following this, it polls over the input from the button, and will set the piezo buzzer on if
a signal is received. The alternate state is that the piezo buzzer is off (no output from PIC).

%;

7

28 ; Subroutine: main
2 ; Description: This is the main function for the progrom. It starts by initialising the status register bits,

= ; setting portA pins os inputs and setting portB pins as outputs. Then it polls over the input
e - from the button (SW2) to see if it's been pressed. While pressed, the piezo buzzer will sound.
32; Register Usage:

= w -> 'Working register' stores values temporarily

34 ; status -» Contains the ALU grithmetic status, RESET status, and bank select bit for data memory

35 ; trisA -» Sets the data direction (input/output) of portA

% ; portd -> Accesses data pins of portd

= ; trisB -» Sets the data direction (input/output) of portB

o portB -»> Accesses data pins of portB

»

4 main ; Subroutine main

41 BCF status,RP@ ; Clear RP8 bit in the status register

42 BCF status,RP1 ; Clear RP1 bit in the status register

43 BSF status,RPO ; Set RP® bit in the status register

L MOVLW BxB1 ; Move value bBBEPBBE1 to the W register

45 MOVWF trisA ; Move value bBPBEBOO1 to trisA to set portA pins 8 as an input

*% MOVLW Bx0a ; Move velue bBB0OEERE to the W register

P MOVWF  trisB ; Move value bBBBABOAS to trisB to set portdB as all cutput pins

L]

- BCF status,RP@ ; Clear RP8 bit in the status register

=0 CLRF porta : Clear current pin values on portA

51 CLRF portB ; Clear current pin values on portB

5z

sz loop BTFSS  portd,® ; Test pin A@ - if high then skip next instruction, if low then execute
54 MOV LW on ; Move hexadecimal value for piezo buzzer on to the W register

55 BTFSC porta,e ; Test pin A8 - if low then skip next instruction, if high then execute
E3 MOVLW  of f ; Move hexadecimal value for piezo buzzer off to the W register

57 MOVIWF portB ; Move W register value to portB to output to buzzer

5= GOTO loop ; Return to Loop

59

50 END ; End program

Figure 50 - Task 5 assembly code: main subroutine
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The capture from oscilloscope below demonstrates the activity of the circuit. At the point of the
dashed vertical line we see a rising edge on the signal from the sounder. Since this capture was
taken at the point of the button being pressed, it demonstates how the microcontroller then sets
the sounder on in response, as the program specifies.

Channel C

Figure 51 — Task 5 oscilloscope reading

24




Task 6

Lastly, the PIC is programmed “so a fixed frequency, constantly changing PWM waveform pulse train
to drives the speaker on the proteus simulation”. PWM (pulse width modulation) is a waveform
technique in which a square ‘pulsed’ wave is transmitted at a given frequency [16]. The waveform
has a ‘duty cycle’ which determines what percentage of the time period the signal is ‘high’. In this
case, ‘high’ would denote the +5v output from a microcontroller pin to the sounder.

Below is a flowchart which outlines the logic of a PWM signal output from the microcontroller, in
which the duty cycle starts at 100%, decreasing down to 10% in 10% intervals — then restarts. The
table includes the binary and hexadecimal reference values for these duty cycles.

¥
: Perform
. Ascslgca"l‘:gs Set index to PWM Increment
! -
s zero according fo index
In memaory
duty cycle
N
Figure 52 — Task 6 flowchart
Duty Cycle (%) Binary Value Hexadecimal Value
100 255 OxFF
90 229 OxES
80 204 0xCC
70 178 0xB2
60 153 0x99
50 127 Ox7F
40 101 0x65
30 76 0x4C
20 32 0x32
10 19 0x19
main_ssm [
1; FILE: Task &.asm
2; AUTHOR: Caitlin Lonsdale
3; DATE: @3/81/2025
4
s
6 LIST p=16F84 ; Select microprocessor type
7 RADIX hex ; Define hexadecimal ags the number base
1
g#include pl6f84.inc s Find and include the microprocessor file
o
1 ;
12
13 UDATA_SHR i Declare the start of a section of shared unintialised data
M cyc_vals RES @x8a ; Pointer to reserved memory block (188)
15 cyc_end i Pointer to memory address directly after data being used
EQU @x86 ; Pointer to portB memory address
EQU Bx@5 ; Pointer to portB data direction register memory address (trisB)
EQU exe3 ; Pointer to status register memory address (@-7)
EQU 5 ; Bit number (5) of RPO in the status register
EQU & ; Bit number (8) of RP1 in the status register
EQU @xFF ; Hexadecimal value for piezo buzzer on
EQU ex7F i Hexadecimal value for piezo buzzer off
EQU ex1C i Length of duty cycle
EQU ex1D ; lLength of temp duty cycle
=8 ORG Bx08 ; Start the progrom at 8x80
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Above we have the initialisation process - microprocessor type and supporting file must first be
referenced, then memory allocated. As in task 5, we reference ‘on’ and ‘off’ as the sequences across
port B to set the piezo buzzer on/off at the appropriate times. We also allocate memory for ‘duty’
and ‘temp’, which are used to form a varying duty cycles (see cycles subroutine below).

Below we have the main subroutine, as seen in all the previous tasks. To start, it sets the buzzer on
‘high” with the first duty cycle - counted by decrementing the reference value down to zero, once
per instruction cycle. Once zero is reached, the buzzer (output on RB7) is set off for the ‘low’ portion
of the waveform. It must be noted that the length of the low portion is calculated by subtracting the
duty cycle length from 255 (since there is an 8-bit resolution) — as can be seen in the subroutine
pwm. For each cycle the duty cycle is decreased, according to the subroutine cycles. When the
smallest duty cycle is reached the program restarts.

Figure 53 — Task & assembly code: initialisation

i e e e e
3

3 ; Subroutine: main

33 ; Description: This is the main function for the program. It starts by initialising the status register bits,
34 ; and setting portB as all output pins. It sets the buzzer off (via the portB output) to stert.
s ; It produces a fixed frequency pulse with a decreasing duty cycle (PWM - pulse width modulation)
3 ; which Loops repeatedly, and can be heard on the buzzer.

37; Register Usage:

8 ; w -» 'Working register' stores values temporarily

W, ; statue -3 Contains the ALU arithmetic status, RESET status, and bank select bit for data memory

0 ; trisB -» Sets the data direction (input/output) of portB

41 ; portB -»> Accesses data pins of portB

a2 ; FSR -> Addresses indirect data memory (data pointer)

43 ; INDF -» Accesses data at FSR address (non-physical register)

+“

45 main ; Subroutine main

45 BCF status,RP@ ; Clear RP® bit in the status register

47 BCF status,RP1 ; Clear RP1 bit in the status register

L] BSF status,RP@ ; Set RP@ bit in the status register

4 MOVLW  8xad ; Move value 8 to the W register

50 MOVWF trisB ; Move value @ to trisB to set portB as all output pins

51 BCF status,RP@ ;j Clear RP@ bit in the status register

5 CLRF portB ; Clear current pin values on portB

53

54 CALL cycles ; Call subroutine cycles

55 MOVLW  cyc_vals ; Move num_vals index @ to the W register

55 MOVWF FSR ; Move num vals index 8 to FSR register

57 MOVF INDF ,@ ; Move INDF value to the W register

58 MOVWF  duty ; Move INDF value to duty

59

&0 reset MOVLW  off i Move buzzer off value to the W register

61 MOVWF portB ; Move buzzer off value to portB

62 MOVLW  cyc_vals ; Move cyc_vals to the W register

53 MOVWF FSR ; Move cyec_vals to FSR register

&4

Figure 54 — Task 6 assembly code: main subroutine (1)

65 Loop MOVF INDF , @ Move INDF value to the W register

66 MOVWF  duty ; Move INDF value to duty

&7 CALL prm ; Call subroutine pwm

68 INCF FSR ; Increment the FSR pointer

59 MOVF FSR,@ ;i Move FSR value to the W register

il XORLW cyc_end ; XOR the W register (from FSR) and cyc_end (from RAM) values to test if equal
70 BTFSS status,Z ; If address value are equal skip next instruction (Z bit=@ if equal)

kel GOTO loop ; Return to loop to display the next number

3 GOTO reset ; Return to reset to start cycle count

74 RETURN ; Return from subroutine main

7

Figure 55 — Task 6 assembly code: main subroutine (2)
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The pwm subroutine, as shown below, is called in the main subroutine.

78 ; Subroutine: pwm
7 ; Description: This is the pum subroutine, called in the main function for the program. It sets the output on

a0 ; portB (pin 7) to high/Low occording to the duty cycle set by the subroutine cycles.

81 ; Register Usage:

82 ; w => 'Working register' stores values temporarily

83 ; status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
84 ; trisB -> Sets the data direction (input/output) of portB

85 ; portB -> Accesses data pins of portB

a5

87 pwm MOVF duty,® ; Move duty value to the W register

88 MOVWF  temp ; Move duty value to temp

89 MOVLW  on ; Move buzzer on value to the W register

a0 MOVWF portB ; Move buzzer on value to portB

a1

92 pumHi DECFSZ  temp ; Decrement temp value by 1, if zero the skip next instruction
a3 GOTO pwmH i ; Return to pwmHi

94 MOVLW  @xFF ; Move value 255 to the W register

95 MOVWF  temp ; Move value 255 to temp

96 MOVF duty,8 ; Move duty value to the W register

a7 SUBWF temp,1 ; Subtract duty value from temp, store the result in temp

98 MOVLW  off ; Move buzzer off value to the W register

£ MOVWF  portB ; Move buzzer ofF value to port8

100

101 pwmLo DECFSZ temp ; Decrement temp value by 1, if zero the skip next instruction
102 GOTO pwmlo ; Return to pwwmlo

103 RETURN ; Return from subroutine puwm

04

Figure 56 — Task 6 assembly code: pwm subroutine

The cycles subroutine, as shown below, is called in the main subroutine.

107 ; Subroutine: cycles
18 ; Description: This is the cycles subroutine, called in the main function for the program. It sets the

109 ; hexadecimal values for the duty cycles 100-18% (16% decrements). It stores all of these
1m0 ; in RAM so they can be accessed and used for the values duty and temp.
111 ; Register Usage:

i - w -> 'Working register' stores values temporarily

13;  cyc_vals -3 Contains the addresses of the duty cycle values

114

115 cycles ; Subroutine cycles

116 MOVLW  @x@F ; Move 109% duty cycle (255) to the W register
117 MOVWF cyc_vals ; Move 188% duty cycle (255) to cyc_vals index 8
118 MOVLW  8xES ; Move 98% duty cycle (229) to the W register

119 MOVMF cyc_vals+@x@1 ; Move 90% duty cycle (229) to cyc_vals index 1
120 MOVLW  @xCC ; Move 88% duty cycle (284) to the W register

MOVWF cyc_vals+8xa2
MOVLW  8xB2

MOVMWF cyc_vale+@x@3 ; Move 78% duty cycle (178) to cyc_vals index 3
MOVLW  9x99 Move 68% duty cycle (153) te the W register

121 Move 88% duty cycle (284) to cyc vals index 2
122
123
124
125 MOWF  cyc_vals+@x@4 ; Move 68% duty cycle (153) te cyc_vals index 4
126
127
13
129
130

Move 78% duty cycle (178) to the W register

N

A

MOVLW  @xTF Move 50% duty cycle (127) to the W register
MOVMWF cyc_vals+8xa@5 Move 58% duty cycle (127) to cyc_vals index 5
MOVLW  @x65 Move 48% duty cycle (1e1) to the W register
MOVMF  cyc_vals+@x@6 Move 48% duty cycle (181) to cyc vals index &
MOVLW  @x4C Move 38% duty cycle (76) to the W register
131 MOVWF cyc_vals+@x87 ; Move 30% duty cyecle (76) to cyc_vals index 7

RO

i

132 MOVLW  @x32 ; Move 28% duty cycle (58) to the W register
133 MOWF  cyc_vals+@x@8 ; Move 28% duty cycle (58) to cyc vals index 8
134 MOVLW  Bx19 ; Move 18% duty cycle (25) to the W register
135 MOVMWF cyc_vals+@x8% ; Move 10% duty cycle (25) to cyec vals index 18
1% RETURN ; Return from subroutine cycles

137

13 END ; End program

Figure 57 — Task 6 assembly code: cycles subroutine

27




Channel C

€

Figure 58 — Task 6 oscilloscope reading

The capture from oscilloscope above demonstrates the activity of the circuit. We see the square
waveform that is characteristic to the PWM technigue. We can also observe that the width of the

‘high” portion changes over time, demonstarting how the duty cycle changes.
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Conclusion

In conclusion, the PICF84A has be shown to applicable for embedded circuit control. Section 1
explored how it can be incorporated into a circuit design, and is integrable with a variety of circuit
components, such as driving the 7-segment display and a piezo buzzer, whilst receiving input from
buttons. Section 2 demonstrated in more detail how the PIC could be used with the 7-segment
display, including displaying a variety of hexadecimal characters by outputting signals from the pins
on the PIC. Lastly, section 3 implemented the theory to produce assembly language applicable to the
PIC in simulation software. There were a variety of tasks completed to exhibit the capabilities of the
microcontroller, from a simple counting on the display, through to a varying PWM waveform. All
these tasks were achieved in an efficient and conventional manner.
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CAITLIN LONSDALE

373

ENGAGEMENT WITH LITERATURE

[

jﬁp

Excellent range of relevant sources cited

KNOWLEDGE AND UNDERSTANDING

80

[

y‘ Very good level of K&U derived from the EWL. Very

well explained through the use of the diagrams.
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COGNITIVE AND INTELLECTUAL

[

y‘ Some very interesting solutions to the
programming tasks - shows a good level of
intellect

PRACTICAL APPLICATION

75

[

y‘ Circuit very well implemented. Good attempt at all
the programming questions, although some flaws
in the understanding - e.g. the buzzer needs to be
vibrated, not just switched on an off, also - why
was the PWM implemented in steps, rather than
by +- 177

TRANSFERABLE SKILLS

70

(

y“ Generally well laid out and presented.
Could have had a more detailed TOC though.
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