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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 of a 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.
[image: ]
Figure 1 - Assignment Board Circuit Diagram
[image: ]
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 I/O (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 I/O 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 4.7kΩ 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.
[image: ][image: ]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 control 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.
[image: ][image: ]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].
[image: ][image: ][image: ]Figure 9 - 7805 Component
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 buzzer is 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 1kΩ 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].
[image: ][image: ][image: ]Figure 12 - Piezo Buzzer Component

Figure 10 - Sounder DiagramFigure 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.
[image: ][image: ][image: ]Figure 15 - BC107 Component
Figure 14 - Simulation BC107

Figure 33 - BC107 Diagram

Quartz 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].
[image: ][image: ][image: ]Figure 18 - Oscillator Component
Figure 17 - Simulation Oscillator

Figure 16 - Oscillator Diagram





Push Buttons
Also, within the circuit are two push buttons; SW2 button inputs to pin RA0, and SW3 button inputs to pin RA1 of the microcontroller. From this, the RA0 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 10kΩ 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].
[image: ][image: ]Figure 20 - Simulation Buttons

Figure 19 - Buttons Diagram

DIP14 Resistor Array
The microcontroller output pins RB0-RB6 are connected to a DIP14 resistor array, as shown below [13]. The array is composed of 6 parallel 220Ω resistors, which is used to regulate the output signals from the microprocessor, before they input to the display (see 7 Segment Display below).
[image: ][image: ]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 RB0-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.
[image: ][image: ][image: ]Figure 24 - Simulation Display
Figure 25 - Display Component

Figure 23 - Display Diagram
















Section 2: Character Display
The 7-segment display has 7 input pins a-g which are controlled by the microcontroller pins RB0 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 a is shown by the least significant bit (microprocessor pin RB0), through to pin g as the 6th 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].
[image: ]
Figure 26 - 7 Segment Display Diagram
	Hexadecimal Value
	Display Pins
	Binary Sequence

	0
	A B C D E F
	0100 0000

	1
	B C
	0111 1001

	2
	A B D E G
	0010 0100

	3
	A B C D G
	0011 0000

	4
	B C F G
	0001 1001

	5
	A C D F G
	0001 0010

	6
	A C D E F G
	0000 0010

	7
	A B C
	0111 1000

	8
	A B C D E F G
	0000 0000

	9
	A B C D F G
	0001 0000

	A
	A B C E F G
	0000 1000

	b
	C D E F G
	0000 0011

	C
	A D E F
	0100 0110

	d
	B C D E G
	0010 0001

	E
	A D E F G
	0000 0110

	F
	A E F G
	0000 1110





Section 3: Assembly Programming
Task 1
Firstly, the PIC is programmed “so that the 7-segment display counts from 0 to F in 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.
[image: ]
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.
[image: ]
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.
[image: ]
Figure 29 – Task 1 assembly code: main subroutine
The delay subroutine, as shown below, is called in the main subroutine.
[image: ]
Figure 30 – Task 1 assembly code: delay subroutine (1)
[image: ]
Figure 31 – Task 1 assembly code: delay subroutine (2)
The delay subroutine, as shown below, is called in the main subroutine.
[image: ]
Figure 32 – Task 1 assembly code: display subroutine












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
	D E F
	0100 0111
	0x47

	r
	E G
	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).
[image: ]
Figure 33 – Task 2 flowchart
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 ‘r’ are listed (as given in the table above).
[image: ]
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 A1, 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.
[image: ]
Figure 35 – Task 2 assembly code: main subroutine
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 RA0), 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.
[image: ]
	Display
	Binary Sequence
	Hexadecimal Value

	On
	0000 0000
	0x00

	Off
	0111 1111
	0x7F


Figure 36 – Task 3 flowchart
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).
[image: ]
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 A1, 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.
[image: ]
Figure 38 – Task 3 assembly code: main subroutine
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 RA0), 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.  
[image: ]
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.

[image: ]
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 A1, 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 in integer 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.
[image: ]
Figure 41 – Task 4 assembly code: main subroutine (1)
[image: ]
Figure 42 – Task 4 assembly code: main subroutine (2)
The countD subroutine, as shown below, is called in the main subroutine.[image: ]
Figure 43 – Task 4 assembly code: countD subroutine 
The countU subroutine, as shown below, is called in the main subroutine.
[image: ]
Figure 44 – Task 4 assembly code: countU subroutine 
The delay subroutine, as shown below, is called in the main subroutine.
[image: ]
Figure 45 – Task 4 assembly code: delay subroutine 
The display subroutine, as shown below, is called in the main subroutine.
[image: ]
Figure 46 – Task 4 assembly code: display subroutine 
















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 RA0), 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.
[image: ]
Figure 47 – Task 5 flowchart
	Piezo Buzzer
	Binary Sequence
	Hexadecimal Value

	On
	1111 1111
	0xFF

	Off
	0111 1111
	0x7F



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.[image: ]
Figure 48 – Updated Proteus simulation circuit

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).
[image: ]
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).
[image: ]
Figure 50 - Task 5 assembly code: main subroutine
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.
[image: ]
Figure 51 – Task 5 oscilloscope reading














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.
[image: ]
Figure 52 – Task 6 flowchart
	Duty Cycle (%)
	Binary Value
	Hexadecimal Value

	100
	255
	0xFF

	90
	229
	0xE5

	80
	204
	0xCC

	70
	178
	0xB2

	60
	153
	0x99

	50
	127
	0x7F

	40
	101
	0x65

	30
	76
	0x4C

	20
	32
	0x32

	10
	19
	0x19



[image: ]
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 6 assembly code: initialisation
[image: ]
Figure 54 – Task 6 assembly code: main subroutine (1)
[image: ]
Figure 55 – Task 6 assembly code: main subroutine (2)
The pwm subroutine, as shown below, is called in the main subroutine.
[image: ]
Figure 56 – Task 6 assembly code: pwm subroutine
The cycles subroutine, as shown below, is called in the main subroutine.
[image: ]
Figure 57 – Task 6 assembly code: cycles subroutine
[image: ]
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 technique. We can also observe that the width of the ‘high’ portion changes over time, demonstarting how the duty cycle changes.















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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Appendix

Task 1 Assembly Code

; FILE:         Task 1.asm
; AUTHOR:       Caitlin Lonsdale
; DATE:         02/01/2025


            LIST    p=16F84         ; Select microprocessor type
            RADIX   hex             ; Define hexadecimal as the number base

#include p16f84.inc                 ; Find and include the microprocessor file

; ------------------------------------------------------------------------------------------------------------

            UDATA_SHR               ; Declare the start of a section of shared unintialised data
hex_vals    RES     0x10            ; Pointer to reserved memory block (16B)
hex_end                             ; Pointer to memory address directly after data being used

portB       EQU 0x06                ; Pointer to portB memory address 
trisB       EQU 0x06                ; Pointer to portB data direction register memory address (trisB)
status      EQU 0x03                ; Pointer to status register memory address (0-7)
RP0         EQU 5                   ; Bit number (5) of RP0 in the status register
RP1         EQU 6                   ; Bit number (6) of RP1 in the status register

inner       EQU 0x1C                ; RAM memory address of data
outer       EQU 0x1D                ; RAM memory address of data

            ORG 0x00                ; Start the program at 0x00

; ------------------------------------------------------------------------------------------------------------

; Subroutine: main
; Description: This is the main function for the program. It starts by initialising the status register bits 
;              and setting portB pins as outputs. Then the RAM block is intialised with the display values, 
;              after calling the subroutine display. The main loop iterates over so the display counts up in 
;              hexadecimal in 0.2 second increments.
; Register Usage:   
;           w -> 'Working register' stores values temporarily  
;      status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
;       trisB -> Sets the data direction (input/output) of portB
;       portB -> Accesses data pins of portB
;         FSR -> Addresses indirect data memory (data pointer)
;        INDF -> Accesses data at FSR address (non-physical register)

main                                ; Subroutine main
            BCF     status,RP0      ; Clear RP0 bit in the status register
            BCF     status,RP1      ; Clear RP1 bit in the status register
            BSF     status,RP0      ; Set RP0 bit in the status register
            MOVLW   0x00            ; Move value 0 to the W register
            MOVWF   trisB           ; Move value 0 to trisB to set portB as all output pins
            BCF     status,RP0      ; Bit Clear File - Clear RP0 bit in the status register
            CLRF    portB           ; Clear current pin values on portB

            CALL    display         ; Call subroutine display

reset       MOVLW   hex_vals        ; Move hex_vals to the W register
            MOVWF   FSR             ; Move hex_vals to FSR register

loop        MOVF    INDF,0          ; Move FSR value (in INDF) to the W register
            MOVWF   portB           ; Move FSR value to portB to output to the display
            CALL    delay           ; Call subroutine delay
            INCF    FSR             ; Increment the FSR pointer 
            MOVF    FSR,0           ; Move FSR value to the W register
            XORLW   hex_end         ; XOR the W register (from FSR) and hex_end (from RAM) values to test if equal
            BTFSS   status,Z        ; If address value are equal skip next instruction (Z bit=0 if equal)
            GOTO    loop            ; Return to loop to display the next number
            GOTO    reset           ; Return to reset to start hexadecimal count
            RETURN                  ; Return from subroutine main

; ------------------------------------------------------------------------------------------------------------

; Subroutine: delay
; Description: This is the delay subroutine, called in the main function for the program. It forms a counting loop 
;              to occupy the microprocessor for 0.2 seconds as required.
; Register Usage:   
;           w -> 'Working register' stores values temporarily 
;       outer -> Contains the outer loop counter
;       inner -> Contains the inner loop counter

delay                               ; Subroutine delay
            MOVLW   0xFF            ; Move value 255 to the W register
            MOVWF   outer           ; Outer loop counter - Set outer value as 255 

outerL      MOVLW   0xFF            ; Move value 255 to the W register
            MOVWF   inner           ; Inner loop counter - Set inner value as 255

innerL      DECFSZ  inner,f         ; Decrement inner by 1, skip next instruction if 0
            GOTO    innerL          ; Return to innerL to repeat count
            DECFSZ  outer,f         ; Decrement outer by 1, skip next instruction if 0
            GOTO    outerL          ; Return to outerL to repeat count
            RETURN                  ; Return from subroutine delay

; ------------------------------------------------------------------------------------------------------------

; Subroutine: display
; Description: This is the display subroutine, called in the main function for the program. It stores all the
;              binary sequences for the hexadecimal display in RAM so they can be sequentially outputted on portB.
; Register Usage:   
;           w -> 'Working register' stores values temporarily 
;    hex_vals -> Contains the addresses of the hexadecimal display sequences

display     
            MOVLW   b'01000000'     ; Move binary sequence for 0 to the W register
            MOVWF   hex_vals        ; Move binary sequence for 0 to hex_vals (0x0C)
            MOVLW   b'01111001'     ; Move binary sequence for 1 to the W register
            MOVWF   hex_vals+0x01   ; Move binary sequence for 1 to hex_vals (0x0D)
            MOVLW   b'00100100'     ; Move binary sequence for 2 to the W register
            MOVWF   hex_vals+0x02   ; Move binary sequence for 2 to hex_vals (0x0E)
            MOVLW   b'00110000'     ; Move binary sequence for 3 to the W register
            MOVWF   hex_vals+0x03   ; Move binary sequence for 3 to hex_vals (0x0F)
            MOVLW   b'00011001'     ; Move binary sequence for 4 to the W register
            MOVWF   hex_vals+0x04   ; Move binary sequence for 4 to hex_vals (0x10)
            MOVLW   b'00010010'     ; Move binary sequence for 5 to the W register
            MOVWF   hex_vals+0x05   ; Move binary sequence for 5 to hex_vals (0x11)
            MOVLW   b'00000010'     ; Move binary sequence for 6 to the W register
            MOVWF   hex_vals+0x06   ; Move binary sequence for 6 to hex_vals (0x12)
            MOVLW   b'01111000'     ; Move binary sequence for 7 to the W register
            MOVWF   hex_vals+0x07   ; Move binary sequence for 7 to hex_vals (0x13)
            MOVLW   b'00000000'     ; Move binary sequence for 8 to the W register
            MOVWF   hex_vals+0x08   ; Move binary sequence for 8 to hex_vals (0x14)
            MOVLW   b'00010000'     ; Move binary sequence for 9 to the W register
            MOVWF   hex_vals+0x09   ; Move binary sequence for 9 to hex_vals (0x15)
            MOVLW   b'00001000'     ; Move binary sequence for A to the W register
            MOVWF   hex_vals+0x0A   ; Move binary sequence for A to hex_vals (0x16)
            MOVLW   b'00000011'     ; Move binary sequence for b to the W register
            MOVWF   hex_vals+0x0B   ; Move binary sequence for b to hex_vals (0x17)
            MOVLW   b'01000110'     ; Move binary sequence for C to the W register
            MOVWF   hex_vals+0x0C   ; Move binary sequence for C to hex_vals (0x18)
            MOVLW   b'00100001'     ; Move binary sequence for d to the W register
            MOVWF   hex_vals+0x0D   ; Move binary sequence for d to hex_vals (0x19)
            MOVLW   b'00000110'     ; Move binary sequence for E to the W register
            MOVWF   hex_vals+0x0E   ; Move binary sequence for E to hex_vals (0x1A)
            MOVLW   b'00001110'     ; Move binary sequence for F to the W register
            MOVWF   hex_vals+0x0F   ; Move binary sequence for F to hex_vals (0x1B)
            RETURN                  ; Return from subroutine display

            END                     ; End program















Task 2 Assembly Code

; FILE:         Task 2.asm
; AUTHOR:       Caitlin Lonsdale
; DATE:         02/01/2025


            LIST    p=16F84         ; Select microprocessor type
            RADIX   hex             ; Define hexadecimal as the number base

#include p16f84.inc                 ; Find and include the microprocessor file

; ------------------------------------------------------------------------------------------------------------

portA       EQU 0x05                ; Pointer to portA memory address 
trisA       EQU 0x05                ; Pointer to portA data direction register memory address (trisA)
portB       EQU 0x06                ; Pointer to portB memory address 
trisB       EQU 0x06                ; Pointer to portB data direction register memory address (trisB)
status      EQU 0x03                ; Pointer to status register memory address (0-7)
RP0         EQU 5                   ; Bit number (5) of RP0 in the status register
RP1         EQU 6                   ; Bit number (6) of RP1 in the status register

L           EQU 0x47                ; Hexadecimal value for display L
r           EQU 0x2F                ; Hexadecimal value for display r

            ORG 0x00                ; Start the program at 0x00

; ------------------------------------------------------------------------------------------------------------

; Subroutine: main
; Description: This is the main function for the program. It starts by initialising the status register bits,  
;              setting portA pins as inputs and setting portB pins as outputs. Then it polls over the input
;              from the buttons to see if either have been pressed. If the left side button (SW2) is pressed,     
;              then the letter L is displayed. If the right side button (SW3) is pressed, the r is displayed.  
; Register Usage:   
;           w -> 'Working register' stores values temporarily  
;      status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
;       trisA -> Sets the data direction (input/output) of portA
;       portA -> Accesses data pins of portA
;       trisB -> Sets the data direction (input/output) of portB
;       portB -> Accesses data pins of portB

main                                ; Subroutine main
            BCF     status,RP0      ; Clear RP0 bit in the status register
            BCF     status,RP1      ; Clear RP1 bit in the status register
            BSF     status,RP0      ; Set RP0 bit in the status register
            MOVLW   0x03            ; Move value b00000011 to the W register
            MOVWF   trisA           ; Move value b00000011 to trisA to set portA pins 0 and 1 as inputs
            MOVLW   0x00            ; Move value b00000000 to the W register
            MOVWF   trisB           ; Move value b00000000 to trisB to set portB as all output pins

            BCF     status,RP0      ; Bit Clear File - Clear RP0 bit in the status register
            CLRF    portA           ; Clear current pin values on portA
            CLRF    portB           ; Clear current pin values on portB

loop        BTFSS   portA,0         ; Test pin A0 - if high then skip next instruction, if low then execute 
            MOVLW   L               ; Move hexadecimal value for L to the W register
            BTFSS   portA,1         ; Test pin A1 - if high then skip next instruction, if low then execute 
            MOVLW   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
            
            END                     ; End program













Task 3 Assembly Code

; FILE:         Task 3.asm
; AUTHOR:       Caitlin Lonsdale
; DATE:         02/01/2025


            LIST    p=16F84         ; Select microprocessor type
            RADIX   hex             ; Define hexadecimal as the number base

#include p16f84.inc                 ; Find and include the microprocessor file

; ------------------------------------------------------------------------------------------------------------

portA       EQU 0x05                ; Pointer to portA memory address 
trisA       EQU 0x05                ; Pointer to portA data direction register memory address (trisA)
portB       EQU 0x06                ; Pointer to portB memory address 
trisB       EQU 0x06                ; Pointer to portB data direction register memory address (trisB)
status      EQU 0x03                ; Pointer to status register memory address (0-7)
RP0         EQU 5                   ; Bit number (5) of RP0 in the status register
RP1         EQU 6                   ; Bit number (6) of RP1 in the status register

on          EQU 0x00                ; Hexadecimal value for display all on 
off         EQU 0x7F                ; Hexadecimal value for display all off

            ORG 0x00                ; Start the program at 0x00

; ------------------------------------------------------------------------------------------------------------

; Subroutine: main
; Description: This is the main function for the program. It starts by initialising the status register bits,  
;              setting portA pins as inputs and setting portB pins as outputs. Then it polls over the input
;              from the buttons to see if either have been pressed. If the left side button (SW2) is pressed,     
;              then all the display segments are on. If the right side button (SW3) is pressed, all are off.  
; Register Usage:   
;           w -> 'Working register' stores values temporarily  
;      status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
;       trisA -> Sets the data direction (input/output) of portA
;       portA -> Accesses data pins of portA
;       trisB -> Sets the data direction (input/output) of portB
;       portB -> Accesses data pins of portB

main                                ; Subroutine main
            BCF     status,RP0      ; Clear RP0 bit in the status register
            BCF     status,RP1      ; Clear RP1 bit in the status register
            BSF     status,RP0      ; Set RP0 bit in the status register
            MOVLW   0x03            ; Move value b00000011 to the W register
            MOVWF   trisA           ; Move value b00000011 to trisA to set portA pins 0 and 1 as inputs
            MOVLW   0x00            ; Move value b00000000 to the W register
            MOVWF   trisB           ; Move value b00000000 to trisB to set portB as all output pins

            BCF     status,RP0      ; Bit Clear File - Clear RP0 bit in the status register
            CLRF    portA           ; Clear current pin values on portA
            CLRF    portB           ; Clear current pin values on portB

loop        BTFSS   portA,0         ; Test pin A0 - if high then skip next instruction, if low then execute 
            MOVLW   on              ; Move hexadecimal value for display all on to the W register
            BTFSS   portA,1         ; Test pin A1 - if high then skip next instruction, if low then execute 
            MOVLW   off             ; Move hexadecimal value for display all off to the W register
            MOVWF   portB           ; Move W register value to portB to output to display
            GOTO    loop            ; Return to loop to display again
            
            END                     ; End program













Task 4 Assembly Code

; FILE:         Task 4.asm
; AUTHOR:       Caitlin Lonsdale
; DATE:         02/01/2025


            LIST    p=16F84         ; Select microprocessor type
            RADIX   hex             ; Define hexadecimal as the number base

#include p16f84.inc                 ; Find and include the microprocessor file

; ------------------------------------------------------------------------------------------------------------

            UDATA_SHR               ; Declare the start of a section of shared unintialised data
num_vals    RES 0x0A                ; Pointer to reserved memory block (10B)
num_end                             ; Pointer to memory address directly after data being used

portA       EQU 0x05                ; Pointer to portA memory address 
trisA       EQU 0x05                ; Pointer to portA data direction register memory address (trisA)
portB       EQU 0x06                ; Pointer to portB memory address 
trisB       EQU 0x06                ; Pointer to portB data direction register memory address (trisB)
status      EQU 0x03                ; Pointer to status register memory address (0-7)
RP0         EQU 5                   ; Bit number (5) of RP0 in the status register
RP1         EQU 6                   ; Bit number (6) of RP1 in the status register

inner       EQU 0x1C                ; RAM memory address of data
outer       EQU 0x1D                ; RAM memory address of data

            ORG 0x00                ; Start the program at 0x00

; ------------------------------------------------------------------------------------------------------------

; Subroutine: main
; Description: This is the main function for the program. It starts by initialising the status register bits, 
;              setting portA pins as inputs and setting portB pins as outputs. The number 5 is intially 
;              displayed. Then it polls over the input from the buttons to see if either have been pressed.
;              If the left side button (SW2) is pressed, the display will decrement the number (min is 0).   
;              If the right side button (SW3) is pressed, the display will increment the number (max is 9).
;              
; Register Usage:   
;           w -> 'Working register' stores values temporarily  
;      status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
;       trisA -> Sets the data direction (input/output) of portA
;       portA -> Accesses data pins of portA
;       trisB -> Sets the data direction (input/output) of portB
;       portB -> Accesses data pins of portB
;         FSR -> Addresses indirect data memory (data pointer)
;        INDF -> Accesses data at FSR address (non-physical register)

main                                ; Subroutine main
            BCF     status,RP0      ; Clear RP0 bit in the status register
            BCF     status,RP1      ; Clear RP1 bit in the status register
            BSF     status,RP0      ; Set RP0 bit in the status register
            MOVLW   0x03            ; Move value b00000011 to the W register
            MOVWF   trisA           ; Move value b00000011 to trisA to set portA pins 0 and 1 as inputs
            MOVLW   0x00            ; Move value b00000000 to the W register
            MOVWF   trisB           ; Move value b00000000 to trisB to set portB as all output pins
            BCF     status,RP0      ; Clear RP0 bit in the status register
            CLRF    portA           ; Clear current pin values on portA
            CLRF    portB           ; Clear current pin values on portB

            CALL    display         ; Call subroutine display
            MOVLW   num_vals+0x05   ; Move num_vals index 5 to the W register
            MOVWF   FSR             ; Move num_vals index 5 to FSR register
            MOVF    INDF,0          ; Move INDF value to the W register
            MOVWF   portB           ; Move FSR value to portB to output to the display

loop        BTFSS   portA,0         ; Test pin A0 - if high then skip next instruction, if low then execute 
            CALL    countD          ; Call subroutine countD
            BTFSS   portA,1         ; Test pin A1 - if high then skip next instruction, if low then execute 
            CALL    countU          ; Call subroutine countU
            GOTO    loop            ; Go to loop line

; ------------------------------------------------------------------------------------------------------------

; Subroutine: countD
; Description: This is the countD subroutine, called in the main function for the program. It counts down the 
;              number on the display, decreasing by 1 for each related button press, down to 0.            
; Register Usage:   
;           w -> 'Working register' stores values temporarily  
;      status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
;       portB -> Accesses data pins of portB
;         FSR -> Addresses indirect data memory (data pointer)
;        INDF -> Accesses data at FSR address (non-physical register)

countD                              ; Subroutine countD
            MOVF    FSR,0           ; Move FSR value to the W register
            XORLW   0x0C            ; XOR the W register (from FSR) and 0x0C (display 0) values to test if equal
            BTFSS   status,Z        ; If address value are equal skip next instruction (Z bit=0 if equal)
            DECF    FSR,1           ; Decrement the FSR pointer
            MOVF    INDF,0          ; Move INDF value to the W register
            MOVWF   portB           ; Move FSR value to portB to output to the display
            CALL    delay           ; Call subroutine delay
            RETURN                  ; Return from subroutine countD

; ------------------------------------------------------------------------------------------------------------

; Subroutine: countU
; Description: This is the countU 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.          
; Register Usage:   
;           w -> 'Working register' stores values temporarily  
;      status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
;       portB -> Accesses data pins of portB
;         FSR -> Addresses indirect data memory (data pointer)
;        INDF -> Accesses data at FSR address (non-physical register)

countU                              ; Subroutine countU
            MOVF    FSR,0           ; Move FSR value to the W register
            XORLW   0x15            ; XOR the W register (from FSR) and 0x15 (display 9) values to test if equal
            BTFSS   status,Z        ; If address value are equal skip next instruction (Z bit=0 if equal)
            INCF    FSR,1           ; Increment the FSR pointer
            MOVF    INDF,0          ; Move INDF value to the W register
            MOVWF   portB           ; Move FSR value to portB to output to the display
            CALL    delay           ; Call subroutine delay
            RETURN                  ; Return from subroutine countU

; ------------------------------------------------------------------------------------------------------------

; Subroutine: delay
; Description: This is the delay subroutine, called in the main function for the program. It forms a counting loop 
;              to occupy the microprocessor for 0.2 seconds as required.
; Register Usage:   
;           w -> 'Working register' stores values temporarily 
;       outer -> Contains the outer loop counter
;       inner -> Contains the inner loop counter

delay                               ; Subroutine delay
            MOVLW   0xFF            ; Move value 255 to the W register
            MOVWF   outer           ; Outer loop counter - Set outer value as 255 

outerL      MOVLW   0xFF            ; Move value 255 to the W register
            MOVWF   inner           ; Inner loop counter - Set inner value as 255

innerL      DECFSZ  inner,f         ; Decrement inner by 1, skip next instruction if 0
            GOTO    innerL          ; Return to innerL to repeat count
            DECFSZ  outer,f         ; Decrement outer by 1, skip next instruction if 0
            GOTO    outerL          ; Return to outerL to repeat count
            RETURN                  ; Return from subroutine delay

; ------------------------------------------------------------------------------------------------------------

; Subroutine: display
; Description: This is the display subroutine, called in the main function for the program. It stores all the
;              binary sequences for the 0-9 display in RAM so they can be outputted on portB.
; Register Usage:   
;           w -> 'Working register' stores values temporarily 
;    hex_vals -> Contains the addresses of the hexadecimal display sequences

display     
            MOVLW   b'01000000'     ; Move binary sequence for 0 to the W register
            MOVWF   num_vals        ; Move binary sequence for 0 to num_vals (0x0C)
            MOVLW   b'01111001'     ; Move binary sequence for 1 to the W register
            MOVWF   num_vals+0x01   ; Move binary sequence for 1 to num_vals (0x0D)
            MOVLW   b'00100100'     ; Move binary sequence for 2 to the W register
            MOVWF   num_vals+0x02   ; Move binary sequence for 2 to num_vals (0x0E)
            MOVLW   b'00110000'     ; Move binary sequence for 3 to the W register
            MOVWF   num_vals+0x03   ; Move binary sequence for 3 to num_vals (0x0F)
            MOVLW   b'00011001'     ; Move binary sequence for 4 to the W register
            MOVWF   num_vals+0x04   ; Move binary sequence for 4 to num_vals (0x10)
            MOVLW   b'00010010'     ; Move binary sequence for 5 to the W register
            MOVWF   num_vals+0x05   ; Move binary sequence for 5 to num_vals (0x11)
            MOVLW   b'00000010'     ; Move binary sequence for 6 to the W register
            MOVWF   num_vals+0x06   ; Move binary sequence for 6 to num_vals (0x12)
            MOVLW   b'01111000'     ; Move binary sequence for 7 to the W register
            MOVWF   num_vals+0x07   ; Move binary sequence for 7 to num_vals (0x13)
            MOVLW   b'00000000'     ; Move binary sequence for 8 to the W register
            MOVWF   num_vals+0x08   ; Move binary sequence for 8 to num_vals (0x14)
            MOVLW   b'00010000'     ; Move binary sequence for 9 to the W register
            MOVWF   num_vals+0x09   ; Move binary sequence for 9 to num_vals (0x15)
            RETURN                  ; Return from subroutine display

            END                     ; End program


















Task 5 Assembly Code

; FILE:         Task 5.asm
; AUTHOR:       Caitlin Lonsdale
; DATE:         03/01/2025


            LIST    p=16F84         ; Select microprocessor type
            RADIX   hex             ; Define hexadecimal as the number base

#include p16f84.inc                 ; Find and include the microprocessor file

; ------------------------------------------------------------------------------------------------------------

portA       EQU 0x05                ; Pointer to portA memory address 
trisA       EQU 0x05                ; Pointer to portA data direction register memory address (trisA)
portB       EQU 0x06                ; Pointer to portB memory address 
trisB       EQU 0x06                ; Pointer to portB data direction register memory address (trisB)
status      EQU 0x03                ; Pointer to status register memory address (0-7)
RP0         EQU 5                   ; Bit number (5) of RP0 in the status register
RP1         EQU 6                   ; Bit number (6) of RP1 in the status register

on          EQU 0xFF                ; Hexadecimal value for piezo buzzer on 
off         EQU 0x7F                ; Hexadecimal value for piezo buzzer off

            ORG 0x00                ; Start the program at 0x00

; ------------------------------------------------------------------------------------------------------------

; Subroutine: main
; Description: This is the main function for the program. It starts by initialising the status register bits,  
;              setting portA pins as inputs and setting portB pins as outputs. Then it polls over the input
;              from the button (SW2) to see if it's been pressed. While pressed, the piezo buzzer will sound.     
; Register Usage:   
;           w -> 'Working register' stores values temporarily  
;      status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
;       trisA -> Sets the data direction (input/output) of portA
;       portA -> Accesses data pins of portA
;       trisB -> Sets the data direction (input/output) of portB
;       portB -> Accesses data pins of portB

main                                ; Subroutine main
            BCF     status,RP0      ; Clear RP0 bit in the status register
            BCF     status,RP1      ; Clear RP1 bit in the status register
            BSF     status,RP0      ; Set RP0 bit in the status register
            MOVLW   0x01            ; Move value b00000001 to the W register
            MOVWF   trisA           ; Move value b00000001 to trisA to set portA pins 0 as an input
            MOVLW   0x00            ; Move value b00000000 to the W register
            MOVWF   trisB           ; Move value b00000000 to trisB to set portB as all output pins

            BCF     status,RP0      ; Clear RP0 bit in the status register
            CLRF    portA           ; Clear current pin values on portA
            CLRF    portB           ; Clear current pin values on portB

loop        BTFSS   portA,0         ; Test pin A0 - if high then skip next instruction, if low then execute 
            MOVLW   on              ; Move hexadecimal value for piezo buzzer on to the W register
            BTFSC   portA,0         ; Test pin A0 - if low then skip next instruction, if high then execute 
            MOVLW   off             ; Move hexadecimal value for piezo buzzer off to the W register
            MOVWF   portB           ; Move W register value to portB to output to buzzer
            GOTO    loop            ; Return to loop 
            
            END                     ; End program
            









Task 6 Assembly Code

; FILE:         Task 6.asm
; AUTHOR:       Caitlin Lonsdale
; DATE:         03/01/2025


            LIST    p=16F84         ; Select microprocessor type
            RADIX   hex             ; Define hexadecimal as the number base

#include p16f84.inc                 ; Find and include the microprocessor file

; ------------------------------------------------------------------------------------------------------------

            UDATA_SHR               ; Declare the start of a section of shared unintialised data
cyc_vals    RES 0x0A                ; Pointer to reserved memory block (10B)
cyc_end                             ; Pointer to memory address directly after data being used

portB       EQU 0x06                ; Pointer to portB memory address 
trisB       EQU 0x06                ; Pointer to portB data direction register memory address (trisB)
status      EQU 0x03                ; Pointer to status register memory address (0-7)
RP0         EQU 5                   ; Bit number (5) of RP0 in the status register
RP1         EQU 6                   ; Bit number (6) of RP1 in the status register

on          EQU 0xFF                ; Hexadecimal value for piezo buzzer on 
off         EQU 0x7F                ; Hexadecimal value for piezo buzzer off
duty        EQU 0x1C                ; Length of duty cycle
temp        EQU 0x1D                ; Length of temp duty cycle

            ORG 0x00                ; Start the program at 0x00

; ------------------------------------------------------------------------------------------------------------

; Subroutine: main
; Description: This is the main function for the program. It starts by initialising the status register bits,  
;              and setting portB as all output pins. It sets the buzzer off (via the portB output) to start.
;              It produces a fixed frequency pulse with a decreasing duty cycle (PWM - pulse width modulation)
;              which loops repeatedly, and can be heard on the buzzer.     
; Register Usage:   
;           w -> 'Working register' stores values temporarily  
;      status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
;       trisB -> Sets the data direction (input/output) of portB
;       portB -> Accesses data pins of portB
;         FSR -> Addresses indirect data memory (data pointer)
;        INDF -> Accesses data at FSR address (non-physical register)

main                                ; Subroutine main
            BCF     status,RP0      ; Clear RP0 bit in the status register
            BCF     status,RP1      ; Clear RP1 bit in the status register
            BSF     status,RP0      ; Set RP0 bit in the status register
            MOVLW   0x00            ; Move value 0 to the W register
            MOVWF   trisB           ; Move value 0 to trisB to set portB as all output pins
            BCF     status,RP0      ; Clear RP0 bit in the status register
            CLRF    portB           ; Clear current pin values on portB

            CALL    cycles          ; Call subroutine cycles
            MOVLW   cyc_vals        ; Move num_vals index 0 to the W register
            MOVWF   FSR             ; Move num_vals index 0 to FSR register
            MOVF    INDF,0          ; Move INDF value to the W register
            MOVWF   duty            ; Move INDF value to duty 

reset       MOVLW   off             ; Move buzzer off value to the W register
            MOVWF   portB           ; Move buzzer off value to portB 
            MOVLW   cyc_vals        ; Move cyc_vals to the W register
            MOVWF   FSR             ; Move cyc_vals to FSR register

loop        MOVF    INDF,0          ; Move INDF value to the W register
            MOVWF   duty            ; Move INDF value to duty
            CALL    pwm             ; Call subroutine pwm
            INCF    FSR             ; Increment the FSR pointer 
            MOVF    FSR,0           ; Move FSR value to the W register
            XORLW   cyc_end         ; XOR the W register (from FSR) and cyc_end (from RAM) values to test if equal
            BTFSS   status,Z        ; If address value are equal skip next instruction (Z bit=0 if equal)
            GOTO    loop            ; Return to loop to display the next number
            GOTO    reset           ; Return to reset to start cycle count
            RETURN                  ; Return from subroutine main

; ------------------------------------------------------------------------------------------------------------

; Subroutine: pwm
; Description: This is the pwm subroutine, called in the main function for the program. It sets the output on  
;              portB (pin 7) to high/low according to the duty cycle set by the subroutine cycles.                  
; Register Usage:   
;           w -> 'Working register' stores values temporarily  
;      status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
;       trisB -> Sets the data direction (input/output) of portB
;       portB -> Accesses data pins of portB

pwm         MOVF    duty,0          ; Move duty value to the W register
            MOVWF   temp            ; Move duty value to temp
            MOVLW   on              ; Move buzzer on value to the W register
            MOVWF   portB           ; Move buzzer on value to portB

pwmHi       DECFSZ  temp            ; Decrement temp value by 1, if zero the skip next instruction
            GOTO    pwmHi           ; Return to pwmHi
            MOVLW   0xFF            ; Move value 255 to the W register
            MOVWF   temp            ; Move value 255 to temp
            MOVF    duty,0          ; Move duty value to the W register
            SUBWF   temp,1          ; Subtract duty value from temp, store the result in temp
            MOVLW   off             ; Move buzzer off value to the W register
            MOVWF   portB           ; Move buzzer off value to portB 

pwmLo       DECFSZ  temp            ; Decrement temp value by 1, if zero the skip next instruction
[bookmark: _GoBack]            GOTO    pwmLo           ; Return to pwmLo
            RETURN                  ; Return from subroutine pwm    

; ------------------------------------------------------------------------------------------------------------

; Subroutine: cycles
; Description: This is the cycles subroutine, called in the main function for the program. It sets the  
;              hexadecimal values for the duty cycles 100-10% (10% decrements). It stores all of these
;              in RAM so they can be accessed and used for the values duty and temp.
; Register Usage:   
;           w -> 'Working register' stores values temporarily 
;    cyc_vals -> Contains the addresses of the duty cycle values

cycles                              ; Subroutine cycles     
            MOVLW   0x0F            ; Move 100% duty cycle (255) to the W register
            MOVWF   cyc_vals        ; Move 100% duty cycle (255) to cyc_vals index 0
            MOVLW   0xE5            ; Move 90% duty cycle (229) to the W register
            MOVWF   cyc_vals+0x01   ; Move 90% duty cycle (229) to cyc_vals index 1
            MOVLW   0xCC            ; Move 80% duty cycle (204) to the W register
            MOVWF   cyc_vals+0x02   ; Move 80% duty cycle (204) to cyc_vals index 2
            MOVLW   0xB2            ; Move 70% duty cycle (178) to the W register
            MOVWF   cyc_vals+0x03   ; Move 70% duty cycle (178) to cyc_vals index 3
            MOVLW   0x99            ; Move 60% duty cycle (153) to the W register
            MOVWF   cyc_vals+0x04   ; Move 60% duty cycle (153) to cyc_vals index 4
            MOVLW   0x7F            ; Move 50% duty cycle (127) to the W register
            MOVWF   cyc_vals+0x05   ; Move 50% duty cycle (127) to cyc_vals index 5
            MOVLW   0x65            ; Move 40% duty cycle (101) to the W register
            MOVWF   cyc_vals+0x06   ; Move 40% duty cycle (101) to cyc_vals index 6
            MOVLW   0x4C            ; Move 30% duty cycle (76) to the W register
            MOVWF   cyc_vals+0x07   ; Move 30% duty cycle (76) to cyc_vals index 7
            MOVLW   0x32            ; Move 20% duty cycle (50) to the W register
            MOVWF   cyc_vals+0x08   ; Move 20% duty cycle (50) to cyc_vals index 8
            MOVLW   0x19            ; Move 10% duty cycle (25) to the W register
            MOVWF   cyc_vals+0x09   ; Move 10% duty cycle (25) to cyc_vals index 10
            RETURN                  ; Return from subroutine cycles

            END                     ; End program
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B, FILE: Task 1.asm

2; AUTHOR: Caitlin Lonsdale

3; DATE: 02/01/2025

2

5

5 LIST  p=16F84 ; Select microprocessor type

7 RADIX  hex ; Define hexadecimal as the number base

s

9 #include p16f84.inc ; Find and include the microprocessor file

0

bl

2

15 UDATA_SHR ; Declare the start of a section of shared unintialised data
14hex_vals  RES ex1e ; Pointer to reserved memory block (168)

15 hex_end Pointer to memory address directly after data being used
1

17 ports EQU 0x86 ; Pointer to portB memory address

Btriss EQU 0x86 ; Pointer to portB data direction register memory address (trisB)
19 status EQU ex83 ; Pointer to status register memory address (6-7)

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

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

2

2 inner EQU ex1C RAM memory address of data

2 outer EQU ex1D ; RAM memory address of data

E

% ORG 0x08 ; Start the program at 6x00
27
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2 Subroutine: main
This is the main function for the program. It starts by initialising the status register bits

2; and setting portB pins as outputs. Then the RAM block is intialised with the display values,
55 after calling the subroutine display. The main Loop iterates over so the display counts up in
34 hexadecimal in .2 second increments.

35; Register Usage:

% w -> 'Working register’ stores values temporarily

6 status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
£ trisB -> Sets the data direction (input/output) of port8

n; portB -> Accesses data pins of port8

o FSR -> Addresses indirect data memory (data pointer)

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

2

amain ; Subroutine main

# BCF status,RP@ Clear RPO bit in the status register

s BCF status,RP1 Clear RP1 bit in the status register

% BSF status,RPO ; Set RPO bit in the status register

7 MOVLW  oxee 5 Move value 0 to the W register

% MOVWF  trisB ; Move value 0 to trisB to set portB as all output pins

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

0 CLRF  ports ; Clear current pin values on portB

st

52 CALL  display 5 Call subroutine display

5

s4reset MOVLW  hex_vals ; Move hex_vals to the W register

55 MOVWF  FSR ; Move hex_vals to FSR register

s

57 1oop MOVF  TNDF,e ; Move FSR value (in INDF) to the W register

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

3 CALL  delay Call subroutine delay

& INCF FSR Increment the FSR pointer

61 MOVF  FSR,0 ; Move FSR value to the W register

& XORLW  hex_end 5 XOR the W register (from FSR) and hex_end (from RAM) values to test if equal
& BTFSS  status,Z If address value are equal skip next instruction (Z bit=6 if equal)
6 GOTO  loop Return to Loop to display the next number

65 GOTO  reset Return to reset to start hexadecimal count

& RETURN ; Return from subroutine main
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67
Ca
&

M Subroutine: delay
71; Description: This is the delay subroutine, called in the main function for the program.

7;

7
7

7

7

7 delay
)

@

a1

82 outerL
8

&

85 innerlL
&

&

&

&

%0

to occupy the microprocessor for 6.2 seconds as required.
73; Register Usage:

w -> 'Working register’
outer -> Contains the outer
inner -> Contains the inner

DECFSZ
GOTO
DECFSZ
GOTO
RETURN

OxFF
outer

OxFF
inner

inner,
innerL
outer,f
outerL

stores values temporarily
Loop counter
Loop counter

; Subroutine delay
Move value 255 to the W register
; Outer Loop counter - Set outer value as 255

; Move value 255 to the W register
; Inner Loop counter - Set inner value as 255

; Decrement inner by 1, skip next instruction if @
Return to innerl to repeat count

; Decrement outer by 1, skip next instruction if @
; Return to outerl to repeat count

; Return from subroutine delay

It forms a counting Loop
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91
2
93 Subroutine: display

94 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 portB.
% ; Register Usage:

97 w -> 'Working register' stores values temporarily

%;  hex_vals -> Contains the addresses of the hexadecimal display sequences

s
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100 display
01
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1w
m
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114
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18
119
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MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
MOVLW
MOVWF
RETURN

END

b'01000000"
hex_vals
b'e1111001'
hex_vals+0x01
b'00100100"
hex_vals+0x02
b'00110000"
hex_vals+0x03
b'00011001"
hex_vals+0x04
b'00010010"
hex_vals+0x05
b’ 000000
hex_vals+0x06
b'e1111000"
hex_vals+0x07
b’ 00000000
hex_vals+0x08
b'00010000"
hex_vals+0x09
b'00001000"
hex_vals+0x0A
b’ 00000011
hex_vals+0x08
b'01000110"
hex_vals+0x0C
b'e0100001"
hex_vals+0x0D
b'00000110"
hex_vals+0x0E
b'00001110"
hex_vals+0x0F

; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Move
; Return from

binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary
binary

; End program

sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
sequence for
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to
to
to
to
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to
to
to
to
to
to
to
to
to
to

the W register
hex_vals (6xec)
the W register
hex_vals (6xep)
the W register
hex_vals (6x0E)
the W register
hex_vals (6xF)
the W register
hex_vals (6x10)
the W register
hex_vals (6x11)
the W register
hex_vals (6x12)
the W register
hex_vals (6x13)
the W register
hex_vals (6x14)
the W register
hex_vals (6x15)
the W register
hex_vals (6x16)
the W register
hex_vals (6x17)
the W register
hex_vals (6x18)
the W register
hex_vals (6x19)
the W register
hex_vals (6x1A)
the W register
hex_vals (6x18)

subroutine display
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fl; Frie: Task 2.asm
2; AUTHOR: Caitlin Lonsdale

3; DATE: 02/01/2025

4

5

6 LIST  p=16F84 ; Select microprocessor type

5 RADIX  hex ; Define hexadecimal as the number base

s

9 #include p16f84.inc ; Find and include the microprocessor file

0

i -

2

13portA EQU ex85 Pointer to portA memory address

1“trish EQU ex85 Pointer to portA data direction register memory address (trisA)
15 ports EQU @x86 Pointer to port memory address

16 triss EQU 0x86 Pointer to ports data direction register memory address (trisB)
17 status EQU exe3 ; Pointer to status register memory address (6-7)

18RPO EQU 5 ; Bit number (5) of RP@ in the status register

19RP1 EQU 6 ; Bit number (6) of RP1 in the status register

2

2aL EQU ex47 ; Hexadecimal value for display L

2r EQU ex2F ; Hexadecimal value for display r

3

2 ORG 0x08 ; Start the program at 6x00

2
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%;
z
= Subroutine: main

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

n; setting portA pins as inputs and setting portB pins as outputs. Then it polls over the input
Sl from the buttons to see if either have been pressed. If the left side button (SW2) is pressed,
2; then the Letter L is displayed. If the right side button (SW3) is pressed, the r is displayed.
33; Register Usage:

35 w -> 'Working register’ stores values temporarily

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

% trisA -> Sets the data direction (input/output) of portA

S portA -> Accesses data pins of portA

% trisB -> Sets the data direction (input/output) of port8

; portB -> Accesses data pins of port8

o

4tmain ; Subroutine main

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

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

“ BSF status,RPO ; Set RPO bit in the status register

s MOVLW  exe3 ; Move value b09BOOO11 to the W register

% MOVWF  trisA ; Move value b09BOOO11 to trisA to set portA pins @ and 1 as inputs

2 MOVLW  exee ; Move value b0OBOOOEO to the W register

% MOVWF  trisB ; Move value b09EOOEEO to trisB to set portB as all output pins

o

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

e CLRF  portA ; Clear current pin values on portA

2 CLRF  ports ; Clear current pin values on portB

£

54 loop BTFSS  portA,@ ; Test pin A - if high then skip next instruction, if Low then execute
55 MOVLW L ; Move hexadecimal value for L to the W register

5% BTFSS  portA,1 ; Test pin A1 - if high then skip next instruction, if Low then execute
5 MOVLW ; Move hexadecimal value for r to the W register

£l MOVWF  portB ; Move W register value to portB to output to display

5 GOTO  loop ; Return to Loop to display the next Letter

&

61 END ; End program
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[ FILE: Task 3.asm

2; AUTHOR: Caitlin Lonsdale

3; DATE: 02/01/2025

4

s

s LIST  p=16F84 ; Select microprocessor type

7 RADIX  hex ; Define hexadecimal as the number base

s

o #include p16f84.inc ; Find and include the microprocessor file

0

n; --

2

13 portA EQU 0x05 Pointer to portA memory address

14 trisA EQU 0x05 Pointer to portA data direction register memory address (trisA)
15 port8 EQU 0x06 ; Pointer to portB memory address

16 triss EQU 0x06 ; Pointer to portB data direction register memory address (trisB)
17 status EQU 0x03 Pointer to status register memory address (-7)
18RPO EQU S Bit number (5) of RP@ in the status register
19RP1 EQU 6 ; Bit number (6) of RP1 in the status register

E

210n EQU 0x00 ; Hexadecimal value for display all on

20ff EQU Ox7F ; Hexadecimal value for display all off

2

2 ORG @x00 ; Start the program at 6x00

2
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= Subroutine: main
2 Description: This is the main function for the program. It starts by initialising the status register bits,

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

345 w -> 'Working register’ stores values temporarily

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

% trisA -> Sets the data direction (input/output) of portA

7; portA -> Accesses data pins of portA

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

n; portB -> Accesses data pins of port8

o

41main ; Subroutine main

2 BCF status,RPO ; Clear RPO bit in the status register

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

“ BSF status,RPO ; Set RPO bit in the status register

5 MOVLW  exe3 ; Move value b0OEOOO11 to the W register

% MOVWF  trisA ; Move value b09BOOO11 to trisA to set portA pins @ and 1 as inputs

7 MOVLW  exee ; Move value b00BOOEEO to the W register

% MOVWF  trisB ; Move value b09EOOEEO to trisB to set portB as all output pins

)

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

e CLRF  portA ; Clear current pin values on portA

E CLRF  ports ; Clear current pin values on port8

£

54 1oop BTFSS  portA,@ ; Test pin A - if high then skip next instruction, if Low then execute
55 MOVLW  on ; Move hexadecimal value for display all on to the W register

5% BTFSS  portA,1 Test pin A1 - if high then skip next instruction, if Low then execute
Ed MOVLW  off ; Move hexadecimal value for display all off to the W register

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

5 GOTO  loop ; Return to loop to display again

&

61 END. ; End program
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B, FILE: Task 4.asm

2; AUTHOR: Caitlin Lonsdale

3; DATE: 02/01/2025

4

s

5 LIST  p=16F84 ; Select microprocessor type

7 RADIX  hex ; Define hexadecimal as the number base

s

s#include p16f8d.inc ; Find and include the microprocessor file

0

1n;

2

bl UDATA_SHR ; Declare the start of a section of shared unintialised data
14num_vals  RES @xeA ; Pointer to reserved memory block (10B)

15 num_end ; Pointer to memory address directly after data being used
1

17 portA EQU @x85 ; Pointer to portA memory address

B trisA EQU ex85 ; Pointer to portA data direction register memory address (trisA)
19 ports EQU @x06 ; Pointer to portB memory address

2 triss EQU 0x86 ; Pointer to portB data direction register memory address (trisB)
21 status EQU x83 ; Pointer to status register memory address (6-7)

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

2RP1 EQU 6 ; Bit number (6) of RP1 in the status register

2

25 inner EQU @x1C RAM memory address of data

% outer EQU ex1D RAM memory address of data

2

» ORG 0x08 ; Start the program at 6x00

x5
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32 Subroutine: main

33 Description: This is the main function for the program. It starts by initialising the status register bits,

3 setting portA pins as inputs and setting portB pins as outputs. The number 5 is intially
355 displayed.Then it polls over the input from the buttons to see if either have been pressed.
% ; If the Left side button (SW2) is pressed, the display will decrement the number (min is @).
=B If the right side button (SW3) is pressed, the display will increment the number (max is 9).
®;

3; Register Usage:

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

a; status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
a2; trisA -> Sets the data direction (imput/output) of portA

a; portA -> Accesses data pins of portA

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

s portB -> Accesses data pins of portB

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

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

=

8 main ; Subroutine main

E BCF status,RPO ; Clear RPO bit in the status register

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

2 BSF status,RPO ; Set RPO bit in the status register

5 MOVLW  ©x03 ; Move value b08OOOO11 to the W register

5 MOVWF  trisA ; Move value b0GOOOOL1 to trisA to set portA pins @ and 1 as inputs
55 MOVLW  ©x00 ; Move value b0BOOOOGO to the W register

5% MOVWF  tris8 ; Move value b0GOOOOBO to trisB to set portB as all output pins

e BCF status,RPO Clear RPO bit in the status register

5 CLRF  portA ; Clear current pin values on portA

5 CLRF  port8 ; Clear current pin values on ports

&

61 CALL  display ; Call subroutine display

& MOVLW  num_vals+0x@5 ; Move num_vals index 5 to the W register

& MOVWF  FSR ; Move num_vals index 5 to FSR register

& MOVF  INDF,® ; Move INDF value to the W register

& MOVWF  port8 ; Move FSR value to portB to output to the display
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67 loop
@

7n

BTFSS
CALL
BTFSS
CALL
GOTO

portA,e
countD
portA,1
countU
loop

Test pin A@ - if high then skip next instruction, if low then execute
Call subroutine countD
Test pin Al - if high then skip next instruction, if low then execute

; Call subroutine countU
; Go to Loop Line
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a;
7

75 ; Subroutine:

countD

7 ; Description: This is the countD subroutine, called in the main function for the program. It counts down the
number on the display, decreasing by 1 for each related button press, down to @
7 ; Register Usage:
w -> 'Working register' stores values temporarily

status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
portB -> Accesses data pins of portB

FSR -> Addresses indirect data memory (data pointer)

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

75

85 countD
£
&7
=
£
£
o1
o2
o3

MOVF
XORLW
BTFSS
DECF
MOVF
MOVWF
CALL
RETURN

FSR,0
exec
status,Z
FSR,1
INDF,8
ports
delay

; Subroutine countD
; Move FSR value to the W register
; XOR the W register (from FSR) and @x0C (display @) values to test if equal

If address value are equal skip next instruction (Z bit= if equal)
Decrement the FSR pointer

; Move INDF value to the W register

; Move FSR value to portB to output to the display
; Call subroutine delay

; Return from subroutine countD
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95
%
97; Subroutine: countU

9 ; 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.

10 ; Register Usage:

1015 w -> 'Working register’ stores values temporarily

025 status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
103 ; portB -> Accesses data pins of port8

1045 FSR -> Addresses indirect data memory (data pointer)

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

106

107 countU ; Subroutine countl

108 MOVF  FSR,0 ; Move FSR value to the W register

109 XORLW ~ @x15 ; XOR the W register (from FSR) and @x15 (display 9) values to test if equal
m BTFSS  status,Z If address value are equal skip next instruction (Z bit=6 if equal)
1 INCF  FSR,1 ; Increment the FSR pointer

m MOVF  TNDF,@ ; Move INDF value to the W register

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

14 CALL  delay Call subroutine delay

115 RETURN
116

Return from subroutine countU
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19; Subroutine: delay
1 Description: This is the delay subroutine, called in the main function for the program. It forms a counting Loop

21 ; to occupy the microprocessor for 6.2 seconds as required.
122; Register Usage:

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

4 ; outer -> Contains the outer Loop counter

125 ; inner -> Contains the inner Loop counter

125

127 delay Subroutine delay

128 MOVLW  @xFF Move value 255 to the W register

123 MOVWF  outer Outer Loop counter - Set outer value as 255

1

131 outerl MOVLW  OxFF ; Move value 255 to the W register

132 MOVWF  inner Inner Loop counter - Set inner value as 255

3

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

1% DECFSZ outer, Decrement outer by 1, skip next instruction if @
17 GOTO  outerL Return to outerl to repeat count
138
e

RETURN ; Return from subroutine delay
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140 5
131
12 Subroutine: display

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

4 binary sequences for the 0-9 display in RAM so they can be outputted on ports.
145 ; Register Usage:

46 ; w -> 'Working register’ stores values temporarily

#7;  hex_vals -> Contains the addresses of the hexadecimal display sequences

8

14 display

150 MOVLW  b'@1000000" ; Move binary sequence for @ to the W register
151 MOVWF  num_vals ; Move binary sequence for @ to num_vals (0x6C)
152 MOVLW  b'e1111001" ; Move binary sequence for 1 to the W register
153 MOVWF  num_vals+@x@l ; Move binary sequence for 1 to num_vals (0x6D)
154 MOVLW  b'e0160100" ; Move binary sequence for 2 to the W register
155 MOVWF  num_vals+@x@2 ; Move binary sequence for 2 to num_vals (0x6E)
156 MOVLW  b'00110000" ; Move binary sequence for 3 to the W register
157 MOVWF  num_vals+@x@3 ; Move binary sequence for 3 to num_vals (0x6F)
158 MOVLW  b'eee11001" ; Move binary sequence for 4 to the W register
159 MOVWF  num_vals+@x@4 ; Move binary sequence for 4 to num_vals (0x16)
180 MOVLW  b'eep10010’ ; Move binary sequence for 5 to the W register
161 MOVWF  num_vals+@x@5 ; Move binary sequence for 5 to num_vals (0x11)
182 MOVLW  b'@0000016 ; Move binary sequence for 6 to the W register
163 MOVWF  num_vals+@x@6 ; Move binary sequence for 6 to num_vals (0x12)
164 MOVLW  b’el1110@0’ ; Move binary sequence for 7 to the W register
165 MOVWF  num_vals+@x@7 ; Move binary sequence for 7 to num_vals (0x13)
166 MOVLW  b'0eee0000 " ; Move binary sequence for 8 to the W register
167 MOVWF  num_vals+@x@8 ; Move binary sequence for 8 to num_vals (0x14)
168 MOVLW  b'00010000" ; Move binary sequence for 9 to the W register
189 MOVWF  num_vals+@x@9 ; Move binary sequence for 9 to num_vals (0x15)
m RETURN ; Return from subroutine display

m
1 END ; End program
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[l; FriE: Task 5.asm

2; AUTHOR: Caitlin Lonsdale

3; DATE: 03/01/2025

4

s

6 LIST  p=16F84 ; Select microprocessor type

7 RADIX  hex ; Define hexadecimal as the number base

s

9 #include p16f84.inc ; Find and include the microprocessor file

0

1n; --

2

1B portA EQU ex85 Pointer to portA memory address

1trish EQU ex85 Pointer to portA data direction register memory address (trisA)
15 ports EQU 0x86 Pointer to portB memory address

16 triss EQU ex86 Pointer to ports data direction register memory address (trisB)
17 status EQU xe3 ; Pointer to status register memory address (6-7)
18RPO EQU 5 ; Bit number (5) of RP@ in the status register
19RP1 EQU 6 ; Bit number (6) of RP1 in the status register

2

210n EQU OxFF ; Hexadecimal value for piezo buzzer on

20ff EQU ex7F ; Hexadecimal value for piezo buzzer off

3

2 ORG 0x08 ; Start the program at 6x00
25
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%; -
z
= Subroutine: main

2; This is the main function for the program. It starts by initialising the status register bits,
0; setting portA pins as inputs and setting portB pins as outputs. Then it polls over the input
3t from the button (SW2) to see if it's been pressed. While pressed, the piezo buzzer will sound.
32; Register Usage:

5; w -> 'Working register’ stores values temporarily

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

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

%; portA -> Accesses data pins of portA

7; trisB -> Sets the data direction (input/output) of port8

®; portB -> Accesses data pins of port8

»

“main ; Subroutine main

a BCF status,RP@ Clear RPO bit in the status register

2 BCF status,RP1 Clear RP1 bit in the status register

s BSF status,RPO ; Set RPO bit in the status register

“ MOVLW  exe1 ; Move value b09EOOOOI to the W register

s MOVWF  trisA ; Move value b0OBOOEOI to trisA to set portA pins @ as an input

% MOVLW  exee ; Move value b0OBOOOGO to the W register

E MOVWF  trisB ; Move value b09BOOEEO to trisB to set portB as all output pins

%

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

0 CLRF  portA Clear current pin values on portA

st CLRF  ports ; Clear current pin values on portB

52

53 1oop BTFSS  portA,® ; Test pin A@ - if high then skip next instruction, if Low then execute
5 MOVLW  on ; Move hexadecimal value for piezo buzzer on to the W register

55 BTFSC  portA,® Test pin A@ - if Low then skip next instruction, if high then execute
s MOVLW  off ; Move hexadecimal value for piezo buzzer off to the W register

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

B GOTO  loop ; Return to Loop

s

& END. ; End program
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1; FILE: Task 6.asm
2; AUTHOR: Caitlin Lonsdale

3; DATE: 03/01/2025

3

5

s LIST  p=16F84 ; Select microprocessor type

7 RADIX  hex ; Define hexadecimal as the number base

s

s #include p16f84.inc ; Find and include the microprocessor file

0

n;

2

5 UDATA_SHR ; Declare the start of a section of shared unintialised data
1cyc_vals  RES @x0A ; Pointer to reserved memory block (108)

15 cyc_end Pointer to memory address directly after data being used
1

17 port8 EQU 0x06 Pointer to portB memory address

B triss EQU 0x06 Pointer to portB data direction register memory address (trisB)
1 status EQU 0x03 ; Pointer to status register memory address (©-7)

27P0 EQU S ; Bit number (5) of RP@ in the status register

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

2

200 EQU OxXFF ; Hexadecimal value for piezo buzzer on

20ff EQU Ox7F ; Hexadecimal value for piezo buzzer off

25 duty EQU Ox1C Length of duty cycle

2 temp EQU ox1D Length of temp duty cycle

2

B ORG @x00 ; Start the program at 6x00

x
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30 ;
3
32 Subroutine: main

33 Description: This is the main function for the program. It starts by initialising the status register bits,

35 and setting portB as all output pins. It sets the buzzer off (via the portB output) to start.
355 It produces a fixed frequency pulse with a decreasing duty cycle (PWM - pulse width modulation)
%; which Loops repeatedly, and can be heard on the buzzer.

37; Register Usage:

% w -> 'Working register’ stores values temporarily

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

i portB -> Accesses data pins of port8

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

a5 INDF -> Accesses data at FSR address (non-physical register)

“

#smain ; Subroutine main

% BCF status,RPO ; Clear RPO bit in the status register

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

% BSF status,RP8 ; Set RP@ bit in the status register

) MOVLW  @xee ; Move value 0 to the W register

0 MOVWF  trisB ; Move value 0 to trisB to set portB as all output pins
£ BCF status,RPO ; Clear RPO bit in the status register

2 CLRF  ports ; Clear current pin values on port8

E)

5 CALL  cycles ; Call subroutine cycles

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

% MOVWF  FSR ; Move num_vals index @ to FSR register

£l MOVF  TNDF,@ ; Move INDF value to the W register

5B MOVWF  duty ; Move INDF value to duty

5

& reset MOVLW  off ; Move buzzer off value to the W register

61 MOVWF  portB ; Move buzzer off value to ports

& MOVLW  cyc_vals ; Move cyc_vals to the W register

& MOVWF  FSR ; Move cyc_vals to FSR register

64
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65 loop
&

&

FENEE

75

MOVF
MOVWF
CALL
INCF
MOVF
XORLW
BTFSS
GOTO
GOTO
RETURN

INDF,0
duty
pum

FSR
FSR,0
cyc_end
status,Z
loop
reset

; Move INDF value to the W register

; Move INDF value to duty

; Call subroutine pwm

; Increment the FSR pointer

; Move FSR value to the W register

; XOR the W register (from FSR) and cyc_end (from RAM) values to test if equal
; If address value are equal skip next instruction (Z bit=e if equal)

; Return to Loop to display the next number

Return to reset to start cycle count

; Return from subroutine main
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; Description: This is the pwm subroutine, called in the main function for the program. It sets the output on
portB (pin 7) to high/Low according to the duty cycle set by the subroutine cycles.

w -> 'Working register' stores values temporarily
status -> Contains the ALU arithmetic status, RESET status, and bank select bit for data memory
trisB -> Sets the data direction (input/output) of portB
portB -> Accesses data pins of port8

7
7 ; Subroutine: pwm
;

&

81; Register Usag
8;

8

84

8

3

87 pum HOVF
& MOVIF
8 MOVLW
£ MOVHF
o1

92 pumHi DECFSZ
s GoTO
% MOVLW
o5 HOVHF
% MOVF
o7 SUBWF
% MOVLW
% MOVHF
100

101 pumLo DECFSZ
102 GoTo
103 RETURN

104

duty,8
‘temp
on
ports

‘temp
pumHi
OxFF
‘temp
duty,@
temp,1
of f
ports

temp
pumLo

; Move duty value to the W register

; Move duty value to temp

; Move buzzer on value to the W register
; Move buzzer on value to ports

; Decrement temp value by 1, if zero the skip next instruction
; Return to pwnHi

; Move value 255 to the W register

; Move value 255 to temp

; Move duty value to the W register

; Subtract duty value from temp, store the result in temp

; Move buzzer off value to the W register

; Move buzzer off value to portB

; Decrement temp value by 1, if zero the skip next instruction
; Return to pwnlo
; Return from subroutine pwm
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105 ;

Description: This is the cycles subroutine, called in the main function for the program. It sets the
hexadecimal values for the duty cycles 100-10% (16% decrements). It stores all of these
in RAM so they can be accessed and used for the values duty and temp.

w -> 'Working register' stores values temporarily
cyc_vals -> Contains the addresses of the duty cycle values

oxeF
cyc_vals
BxES
cyc_vals+exel
excC
cyc_vals+0x@2
oxB2
cyc_vals+0x@3
8x99
cyc_vals+0xed
ox7F
cyc_vals+0x@s
ox65
cyc_vals+0x@6
exac
cyc_vals+0xe7
ox32
cyc_vals+0xes
ex19
cyc_vals+0x@9

10
17; Subroutine: cycles
108 ;

109 ;

1w ;

111; Register Usage:
m;

s ;

14

115 cycles

116 MovLW
17 MOVWF
118 MOVLW
119 MOVWF
120 MOVLW
121 MOVWF
122 MOVLW
123 MOVWF
124 MOVLW
125 MOVWF
126 MOVLW
127 MOVWF
128 MOVLW
129 MOVWF
130 MOVLW
131 MOVWF
132 MovLW
133 MOVWF
134 MOVLW
135 MOVWF
136 RETURN
57

138 END

; End program

; Subroutine cycles

; Move 160% duty cycle (255) to the W register

; Move 160% duty cycle (255) to cyc_vals index @
; Move 96% duty
; Move 96% duty
; Move 86% duty
; Move 86% duty
; Move 76% duty
; Move 76% duty
; Move 66% duty
; Move 66% duty
; Move 56% duty
; Move 56% duty
; Move 46% duty
; Move 46% duty
; Move 36% duty
; Move 36% duty
; Move 20% duty
; Move 26% duty
; Move 16% duty
; Move 16% duty
; Return from subroutine cycles

cycle (229) to the W register
cycle (229) to cyc_vals index 1
cycle (204) to the W register
cycle (204) to cyc_vals index 2
cycle (178) to the W register
cycle (178) to cyc_vals index 3
cycle (153) to the W register
cycle (153) to cyc_vals index 4
cycle (127) to the W register
cycle (127) to cyc_vals index 5
cycle (101) to the W register
cycle (101) to cyc_vals index 6
cycle (76) to the W register
cycle (76) to cyc_vals index 7
cycle (50) to the W register
cycle (50) to cyc_vals index 8
cycle (25) to the W register
cycle (25) to cyc_vals index 10
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