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Abstract 
This report details the programming of a circuit, using assembly on a PIC16F84 microcontroller. The report examines the features and components of the circuit, as well as investigates how the code is input and output through the microcontroller, including functioning programs.
[bookmark: _Toc194675752]Section 1: Circuit Analysis
[bookmark: _Toc194675753]Proteus Circuit Assignment Board PIC16F84
Figure 1 and Figure 2 are both screenshots of the reconstructed assignment board.
[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\2943A081.tmp]
[bookmark: _Toc194055079][bookmark: _Toc194255825][bookmark: _Toc195093396]Figure 1 Assignment Board PIC16F84
Figure 2 has been split into segments for examination: Segment 1 (Yellow), Segment 2 (Blue), Segment 3 (Green), Segment 4 (Pink).
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[bookmark: _Toc194255826][bookmark: _Toc195093397]Figure 2 Segmented Assignment Board PIC16F84
Segment 1: Yellow
[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\2943A081.tmp]
[bookmark: _Toc194255827][bookmark: _Toc195093398]Figure 3 Segment 1 of Assignment circuit (Yellow)
The components in this segment include two capacitors (C1, C2) each connected to ground, and in parallel with a quartz crystal oscillator (X1). Pin 16 (OSC1/CLKIN) is the ‘oscillator crystal input’, and Pin 15 (OSC2/CLKOUT) is the ‘oscillator crystal output’. [1] Pin 16 connects to capacitor C2 and pin 15 connects to capacitor C1. The two capacitors are then linked by the quartz crystal oscillator. VDD (voltage at the drain) is connected to pin 4 MCLR. This is the positive supply voltage. These capacitors alongside the crystal create a phase shift necessary for sustained oscillation. 
Segment 2: Blue
[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\2943A081.tmp]
[bookmark: _Toc194255828][bookmark: _Toc195093399]Figure 4 Segment 2 of Assignment circuit (Blue)
The components in this segment include two push buttons and two resistors (R1, R2). Pin 17 (RA0) is connected to R1 and the left button. Pin 18 (RA1) is connected to R2 and the right button. The buttons are then connected to each other and ground. The buttons use the resistors to control the flow of electric current. By introducing resistance, they ensure a stable input that prevents damage to the circuit. [2] The importance of this relationship can be demonstrated by Section 3 Task 3 of the assignment, where the left button where one button causes all the segments to light and the other button causes them to switch off. Without the resistors there is the possibility that the segments would not light when the corresponding button is pressed because the input wouldn’t be stable and too much current that could damage the circuit, therefore, not light the seven-segment display.
Segment 3: Green
[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\2943A081.tmp]
[bookmark: _Toc194255829][bookmark: _Toc195093400]Figure 5 Segment 3 of Assignment circuit (Green)
The components in this segment include seven resistors (R3, R4, R5, R6, R7, R8, R9) and a seven-segment display. Each port/pin to resistor is connected to one of the pins on the seven-segment display and therefore the led segment ‘a-g’:
	Port
	Pin
	Resistor
	LED Segment

	RB0/INT
	6
	R3
	A

	RB1
	7
	R4
	B

	RB2
	8
	R5
	C

	RB3
	9
	R6
	D

	RB4
	10
	R7
	E

	RB5
	11
	R8
	F

	RB6
	12
	R9
	G


[bookmark: _Toc195093383]Table 1 Green segment components connections
The resistors are required to restrict the current that goes to the seven-segment display, so that the LEDs aren’t damaged by overflow. As discussed in Segment 2: Blue, the resistors are vital to control the flow of electric current and enable the seven-segment display to function appropriately.
This segment of the circuit board is used to display different symbols. In this assignment these outputs include hexadecimals from 0-F (1, 2, 3, 4, 5, 6, 7, 8, 9, A, b, C, d, E, F); a left ‘L’ and right ‘r’ display corresponding to button activation; on button and off button, meaning all the segments being lit by one button and all being unlit by the other. The buttons being referred to are included in Segment 2: Blue, listed above.
Segment 4: Pink
[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\2943A081.tmp]
[bookmark: _Toc194255830][bookmark: _Toc195093401]Figure 6 Segment 4 of Assignment circuit (Pink)
The components in this segment include two resistors (R10, R11) a bipolar transistor (Q1), a piezo sounder (LS1), two capacitors (C3, C4), a power supply regulator (U2 7805), and a switch (SW1). Segment 4: Pink is connected to the microcontroller at port RB7: Pin 13. This section of the circuit board is built for Section 3 Task 5 and Section 3 Task 6. 
Task 5 would utilise this circuit so that when the switch (SW1) was pressed, the piezo sounder (LS1) would produce a tone that the Proteus software would output via the PC speaker, or that could be monitored with a virtual oscilloscope. Task 6 would utilise this circuit so that the assembly code written to produce a fixed frequency pulse train would use the sounder (LS1), utlising the PWM like a music synthesizer.
Resistor R10 connects the microcontroller to the bipolar transistor (Q1). Once again, the resistor is being used to control the current flow, ensuring that the bipolar transistor and the microcontroller don’t receive potential damage. [3] Resistor R11 ensures the same for the sounder (LS1).
The bipolar transistor (Q1) amplifies or switches current. The power supply 7805 (U2) is connected to the capacitors (C3, C4), and works with them symbiotically in the circuit. It maintains a ‘constant output voltage despite changes in input voltage and load’. [4] The capacitors (C4, C3) are placed either side of the power supply (U2) and connected to ground. These capacitors are storing temporarily ‘electrical energy through distributing particles on (generally two) plates to create a potential difference.’ [5] This means they can ‘suppress rapid voltage changes and improve feedback loop characteristics’ as well as be ‘used as bulk energy storage’. [6] The switch (SW1) when closed would initiate the circuit to complete task 6. When left open, no voltage would pass through to the piezo sounder (LS1) via the power supply (U2). The voltage across the piezo sounder (LS1), causes the metal disc inside to move. It also ‘grounds the transistor base’, when the elements return to the original position, it makes the cycle instantly start over. [7]
The function of the components in the assignment circuit have been defined by segment. The individual utility of each item will now be outlined in the Components List. This will include the item from the assignment board, a real-world example of the component, and a list of its properties corresponding to the circuit.
[bookmark: _Toc194675754]Components List
[bookmark: _Toc194675755]Seven segment display pinout common anode (7SEG-COM_ANODE) 
	[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\3EA4B737.tmp]
[bookmark: _Toc194255831][bookmark: _Toc195093402]Figure 7 Seven segment display from assignment board
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[bookmark: _Toc195093403]Figure 8 Seven-segment display with alphabetic labels Source: [8]
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[bookmark: _Toc195093404]Figure 9 Real-world component: seven-segment display Source: [9]


[bookmark: _Toc195093384]Table 2 Seven-segment display
The ‘negative terminals (anode) of the 7 LEDs are connected together.’ The positive terminals arenot engaged. [10] In common anode seven-segment display’s LEDs are lit when any of the pins: a,b,c,d,e,f,g pin are grounded. [11]
[bookmark: _Toc194675756]Capacitor and Polyester Layer Capacitor (02013A220JAT2A/ POLYLAYER220N)
	[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\E1F476F.tmp]

[bookmark: _Toc194055081][bookmark: _Toc194255832][bookmark: _Toc195093405]Figure 10 Capacitor from assignment board
	
[image: 02013A220JAT2A KYOCERA AVX, SMD Multilayer Ceramic Capacitor, 22 pF, 25 V,  0201 [0603 Metric], ± 5%, C0G / NP0 | Newark Electronics]


[bookmark: _Toc194055082][bookmark: _Toc194255833][bookmark: _Toc195093406]Figure 11 Real-world component: 02013A220JAT2A Source: [12]
	
[image: B32520C1224K000 EPCOS | EPCOS B32520 Polyester Film Capacitor, 63 V ac, 100  V dc, ±10%, 220nF, Through Hole | 191-3020 | RS Components]








[bookmark: _Toc194055083][bookmark: _Toc194255834][bookmark: _Toc195093407]Figure 12 Real-world component: POLYLAYER220N Source: [13]


[bookmark: _Toc194055372][bookmark: _Toc195093385]Table 3 Capacitors
The charge (Q) kept on a capacitor is ‘directly proportional to its capacitance (C) and voltage (V) applied’ across it [14]

Capacitance is measured in Farads. It is a passive component. It stores electrical energy by collecting electrical charge on two conductive plates with by an insulator in the middle. Capacitors store electrical energy temporarily by ‘distributing particles on (generally two) plates to create a potential difference.’ [15]
[bookmark: _Toc194675757]5V Fixed 1A Power Supply Regulator (7805)
	[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\2943A081.tmp][bookmark: _Toc194055084][bookmark: _Toc194255835][bookmark: _Toc195093408]Figure 13 Power supply regulator 7805 from assignment board
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[bookmark: _Toc195093409]Figure 14 Real-world component: Power Supply Regulator (7805) Source: [16]


[bookmark: _Toc194055373][bookmark: _Toc195093386]Table 4 Power Supply Regulator (7805)
It is an integrated circuit. They keep a constant output voltage, irrespective of fluctuations to the input voltage or load. It ensures a stable +5V output. They are popular for powering a range of electronic components and circuits. [17]
[bookmark: _Toc194675758]Silicon NPN Low Power Bipolar Transistor (BC107)
	[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\6B383473.tmp]
[bookmark: _Toc194055085][bookmark: _Toc194255836][bookmark: _Toc195093410]Figure 15 Bipolar Transistor from assignment board
	[image: DI0056 - BC107 NPN Silicon Planar Transistor]
[bookmark: _Toc195093411]Figure 16 Real-world component:  BC107 Source: [18]


[bookmark: _Toc194055374][bookmark: _Toc195093387]Table 5 NPN Low Power Bipolar Transistor (BC107)
NPN: Negative/Positive/Negative (sinking): Two n-type and one p-type semiconductor layers. It is three terminal semiconductor devices (emitter, base, collector). It amplifies or switches current. [19]
[bookmark: _Toc194675759]SPST Push Button (BUTTON)
	[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\C93559F9.tmp]
[bookmark: _Toc194055086][bookmark: _Toc194255837][bookmark: _Toc195093412]Figure 17 Push button from assignment board

	[image: Miniature Push Button Switch, Momentary, SPST-NC - Multicomp Pro | CPC]
[bookmark: _Toc195093413]Figure 18 Real-world component: SPST Push Button Source: [20]


[bookmark: _Toc194055375][bookmark: _Toc195093388]Table 6 SPST Push Button
SPST: Single-pole, single-throw. It controls the flow of current through a circuit. They are a fundamental circuit component. When pushed the internal spring contacts the bottom of the switch, allowing current to flow through the circuit. [21]	
[bookmark: _Toc194675760]Quartz Crystal Oscillator (CRYSTAL)
	[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\E1F476F.tmp]
[bookmark: _Toc194055087][bookmark: _Toc194255838][bookmark: _Toc195093414]Figure 19 Crystal oscillator from assignment board

	[image: https://www.circuitbasics.com/wp-content/uploads/2020/09/cutout.jpg]








[bookmark: _Toc195093415]Figure 20 Real-world component: Quartz Crystal Oscillator Source: [22]



[bookmark: _Toc194055376][bookmark: _Toc195093389]Table 7 Quartz Crystal Oscillator
They are a common component in electrical circuits, they’re unique, working at a single frequency. They are highly stable and drift free. They’re categorised by the frequency they work at vs. fundamental oscillators. It requires amplifier (frequency dependent) and positive feedback. The amplifier could be a digital gate, op-amp, FET or transistor. The crystal can come in different sizes and cuts. [23]
[bookmark: _Toc194675761]Resistors (MINRES4K7/ MINRES10K/ MINRES220R)
	 [image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\2943A081.tmp]
[bookmark: _Toc195093416]Figure 21 Resistor 4k7 from assignment board
	[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\2943A081.tmp][bookmark: _Toc195093417]Figure 22 Resistor 10k from assignment board
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[bookmark: _Toc195093418]Figure 23 Resistor 220R from assignment board

	[image: Through-Hole Resistors - 4.7K ohm 5% 1/4W - Pack of 25]
[bookmark: _Toc195093419]Figure 24 Real-world component: MINRES4K7 Source: [24]
	[image: Through-Hole Resistors - 10K ohm 5% 1/4W - Pack of 25]
[bookmark: _Toc195093420]Figure 25 Real-world component: MINRES10K Source: [25]
	[image: Through-Hole Resistors - 220 ohm 5% 1/4W - Pack of 25]
[bookmark: _Toc195093421]Figure 26 Real-world component: MINRES220R Source: [26]


[bookmark: _Toc194055377][bookmark: _Toc195093390]Table 8 Resistors
A resistor impedes flow of electrical current in a circuit through resistance. Resistance is measured in ohms (Ω). R is resistance, V is potential difference (volts) I is current (amperes) [27]

They are crucial for ‘controlling current levels, dividing voltages, shaping waveforms, and ensuring proper functioning of electrical devices, including computers, by regulating the flow of electricity within circuits.’ [28]
[bookmark: _Toc194675762]PIC16 Microcontroller (PIC16F84A)
	[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\29B37255.tmp]
[bookmark: _Toc194055088][bookmark: _Toc194255839][bookmark: _Toc195093422]Figure 27 PIC16F84A from assignment board
	

[image: Microchip PIC16F84A-20I/P, 8bit PIC Microcontroller, PIC16F, 20MHz, 1024 x  14 words, 64 x 14 words Flash, 18-Pin PDIP]
[bookmark: _Toc195093423]Figure 28 Real-world component: PIC16F84A Source: [29]



[bookmark: _Toc194055378][bookmark: _Toc195093391]Table 9 PIC Microcontroller
A microcontroller is ‘a small computer on a single chip designed for specific tasks in an embedded system that don’t requiring a complex operating system.’ [30] The PIC16F84A part of mid-range family of PICmicro microcontroller devices. Its features include: 1k words; translating to 1024 instructions, as ‘each 14-bit program memory work is the same width as each device instruction.’ RAM has 68 bytes. Data EEPROM is 64 bytes. 13 I/O pins (user configured- some pins ‘are multiplexed with other device functions’ including: external interrupt, change on PORTB interrupt, timer0 clock input. [31]
[bookmark: _Toc194675763]Piezo Sounder Model (Digital)- outputs via soundcard Sounder
	[image: C:\Users\ISA06016481\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\2943A081.tmp]
[bookmark: _Toc194055089][bookmark: _Toc194255840][bookmark: _Toc195093424]Figure 29 Piezo Sounder Model (digital) from assignment board
	[image: Adding Sound to Arduino Using the MH-FMD Piezo Buzzer Module]
[bookmark: _Toc195093425]Figure 30 Real-world component:  Piezo Sounder Source: [32]


[bookmark: _Toc194055379][bookmark: _Toc195093392]Table 10 Piezo Sounder Model
Piezoelectric materials produce electric charge when under strain.A voltage is applied to the material to produce movement. Alternative voltage will repeatedly deform and reform the material creating sound waves. [33]
[bookmark: _Toc194675764]Interactive SPST Switch (SW-SPST)
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[bookmark: _Toc194055090][bookmark: _Toc194255841][bookmark: _Toc195093426]Figure 31 Interactive SPST Switch from assignment board
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[bookmark: _Toc195093427]Figure 32 Real-world component: SPST switch Source: [34]


[bookmark: _Toc194055380][bookmark: _Toc195093393]Table 11 SPST Switch
SPST: Single-pole, single-throw. It has one input and one output. They are used for on/off switching. On when the switch is closed and off when the switch is open, disrupting current flow.
[bookmark: _Toc194675765]Section 2: How the circuit displays hexadecimal characters 0-F on the 7-segement Display
Important to note that the seven-segment display is a common anode display. This means that the different segments default to being lit. This means when the binary bit is 1 the segment is being turned off, and when the binary bit is 0 the binary bit is left turned on.
 The encoding uses single Bytes meaning they are comprised of 8 bits, each of which is mapped to PORTB of the microcontroller. The 8-bit binary number is treated as two 4-bit sections, known as nibbles. These are represented by the blue and yellow sections in Table 12. [35]
With assembly we can send this encoding to the display port (PORTB) using hexadecimal characters, that are calculated below, the calculations going from most significant bit (MSB) to least significant bit (LSB), as seen in Table 12. The nibble’s decimal value is the calculated in the ‘Bin. Count’ which is then translated into a hexadecimal value in ‘Hex. Val.’ In the assembly programs in Section 3 the prefix ‘0x’ is attached before each of the hexadecimal calculations determined in the green rows. [36] This instructs the program the number listed is of base 16. [37] This then illuminates the LEDs so the relevant value is displayed.
Bit-wise calculations
Hexadecimals are a base-16 system meaning there are 16 characters: 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, A, B, C, D, E, F. The calculations to determine the correlation between decimal, binary and hexadecimal values is recorded below. [38]
	
	Piezo RB7
	Pin G
RB6
	Pin F
RB5
	Pin E
RB4
	Pin D
RB3
	Pin C
RB2
	Pin B
RB1
	Pin A
RB0

	‘0’
	0
	1
	0
	0
	0
	0
	0
	0

	Bin. count
	12
	0

	Hex Val.
	C
	0

	‘1’
	0
	1
	1
	1
	1
	0
	0
	1

	Bin. count
	15
	9

	Hex Val.
	F
	9

	‘2’
	0
	0
	1
	0
	0
	1
	0
	0

	Bin. count
	10
	4

	Hex Val.
	A
	4

	‘3’
	0
	0
	1
	1
	0
	0
	0
	0

	Bin. count
	11
	0

	Hex Val.
	B
	0

	‘4’
	0
	0
	0
	1
	1
	0
	0
	1

	Bin. count
	9
	9

	Hex Val.
	9
	9

	‘5’
	0
	0
	0
	1
	0
	0
	1
	0

	Bin. count
	9
	2

	Hex Val.
	9
	2

	‘6’
	0
	0
	0
	0
	0
	0
	1
	0

	Bin. count
	8
	2

	Hex Val.
	8
	2

	‘7’
	0
	1
	1
	1
	1
	0
	0
	0

	Bin. count
	15
	8

	Hex Val.
	F
	8

	‘8’
	0
	0
	0
	0
	0
	0
	0
	0

	Bin. count
	8
	0

	Hex Val.
	8
	0

	‘9’
	0
	0
	0
	1
	0
	0
	0
	0

	Bin. count
	9
	0

	Hex Val.
	9
	0

	‘A’
	0
	0
	0
	0
	1
	0
	0
	0

	Bin. count
	0
	8

	Hex Val.
	0
	8

	‘b’
	0
	0
	0
	0
	0
	0
	1
	1

	Bin. count
	0
	3

	Hex Val.
	0
	3

	‘C’
	0
	1
	0
	0
	0
	1
	1
	0

	Bin. count
	4
	6

	Hex Val.
	4
	6

	‘d’
	0
	0
	1
	0
	0
	0
	0
	1

	Bin. count
	2
	1

	Hex Val.
	2
	1

	‘E’
	0
	0
	0
	0
	0
	1
	1
	0

	Bin. count
	0
	6

	Hex Val.
	0
	6

	‘F’
	0
	0
	0
	0
	1
	1
	1
	0

	Bin. count
	0
	15

	Hex Val.
	0
	E


[bookmark: _Toc194055091][bookmark: _Toc194055381][bookmark: _Toc195093394]Table 12 Bit calculation and hex code calc. of hexadecimals 0-F
Working Calculations
A record of working calculations taken to determine the connection between decimals, bits, hex and the pin layout of the seven-segment display is provided below.
[image: ]
[bookmark: _Toc195093428]Figure 33 Hex, Dec. and bin seven-segment display pins
Figure 33 captures the working calculations taken when documenting the relationship between decimal numbers, the relevant pins they would affect, and the resultant hexadecimal values.
[image: ]
[bookmark: _Toc195093429]Figure 34 Hex, bin, LED segments calc.
Figure 34 examines the relationship between the pins (A-G) there binary representation according to the seven-segment display being anode. The relationship between the illuminated pins and how they would look on the display are highlighted in yellow. The 4-bit split of the binary is demonstrated by red and green, and how these would translate to their hexadecimal equivalent.  
[image: ]
[bookmark: _Toc195093430]Figure 35 Base calculations of Hex, Decimal and binary
Figure 35 examines the relationship of hexadecimal, decimal and binary by their base value.
[bookmark: _Toc194675766]Section 3: Describe the operation and logic behind your program, including annotated assembly language
[bookmark: _Toc194675767]3.1 Modify “count.asm” so that the seven-segment display counts from 0-F in hexadecimal numbers in 0.2 second increments
Two versions of this code were implemented. Version 1 uses a single function. Version 2 uses a lookup table. The pseudocode and code block for each version are included below. 
Pseudocode Version 1
Start
	Clear bank selection (RPO and RP1)
	Select 'Bank 1'
	Set TRISA to 0x03 //Configure port A as input
	Set TRISB to 0x00 //Configure port B as output
	Reselect Bank 0
	Clear PORTB // Initialise PORTB to low (clear display)
	Initialise Counter to 0
	Call subroutine: GET_COUNT
	GET_COUNT:
		Display 0 on seven-segment display (0XC0) 
		Call subroutine: PAUSE (dealy 200ms)
		Display 1 on seven-segment display (0XF9) 
		Call subroutine: PAUSE
		Display 2 on seven-segment display (0XA4)
		Call subroutine: PAUSE
		Display 3 on seven-segment display (0XB0)
		Call subroutine: PAUSE
		Display 4 on seven-segment display (0X99)
		Call subroutine: PAUSE
		Display 5 on seven-segment display (0X92)
		Call subroutine: PAUSE
		Display 6 on seven-segment display (0X82)
		Call subroutine: PAUSE
		Display 7 on seven-segment display (0XF8)
		Call subroutine: PAUSE
		Display 8 on seven-segment display (0X80)
		Call subroutine: PAUSE
		Display 9 on seven-segment display (0X90)
		Call subroutine: PAUSE
		Display A on seven-segment display (0X08)
		Call subroutine: PAUSE
		Display b on seven-segment display (0X03)
		Call subroutine: PAUSE
		Display C on seven-segment display (0X46)
		Call subroutine: PAUSE
		Display d on seven-segment display (0X21)
		Call subroutine: PAUSE
		Display E on seven-segment display (0X06)
		Call subroutine: PAUSE
		Display F on seven-segment display (0X0E)
		Call subroutine: PAUSE
		Repeat GET_COUNT forever (loop back to the start of GET_COUNT

Code block Version 1[image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (44).png][image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (38).png][image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (39).png][image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (41).png][image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (42).png][image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (40).png]
[bookmark: _Toc194675768]3.1.2 (Using a Lookup table)
Pseudocode Version 2
Start
	Clear bank selection (RPO and RP1)
	Select 'Bank 1'

	Set TRISA to 0x03 	//Configure port A as input
	Set TRISB to 0x00 	//Configure port B as output
	Select Bank 0
	Clear PORTB 		// initialise PORTB to low (clear display)
	Initialise Count to 0

	Add the W register value to Program Counter (PCL) to jump to the	correct pattern in Lookup.
	
Call Start_loop
	load Count into W register
	Call Lookup function (return corresponding seven-segment display value)
	set PORTB to W register value (update display)
	Increment Count
	Call subroutine: pause (delay 200ms)
	Go to Start_loop
Code block Version 2 (Using a Lookup table)
[image: ][image: ]
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[bookmark: _Toc194675769]3.2 Write a program 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”
The bit calculation is the same process as described in section 2. In this case the seven-segment display is showcasing the letter ‘L’ and the letter ‘r’.  
	Output
	Pin G
	Pin F
	Pin E
	Pin D
	Pin C
	Pin B
	Pin A

	‘L’
	1
	0
	0
	0
	1
	1
	1

	Bin count
	4
	7

	Hex val.
	4
	7

	‘r’
	0
	1
	0
	1
	1
	1
	1

	Bin count
	2
	15

	Hex val.
	2
	F


[bookmark: _Toc194055092][bookmark: _Toc194055382][bookmark: _Toc195093395]Table 14 Bit calculation and Hex val. of 'L' and 'r' output
Pseudocode
Start
	Clear bank selection (RPO and RP1)
	Select Bank 1
	Set TRISA to 0xFF 	//Configure port A as input
	Set TRISB to 0x00 	//Configure port B as output
	Select Bank 0
	Set PORTB to 0x7F
	Initialise COUNT to 0
	call buttons
	buttons:
		If PORTA,0 is not set (Left button is pressed)
			call left_display to display 'L'(0x47)
		If PORTA,1 is not set (Right button is pressed)
			call right_display to display 'R'(0X2F)
		go back to buttons if neither is pressed
Code block
[bookmark: _GoBack][image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (45).png][image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (46).png][image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (47).png][image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (48).png]
[bookmark: _Toc194675770]3.3 Write another program, so that one button causes all of the LED segments to light, and the other switch turns them off. (the switch activations should be ‘latching’ i.e. you don’t have to hold the button down for the on/off effect to remain)
Pseudocode
start
	Clear bank selection (RPO and RP1)
	Select Bank 1
	Set TRISA to 0xFF 	//Configure port A as input
	Set TRISB to 0x00 	//Configure port B as output
	Select Bank 0
	Set PORTB to 0x7F
	Initialise COUNT to 0
	call buttons
	buttons:
		If PORTA,0 is not set (Left button is pressed)
			call left_display to turn on the display (0X7F)
		If PORTA,1 is not set (Right button is pressed)
			call right_display to turn off the display (0X00)
		go back to buttons if neither is pressed
Code block[image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (49).png][image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (50).png][image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (51).png]
[image: C:\Users\ISA06016481\Pictures\Screenshots\Screenshot (52).png]
[bookmark: _Toc194675771]3.4 Combine the above techniques, write a new program where you start by displaying ‘5’ but you can count up (max. 9) if you press one button, and count down (min. 0) if you press the other.
Pseudocode
Start:
	Initialise PORTA as input and PORTB as input
	Initialise TRISA as input and TRISB as output
	Initialise button_state to 0
	Set initial count to 5
	Display the current count
Button_loop
	If button 0 (PortA,0) is pressed:
		If button_state is 0, set button_State to 1 and go to                                      		increment
	If button 1 (PORTA,1) is pressed:
		If button_state is 1, set button_state to 0 and goto decrement
Increment:
	Clear the state of button1
	Decrement the count by 1
	Display the updated count
	Call pause function
	Repeat button_loop
Display_count:
	Call the lookup table to map the count to 7-segment display
	Output the pattern to PORTB to display on 7-segment
END
Code block
[image: ][image: ][image: ]
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[bookmark: _Toc194675772]3.5 Write a program so that the piezo sounder produces a tone while one of the switches/buttons is pressed. As you are using a simulation program and not the actual hardware, see if you can get Proteus to output the virtual speaker/sounder to the actual PC speaker, but if this fails, attach a virtual oscilloscope to the speaker/sounder and monitor the waveform visually.
Pseudocode
Start:
	Set bank 0
	Set bank 1
	Configure PORTA as input
	Configure PORTB as otput
	Set bank 0
	Clear PORTB
Button:
	Check if the button connected to PORTA, PIN0 is pressed:
		If not pressed, keep checking (loop)
	If the button is pressed, call subroutine: Piezo
Piezo:
	Check if PORTB, PIN7 is connected to the Piezo buzzer:
		If connected (LOW STATE) turn off piezo
		Else: (HIGH STATE) turn on piezo
	Call subroutine: Pause
	Return from subroutine
Code Segment[image: ][image: ][image: ]
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[bookmark: _Toc194675774]Conclusion
Section one of the assignment required analysis of the different aspects of the circuit board. This meant exploring microprocessor and microcontroller features and architectures, and their application in the assignment circuit, and how they are interfaced. The research required engaging with different forms of technical literature to define and apply electronic components.
Section two of the assignment focused on how the circuit displays hexadecimal characters on the seven-segment display. This exercise demonstrates an understanding of low-level programming language skills, by writing assembly code to trigger the display using different parts of the circuit board, and demonstrating an understanding of binary/bitwise calculations.
Section three of the assignment required analysis of the logic behind assembly programs written by the author to achieve a variety of outcomes based on the prompts given in the assignment.  The meant selecting and applying appropriate computations and analytical techniques to model broadly defined problems, and recognizing the limitations of the techniques employed. 
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; Main.asm file generated by New Project wizard

; Created: Wed Oct 30 2024
; Processor: PICI6F84A
Compiler: MPASM (Proteus)

1

; Modify "Count.asm” so that the seven segment display counts from 0-F
; in hexamdecimal numbers in 0.2s increments

; DEFINITIONS

#include pl6f84a.inc ; Include register definition file
portA  equ 0x05 ; port A address - check pic data sheet
portd  equ 0x06 ; port B address - check pic data sheet
trisa  equ 0x@5 ; trisA address in register bank 1
trisb  equ @x06 ; trisB address in register bank 1
status  equ O0x03 ; status register

RPO  equ 5 ; bit 5 of status register

RP1 equ 6 ; bit 6 of status register

; VARIABLES

;DESCRIPTION: two Loops using "
count  equ oxoc ; counter 0 to 255

nCount  equ oxod ; pause routine inner Loop counter. "nCount” is the inner Loop counter (255 down to zero)
mCount equ oxoe ; pause routine outer Loop counter. "mCount” is the outer Loop counter (255 down to zero)

Count” and "nCount” register files
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; RESET and INTERRUPT VECTORS

RST

code  0x0
goto  Start

; Reset Vector
;begin code segment
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bef
bef

bsf

movlw
movwf

movlw
movwf

bef

clrf
clrf

status,RPO
status,RP1

status,RPO

0x03
trisa

0x00
trisbh

status,RPO

ports
count

goto get_count

; clear bank selection bits in the status reg

; select bank 1

; load w with 6x60 move a given bite to the w register
; load it into trisb to make portb all outputs

; load w with 6x60 move a given bite to the w register
; load it into trisb to make portb all outputs

; reselect bank @

; clear all Llines Low
; initialize counter to @
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; define what get_count does
get_count
movlu @xCo
movwf portB
call pause
movlu @xF9
movwf portB
call pause
movlu @xAd
movwf portB
call pause
movlu @xB0
movwf portB
call pause
movlu @x99
movwf  portB
call pause
movlu @x92
movwf  portB
call pause
movlu @x82
movwf portB
call pause
movlu @xFg
movwf portB
call pause
movlu @x80
movwf  portB
call pause
movlu @x90
movwf portB
call pause
movlu @xe8
movwf portB

;0 (b = 1000000)
; move W to port
; delay 200ms by
;1: (b = 1111001)
; move W to port
; delay 200ms by
;2: (b = 0100100)
; move W to port
; delay 200ms by
33t (b = 0110000)
; move W to port
; delay 200ms by
;4: (b = 0011001)
; move W to port
; delay 200ms by
;50 (b = 0010010)
; move W to port
; delay 200ms by
;6: (b = 0000010)
; move W to port
; delay 200ms by
;7 (b = 1111000)
; move W to port
; delay 200ms by
;8 (b = 0000000)
; move W to port
; delay 200ms by
;9 (b = 0010000)
; move W to port
; delay 200ms by
A (b = 0010000)
. move W to port

B to update the display
subroutine

B to update the display
subroutine

B to update the display
subroutine

B to update the display
subroutine

B to update the display
subroutine

B to update the display
subroutine

B to update the display
subroutine

B to update the display
subroutine

B to update the display
subroutine

B to update the display

subroutine

inverted binary of seven segment 1110111 = b'0001000°
B to update the display
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call pause
movlu 0x03
movwf ports
call pause
movln @x46
movwf  ports
call pause
movln @x21
movwf  ports
call pause
movln 0x06
movwf ports
call pause
movln @xOF
movwf  ports
call pause

goto get_count

; delay 200ms by
;b (b = 0000011)
; move W to port
; delay 200ms by
€ (b = 0111001)
; move W to port
; delay 200ms by
;d (b = 1011110)
; move W to port
; delay 200ms by
JE (b = 1111001)
; move W to port
; delay 200ms by
JF (b = 1110001)
; move W to port
; delay 200ms by

; repeat forever

subroutine
inverted binary of seven
B to update the display
subroutine
inverted binary of seven
B to update the display
subroutine
inverted binary of seven
B to update the display
subroutine
inverted binary of seven
B to update the display
subroutine
inverted binary of seven
B to update the display
subroutine

segment 0011111

segment 1001110

segment 0111101

segment 1001111

segment 1000111

b'1111100° 0x03

b'0111001" b'1000110"

b'1011110" b'0100001"

b'1111001° b'0000110"

b'1110001° b'0001110"




image31.png
12
113
114
115
116
17
118
119
120
121
122
123
124
125
126
127
128
129

END

movlw
movwf

movlw
movwf

decfsz
goto

decfsz
goto

return

; set w = 255 decimal
; mCount = w: outer Loop counter

; set w = 255 decimal
; nCount = w: inner Loop counter

nCount--

; if nCount I= 0 then repeat nCount--

; else decrement Count

; if mCount I= 0 then

; reload nCount to 255 and decrement
; else exit subroutine
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; Main.asm file generated by New Project wizard

1
2
3
4+
E
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; Created: Wed Oct 30 2024
; Processor: PICI6F84A
; Compiler: MPASM (Proteus)

1
; Modify "Count.asm" so that the seven segment display counts from 0-F
10 ; in hexandecimal numbers in 0.2s increments (Look-up table version)

12 ; DEFINITIONS

14 #include pl6f84a.inc ; Include register definition file

15

16 portA equ Ox05 ; port A address - check pic data sheet
17 portB  equ Ox06 ; port B address - check pic data sheet
18 trisa  equ 0x05 ; trisA address in register bank 1

19 trisb equ 0x86  ; trisB address in register bank 1

21 status equ Ox03 ; status register

2 RPO equ 5 ; bit 5 of status register

2 RP1 equ 6 ; bit 6 of status register

2

25 ; VARIABLES

%

2 ;DESCRIPTION: two Loops using "mCount” and "nCount” register files

28 count equ oxoc ; counter 0 to 255

20 nCount equ oxod ; pause routine inner Loop counter. "nCount” is the inner Loop counter (255 down to zero)
30 mCount equ oxoe ; pause routine outer Loop counter. "mCount” is the outer Loop counter (255 down to zero)

32 ; RESET and INTERRUPT VECTORS
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RST  code ©x@ ; Reset Vector
goto Start ;begin code segment

2 addwf PCL

a retlw 0xCO ;0 1000000)
4 retlw 0xF9 ;1 1111001)
45 retlw 0xA4 ;2 0100100)
4 retlw 0xBO 33 0116000)
47 retlw 0x99 ;4 0011001)
4 retlw 0x92 55 0010010)
49 retlw 0x82 ;6 (b = 0000010)
50 retlw OxF8 ;7 (b = 1111000)
51 retlw 0x80 ;8 0000000)
52 retlw 0x90 ;9 0010000)
53 retlw 0x08 A 0001000)
54 retlw 0x03 ;b 0000011)
55 retlw 0x46 i 1600110)
56 retlw 0x21 ;d (b = 0100001)
57 retlw 0x06 JE (b = 0000110)
s8 retlw 0x0F JF (b = 0001110)
59

0




image34.png
61

FIANNIBB235288

75
7

SEHEBBRBIIY

Start
bef
bef
bsf

movlw
movwf

movlw
movwf

bef

clrf
clrf

status,RPO
status,RP1
status,RPO

0x03
trisa

0x00.
trisbh

status,RPO

ports
count

goto start_loop

start_loop
movf count, @
call Lookup
movwf portB
incf count
call pause
goto start_loop

; clear bank selection bits in the status reg
; select bank 1

; load w with 6x60 move a given bite to the w register
; load it into trisb to make portb all outputs

; load w with 6x60 move a given bite to the w register
; load it into trisb to make portb all outputs

; reselect bank @

; clear all Llines Low
; initialize counter to @
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END

movlw  @xff
movwf  nCount

decfsz nCount,
goto  dech

decfsz mCount,
goto  loadn

return

; set w = 255 decimal
; mCount = w: outer Loop counter

; set w = 255 decimal
; nCount = w: inner Loop counter

; nCount--
; if nCount I= 0 then repeat nCount--

; else decrement Count

; if mCount I= 0 then

; reload nCount to 255 and decrement
; else exit subroutine
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Main.asm file generated by New Project wizard

; Created: Wed Oct 30 2024
; Processor: PICI6F84A
; Compiler: MPASM (Proteus)

2

@ N w s w N

; Program with two buttons:
10 ; ONE DISPLAYS "L" ON THE 7 SEGMENT LED DISPLAY
ONE DISPLAYS "R" ON THE 7 SEGMENT LED DISPLAY

13 ; DEFINITIONS

15 #include <pl6f8da.inc> ; Include register definition file

16

17 portA  equ @x@5 ;port A address - check pic data sheet
18 portd  equ @x06 ;port B address - check pic data sheet
19 trisa  equ @x@5 ;trisA address in register bank 1

20 trisb  equ 0x06 ;trisB address in register bank 1

2

2 status equ 0x03 ;status register

2 RPO equ 5 ;bit 5 of status register

24 RP1 equ 6 ;bit 6 of status register

2

26 ; VARIABLES

2 ;DESCRIPTION: two Loops using "mCount” and "nCount” register files
20 count equ oxoc ; counter 0 to 255
30 nCount equ oxod ; pause routine inner Loop counter. "nCount” is the inner Loop counter (255 down to zero)

31 mCount equ oxoe ; pause routine outer Loop counter. "mCount” is the outer Loop counter (255 down to zero)
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2
43

; store constants

; RESET and INTERRUPT VECTORS

display_segment

r_display_segment

code  0x0
goto Start

equ
equ

ox47
0x2F

01001100

;b
;b = 01110010

; Reset Vector
;begin code segment
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(CODE SEGMENT

bef status,RPO
bef status,RP1
bsf status,RPO
movlw  OxFF

movwf  trisa
movlw  ©x00

movwf  trisb

bef status,RPO
movlw  Ox7F

movwf  portB

clrf  count

; clear bank selection bits in the status reg

; select bank 1
; Load w with 6xFF move a given bite to the w register
; load it into trisa to make portA all inputs

; Load w with 6x60 move a given bite to the w register
; load it into trisb to make port8 all outputs

; reselect bank 0

; 111111 to clear portB

; move movlw to portB as output
; initialize counter to 0

; see if a button is pressed, if so, switch on a segment, then keep Looping

buttons

btfss portA,@
goto  left_display

btfss portA,1
goto  right_display

goto buttons

; Look to see if button @ is pressed (Low/clear on the portA,6)
; if button is pressed go to left display function

; Look to see if button 1 is pressed
; if button is pressed go to right_display function




image39.png
75 left_display

7 movlw L_display_segment ; load w with L constant: move given bite to the w register
movwf  ports ; load it into portb (output)
call  pause
goto  buttons ; keep Looping

right_display
movlw r_display_segment ; load w with r constant: move given bite to the w register
~ mowwf port8  load it into portb (output))
call  pause
goto  buttons ; keep Looping

B8BYRE LB 8RBT 8RREB8E8YIY

movlw  Oxff ; set w = 255 decimal
movwf  mCount ; mCount = w: outer Loop counter
loadn
movlw  Oxff ; set w = 255 decimal
movwf  nCount ; nCount = w: inner Loop counter
dectt
decfsz nCount, ; nCount--
goto  dech ; if nCount I= @ then repeat nCount
decfsz mCount, ; else decrement Count
goto  loadn ; if mCount I= @ then
1 ; reload nCount to 255 and decrement
101 return ; else exit subroutine

102
103 END
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Main.asm file generated by New Project wizard

; Created: Wed Oct 30 2024
; Processor: PICI6F84A
; Compiler: MPASM (Proteus)

; 2
; Program with two buttons:

10 ; ONE DISPLAYS "L" ON THE 7 SEGMENT LED DISPLAY
11 ; ONE DISPLAYS "R" ON THE 7 SEGMENT LED DISPLAY

@ N w s w N

13 ; DEFINITIONS

15 #include <pl6f8da.inc> ; Include register definition file

16

17 portA  equ @x@5 ;port A address - check pic data sheet
18 portd  equ @x06 ;port B address - check pic data sheet
19 trisa  equ @x@5 ;trisA address in register bank 1

20 trisb  equ 0x06 ;trisB address in register bank 1

2

2 status equ 0x03 ;status register

2 RPO equ 5 ;bit 5 of status register

24 RP1 equ 6 ;bit 6 of status register

e

26 ; VARIABLES

2
2 ;DESCRIPTION: two Loops using "mCount” and "nCount” register files

20 count equ oxoc ; counter 0 to 255

30 nCount equ oxod ; pause routine inner Loop counter. "nCount” is the inner Loop counter (255 down to zero)

31 mCount equ oxoe ; pause routine outer Loop counter. "mCount” is the outer Loop counter (255 down to zero)
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; store constants

off_display
on_display

; RESET and INTERRUPT VECTORS

RST  code 0x0
goto Start

(CODE SEGMENT

equ ox7F
equ 0x00

11111111
= 00000000

SR

; Reset Vector
;begin code segment

; clear bank selection bits in the status reg bit clear f
bit clear f

PGM  code

Start
bef status,RPO
bef status,RP1
bsf status,RPO
movlw  OxFF
movwf  trisa
movlw  ©x00
movwf  trisb
bef status,RPO
movlw  Ox7F
movwf  portB
clrf  count

; select bank 1 bit set f
; load w with OxFF move a given bite to the w register

; load it into trisa to make portA all inputs

; load w with 0x00 move a given bite to the w register

; load it into trisb to make port8 all outputs loading port b as @ tris b @ makes it an output making it 1 qould mke it an input

; reselect bank 0

; 111111 to clear port8

; move movlw to portd as output
; initialize counter to 0
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; see if a button is pressed, if so, switch on a segment, then keep Looping

buttons,
btfss
goto

btfss
goto

portA,®
left_display

portA,1
right_display

goto buttons

left_display
movlw
movwf
call
goto

right_display
movlw
movwf
call
goto

on_display
ports
pause
buttons

off_display
portB

pause
buttons

; Lok to see if button 0 is pressed (Low/clear on the portA,o)
; if button is pressed go to Left_display function

; Look to see if button 1 is pressed
; if button is pressed go to right display function

Load w with L constant: move given bite to the w register
; load it into portb (output)

; keep Looping

; load w with R constant: move given bite to the w register

; load it into portb (output)

; keep Looping
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1
101
102
103

END

movlw  @xff
movwf  nCount

decfsz nCount,
goto  dech

decfsz mCount,
goto  loadn

return

; set w = 255 decimal
; mCount = w: outer Loop counter

; set w = 255 decimal

nCount = w: inner Loop counter

nCount-~
if nCount I= 0 then repeat nCount--

; else decrement Count

; if mCount I= 0 then

; reload nCount to 255 and decrement
; else exit subroutine
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Main.asm file generated by New Project wizard

; Created: Wed Oct 30 2024
; Processor: PICI6F84A
; Compiler: MPASM (Proteus)

Write a new program where you start display "5" and can count to max. 9
10 ; Two Buttons:

11 ; Button 1: Increments the number by 1

12 ; Button 2: Decrements the number by 1

5o

14 DEFINITIONS
5

@ N w s w N

16 #include <pl6f8da.inc> ; Include register definition file

7

18 portA  equ @x@5 ;port A address - check pic data sheet
19 portd  equ @x06 ;port B address - check pic data sheet
20 trisa  equ 0x05 ;trisA address in register bank 1

21 trisb  equ 0x06 ;trisB address in register bank 1

2

23 status equ Ox03 ;status register

24 RPO equ 5 ;bit 5 of status register
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; VARIABLES

;DESCRIPTION: two Loops using "mCount” and "nCount” register files

count  equ oxoc ;counter
nCount  equ oxod ; pause routine inner Loop counter. "nCount” is the inner Loop counter (255 down to zero)
mCount equ oxoe ; pause routine outer Loop counter. "mCount” is the outer Loop counter (255 down to zero)

button_state equ 0xof ; reguster to store the state of the button

; RESET and INTERRUPT VECTORS

RST  code 0x0 ; Reset Vector
goto Start ;begin code segment
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(CODE SEGMENT

Start

bef status,RPO
bsf status,RPO
movlw  OxFF

movwf  trisa

movlw  ©x00

movwf  trisb

bef status,RPO
movlw ©

movwf button_state

moviw  0x05
movwf  count

call displaycount

clear bank selection bits in the status reg
select bank @

Load w with 6x60 move a given bite to the w register
load it into trisa to make porta all outputs

Load w with 6x60 move a given bite to the w register
Load it into trisb to make portb all outputs

; reselect bank @

smov Literal @ to w register
;set the button state as @

mov Literal hex.5 to w register
set the count so the display begins at 5

call variable to display count as inc or as dec
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5 see if a button is pressed, if so, switch on a segment, then keep Looping

buttons
btfss portA,0
goto  button@_press
bsf  button_state,0
btfss portA,1
goto  buttonl_press
bsf  button_state,1
goto buttons
button@_press
btfsc button_state,0
goto increment
bef  button_state,0
goto buttons
buttonl_press

btfsc button_state,1
goto decrement

bef  button_state,1
goto buttons

; Look to see if button @ is pressed (Low/clear on the portA,6)
; if button is pressed go to left_display function
; set the button state of button @

; Look to see if button 1 is pressed
; if button is pressed go to right_display function
; set the button state of button 1

; Loop back to check buttons

; bit test buttond state, skip if clear
; go to increment function if buttond is pressed

; bit clear the state of buttond, back to unpressed
; Loop back to check button

; bit test buttonl state, skip if clear (unpressed)
; go to increment function if buttonl is pressed

; bit clear the state of buttonl, back to unpressed
; Loop back to check button
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1
101
102
103
104
105
106
107
108
109
110
111

increment

bef  button_state,0

incf
movlw
subwf
btfsc
clrf
movf
call
call
goto

decrement

count, £
ox0A
count,
status,Z
count
count,
displaycount
pause
buttons

bef  button_state, 1

decfsz
movf
call
call
goto

displaycount
movf
call
movwf
return

count, ¥
count,w
displaycount
pause
buttons

count,
Lookup
portB

; bit clear the state of buttond, back to unpressed
; increment count in Lookup table

; Limit number of values to ten

; subtract W from f

; bit test, skip if clear

; clear f count

; mov

; call subroutine displaycount

; call pause

; return to button, keep Looping

; bit clear the state of buttond, back to unpressed
; decrement count in Lookup table

; call subroutine displaycount
; call subroutine pause
; return to buttons, keep Looping

; move contents of count based on W
; call Lookup table
; move contents of w to f, by port B and display on 7sd
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12 ;
113 ; LOOKUP TABLE

114
115

116 addwf PCL,

17 retlu @xCo 1000000)

118 retlu @xF9 1111601)

119 retlu @xAd 0100100)

120 retlu @xB0 0110000)

121 retlu 0x99 0011001)

122 retlu @x92 0010010)

123 retlu @x82 0000010)

124 retlu OxF8 = 1111000)

125 retlu @x80 - 0000000)

126 retlu @x90 - 0010000)

127

128

129 pause

130 movlw  Oxff ; set w = 255 decimal

131 movwf  mCount ; mCount = w: outer Loop counter

132 loadN

133 movlw  Oxff ; set w = 255 decimal

134 movwf  nCount ; nCount = w: inner Loop counter

135 dech

136 decfsz nCount, ; nCount--

137 goto  dech ; if nCount I= @ then repeat nCount--
138

139 decfsz mCount, ; else decrement Count

140 goto  loadn ; if mCount I= @ then

141 ; reload nCount to 255 and decrement
142 return ; else exit subroutine

143

144 END
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; Main.asm file generated by New Project wizard

1
2
3
4+
E
3
7
8
9

; Created: Wed Oct 30 2024
; Processor: PICI6F84A
Compiler: MPASM (Proteus)

; 5

; Write a new program so that the piezo sounder produces a tone while one of

10 ; the switches/buttons is pressed. As you are using a simulation program and not
11 ; the actual hardware, see if you can get Proteus to output the virtual speaker/
12 ; sounder to the actual PC speaker, but if it fails, attach a virtual oscilliscope
13 ; to the speaker/sounder and monitor the waveform visually.

14
15 ; DEFINITIONS
6 ;

17 #include <pl6f8da.inc> ; Include register definition file

18

19 portA  equ @x@5 ;port A address - check pic data sheet
20 portB  equ 0x06 ;port B address - check pic data sheet
21 trise  equ 0x05 ;trisA address in register bank 1

2 trisb  equ 0x06 ;trisB address in register bank 1

2

24 status equ Ox03 ;status register

25 RPO equ 5 ;bit 5 of status register

2 RP1 equ 6 ;bit 6 of status register
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; VARIABLES

count
nCount
mCount
button_state equ 0xof

; RESET and INTERRUPT VECTORS

equ
equ
equ

code  0x0

ox0c
oxod
ox0e

goto Start

bef
bef

bsf

movlw
movwf
movlw
movwf

bef
movlw
movwf

status,RPO
status,RP1

status,RPO
OxFF
trisa
0x00
trisb

status,RPO
ox7F
ports

;DESCRIPTION: two Loops using "mCount” and "nCount” register files

; counter 0 to 255

; pause routine inner Loop counter. "nCount” is the inner Loop counter (255 down to zero)
; pause routine outer Loop counter. "mCount” is the outer Loop counter (255 down to zero)

; Reset Vector
;begin code segment

; clear bank selection bits in the status reg bit clear f
; clear bank selection bits in the status reg

; select bank 1 bit set f
; load w with OxFF move a given bite to the w register

; load it into trisa to make portA all inputs

; load w with 0x00 move a given bite to the w register

; load it into trisb to make port8 all outputs loading port b as @ tris b @ makes it an output making it 1 qould mke it an input

; reselect bank 0
; 111111 to clear port8
; move movlw to portd as output
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button
btfss porth, @
call piezo ; call subroutine piezo
goto button ; go to button

; see if a button is pressed, if so, switch on a segment, then keep Looping

piezo
btfsc ports, 7 ; checks portB is connected to piezo
movlw Ox7F ; set w to 0x07 if (Low) next Line
btfss ports, 7 ; checks portB is connected to peizo
movlw OxFF ; sets w to OxFF (high)
movwf ports ; move w to f (update piezo execute sound
call pause ; calls pause subroutine
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END

movlw  @xff
movwf  mCount

movlw  @xff
movwf  nCount

decfsz nCount,
goto  dech

decfsz mCount,
goto  loadn

return

; setw
; mCount = w: outer Loop counter

255 decimal

; set w = 255 decimal
; nCount =

: inner Loop counter

nCount-~
if nCount I= 0 then repeat nCount--

; else decrement Count

; if mCount I= 0 then

; reload nCount to 255 and decrement
; else exit subroutine
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