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Section 1

Below is the circuit created and simulated in Proteus which is to be used for this assignment. This section will give a circuit description of the components and explanation of how the circuit works. 
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The power for the circuit is provided by a 12v supply which is situated at the top left of the diagram. The ground for the circuit is situated at the bottom left of the diagram.
 Circuits require a potential difference for current to flow and to utilise this energy using electronic components. This circuit uses a potential difference of 12 volts because there is a 12v supply and the ground is assumed to be 0 volts. [1]
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A switch is used to allow the user to turn the device on and off by connecting or disconnecting the 12v supply from the rest of the circuit. The switch creates a short or open circuit depending on its position.  
[image: ]
C3 is a 220n capacitor. This capacitor is needed for the L7805 voltage regulator to work [2]. The capacitor has two functions, it helps compensate for the internal inductance of the regulator and provides smoothing for the circuit. The capacitor smooths out ripple and spikes in the DC supply. Capacitors have a time constant which is the time it takes to charge to 63% of the supply voltage, after 5, time constants the capacitor is >99% charged. This time is affected by its capacitance, the larger the longer it takes to charge. This being a small value capacitor and will charge quickly and can also discharge quickly. Allowing the capacitor to top-up the voltage if the voltage dips slightly. [3]
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The L7805 is a chip in the 7000 family of TTL (transistor transistor logic) chips. The L7805 is a voltage regulator. The 05 refers to its 5v output. The 7805 is used to supply the circuit with a stable 5v supply. Voltage regulators have higher input voltages than their output in order to be used with batteries which gradually have a decreasing voltage as they are discharged, allowing plenty of headroom for the circuit to work throughout most of the batteries life. The L7805 chip has three pins. Pin 1 is the supply pin which in this circuit is being supplied with a 12v DC supply. Pin 2 is a reference to ground and pin 3 is the regulated 5vdc output. The data sheet shows that the chip is available in four different packages (TO-3, TO-220, TO-263 and SOT-223) depending on its desired application and mounting options. Current limiting and thermal shutdown protection is built into the chip to help protect the chip under fault conditions [4]. [2] [5]
[image: ]
The circuit uses an external crystal oscillator for its clock. The crystal produces a square wave. It provides a fast, regular, and accurate timing pulse [6]. This pulse is used by the micro-controller to dictate when an action is made. This circuit uses a 4MHz crystal which will give 4 million pulses per second. C1 and C2 caps are used with the crystal to keep the oscillation steady. The PIC16F84A has a built in clock which is a simple RC (resistor and capacitor circuit) [7].
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The micro-controller used in this circuit is a PIC16F84A. PIC is a family of microcontrollers manufactured by the company Microchip. The PIC16F84A is an 8-bit, EEPROM microcontroller. It houses a reduced instruction set computer (RISC) processor with 35 instructions. There are 13 individually set input/output pins with the ability to source and sink current up to 25mA per pin. For full specification see data sheet. [7]
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The seven segment LED display used in the circuit is activated via the PICs I/O ports. This device requires 7 connections to operate properly RB0-RB6. The display has a common 5v supply to all internal LEDs and they are illuminated when the PORT output value is 0 (0v) creating a current path through the LED and the PICs port via an internal transistor. This is known as a sink. R1-R7 are current limiting resistors which ensure there is enough current flowing through the LED to illuminate but keeping too much current from destroying the LED. [8]
[image: ]
PORT RB7 is configured to activate a crystal piezo speaker LS1. Q1 is a npn transistor which is used to drive the speaker. When RB1 is set to 1 (5v), this provides 5v to the base of the transistor via R10 which allows current to flow through the transistor and LS1 and R11 causing the speaker to produce a tone. R11 is needed to create a voltage difference between the two connections of the piezo speaker. The internal resistance of the crystal is so high it acts like an near open circuit restricting current from flowing and driving the speaker resulting in both terminals of the speaker being the same voltage. By placing a resistor in parallel this created the voltage drop and allows a potential difference across the terminals of the speaker resulting in the speaker producing a tone. [1][8]
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These two switches place 0 volts on RA0 and RA1 input pins. R8 and R9 are pull up resistors. These keep the input pins at 5v until the buttons are pressed. They also provide a current limit, stopping the supply being shorted straight to ground. 
Section 2 
All students have already produced a Proteus simulation of the “HND/BENG PIC16F84 Assignment Board” in class that can drive the 7 segment LEDs in a random fashion.
Add the two switches to your Proteus simulation if you have not already done this.
Include a screengrab showing your Proteus circuit.
[image: ]

Using the 'count' program as your initial code, modify this program to:

1. Modify “Count.asm” so that the seven segment display counts from 0 to F in hexadecimal numbers

First the number and letter patters must be worked out to display on the seven-segment display 0-F. Then a seven-digit binary number can be created. Note that the display uses reverse logic, so a logic 1 on the output will not illuminate LED and a 0 will illuminate the LED.
Once the binary numbers have been calculated they must be converted into Hexadecimal and defined to a variable with the name of the number or letter they represent. Eg zero = equ 0x40 (40 being the hexadecimal number that will display 0 on the display. 
The programme loads the defined variable (zero) into the W register then places decimal value onto the output which illuminated the desired pattern on the LED display. The routine has a programmed delay. The programme then clears the W register and uploads the next variable and repeats the sequence for all the numbers and letters. 

;====================================================================
; Main.asm file generated by New Project wizard
;
; Created:   Tue Nov 26 2019
; Processor: PIC16F84A
; Compiler:  MPASM (Proteus)
;====================================================================

;====================================================================
; DEFINITIONS
;====================================================================

#include p16f84a.inc                ; Include register definition file

;====================================================================
; VARIABLES
;====================================================================
;	cpu equates (memory map)

;====================================================================
; RESET and INTERRUPT VECTORS
;====================================================================

      ; Reset Vector
RST   code  0x0
      goto  Start

;====================================================================
; CODE SEGMENT
;====================================================================
portB	equ	0x06		;port B address
trisb		equ 0x06		;trisB address in register bank 1

Status	equ 0x03		;status register
RP0		equ 5			;bit 5 of status register
RP1 	equ	6			;bit 6 of status register

count	equ	0x0c		; counter 0 to 255
nCount	equ	0x0d		; pause routine inner loop counter
mCount	equ	0x0e		; pause routine outer loop counter


zero 	equ 0x40
one 		equ 0x79
two 	equ 0x24
three	equ 0x30
four		equ 0x19
five 		equ 0x12
six 		equ 0x02
severn	equ 0x78
eight	equ 0x00
nine 	equ 0x18
Aa		equ 0x08
Bb		equ 0x00
Cc		equ 0x46
Dd		equ 0x40
Ee		equ 0x06
Ff		equ 0x0E


PGM   code
	

Start
	bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	zero		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second

		bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	one		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second
	
	bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	two		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second

	bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	three		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second
	
		bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	four		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second

	
		bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	five		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second
	
		bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	six		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second
	
		bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	severn		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second
	
		bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	eight		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second
	
		
bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	nine		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second
	
	bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	Aa		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second

	bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	Bb		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second
	bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	Cc		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second
	
	bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	Dd		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second
	
	bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	Ee		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second
	
	bcf		Status,RP0	; clear bank selection bits in the status reg
	bcf		Status,RP1

	bsf		Status,RP0	; select bank 1
	movlw	Ff		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs
	bcf		Status,RP0	; reselect bank 0

	clrf	portB		; clear all lines low

	movwf	portB		; move W to port B to update the display

	call	pause		; delay 200ms by subroutine
	call	pause
	call	pause
	call	pause
	call	pause		; five pause executions equals ~ 1 second
	
;--------------------------------------------------------------------
;subroutine pause: lets waste some time....
;
;inputs: nothing
;outputs: nothing
;
;does: nothing but waste some time
;corrupts: register W
;
;description: two loops using "mCount" and "nCount" register files
;			  "mCount" is the outer loop counter (255 down to zero)
;			  "nCount" is the inner loop counter (255 down to zero)
;
;--------------------------------------------------------------------
pause	
	movlw	0xff		; set w = 255 decimal
	movwf	mCount		; mCount = w: outer loop counter
loadN
	movlw	0xff		; set w = 255 decimal
	movwf	nCount		; nCount = w: inner loop counter
decN
	decfsz	nCount, f	; nCount--
	goto	decN		; if nCount != 0 then repeat nCount--

	decfsz	mCount, f	; else decrement Count
	goto	loadN		; if mCount != 0 then 
						; reload nCount to 255 and decrement
	return				; else exit subroutine


	end
      ; Write your code here
Loop  
      goto  Loop

;====================================================================
End


Count







1. Write a new program that copies port A contents to port B (you should then see two of the 7 segment display segments turn on and off as you operate the switches)
1. Now modify your program so that instead of simply copying port A, you individually test the two bits corresponding to the two switches, and use this test to control whether the LED segments go on or off.
1. Modify your program further, so 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)
1. Combine everything together so you have a program that starts by displaying '0' but you can count up if you press one button, and count down if you press the other.

1. Strip out the display routines used above and now modify the core code so that the piezo sounder produces a tone while the Green button 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, just attach a virtual oscilloscope to the speaker/sounder and monitor the waveform visually.

1. Write a piece of code that sends a fixed frequency pulse train to drive the speaker on the demo board/proteus simulation. This pulse train should not have a fixed pulse width however - it should comprise of a constantly changing PWM waveform such as one would find on a music synthesiser with such a feature. See the following to illustrate the concept:
https://www.youtube.com/watch?v=ybUggNytxyA

For each task, produce a flowchart or pseudo-code describing the operation and logic behind your program and also include the assembly language listing from the MPLAB .LST file.
It is anticipated that you should be able to complete at least two of the programming tasks to obtain a pass. Additional marks will be accrued the more you are able to achieve and the less assistance you require from external sources to do so.
	
.
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