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[bookmark: _Toc218511041]Abstract
This document focuses on using the PIC16F84 designed upon the Harvard architecture. The circuits simulated in Proteus 9, and the firmware’s written in assembly for the six tasks. The circuits, depending on the requirements of the task, compromise of outputting to a seven-segment display, using two buttons to interact with the microcontroller modifying the display and using a sounder during button presses. The tasks involve; cycling through hexadecimal characters at a set interval, using buttons to turn the segments on or off, display L and R, or count up and down and a sounder. These five were achieved successfully. The frequency is set to 4MHz, and any delays use instruction loops. The mark-space ration of the PWM for the sounder in task six was attempted, however not achieved. Each task has a flowchart showing and an explanation of how the code operates.
[bookmark: _Toc218511042]I Introduction
This document focuses on using a PIC16F84 [1] to output and display on a seven-segment display using the assembly language and the available instructions [1]. Proteus 9 is used to simulate the circuits. The code is written in proteus and the MPLAB XC8 compiler within proteus is utilised.
The PIC16F84A uses the Harvard architecture adding protection for the program memory by separating it from data and executing instructions faster [1, p. 3].
There are four main tasks; adapting code provided to output hexadecimal characters to the seven-segment display, using buttons to turn the segments on or off, displaying L and R, and being able to count up or down. Two extended tasks use a sounder and varying the width of the frequency.
[bookmark: _Toc218511043]II Circuit design and simulation
Most CPU’s use either Harvard or Von Neuman architecture in their design [2]. The main differences are Harvard having separate storage for program instructions and data, as well as buses of transferring data, where Von Neuman has these integrated into one set. The circuit has a 7-segment display connected on pins RB0 to RB6 to keep all the pins on the same port. The output for the display is written to the ports register, and all update at once rather than separately. Since the segments are LEDs, they also need current limiting resistors, so 220-ohm resistors are connected. A common anode segment is used, so the cathodes are connected to the microcontrollers pins sinking current and the logic for the segments displays are inversed to the microcontrollers pins.
For the tasks that require button inputs, port A pins RA0 and RA1 have external pull-up 10,000-ohm resistors connected, as in a real circuit they are often more reliable than pull-down resistors [3]. 
The simulation does not involve a clock since this is managed within the microcontroller’s simulation settings. A physical circuit would require an external clock configured. 

[bookmark: _Toc218511044]III Displaying hexadecimal characters on a seven-segment display
Hexadecimal is a base sixteen numbering system. It uses the base ten characters from the Arabic decimal system 0-9 and then six letters A-F, with A equalling ten up to F equalling fifteen.
A seven-segment display uses seven lights. One horizontally at the top, middle, and bottom of a rectangle, and then two on the left and right connecting the ends of the other three together. These segments are used to visually represent each character from the hexadecimal system. The segments are usually labelled a-g (lowercase). The display used for this circuit starts with segment a at the top and progresses clockwise to segment f in the top left with segment g in the centre.

Table I
Hexadecimal characters

	Characters
	Segments and bit weights

	Decimal Number
	Hexadecimal character
	01 a
	02 b
	04 c
	08 d
	10 e
	20 f
	40 g
	Hexadecimal representation

	0
	0
	0
	0
	0
	0
	0
	0
	1
	0x40

	1
	1
	1
	0
	0
	1
	1
	1
	1
	0x79

	2
	2
	0
	0
	1
	0
	0
	1
	0
	0x24

	3
	3
	0
	0
	0
	0
	1
	1
	0
	0x30

	4
	4
	1
	0
	0
	1
	1
	0
	0
	0x19

	5
	5
	0
	1
	0
	0
	1
	0
	0
	0x12

	6
	6
	0
	1
	0
	0
	0
	0
	0
	0x02

	7
	7
	0
	0
	0
	1
	1
	1
	1
	0x78

	8
	8
	0
	0
	0
	0
	0
	0
	0
	0x00

	9
	9
	0
	0
	0
	1
	1
	0
	0
	0x18

	10
	A
	0
	0
	0
	1
	0
	0
	0
	0x08

	11
	B
	1
	1
	0
	0
	0
	0
	0
	0x03

	12
	C
	0
	1
	1
	0
	0
	0
	1
	0x46

	13
	D
	1
	0
	0
	0
	0
	1
	0
	0x21

	14
	E
	0
	1
	1
	0
	0
	0
	0
	0x06

	15
	F
	0
	1
	1
	1
	0
	0
	0
	0x0E



Table 1 shows each character, which pins need to be on or off, each pins individual hexadecimal value, and the hexadecimal value to be passed to port B to display the character. 

[bookmark: _Toc218511045]IV Software implementation

[bookmark: _Toc218511046]A Modify Count.asm
The first task is to make the seven-segment display to scroll between zero and F at 0.2 second intervals. The code used for this task is in appendix A.
[image: ]
Fig.1. Including the Header file and setup.
The first section of the code is including the header file for the PIC16F84A followed by settings for the code used, locations definitions of variables or constants.
[image: ]
Fig. 2. The main code
The main code starts by setting the program location to the start of memory. The banks are cleared and Port B pins set to outputs. Count begins as zero and increments. A bit check on the fifth bit of count is run. If this is high, then count has incremented to sixteen, which is passed the highest value in hexadecimal of fifteen so count is reset back to zero. If the bit is low, then count is untouched and updates the display calling the segment table. 
[image: ]
Fig. 3. Segment table code.
The table needs to be located within the same page as its referenced due to how memory is managed [3]. The table works by taking the value of count and adding this to the program counter. It returns with a hex value in the working register. This hex is how the number in counts represented on the display. The hexadecimals pushed to port B to display the hexadecimal character.
[image: ]
Fig. 4. Pause code.
The program then calls a pause. This sets two variables and nCount’s decremented in a loop until it reaches zero. The outer loops decreased before resetting the inner loop and looping again. This continues until the outer loop is zero. When pause finishes looping it returns to the start of the main loop to increase count.

[image: ]
Fig. 5. Flowchart showing the operation of code for task one.
[image: A screenshot of a computer

AI-generated content may be incorrect.]
Fig. 6. The simulated circuit for task one displaying hexadecimal A, ten in decimal.

[bookmark: _Toc218511047]B Left and Right
This task is to display the letters L and R when the left or right button is pressed.

Table II
L and R 
	
	Segments and bit weights

	Decimal Number
	Hexadecimal character
	01 a
	02b
	04 c
	08 d
	10 e
	20 f
	40 g
	Hexadecimal representation

	Letter
	L
	1
	1
	1
	0
	0
	0
	1
	0x47

	Letter
	R
	0
	1
	1
	1
	0
	0
	1
	0x4E


These values are used in the same way as the characters in task one.
[image: ]
Fig. 7. The functions which are called when a button is pressed in task two.
When a button is pressed down, a letter is displayed and then debounces while the button is still pressed. In the setup 0x03 is passed to port A, setting the pins RA0 and RA1 to inputs.
[image: ]
Fig. 8. The new main loop for buttons.
The main loop now checks to see if either buttons pressed by conducting a bit check. If the bit is set it skips the next instruction and checks the other button, looping while either are unpressed. If the bit is clear, the buttons pressed and that button’s function is called. In either function, the corresponding hex value is written into port B and progresses into a debounce function. This waits 20ms before checking the button again, either looping while pressed or returning to the main loop. If just one button was pressed, the same hex value would be written making no changes so the debounce could be skipped, however if both buttons are pressed they would constantly flip between the two. The full code can be seen in appendix B.
[image: ]
Fig. 9. Flowchart showing the operation of code for task two.

[image: A screenshot of a computer
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Fig. 10. The circuit diagram simulated in proteus for task two.

[bookmark: _Toc218511048]C Turning the segments on and off
Task three operates in the same way as task two, except instead of L and R one button turns on all the display segments, and the other turns them off. 
[image: ]
Fig. 11. New hexadecimal values passed to port B.
T turn on all the segments’ pins B0 to B6 are turns off with 0x00 passed to port B. To turn the segments off, the pins are turned on with 0x7F. The full code can be seen in appendix C and is otherwise identical to task two.

[image: A computer screen shot of a computer program

AI-generated content may be incorrect.]
Fig. 12. All the segments in the display are off after pressing the left button.
[image: A screenshot of a computer program

AI-generated content may be incorrect.]
Fig. 13. All the segments in the display are on after pressing the right button.
[image: ]
Fig. 14. Flowchart for task three
[bookmark: _Toc218511049]D Counting up and down from five
This task starts count at five. Pressing one button decrements this by one each time down to zero, where the other button increments it up to nine. At the upper and lower bounds pressing the button does not go past the limit, no matter how many times its pressed. As soon as the other buttons pressed the number displayed changes.

The code starts the same as the previous two tasks setting port A and B. It then sets the variable count equal to 5 and calls a function update display. This uses modified code from task one, where counts moved into the working register and uses the lookup table. The table uses 0-9 as the maximum number intended is nine not F. Once the value is displayed the code runs into the main loop, checking for a button press identical to task two and three.
[image: ]
Fig. 15. New down button function for task four.
[image: ]
Fig. 16. New up button function for task four.
If the down button is pressed, the down function is called. It first moves the file count in place which avoids using the working register, and updates the status register. The Z bit, a flag for when a calculation is equal to zero, is then checked. If it is raised, count is zero so the actioning code is be skipped and go straight to debouncing the button.
If Z is low, then count is not zero so is decremented by one, and the update display function is called. The code then runs into the debounce working the same as previous tasks.
If the up button is pressed, the up function is called, moving count into the working register. This is subtracted from the maximum number, for this task nine. This can’t be done by moving count in the file location as this would corrupt count. The function then acts the same as the down counter. The full code is in appendix D.
[image: ]
Fig. 17. Proteus simulation starting on five.
[image: ]
Fig. 18. Proteus simulation stopping at 0.
[image: ]
Fig. 19. Proteus simulation at its upper limit of nine.
[image: ]
Fig. 20. Main flow chart of task four.
[image: ]
Fig. 21. Additional functions for task four.

[bookmark: _Toc218511050]V Sounder functionality
[bookmark: _Toc218511051]A. Sounding alongside button presses
The first additional task requires a sounder to function when either buttons pressed. The speakers connected to pin RB7. The sounders controlled separately after the segment displays updated. It could be turned on during the segment update as by using the spare pin on the port, it gets updated at the same time by sharing the register, and enter the debounce directly with the sounder already on, resulting in the sounder  turning on a few instructions earlier, however it is then controlled in multiple places which adds complexity. Since the microcontroller is operating at 4MHz, the delay is unnoticeable, so the added complexity is not necessary. [image: ]
Fig. 22. Main loop calling the beepPress function to debounce when either button is pressed.
[image: ]
Fig. 23. Turning the sounder on and off.
The tones achieved by turning the sounder on and off, creating a square wave. A tone of 440Hz, note A, was targeted, which determined the length of the pause. This can be implemented during the debounce procedure, which ensures it runs when the button is pressed and stops when released. The full code is in appendix E.
[image: ]
Fig. 24. First part of the flowchart for the code’s operation in task five.
[image: ]
Fig. 25. Second part of the flowchart for the code’s operation in task five.
[bookmark: _Toc218511052]B. Fixed frequency varying PWM pulse
The last task is an extension of task five. The code used to attempt this does not work and uses software PWM instead of hardware modules. The code can be seen in appendix F and the theory behind it is explained beneath.

Fig. 26. A flowchart to show the logic path to design the code in task 6.
The fixed frequency means the cycle width can’t change, however the time that each cycle is on does. The total cycle time can be described as C, with the cycle on time as T. With C being a constant, the off time can be calculated by using the cycle time minus the on time, C – T and two variables were used for this. The on time is changed by increasing after a set number of cycles, monitored by another variable. This begins to decrease back down once it reaches to the desired maximum length. The expected outcome would be for the width of the PWM cycle on to increase and then decrease, while the cycle length stays constant. 
[bookmark: _Toc218511053]Conclusion
The aim of this document was to use a PIC16F84 and the assembly language to complete four tasks outputting to a seven-segment display, with some of these utilising button inputs. These were successfully completed and involved techniques of debounces, look-up tables and varying between go to and call instructions where best suited.
In the first additional task the sounder worked on a static PWM, however varying the PWM mark-space ration for the second task of the sounder did not function, and needs more investigation to achieve the intended outcome.
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Appendices
[bookmark: _Toc218511056]A: Task 1 code count.asm:
		list	p=16F84		; select processor type
	radix	hex		; define radix as hexadecimal
	#include "p16f84.inc"
;----------------------------------------------------------------------
;	cpu equates (memory map)
portA 	equ	0x05
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
FSR	equ	0x04		;File Select Register

count	equ	0x0c		; counter 0 to 255
nCount	equ	0x0d		; pause routine inner loop counter
mCount	equ	0x0e		; pause routine outer loop counter
;----------------------------------------------------------------------
	org	0x000
START
	bcf	status, RP0	; clear bank selection bits in the status reg
	bcf	status, RP1

	bsf	status, RP1	; select bank 1
	movlw	0x00		; load working with 0
	movwf	trisb		; load 0 into trisb to make portb all outputs
	bsf	status, RP0	; reselect bank 0

	clrf	portB		; clear all lines low
	clrf	count		; initialize counter to 0

use_count	;take count, update segment display, increment count 0-15, pause and cycle.
	;Increment count, and if count is now 16, reset back to 0.
	incf	count,f		; Increment count by 1.
	btfsc	count,4		; Check if count has 5th bit set, by incrementing to 16.
	clrf	count		; If bit set, reset count to 0.
	;display count
	movf	count,w		; Move the value of count to working.
	call    segment_Table	; Go to segment table, and return with hex value to display count.
	movwf	portB		; Display returned hex value on 7 segment display, showing count.
	;Wait
	call	pause200ms	; Wait while displaying count.
	
	goto	use_count	; Repeat forever
;--------------------------------------------------------------------
;Functions beneath.
;DARK MAGIC. PCL is the programming counter low. It holds which line of program is going to be executed next.
;PCL can be modified by adding x, skipping x lines.
;--------------------------------------------------------------------
org 0x10	;Locate at 0x10
segment_Table	;Takes the value in the working register, and returns with the hex value to display the number 0-15 from w on the 7 segment display.

	addwf	PCL, f	;Add working (count) to the PCL, and skip that number of instructions.
	retlw	0x40	;0
	retlw	0x79	;1
	retlw	0x24	;2
	retlw	0x30	;3
	retlw	0x19	;4
	retlw	0x12	;5
	retlw	0x02	;6
	retlw	0x78	;7
	retlw	0x00	;8
	retlw	0x18	;9
	retlw	0x08	;A-10
	retlw	0x03	;B-11
	retlw	0x46	;C-12
	retlw	0x21	;D-13
	retlw	0x06	;E-14
	retlw	0x0E	;F-15
      
pause200ms	;~200ms each at 4MHz, outer loop 200, inner loop 255.
	movlw	0xC8		; set w = 200 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
;----------------------------------------------------------------------

	



[bookmark: _Toc218511057]B: Task 2 code L and R:
		list	p=16F84		; select processor type
	radix	hex		; define radix as hexadecimal
	#include "p16f84.inc"
;----------------------------------------------------------------------
;	cpu equates (memory map)

portA 	equ	0x05
trisA	equ	0x05
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

nCount	equ	0x0d		; pause routine inner loop counter
mCount	equ	0x0e		; pause routine outer loop counter
;----------------------------------------------------------------------

	org	0x000
START
	bcf	status, RP0	; clear bank selection bits in the status reg
	bcf	status, RP1

	bsf	status, RP0	; select bank 1
	movlw	0x00		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs	
	movlw 	0x03		; load 0b0000 0011 to the working register.
	movwf 	trisA		; Apply 3 to port A, setting pins 0 and 1 as inputs.
	bcf	status, RP0	; reselect bank 0 by clearing selection of bank 1.
	
	movlw	0x7F		; Hex to turn on all 7 segment pins, turning the 7 segment off.
	movwf 	portB		; Apply to port B, turning off all segments.

main_loop	;Check if either button is pressed and go to function for button.

	btfss 	portA,0		; Test is pin 0 on port a is high or low, and skip next if high (pull-up input)
	call 	blackButton	; If low, run function
	
	btfss 	portA,1		; Test is pin 1 on port a is high or low, and skip next if high (pull-up input)
	call 	greenButton	; If low, run function

	goto	main_loop	; repeat button checks forever
	
;----------------------------------------------------------------------

blackButton	;Display L, move into debounce

	movlw	0x47		; Put the hexadecimal representation to display L in the working register
	movwf	portB		; Move L in working register to display on portB on the 7 segment display
	
blackButtonDebounce	;Check every 20ms if button is pressed, and do nothing if it is.

	call 	pause20ms	; 20ms delay debounce.
	btfss 	portA,0		; Check to see if button released (pull-up input)
	goto 	blackButtonDebounce	;If not, loop around for debounce.
	
	return
;----------------------------------------------------------------------
greenButton	;Display R, move into debounce

	movlw	0x4E		; Put the hexadecimal representation to display R in the working register
	movwf	portB		; Move R in working register to display on portB on the 7 segment display
	
greenButtonDebounce	;Check every 20ms if button is pressed, and do nothing if it is.

	call 	pause20ms	;20ms delay debounce.
	btfss 	portA,1		;check to see if released (pull-up input)
	goto 	greenButtonDebounce	;if not, loop around for debounce.		
	
	return
;----------------------------------------------------------------------
pause20ms	;~20ms at 4MHz, using outer loop 26 and inner loop 255.

	movlw	0x1A		; set w = 26 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 reset inner loop
	
	return			; else exit subroutine

	end



[bookmark: _Toc218511058]C: Task 3 code on and off:
		list	p=16F84		; select processor type
	radix	hex		; define radix as hexadecimal
	#include "p16f84.inc"
;----------------------------------------------------------------------
;	cpu equates (memory map)

portA 	equ	0x05
trisA	equ	0x05
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

nCount	equ	0x0d		; pause routine inner loop counter
mCount	equ	0x0e		; pause routine outer loop counter
;----------------------------------------------------------------------

	org	0x000
START
	bcf	status, RP0	; clear bank selection bits in the status reg
	bcf	status, RP1

	bsf	status, RP0	; select bank 1
	movlw	0x00		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs	
	movlw 	0x03		;load 0000 0011 to the working register.
	movwf 	trisA		;and apply to port A to set pins 0 and 1 as inputs.
	bcf	status, RP0	; reselect bank 0 by clearing selection of bank 1.
	
	movlw	0x7F		;Turn on all 7seg outputs to turn off the display
	movwf 	portB		;and apply to port B

main_loop	;Check if any buttons are pressed and run function

	btfss 	portA,0		;test is pin 0 on port a is high or low, and skip next if high (pull-up input)
	call 	blackButton	;if low, run function
	
	btfss 	portA,1		;test is pin 1 on port a is high or low, and skip next if high (pull-up input)
	call 	greenButton	;if low, run function

	goto	main_loop	; repeat button checks forever
	
;----------------------------------------------------------------------

blackButton	;Turn off all 7-segment display segments, progress into debounce.

	movlw	0x7F		;Put 0x7F in working register to apply to Port B pins.
	movwf	portB		; Apply 0x7F to port B turning on all pins and off the 7-segment display segments.
	
blackButtonDebounce	;20ms pause then Check if button is still pressed and debounce.

	call 	pause20ms	;20ms delay debounce.
	btfss 	portA,0		;check to see if released (pull-up input)
	goto 	blackButtonDebounce	;If not, loop around for debounce.
	
	return	;Go back to main_loop once button is released
	
;----------------------------------------------------------------------
	
greenButton	;Turn on all 7-segment display segments, progress into debounce.

	movlw	0x00		; Put 0 in working register to apply to port B
	movwf	portB		; Apply 0 to Port B, turning off pins and on all 7-segment display segments.
	
greenButtonDebounce	;Check every 20ms if button is pressed, and debounce doing nothing.

	call 	pause20ms	;20ms delay debounce.
	btfss 	portA,1		;check to see if released (pull-up input)
	goto 	greenButtonDebounce	;if not, loop around for debounce.
	
	return	;Go back to main_loop once button is released
;--------------------------------------------------------------------

pause20ms	;~20ms at 4MHz, 26 outer loop 255 inner loop.

	movlw	0x1A		; set w = 26 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 reset inner loop
	
	return			; else exit subroutine

	end



[bookmark: _Toc218511059]D: Task 4 code counting up and down between 0-9
	 		list	p=16F84		; select processor type
	radix	hex		; define radix as hexadecimal
	#include "p16f84.inc"
;----------------------------------------------------------------------
;	cpu equates (memory map)
portA 	equ	0x05
trisA	equ	0x05
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

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

startCount	equ	5	; Starting number between 0 and maximum
maximumCount	equ	9	; Set maximum count, up to 9
;for operation=0 bit, use capital Z not lowercase z
;----------------------------------------------------------------------
	org	0x000

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

	bsf	status, RP0	; select bank 1
	movlw	0x00		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs	
	movlw 	0x03		;load 0000 0011 to the working register,
	movwf 	trisA		;and apply to port A to set pins 0 and 1 as inputs.
	bcf	status, RP0	; reselect bank 0 by clearing selection of bank 1.
	;Start with 5 shown
	movlw	startCount	; Put starting number in working register
	movwf	count		; And move into count to start at 5. Run into updateDisplay first.
	call 	updateDisplay	; Show on display.
;----------------------------------------------------------------------	
main_loop	;Check if any buttons are pressed and run functions.

	btfss 	portA,0		;test is pin 0 on port a is high or low, and skip next if high
	call 	downButton	;if low, run function
	
	btfss 	portA,1		;test is pin 0 on port a is high or low, and skip next if high
	call 	upButton	;if low, run function

	goto	main_loop	; repeat button checks forever
	
updateDisplay	;Runs on button press and start.
	;Update display
	movf	count,w		;move the value of count to working.
	call    segment_Table	;and go to the segment table
	movwf	portB		;put the value from the table in port B to display
	
	return
;----------------------------------------------------------------------
downButton	;Left button, decrement down to 0 and stay at 0 then enter debounce
	;check if count is at 0
	movf   	count, f        ; update z. count not needed in w.
	btfsc	status, Z	; if count == 0, z == 1, so return don’t need to change. If count =/= 0, z== 1, skip. change count and update.
	goto	downButtonDebounce		; Skip actioning and go to debounce if already 0.
	
	;If count =/= 0, decrement and update.
	decf	count,f		; if count =/=0, decrement f.
	call	updateDisplay	; update the 7seg display when button released.
	
downButtonDebounce	; Delay for 20ms, then check if button is still pressed.

	call 	pause20ms	;20ms delay debounce.
	btfss 	portA,0		;check to see if released (pull-up input)
	goto 	downButtonDebounce	;If not, loop around for debounce.
	
	return	
;----------------------------------------------------------------------
upButton	;right button, increment up to maximumCount then enter debounce if not maximum, or return if maximum since it will loop back directly, avoid debounce delay.
	;Check if count == maximum value or not
        movf    count, w        ; move count to working (and update Z)
        sublw   maximumCount    ; Compare W with maximum (count - maximum)
        btfsc   status, Z       ; If count == maximum don’t skip exit. If not maximum skip to take action.
	goto	upButtonDebounce	; Skip actioning and go to debounce if already maximum value.
	; Increment count and update display.
	incf	count,f		; Increase count by one.
	call	updateDisplay	; update the 7seg display then progress into debounce
	
upButtonDebounce	;Debounce for 20ms, and check if button is still pressed.

	call 	pause20ms	;20ms delay debounce.
	btfss 	portA,1		;check to see if released (pull-up input)
	goto 	upButtonDebounce	;if not, loop around for debounce.
	
	return
;--------------------------------------------------------------------
;Functions beneath.
;DARK MAGIC. PCL is the programming counter low. It holds which line of program is going to be executed next.
;PCL can be modified by adding x, skipping x lines.
;--------------------------------------------------------------------
org 0x030	;Locate at 0x030. Dont jump a page.
segment_Table	;Return with the hex value to display the number in working, count, on the 7segment display.
	addwf	PCL, f	;Add working (count) to the PCL, and skip that number of instructions.
        ;return to get_count with the literal value in working:
	retlw	0x40	;0
	retlw	0x79	;1
	retlw	0x24	;2
	retlw	0x30	;3
	retlw	0x19	;4
	retlw	0x12	;5
	retlw	0x02	;6
	retlw	0x78	;7
	retlw	0x00	;8
	retlw	0x18	;9
;--------------------------------------------------------------------
pause20ms	;~20ms at 4MHz, outer loop 26 inner loop 255.
	movlw	0xff		; set w = 26 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 reset
	
	return			; else exit subroutine

	end




[bookmark: _Toc218511060]E: Task 5 code using a sounder:
		list	p=16F84		; select processor type
	radix	hex		; define radix as hexadecimal
	#include "p16f84.inc"
;----------------------------------------------------------------------
;	cpu equates (memory map)

portA 	equ	0x05
trisA	equ	0x05
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

nCount	equ	0x0d		; pause routine inner loop counter
mCount	equ	0x0e		; pause routine outer loop counter
;----------------------------------------------------------------------

	org	0x000

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

	bsf	status, RP0	; select bank 1
	movlw	0x00		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs	
	movlw 	0x03		;load 0000 0011 to the working register.
	movwf 	trisA		;and apply to port A to set pins 0 and 1 as inputs.
	bcf	status, RP0	; reselect bank 0 by clearing selection of bank 1.
	
	movlw	0x7F		;Turn on all outputs to turn off the display
	movwf 	portB		;and apply to port B

main_loop

	btfss 	portA,0		;test is pin 0 on port a is high or low, and skip next if high
	call 	beepPress	;if low, run function
	btfss 	portA,1		;test is pin 0 on port a is high or low, and skip next if high
	call 	beepPress	;if low, run function

	goto	main_loop	; repeat forever

beepPress	;Run the beep, and acting as debounce, then check to see if the buttons are pressed.

	call	beep		;Run the beep once.
	btfss 	portA,0		;check to see if A0 is released
	goto 	beepPress	;If not, loop around for another beep
	
	btfss 	portA,1		;check to see if A1 is released
	goto 	beepPress	;If not, loop around for another beep
	
	return			;go back to the main loop once no buttons are pressed	
	
beep	;Turn on sounder, pause, then turn off sounder, pause and return. The return means the mark-space ratio is not exactly 50%.
   ;f A = 440Hz. p=1/440 = 0.002272727,27,s = 2.272727,27,ms 50% cycle: time on = time off = 1.13636,36,ms = 379 loops.19x20 = 380 19x19 = 361 as time needed by other functions and not instantaneous
   bsf portB,7
   call pauseTone
   bcf portB,7   	;sounder not turning off here.
   call pauseTone
   return
  
pauseTone			;19x19 = 361 cycles.
	movlw	0x13		; set w = 19 decimal
	movwf	mCount		; mCount = w: outer loop counter
loadN
	movlw	0x13		; set w = 19 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



[bookmark: _Toc218511061]F: Task 6 code varying the mark-space ratio of a PWM controlled sounder.
			list	p=16F84		; select processor type
	radix	hex		; define radix as hexadecimal
	#include "p16f84.inc"
;----------------------------------------------------------------------
;	cpu equates (memory map)

portA 	equ	0x05
trisA	equ	0x05
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

freqChangeDelay equ 0x0c	; Use to make sure increments or decrements happen on a set number of loops, not every time
nCount	equ	0x0d		; pause routine inner loop counter
mCount	equ	0x0e		; pause routine outer loop counter
beepTime	equ	0x0f	; Time for the cycle 

;constants
min_duty	equ	1 		;(4=20% of max 20) set below 16 as 5th bit check to inverse.
maxOnTime	equ	16		;The target maximum on time, equal to or in between min and max.
max_time	equ	32		;(20=100%) must equal to or higher than maxOnTime
;----------------------------------------------------------------------
	org	0x000
START
	bcf	status, RP0	; clear bank selection bits in the status reg
	bcf	status, RP1

	bsf	status, RP0	; select bank 1
	movlw	0x00		; load w with 0x00
	movwf	trisb		; load it into trisb to make portb all outputs	
	movlw 	0x03		;load 0000 0011 to the working register.
	movwf 	trisA		;and apply to port A to set pins 0 and 1 as inputs.
	bcf	status, RP0	; reselect bank 0 by clearing selection of bank 1.
	
	movlw	0x7F		;Turn on all outputs to turn off the display
	movwf 	portB		;and apply to port B

main_loop

	btfss 	portA,0		;test is pin 0 on port a is high or low, and skip next if high
	call 	beepPress	;if low, run function
	btfss 	portA,1		;test is pin 0 on port a is high or low, and skip next if high
	call 	beepPress	;if low, run function

	goto	main_loop	; repeat forever

beepPress	;start with the minimum time for the beep
	
	clrf 	freqChangeDelay	;clear the delay counter
	movf	min_duty,w	;Move the minimum duty cycle to the working register
	movwf	beepTime	;And apply as the starting on time for the beep
	;and after setting the button, run into the incrementing cycle
	
beepPressInc	;Incrementing the time on of the cycle.
	incf	freqChangeDelay,f	;increment by one to count a cycle through.
	btfss	freqChangeDelay,7	;Check if it has run 128 times through
	goto	skipFreqChangeInc	;if not, skip changing the ratio
	
	clrf 	freqChangeDelay		;if it has, reset the delay timer
	incf	beepTime,f		;and increment the beep time by 1.
	;run the beep and see if its time to start decrementing
skipFreqChangeInc

	call	beep		;Run the beep once.
	movf	beepTime,w	;move beepTime into the working register
	sublw	maxOnTime	;Subtract the target maximum PWM on time from the working register,
        btfsc   status, Z       ; If beepTime is at that limit, go to decrementing again
	goto 	beepPressDec	;start decrementing again
	;check for a button press
	btfss 	portA,0		;check to see if A0 is released. (set=released for pull-up)
	goto 	beepPressInc	;If pressed, loop around for another beep
	
	btfss 	portA,1		;check to see if A1 is released. (set=released for pull-up)
	goto 	beepPressInc	;If pressed, loop around for another beep
	
	return	;If no button is pressed, go back to the main loop.

beepPressDec	;Decrementing the time on of the cycle
	incf	freqChangeDelay,f		;increment by one to count a cycle through.
	btfss	freqChangeDelay,7	;If it hasnt cycled 128 times yet, skip incrementing beepTime
	goto	skipFreqChangeDec
	
	clrf 	freqChangeDelay		;reset the delay counter to 0.
	decf	beepTime,f		;decrement the on time for the beep by 1.
	
skipFreqChangeDec	;call beep and check if beepTime has decremented to 4 yet
	call	beep		;Run the beep once.
	movf	beepTime,w	;move beepTime into the working register
	sublw	min_duty	;Subtract 4 from the working register,
        btfsc   status, Z       ; If beepTime is 4, go to Incrementing again.
	goto 	beepPressInc
	;if not minimum, check for button presses
	btfss 	portA,0		;check to see if A0 is released
	goto 	beepPressDec	;If not, loop around for another beep
	
	btfss 	portA,1		;check to see if A1 is released
	goto 	beepPressDec	;If not, loop around for another beep
	
	return			;If no button is pressed, go to the main loop.
	 
	
beep
   bsf portB,7
   call pauseToneOn
   bcf portB,7
   call pauseToneOff
   return
  
pauseToneOn	;setup the pause loops for the on timer.		;19x19 = 361 cycles. 20*18=360. 16*23 = 368
	movf	beepTime,w	; set working to the varying beepTime
	movwf	mCount		; mCount = w: outer loop counter
	goto 	loadN		;Start the beep timer
	
pauseToneOff	;setup the pause loops for the off loop
	movf	beepTime,w	; move beepTime (on) into the working register
	sublw	max_time	; (subtract working from literal) and subtract the on time from maximum time, to keep cycle period consistent
	movwf	mCount		; mCount = w: outer loop counter
	;goto 	loadN		;Start the beep timer

loadN
	movlw	0x17		; set w = 23 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 cycle again
	return			; else exit subroutine
	
   END
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.

45 beepPress ;Run the beep, and acting as debounce, then check to see 1if the buttons are pressed.
46

47 call beep ;Run the beep once.

48 btfss  portA,@ scheck to see if A@ is released

49 goto beepPress ;If not, loop around for another beep

50

51 btfss  portA,1 scheck to see if Al is released

52 goto beepPress ;If not, loop around for another beep

53

54 return ;go back to the main Loop once no buttons are pressed

55

56 beep ;Turn on sounder, pause, then turn off sounder,pause and return. The return means the mark-space ratio is not exactly 56%

57 Jf A = 446Hz. p=1/446 = 0.002272727,27,s = 2.272727,27,ms 50% cycle: time on = time off = 1.13636,36,ms = 379 Loops.19x20 = 38
58 bsf portB,7

59 call pauseTone

60 bef portB,7 ;sounder not turning off here.

61 call pauseTone

62 return
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19 list p=16F84 ; select processor type

20 radix  hex ; define radix as hexadecimal

21 #include "p16f84.inc"

22 m e e e eeooooooo
23; cpu equates (memory map)

24portA equ exe5

25portB  equ 0x06 sport B address

26trisb  equ ox06 ;trisB address in register bank 1
27

28 status equ exe3 ;status register

29 RPO equ 5 ;bit 5 of status register

30RP1 equ 6 ;bit 6 of status register

31FSR equ oxe4 ;File Select Register

32

33 count equ exec ; counter @ to 255

34nCount equ oxed ; pause routine inner Loop counter
35mCount equ oxee ; pause routine outer Loop counter

36
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47
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clrf
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508 use_count

51
52
53
54
55
56
57
58
59
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61

62
c2 -

incf
btfsc
clrf

0x000

status, RP@
status, RP1

status, RP1
oxee
trisb
status, RP@

portB
count

clear bank selection bits in the status reg

select bank 1

Load working with @

Load @ into trisb to make portb all outputs
reselect bank @

; clear all Llines Low
; initialize counter to @

stake count, update segment display, increment count ©-15, pause and cycle
sIncrement count, and if count is now 16, reset back to @

count, f
count,4
count

sdisplay count

movf
call
movwf
sWait
call

goto

count,w
segment_Table
portB
pause200ms

use_count

; Increment count by 1.
; Check if count has 5th bit set, by incrementing to 16.
; If bit set, reset count to @

Move the value of count to working.

Go to segment table, and return with hex value to display count
Display returned hex value on 7 segment display, showing count
Wait while displaying count.

Repeat forever
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68org ox10 ;Locate at ex1e
69 segment_Table ;Takes the value in the working register, and returns with the hex value to display
70

71 addwf PCL, f ;Add working (count) to the PCL, and skip that number of instructions.
72 retlw  ©x40 ;e
73 retlw  Ox79 ;1

74 retlw  ©x24 ;2

75 retlw  ©x3e ;3

76 retlw  ox19 ;4

77 retlw  oxl12 ;5

78 retlw  ©x02 ;6
79 retlw  Ox78 ;7
80 retlw  ©xee ;8
81 retlw  ox18 ;9

82 retlw  ©xe8 ;A-10
83 retlw  ©xe3 ;B-11
84 retlw  ©x46 ;C-12
85 retlw  Ox21 ;D-13
86 retlw  ©x@6 ;E-14
87 retlw  OxeE ;F-15




