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Section 1: Circuit Background

The assignment was to build and code a 7-segment display prototype circuit. The circuit consists of a variety of resistors, capacitors, buttons, a 7-segment display, a piezo sounder, a transistor, an oscillator and a PIC16F84A microcontroller. 
The resistor labelled R1 is a 4700Ω resistor used to hold the microcontroller reset in a high state to prevent the resetting of the PIC16F84A. Resistors R2 to R8 are used to control the brightness of the LEDs in the 7-segment display and are set at 220Ω.The resistors labelled R11 and R12 are set to 10kΩ and are used to control the current flow through the two buttons when they are pressed. R9, set at 4700Ω, is used to control the current at the base of the transistor and R10, set to 1kΩ, is used as a discharging resistor for the piezo sounder. The two capacitors are set to 22pF to stabilise the oscillator labelled X1. X1 is used as a stable clock for the PIC16F84A. 

[image: ]
Figure 1: Prototype circuit with 7-segment display.

Section 2: Using the 7-Segment Display

When coding the 7-segment display shown in figure 2, a truth table was made to calculate values to use in the code for the appropriate output from the led segments. Figure 3 shows the labels for each segment which were used in the truth table. The truth table used is shown in figure 4.
[image: ]
Figure 2: 7-Segment display.

[image: ]
Figure 3: diagram of 7-segment display labels.

As shown in figure 4, when a segment is in the off state it sets the output to logic 1 and in the on state the segment is set to logic 0. When the output is at logic 1, the segments each have an assigned value. The binary values are grouped into four bits. Each four bits represent a value used in the code for example F is shown as 0E rather than 14 as the four bits are shown as one character.



	
	8
	4
	2
	1
	8
	4
	2
	1
	

	
	Sounder
	g
	f
	e
	d
	c
	b
	a
	

	0
	0
	1
	0
	0
	0
	0
	0
	0
	40

	1
	0
	1
	1
	1
	1
	0
	0
	1
	79

	2
	0
	0
	1
	0
	0
	1
	0
	0
	24

	3
	0
	0
	1
	1
	0
	0
	0
	0
	30

	4
	0
	0
	0
	1
	1
	0
	0
	1
	19

	5
	0
	0
	0
	1
	0
	0
	1
	0
	12

	6
	0
	0
	0
	0
	0
	0
	1
	0
	02

	7
	0
	1
	1
	1
	1
	0
	0
	0
	78

	8
	0
	0
	0
	0
	0
	0
	0
	0
	00

	9
	0
	0
	0
	1
	1
	0
	0
	0
	18

	A
	0
	0
	0
	0
	1
	0
	0
	0
	08

	b
	0
	0
	0
	0
	0
	0
	1
	1
	03

	C
	0
	1
	0
	0
	0
	1
	1
	0
	46

	d
	0
	0
	1
	0
	0
	0
	0
	1
	21

	E
	0
	0
	0
	0
	0
	1
	1
	0
	06

	F
	0
	0
	0
	0
	1
	1
	1
	0
	14 -> 0E


Figure 4: Conversion table for Hexadecimal values used.

To show each character on the display, the hexadecimal value is needed from the final column of the truth table shown in figure 4. This hexadecimal value is then used in the code, for example the character A is assigned to 0x08. 

Section 3: Flowcharts

A program was provided to use as an initial code for the tasks given. The program named ‘count’ was modified for each task to meet the individual briefs.  However, the program provided had various mistakes to correct first before any modification could be done. Shown below is the initial code with the mistakes uncorrected.

Count Code
; FILE: 		count.asm
; AUTHOR: 		JMY
; DATE: 		24th March 2005
; DESCRIPTION: 	Count to 255 at 1 second intervals and display on a seven 
; 				segment display in binary. 
; 				The pause subroutine takes apx. 0.2 sec.
; 				Pause is called 5 times

	list	p=16F84		; select processor type
	radix	hex			; define radix as hexadecimal
;	#include "p16f84.inc"
;----------------------------------------------------------------------
;	cpu equates (memory map)
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

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

	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
	bcf		status,RP0	; reselect bank 0

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

get_counnt	
	movf	count, w	; move count to W


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

	addlw	1			; add +1 to W

	movwf	count		; save W in count

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

	goto	get_count		; repeat forever

;--------------------------------------------------------------------
;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	0xfff		; set w = 255 decimal
	movwf	mCont		; 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


	en d
;----------------------------------------------------------------------
; Configuration! Important!
;
; at blast time, select:
;	memory uprotected
;	watchdog timer disabled
;	standard crystal (4 MHz)
;	power-up timer on



3.1. Task 1

Task 1 was to build the circuit and create a code to display hexadecimal characters 0 to F on the 7-segment display, with the characters changing in ascending order in increments of 0.5 seconds.

[image: ]
Figure 5: Flow chart for task 1.

Task 1 Code

; TITLE: 		Task 1: 7-Sement display to count from 0-F
; AUTHOR: 		SamanthaJade Williams - 2205436
; DATE: 		20th February 2024
; DESCRIPTION: 	Code to show 0-F on a 7-segment display circuit
 
   list		p=16F84	; select processor type
   radix	hex			; define radix as hexadecimal
   ;#include 	"p16f84.inc"	;includes files for the chosen processor type
;----------------------------------------------------------------------
;	cpu equates (memory map)
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 
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
bcf	status,RP0	; reselect bank 0
 
clrf	portB		; clear all lines low
clrf	count		; initialize counter to 0
 
get_count		
movlw   0x40           	; char 0 for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x79          	; char 1 for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x24          	; char 2 for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds
e	
movlw   0x30          	; char 3 for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x19            	; char 4 for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x12           	; char 5 for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x02           	; char 6 for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x78            	; char 7 for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x00           	; char 8 for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x18           	; char 9 for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x08           	; char A for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x03           	; char b for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x46           	; char C for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W

movwf	count		; save w in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x21          	; char d for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x06           	; char E for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds

movlw   0x0E           	; char F for display	
movwf	portB		; move W to port B to update the display
 
addlw	1		; add +1 to W
 
movwf	count		; save W in count
 
call	pause
call	pause
call	pause		; three pause executions equals ~ 0.5 seconds
 
goto	get_count	; repeat forever
 
;--------------------------------------------------------------------
;subroutine pause
;
;inputs: nothing
;outputs: nothing
;
;does: nothing 
;corrupts: register W
;
;description: two loops using "mCount" and "nCount" register files
;			  "mCount" is the outer loop counter (127 down to zero)
;			  "nCount" is the inner loop counter (127 down to zero)
;
;--------------------------------------------------------------------
pause	
movlw	0x7f		; set w = 127 decimal
movwf	mCount		; mCount = w: outer loop counter
loadN
movlw	0x7f		; set w = 127 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 

return			; else exit subroutine
 
 
end
;----------------------------------------------------------------------

3.2. Task 2

Task 2 was to write a program to display the characters 1 and 2 on the 7-segment display. The characters are assigned to the buttons so that when each button is pressed, the corresponding character is displayed on the display. For example, in this program when the green button is pressed, character 1 is displayed and when the black button is pressed, character 2 is displayed.

[image: ]
Figure 6: Flow chart for task 2.

Task 2 Code

; TITLE: 		Task 2: 7-Sement display to count from 1-2 using buttons
; AUTHOR: 		SamanthaJade Williams - 2205436
; DATE: 		20th February 2024
 
   list		p=16F84	; select processor type
   radix	hex			; define radix as hexadecimal
   ;#include 	"p16f84.inc"	;includes files for the chosen processor type
 
;-------------------------------------------------------------------

indr	equ	0x00  
FSR	equ	0x04 
 
portA	equ	0x05		;port A address 
trisa	equ	0x05		;trisA address in register bank 1 
 
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
;-------------------------------------------------------------------
 
org	0x000
 
start
bcf	status,RP0	; clear bank selection bits in the status reg
bcf	status,RP1
 
bsf	status,RP0	; select bank 1

movlw	0x03
movwf	trisa		;set 2MSBs as==of portA as inputs (switches)

movlw	0x00		; 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
clrf	count		; initialize counter to 0

movlw	0x79		;char 1 on display
movwf	0x10		

movlw	0x24		;char 2 on display
movwf	0x11


main_loop
btfss 	portA,0
call	black_button_pressed

btfss	portA,1
call	green_button_pressed

movf	count,w		;count value
addlw	0x10 		;add offset to start of lookup table 
movwf	FSR  		;set address for lookup table 
movf	indr,w 		;get value from lookup table
movwf	portB 		;set LED display

goto 	main_loop	;repeat forever

black_button_pressed
call 	pause
btfss	portA,0
goto	black_button_pressed
incf	count,f
btfsc	count,4
clrf	count

return
 
green_button_pressed	 
call	pause
btfss	portA,1
goto	green_button_pressed
decf 	count,f
btfsc	count,4
clrf	count

      
return

preset_count
movlw	0x0F
movwf	count
      
return

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

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

3.3. Task 3

Task 3 was to modify the existing program used in task 2. Instead of the display showing 1 and 2 when the buttons are pressed, this program needed to light all segments on the display when one of the buttons is pressed and clear the display when the other button is pressed. In this program, the button used to fill the display is labelled “green” and the button used to clear the display is labelled “black”.

[image: ]
Figure 7: Flow chart for task 3.

Task 3 Code

list	p=16F84	; select processor type
radix	hex		; define radix as hexadecimal
#include p16f84a.inc    ; Include register definition file
 
;-------------------------------------------------------------------

indr	equ	0x00  
FSR	equ	0x04 
 
portA	equ	0x05		;port A address 
trisa	equ	0x05		;trisA address in register bank 1 
 
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
;-------------------------------------------------------------------
 
org	0x000
 
start
bcf	status,RP0	; clear bank selection bits in the status reg
bcf	status,RP1
 
bsf	status,RP0	; select bank 1

movlw	0x03
movwf	trisa		;set 2MSBs as==of portA as inputs (switches)

movlw	0x00		; 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
clrf	count		; initialize counter to 0

movlw	0x00		; fills the display
movwf	0x10

movlw	0xff		; clears the display
movwf	0x11


main_loop
btfss 	portA,0
call	black_button_pressed

btfss	portA,1
call	green_button_pressed

movf	count,w		;count value
addlw	0x10 		;add offset to start of lookup table 
movwf	FSR  		;set address for lookup table 
movf	indr,w 		;get value from lookup table
movwf	portB 		;set LED display

goto 	main_loop	;repeat forever

black_button_pressed
call 	pause
btfss	portA,0
goto	black_button_pressed
incf	count,f
btfsc	count,4
clrf	count

return
 
green_button_pressed	 
call	pause
btfss	portA,1
goto	green_button_pressed
decf 	count,f
btfsc	count,4
clrf	count

      
return

preset_count
movlw	0x0F
movwf	count
      
return

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

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


3.4. Task 4

Task 4 was a combination of task 1 and task 2. The program needed to display 0 to F on the display, the buttons are used to change the characters. One button is used to change the characters in ascending order and the other button is used to change the characters in descending order. In this program, the green button is used to count in ascending order and the black button is used to count in descending order.

[image: ]
Figure 8: Flow chart for task 4.

Task 4 Code

list	p=16F84		; select processor type
radix	hex			; define radix as hexadecimal
;#include "p16f84.inc"
;----------------------------------------------------------------------
;cpu equates (memory map) 
 
indr	equ	0x00  
FSR	equ	0x04 
 
portA	equ	0x05		;port A address 
trisa	equ	0x05		;trisA address in register bank 1 
 
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
;----------------------------------------------------------------------
 
org	0x000
 
start
bcf	status,RP0	; clear bank selection bits in the status reg
bcf	status,RP1
 
bsf	status,RP0	; select bank 1

movlw	0x03
movwf	trisa		;set 2MSBs as==of portA as inputs (switches)

movlw	0x00		; 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
clrf	count		; initialize counter to 0

movlw 	0x40		;char 0 on 7seg display
movwf 	0x10 		;store in address 0x10 - start of lookup table

movlw 	0x79		;char 1 on 7seg display
movwf 	0x11 		;store in address 0x11 - start of lookup table

movlw 	0x24		;char 2 on 7seg display
movwf 	0x12 		;store in address 0x12 - start of lookup table

movlw 	0x30		;char 3 on 7seg display
movwf 	0x13 		;store in address 0x13 - start of lookup table

movlw 	0x19		;char 4 on 7seg display
movwf 	0x14 		;store in address 0x14 - start of lookup table

movlw 	0x12		;char 5 on 7seg display
movwf 	0x15 		;store in address 0x15 - start of lookup table

movlw 	0x02		;char 6 on 7seg display
movwf 	0x16 		;store in address 0x16 - start of lookup table

movlw 	0x78		;char 7 on 7seg display
movwf 	0x17 		;store in address 0x17 - start of lookup table

movlw 	0x00		;char 8 on 7seg display
movwf 	0x18 		;store in address 0x18 - start of lookup table

movlw 	0x18		;char 9 on 7seg display
movwf 	0x19 		;store in address 0x19 - start of lookup table

movlw 	0x08		;char A on 7seg display
movwf 	0x1A 		;store in address 0x1A - start of lookup table

movlw 	0x03		;char B on 7seg display
movwf 	0x1B 		;store in address 0x1B - start of lookup table 

movlw 	0x46		;char C on 7seg display
movwf 	0x1C 		;store in address 0x1C - start of lookup table

movlw 	0x21		;char D on 7seg display
movwf 	0x1D 		;store in address 0x1D - start of lookup table

movlw 	0x06		;char E on 7seg display
movwf 	0x1E 		;store in address 0x1E - start of lookup table

movlw 	0x0E		;char F on 7seg display
movwf 	0x1F 		;store in address 0x1F - start of lookup table

main_loop
btfss 	portA,0
call	black_button_pressed

btfss	portA,1
call	green_button_pressed

movf	count,w		;count value
addlw	0x10 		;add offset to start of lookup table 
movwf	FSR  		;set address for lookup table 
movf	indr,w 		;get value from lookup table
movwf	portB 		;set LED display

goto 	main_loop	;repeat forever

black_button_pressed
call 	pause
btfss	portA,0
goto	black_button_pressed
incf	count,f
btfsc	count,4
clrf	count

return
 
green_button_pressed	 
call	pause
btfss	portA,1
goto	green_button_pressed
decf 	count,f
btfsc	count,4
call	preset_count
      
return

preset_count
movlw	0x0F
movwf	count
      
return
 
;--------------------------------------------------------------------
;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
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