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[bookmark: _Toc197262637]Introduction
This report delves into the use of the PIC16F84A microcontroller using a counter program to display specific values using a common anode LED display. A schematic is drawn on Proteus using the “HND/BENG PIC16F84 Assignment Board” circuit diagram as a guide, this simulation is then used to demonstrate the various tasks using assembly language to complete the tasks.
[bookmark: _Toc197262638]Section 1
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Figure 1: circuit diagram drawing used to design schematic on Proteus drawing used to design the schematic on proteus.
[image: ]
Figure 2: Schematic on Proteus of an Interfacing PIC16F84A microcontroller with a common anode 7-seg displays.
Components used:
· SW-SPDT: A single pole double throw switch
· Sounder
· 7-segment common anode
· CAP CERM 22pF 5% 25V NPO
· 7805 power supply regulators
· BC107 Silicon NPN low power bipolar transistor
· Button
· Crystal Oscillator
· Resistors used:
MINRES1K
MINRES4K7
MINRES220R
· PIC16F84A microcontroller
· 220N polyester layer capacitor

[image: ]Figure 3: PIC16F84A microcontroller on Proetus

1.1 The PIC16F84A microcontroller is the main driver of this circuit. It is an 8-bit 18 pin microcontroller that can take up to 35 instructions. 
The ports allow the microcontroller to connect the various components to drive outputs on the 7-segment display [1].
1.2 7 segment LED display

[image: ]Figure 4: common-anode 7-seg display
A 7-segment light emitting diode (LED) is an electronic device that converts binary decimals to display hexadecimal digits. The 7 LEDs are set up in a rectangular fashion whereby segments are switched on to display the corresponding hex values. In this particular circuit, a common anode display configuration is used [2].

1.3 Resistors, Capacitors

[image: ] [image: ]Figure 5: Resistors of varying values
Resistors act as current-limiters as they control the flow through an electrical circuit. In this circuit, resistors of varying values were used for various reasons [3].
[image: ]Figure 6: Capacitor taken from proteus schematic
A capacitor is an electronic component that stores electrical charge and its capacitance is measured by way of how much electrical charge it stores [3].

1.4 Transistors
[image: ]Figure 7: Transistor used in Proteus schematic
Transistors are commonly used to amplify the current in a circuit. This particular transistor is used to control the high current devices such as sounder from the circuit[3]
[image: ]Figure 8: Crystal oscillator used in Proteus schematic
1.5 Crystal oscillator
A crystal oscillator is an electrical oscillator that uses the piezoelectric qualities to produce a stable frequency to provide a stable clock signal [4]




[image: ] [image: ] [image: ]Figure 9, 10, 11: show power regulator, button and SW-SPDT in Proteus schematic
1.6 Power supply regulator, button, SW-PDT
Power supply regulator ensures the correct voltage of 5V is supplied to the circuit.
SW-SPDT is a single pole double throw switch which directs current between 2 outputs and can be used in this particular circuit to switch circuit ON or OFF, clearing the display or cycling through numbers [5].
A button is a mechanical switch that pushes electric current through a circuit when pressed. In this circuit, it is used to control the outputs being displayed on the 7-segment display.


[image: ]Figure 10: LS1 Piezo sounder used  in schematic
1.7 Piezo sounder: Is used to provide audio feedback to the microcontroller, in this particular case whenever the display changes due to an increment or decrement [6].
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the circuit to display the Hexadecimal characters 0-F on the 7-segment display.
[image: Using 7 Segment Display on Arduino - Ray's Blog]

[image: Interface a Seven Segment Display to an Arduino - Projects]
Figure 11: Common anode wiring configuration along with segments display.

In a 7-segment common anode display, the anode LED are all connected together to a positive voltage (Vcc). 
The segments are displayed from a to g, as shown in the figure above and in order to display a particular numeral or alphabet the corresponding segments light up to display that specific value. In an anode configuration, lights are emitted only when particular segments are switched ‘OFF’ or at logic ‘0’ and turned off when segments are a ‘ON’ or at logic ‘1’.
This led to working out what particular segments need to be at logic 0 in order to display the specific value and hence a truth table was created to visually present this.
The binary values formed from the truth table were then converted to hex values for the assembler to then translate within the program.
	PortB pin
	segments

	B0
	a

	B1
	b

	B2
	c

	B3
	d

	B4
	e

	B5
	f

	B6
	g

	B7
	0


Table 1: PortB pin connections to segments

[image: ]
Figure 12 Hand written working out of segments for a common anode 7-segment display
[image: ]
Figure 13: Hand written working out of segments for common anode along with binary values.

	Alpha-num display
	0
	g
	f
	e
	d
	c
	b
	a
	Hex value

	0
	1
	1
	0
	0
	0
	0
	0
	0
	0xC0

	1
	1
	1
	1
	1
	1
	0
	0
	1
	0xF9

	2
	1
	0
	1
	0
	0
	1
	0
	0
	0XA4

	3
	1
	0
	1
	1
	0
	0
	0
	0
	0xB0

	4
	1
	0
	0
	1
	1
	0
	0
	1
	0x99

	5
	1
	0
	1
	0
	0
	0
	1
	0
	0x92

	6
	1
	0
	0
	0
	0
	0
	1
	0
	0x82

	7
	1
	1
	1
	1
	1
	0
	0
	0
	0xF8

	8
	1
	0
	0
	0
	0
	0
	0
	0
	0x80

	9
	1
	0
	0
	1
	0
	0
	0
	0
	0x90

	A
	1
	0
	0
	0
	1
	0
	0
	0
	0x88

	B
	1
	0
	0
	0
	0
	0
	1
	1
	0x83

	C
	1
	0
	0
	0
	0
	1
	1
	0
	0xC6

	D
	1
	0
	0
	0
	0
	0
	0
	1
	0xA1

	E
	1
	0
	0
	0
	0
	1
	1
	0
	0x86

	F
	1
	0
	0
	0
	1
	1
	1
	0
	0x8E


Table 2: Truth table for hexadecimal digits in a common anode configuration.
Once the binary values were obtained using the above-mentioned method with 0 (MSB) to a (LSB), the hex values were then calculated by separating the binary into nibbles then converting to hexadecimal as shown in the figure above. This was done for each of the values then double checked with the hex function on the calculator to ensure working out was correct.
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[bookmark: _Toc197262641]Task 1

The “Count.asm” program that was previously used earlier was modified to display the hexadecimal values with an 0.2 incremental delay. To display the corresponding value on the counter, get_count is used as an index to the list (lookup table).


[image: C:\Users\ISA06016498\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\656EA4B8.tmp]
Figure 14: flowchart process for task 1
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[image: ]
Figure 15,16,17: Annotated assembly program showing Task 1


[bookmark: _Toc197262642]Task 2
. 
In order to display ‘L’ or ‘r’ on the 7-segment common anode depending on which of the two buttons is pressed, we need to find the corresponding hex values to enter into our program. We can use the figure in section 2 to help work this out.

· [bookmark: _enggfy42sfbt]‘L’ lights up segments ‘def’ on the display and outputs a binary value 11000111 which is converted to 0xC7.
· ‘r’ lights up segments ‘eg’ on the display and outputs a binary value 10101111 which is converted to 0xAF.

 The inputs of the schematic include the pins that control buttons being pressed.
· If input pin A0 is pressed – ‘L’ is displayed
· The active-low configuration due to schematic set up?



[image: C:\Users\ISA06016498\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\9859D6BA.tmp]
Figure 18:  flowchart process for task 2
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Figure 19,20,21:  Annotated assembly program showing Task 1


[bookmark: _ma4m38i05m0w][bookmark: _Toc197262643]Task 3

This task required the previous task to be modified further to output all LED segments to be turned on when a button is pressed. However, when the other button is pressed the LED segments are all turned off and the display is cleared. When either button is pressed, it is expected to stay in this state whether the button is depressed or not. This is known as latching in which the processes maintain the output even after button is pressed [8].
ON – 0x80
OFF- 0xFF
Main difference – display not cleared so it doesn’t change state when button is depressed.
[image: C:\Users\ISA06016498\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\B9460955.tmp]
Figure 22: flowchart process for task 3

[image: ]
Figure 23: Annotated assembly program showing Task 3

[bookmark: _Toc197262644]Task 4


This task required the combining of the methods used in earlier programs, whereby when one button is pressed it increments from the values 5 up to 9. When the second button is pressed, the display decrements from the values 9 to 0. It should allow the counter to still increment and decrement after the button is depressed by using ‘latching’.
This task was a bit more challenging when combining all the different methods, the display incremented from 5 to 9 when button RA0 was pressed. However, the decrement subroutine wouldn’t work. Therefore, the main takeaway from attempting this task was that a comparison of the last counter value was needed in order for it to increment and decrement.

[image: C:\Users\ISA06016498\AppData\Local\Microsoft\Windows\INetCache\Content.MSO\28481B2B.tmp]
Figure 24: flowchart process for task 4

[image: ]

[image: ]
Figure 25, 26,27: Annotated assembly program showing Task 4
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1
2

3

4; Created: Wed Oct 30 2024
5; Processor: PICIGF84A
4 -
7
8
9

; Compiler: MPASM (Proteus)

10; DEFINITIONS

13 #include p16f84a.inc ; Include register definition file
14

15portB  equ Ox06 ;port B address

16trisb  equ Ox06 ;trisB address in register bank 1
7

18status  equ Ox03 ;status register

19RPO equ 5 ;bit 5 of status register

20RP1 equ 6 ;bit 6 of status register

2Scount equ @xdc  ;counter O to 255
26nCount equ @x@d  ;pause routine inner Loop counter
27mCount equ @x@e  ;pause routine outer Loop counter
2;
29 RESET and INTERRUPT VECTORS
30;
a1
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29 RESET and INTERRUPT VECTORS
30;
et

2 ; Reset Vector
3BRST  code  0x0

34 goto Start

35

36
37; CODE SEGMENT
38
£

40PGH  code

415tart

4 bef status,RPO ; clear bank selection bits in the status reg
43 bef status,RPL

44 bsf status,RPO ; select bank 1

45 movlw  0x00 ; load w with 0x00
46 mowwf trisb ; load it into trisb to make portb all outputs
47 bef status,RPO ; reselect bank 0
49 clrf  portd ; clear all Lines Low

movlw  @xOF
5t mowwf count

5 movf count, w ; move count to W
55 addlw 1 ; add +1 to W

56 andlw  OxoF

57 mowwf count

.
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main.asm £

8
59 call  seg_display
60  movwf portd
61
62
6  call  pause ; delay 200ms by subroutine
6
65
66
&7
6  goto  get_count ; repeat forever
9
70 seg_display
71 addwf PCL, f
7 retlw  OXCO ; displays 0
7 retlw  OXF9 ; displays 1
74 retlw  OXA4 ; displays 2
75 retlw  0XBO ; displays 3
7% retlw X9 ; displays 4
77 retlw  0X92 ; displays 5
7 retlw  0Xs2 ; displays 6
79 retlw  OXF8 ; displays 7
80 retlw 0X80 ; displays 8
81 retlw  0X90 ; displays 9
2 retlw 0Xs8 ; displays A
83 retlw  0X83 ; displays b
retly  OXC6 ; displays €
retly  OXAL ; displays d
retly  0X86 ; displays E
retlu  OX8E ; displays F

3882881

goto  get_count
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93 ; subroutine pause: lets waste some time.

%
95 inputs: nothing

9 joutputs: nothing
97;

98 ;does: nothing but waste some time

99 ; corrupts: register W

100
101 ;description: two Loops using "mCount” and "nCount” register files
102 "mCount” is the outer Loop counter (255 down to zero)

103 “"nCount” is the inner Loop counter (255 down to zero)

106 pause
107 movlw  Oxff ; set w = 255 decimal

108 mowwf mCount ; mCount = w: outer Loop counter

109 loadN

110 movlw  OxFf ; set w = 255 decimal

11 mowwf nCount ; nCount = w: inner Loop counter

112 decht

13 decfsz nCount, f ; nCount--

114 goto  decN ; if nCount I= @ then repeat nCount--
115

116 decfsz mCount, f  else decrement Count

17 goto  loadN ; if mCount I= @ then

118 ; reload nCount to 255 and decrement
19 return ; else exit subroutine

120 end

121 -

122 Configuration! Important!
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41PGM  code
a25tart
s
4  bsf status,RP0 ; select bank 1
.
movlw  0x03 ; Load w with 0x03
mowf  trisa ; load it into trisb to make pind6/Al outputs
clrf  trish ; move count to W

bef status,RPO ; reselect bank 0
movlw  OxFF  ;load w with OxFF
mowef  portd jmove W to port B to update the display

main
btfss portA,0 ; checks pinAo

btfss  portA,1  ; checks pinAl = 1
goto  display_r ; executes this if RA= 0

goto  buttons_depressed
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33

7 display_1
movlw  xc7

movwf ports  jmove W 'L’ to port B to update the display
call  pause delay 200ms by subroutine

goto  main

display_r
movlw  xaf
movwf ports jmove W 'r’ to port B to update the display
call jdelay 200ms by subroutine
goto  main

buttons_depressed
movlw _@xFF _jclears W register turning off all the segments

goto  main

$898 58882888388 8828y
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“main.asm £}
mowef  portB ;move W to port B to update the display

|

Lets waste some time.

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)

decfsz nCount, f

goto  decll S then repeat nCount--
decfsz mCount, f ; else decrement Count
goto  loadN ; if mCount then

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

Configuration! Important!

at blast time, select:
memory uprotected
watchdog timer disabled
standard crystal (4 Miz)
power-up timer on
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mainasm B

btfss  port,0 3 checks pina0 = 1
goto  display_on ; skip next Line if RAO=1 and executes this if A0=0

btfss  portA,1  ; checks pinAl = 1
goto  display off  ; executes this if RAl= 0

goto  main

display_off:
movlw  OxFF ; hex value for all segments off

mowwf  portB jmove W to port B to update the display
call  pause jdelay 200ms by subroutine

goto  main

1si]ai on:

mowef  ports ;move W to port B to update the display
call  pause ;delay 200ms by subroutine
goto main

goto  main
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bef status,RPO ; reselect bank 0
bef status,RP1 ; reselect bank 0

bsf status,RP0 ; select bank 1

movlw  6x00 ; load w with 0x03

mowwf  trish ; load it into trisb to make pindd/Al outputs
movlw  OxFF
mowef  trisa

bef status,RPO ; reselect bank 0
clrf  portd ; move count to W

movlw  6x92 ; load w with 0x03
movwf  ports
retlu 0

btfss  port,0 5 checks pina0 = 1
goto  increment_counter ; skip next Line if RAD=1 and executes this if AO=0
movf  count, W

call  pause
goto  main

btfss  porta,1 ; checks pina0 = 1
goto  decrement_counter

movf  count, W

call se

goto
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‘main.asm £
85 increment_counter  ; displays 5 to 9

% movf  count, w
7 call  increment_display
s mowwf  port

” call  pause

%0 incf  count, f

o1 goto  main

2

5

o

95 decrement_counter

% mowwf  0x90

7 call  decrement_display
% port

% pause

100 count, £

101 main

02

103

104

105

106

107 increment_display

108 addwf  PCL, £

109 retlu  0x92  ;displays 5
m retlu  0x82  ;displays 6
m retlu  Oxf8  displays 7
m retlu  0x80 displays &
m retlu  0x90  displays 9
s clrf  count

us goto  main

16

w

s

119 decrement_display
addwf
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
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