


Section 1

Figure 1. Shown below is the proteus simulation of the original circuit.
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The main component of this circuit is the PIC16F84A chip. This chip uses the Harvard architecture, which separates program memory from data memory for faster processing. It has 68 bytes of data memory (RAM) and operates at up to 20 MHz clock speed. It uses a voltage range of 2.0V to 5.5V, making it suitable for battery-powered applications [1]. Although it’s an older model and has been surpassed by more advanced PIC microcontrollers, this PIC remains popular for its simplicity and reliability. 
In this circuit, the microcontroller reads inputs from the switches, controls the 7-segment display by sending output signals to its pins and runs the programmed logic to determine what number to display.
The Crystal Oscillator provides a clock signal required for the microcontroller’s operation. It uses the two capacitors either side of it to stabilize itself and filter noise.
The pull-up resistors’ (R1 and R2) function is to maintain a high logic level on the switch input pins when the switches are not pressed. When the switch is closed, the pin reads ‘0’ (ground) as the switch creates a direct connection to ground. The switches act as some form of user input.
The rest of the resistors are to limit the current flowing through the LEDs in the 7-segment display. This protects them from potential damage.
The 7-segment display shows numbers based on the signals from the microcontroller. A common cathode or common anode type display is used here. The 7 segments each take signal from a different pin in the B port.


Section 2

To get the circuit to display the hexadecimal characters 0-F on the 7-segment display, the first thing to do is to understand how the chip sends signals to the display. Each input on the display corresponds to a segment on the display.
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Figure 2: shows the 7-segment display labelled 1-7
The segment labelled one will correspond to the top wire input. The segment labelled 2 corresponds to the second wire and so on. This, along with all the pins from the display connecting only to the pins in the B port on the microcontroller, means that if an 8-bit binary input or a 2-digit hex input is given to the B port, it will show only chosen segments on the display. For example, if the binary input of 0000 0100 (also is 4) is given to the B port, the 3rd pin would be putting out a low signal (as all pins are by default high), then the segment labelled 3 above will be off. Using this base, it can be easily found out what binary string or hex digits are needed to display each number 0-9 and then letter a-f. 
	Unit
	Binary
	Hex

	0
	0100 0000
	0x40

	1
	0111 1001
	0x79

	2
	0010 0100
	0x24

	3
	0011 0000
	0x30

	4
	0001 1001
	0x19

	5
	0001 0010
	0x12

	6
	0000 0010
	0x02

	7
	0111 1000
	0x78

	8
	0000 0000
	0x00

	9
	0001 0000
	0x10

	a
	0000 1000
	0x08

	b
	0100 0110
	0x03

	c
	0100 0110
	0x46

	d
	0010 0001
	0x21

	e
	0000 0110
	0x06

	f
	0000 1110
	0x0E


Figure 3 A table that shows the conversion for each hexadecimal digit to be show correctly on the 7-segment display.
Section 3
Task 1
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Figure 4-6 shows the code required to complete task 1

Pseudocode
Definitions – defines necessary header files for the PIC16F84A microcontroller, defines constraints for key registers and their addresses (PORTB, TRISB, STATUS)
Variables - defines memory locations for variables used in the program (count, nCount, mCount)
Reset and interrupt vectors – defines the reset vector to jump to the ‘start’ section of the program.
Code segment:
· Configure the microcontroller – set the STATUS register to select the correct bank, configure PORTB as output by writing 0x00 to TRISB and clears PORTB and initializes variables.
· Enter the main loop ‘numbers’ – load a series of predefined values into PORTB to display the hex digits on the display, after each value call the ‘pause’ subroutine to introduce a delay and then repeat the sequence indefinitely by jumping back to the ‘numbers’ subroutine.
· Define the ‘pause’ subroutine – use nested loops to create a delay. The outer loop decrements mCount until it reaches 0, and the inner loop decrements nCount until it reaches 0. Then returns control to the calling function after the delay is complete.

Task 2
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Figures 7 and 8 show the code for task 2, which displays an L when one button is pressed and an R when the other button is pressed.
Pseudocode
BEGIN Program
INITIALIZE:
1. Define required constants and memory locations:
   - PORTB for controlling the 7-segment display.
   - PORTA for reading button inputs.
   - STATUS register bits for switching memory banks.
   - Variables for LED state and debounce delay.
2. Configure ports:
   - Set PORTB as output for the 7-segment display.
   - Set PORTA as input for buttons.
   - Initialize LED_STATE to 0 (indicating no active display).
   - Clear PORTB to ensure no initial output on the display.
MAIN LOOP:
1. Read the button states from PORTA.
2. Check if Button 1 (RA0) is pressed:
   - If pressed, call the subroutine `show_L`.
3. Check if Button 2 (RA1) is pressed:
   - If pressed, call the subroutine `show_R`.
4. Repeat the main loop indefinitely.
SUBROUTINE: show_L
1. Load the 7-segment display pattern for the letter 'L' into the W register.
2. Output this pattern to PORTB to display 'L'.
3. Update LED_STATE to indicate 'L' is being displayed.
4. Call the `delay` subroutine to provide a debounce delay.
5. Return to the main loop.
SUBROUTINE: show_R
1. Load the 7-segment display pattern for the letter 'r' into the W register.
2. Output this pattern to PORTB to display 'r'.
3. Update LED_STATE to indicate 'r' is being displayed.
4. Call the `delay` subroutine to provide a debounce delay.
5. Return to the main loop.
SUBROUTINE: delay
1. Initialize a counter for the debounce delay.
2. Create a loop that decrements the counter until it reaches zero.
3. Return to the calling function after the delay is completed.
END Program

Task 3
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Pseudocode
BEGIN Program
INITIALIZE:
1. Include the required header file for the PIC16F84A microcontroller.
2. Define constants and memory locations:
   - `PORTB` for controlling LEDs.
   - `PORTA` for reading button inputs.
   - `TRISB` and `TRISA` for port direction configuration.
   - Variables `LED_STATE` to track the current state of LEDs and `dCount` for delay timing.
3. Configure ports:
   - Set `PORTB` as output.
   - Set the lower 4 bits of `PORTA` as input.
4. Initialize variables:
   - Clear `PORTB` to ensure LEDs are initially OFF.
   - Clear `LED_STATE` to indicate the OFF state.
MAIN LOOP:
1. Read the state of buttons from `PORTA`.
2. Check if Button 1 (RA0) is pressed:
   - If pressed, call the `turn_on` subroutine.
3. Check if Button 2 (RA1) is pressed:
   - If pressed, call the `turn_off` subroutine.
4. Repeat the main loop indefinitely.
SUBROUTINE: turn_on
1. Load `0xFF` into `PORTB` to turn ON all LEDs.
2. Set `LED_STATE` to `0x01` to indicate the ON state.
3. Call the `delay` subroutine to debounce the button.
4. Return to the main loop.
SUBROUTINE: turn_off
1. Clear `PORTB` to turn OFF all LEDs.
2. Clear `LED_STATE` to indicate the OFF state.
3. Call the `delay` subroutine to debounce the button.
4. Return to the main loop.
SUBROUTINE: delay
1. Initialize the delay counter `dCount` to `0xFF`.
2. Create a loop:
   - Decrement `dCount` until it reaches zero.
3. Return to the calling subroutine after the delay.
END Program

Task 4
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Pseudocode
BEGIN Program
INITIALIZE:
1. Include the required header file for the PIC16F84A microcontroller.
2. Define constants and memory locations:
   - `PORTB` for controlling the 7-segment display.
   - `PORTA` for reading button inputs.
   - `TRISB` and `TRISA` for port direction configuration.
   - Variables `count` to hold the current counter value, `lastState` to track the previous button state, and `dCount` for delay timing.
3. Configure ports:
   - Set `PORTB` as output.
   - Set the lower 4 bits of `PORTA` as input.
4. Initialize variables:
   - Set `count` to 5 as the starting value.
   - Set `lastState` to the initial button state read from `PORTA`.
MAIN LOOP:
1. Read the current state of buttons from `PORTA`.
2. Compare the current state with the `lastState`:
   - If no change is detected, skip to the display update.
   - If a change is detected, update `lastState` with the new state.
3. Check if Button 1 (RA0) is pressed:
   - If pressed, call the `left_button` subroutine to decrement the counter.
4. Check if Button 2 (RA1) is pressed:
   - If pressed, call the `right_button` subroutine to increment the counter.
5. Update the 7-segment display:
   - Call the `table` subroutine to convert the `count` value into the corresponding display pattern.
   - Output the pattern to `PORTB`.
6. Call the `delay` subroutine to provide a small delay for debounce.
7. Repeat the main loop indefinitely.
SUBROUTINE: right_button
1. Check if `count` is at its maximum value (9):
   - If it is, return without incrementing.
2. Increment `count` by 1.
3. Return to the main loop.
SUBROUTINE: left_button
1. Check if `count` is at its minimum value (0):
   - If it is, return without decrementing.
2. Decrement `count` by 1.
3. Return to the main loop.
SUBROUTINE: delay
1. Initialize the delay counter `dCount` to `0xFF`.
2. Create a loop:
   - Decrement `dCount` until it reaches zero.
3. Return to the calling subroutine after the delay.
SUBROUTINE: table
1. Use the value in `count` to calculate the address offset for the lookup table.
2. Retrieve the corresponding 7-segment display pattern for the current `count` value.
3. Return the pattern to the calling function.
END Program
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pause

Loadn

dectt

movlw  exal
mowwf  ports

call pause
movlw  exes

mowwf  ports

call pause

movlw  exeE

mowwf  ports

call pause

goto numbers ; Repeat the process indefinitely

movlw  exff ; Load W register with OxFF (initial value for mCount)
movwf  mCount } Store oxF in mCount

movlw  exff ; Load W register with OxFF (initial value for nCount)
movwf  nCount } Store oxfF in nCount

decfsz  nCount,  Decrement nCount and skip next instruction if zero
goto dectt  Loop until nCount reaches zero

decfsz  mCount,  Decrement mCount and skip next instruction if zero
goto loadn ; Loop until mCount reaches zero

return ; Return from subroutine

Y ; End of program
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#include p16f84a.inc

; Define registers
PortB  equ @xes
trish  equ @x06
portA  equ exes
trisa  equ exes
status equ exe3
RPe  equs

deount  equ exeD

; Reset vector
RST code 0x0
goto Start

; Main program
PGM  code

Start:
; Setup ports
bsf  status,RPe
movlw  exo0
mowwf  trish
movlw  exeF
mowwf  trisa
bef  status,RPe

; Initialize variables
clrf  ports

main_loop:
movf  porta, W

Check Button 1 (RAD)
btfss  porta, @
call  display L

; Check Button 2 (RAL)
btfss  porta, 1
call  display_r

goto  main_loop

display_L
movlw  ex47
mowwf  ports
call  delay
return

PORTS address (7-segnent display)
TRISB register

PORTA address (Buttons)

TRISA register

STATUS register

RPO bit in STATUS register

Temporary register for delay

Jump to start of program

Switch to Bank 1
Set PORTS as output

Set Lower 4 bits of PORTA as input

Switch back to Bank 0

Ensure 7-segnent display is OFF

Read button states

If RAD is pressed, skip next instruction
Call display_L subroutine

If RAL is pressed, skip next instruction
Call display_r subroutine

Repeat main Loop

Load value for "L" on 7-segment display

Write to PORTE
Debounce delay
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display_r:
movlw  exdE
mowwf  ports
call  delay
return

; Simple delay for debounce
delay:

movlw  exFF

movwf  dCount

delay_loop:
decfsz dcount, F
goto  delay_loop
return

e

; Load value for "r" on 7-segment display
; Wirite to PORTB
: Debounce delay

; Load delay counter

; Decrement dCount
: Loop until dCount reaches 6
: Return from delay
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#include p16f34a

; Define registers

PortB  equ @xes
trish  equ @x06
portA  equ exes
trisa  equ exes
status equ exe3
RPe  equs

3 Variables
LED_STATE equ exac
deount  equ exeD

; Reset vector
RST code 0x0

goto Start

; Main program

PGM  code

Start:
; Setup ports
bsf  status,RPe
movlw  exo0
mowwf  trish
movlw  exeF
mowwf  trisa
bef  status,RPe

; Initialize variables

clrf  LED_STATE
clrf  porte
main_loop:
movf  porta, W
; Check ON button (RAD)
btfss  porta, @
call  turn_on

; Check OFF button (RAL)

btfss  porta, 1
call  turn_off
goto  main_loop

turn_on:
movlw  exFF
mowwf  portB

PORTS address (LEDs)
TRISB register

PORTA address (Buttons)
TRISA register

STATUS register

RPO bit in STATUS register

Variable to hold LED state
Temporary register for delay

Jump to start of program

Switch to Bank 1
Set PORTS as output

Set Lower 4 bits of PORTA as input

Switch back to Bank 0

Set initial LED state to OFF
Ensure all LEDs are OFF

Read button states

If RAD is pressed, skip next instruction
Call turn_on subroutine

If RAL is pressed, skip next instruction
Call turn_off subroutine

Repeat main Loop

Load value to turn ON all LEDS
Write to PORTB
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movlw  @xe1  Set LED_STATE to ON
movwf  LED_STATE

call  delay ; Debounce delay
return

turn_off:
clrf  ports ; Clear PORTS to turn OFF all LEDs
clrf  LED_STaTE  Set LED_STATE to OFF
call  delay  Debounce delay
return

; Simple delay for debounce

288G RBRLSBEYRRLBH D!

delay:
movlw  exFF 3 Load delay counter
movwf  dCount
delay_loop:
decfsz dcount, F 3 Decrement dCount
goto  delay_loop } Loop until dCount reaches o
n return 3 Return from delay
7
7 e
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#include p16f84a.inc

; Define registers
PortB equ exes
trish equ @xo6
porta equ exes
trisa equ exes
status equ exe3
RPG equ 5

3 Variables
count equ exac
laststate equ exed
dCount equ exoe

5 Reset vector
RST code oxo
goto Start

; Main program

PGM  code

Start
; Setup ports
bsf status,RPe
movlw €x00
moww trish
movlw exef
mowwf trisa
bef status,RPe

; Initialize
movlw exes
movwf count
mowwf laststate

main_loop
movf porta, i

xorwf lastState,i

andlw exe3
btfsc STATUS,Z
goto display

movf porta, i
movw laststate

btfss porta,e
call left_button

btfss porta,1

; Counter value
3 Previous button state
3 For delay

Bank 1
PORTS = outputs

PORTA Lower = inputs
Bank 0

Initialize button state

Get current button state
Compare with Last state

Only care about first two buttons
Skip if buttons changed

No change, just update display

Get button state again
Save for next time

Skip if Left button pressed

Skip if right button pressed
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call right_button

display
movf count, i ; Get current count
call table  Convert to display pattern
mowwf ports  output to display
call delay } Small delay
goto main_loop } Repeat
 Increment counter (max 9)
right_button
movlw .9
subwf count, i 3 Check if count = 9
btfsc STATUS,Z
return ; At max, don't increment
incf count,F 3 Increment
return

; Decrement counter (min 0)

left_button
movf count, il 3 Check if count = 0
btfsc STATUS,Z
return At min, don't decrement
decf count,F 3 Decrement
return

; Delay for debounce
delay
movlw oxff
movwf dCount.
delay_loop
decfsz dCount,F
goto delay_loop
return

; Display patterns for 7-segnent (0
table
addwf PCL
retlw oxCo
retlw oxF9

N

B18R8e

R4

BESR

5

retly
retly
retly
retly
retly
retly
retly
retl

Eno

oxaa
oxso
oxs9
oxa2
oxa2
oxFa
oxzo
oxs0

CoNauAWNKS
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 DEFINITIONS

#include p16fada.inc

ports  equ
trisb  equ
status equ
RPE  equ
RPL  equ

count  equ
nCount equ
nCount equ

oxo6
oxo6

; Include register definition file

; Define PORTS register address
} Define TRISB register address

; Define STATUS register address
; Define bit 5 of STATUS register (RPO)
} Define bit 6 of STATUS register (RP1)

Define memory Location for "count™
 Define memory Location for "nCount™
 Define memory Location for "mCount”™

3 RESET and

INTERRUPT VECTORS

; Reset Vector
RST  code
goto

oxo
start

; Define reset vector Location
: Jump to "Start” Label after reset

 CODE SEGHENT

PG code

bef
bef

bsf
movw
movwf
bef

elrf
lrf

numbers
movw
movwf

status,RPe
status,RPL

status,RPe
oxo0

trish
status,RPe

ports

count

oxao
ports

call pause

; Define code segnent

; Clear RPO bit to select bank 0
 Clear RP1 bit to select bank 0

 Set RPO bit to select bank 1
; Load W register with 0x00
} Set PORTS pins as output (TRISE = 0x00)
; Clear RPO bit to return to bank 0

; Clear PORTS (set all outputs to 0)
3 Clear "count™ variable

; Load W register with 0x40 (pattern for display)
} output pattern to PORTE
; Call delay subroutine "pause”
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movlw  ex79
mowwf  ports
call pause
movlw  exz4
mowwf  ports
call pause
movlw  ex3e
mowwf  ports
call pause
movlw  @x19
mowwf  ports
call pause
movlw  ex12
mowwf  ports
call pause
movlw  exe2
mowwf  ports
call pause
movlw  ex78
mowwf  ports
call pause
movlw  exee
mowwf  ports
call pause
movlw  exio
mowwf  ports
call pause
movlw  exes
mowwf  ports
call pause
movlw  exe3
mowwf  ports
call pause
movlw  exds

mowwf  ports
call pause

; same as above, just repeated for each digit 0-9 and a-f




