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Section 1: Proteus Simulation Circuit
[image: Diagram, schematic

Description automatically generated] As shown above is the circuit for a PIC16F84 controlled seven segment display. Within this circuit there are several components which are necessary for the circuit to be operational and are covered below.

















PIC16F84A
[image: Chart

Description automatically generated]The PIC16F84A is an 8-bit microcontroller which is able to control the operations of the circuit from a list of instructions programmed to it. The microcontroller can send and receive signals from different components connected to it through the circuit using the 13 input and output pins on the controller. 
This microcontroller has 35 instructions, 68 bytes of RAM and 64 bytes of EEPROM. Using this microcontroller within the circuit, it will be able to be programmed to a certain specification which will allow it to send signals to the seven-segment display to count from ‘0’ to ‘9’ through a series of commands. The PIC16F84A will also have the ability to react to any external input into it such as a button press to create a different set of outputs from itself.



Seven segment display
 [image: A picture containing text, shoji, red, building

Description automatically generated]The seven-segment display is a component which can display a certain number or symbol when power is sent or received from it at each pin [2]. There are two types of seven segment displays, the first being a common anode display which will have positive common pins. The second is the common cathode which contains negative common pins.
The purpose of the display in this circuit is to display the numbers 0 to 9 when given a certain signal to display the number using the patterns on the display.



ResistorThe resistor is used to limit the current flowing through the circuit at certain areas of the circuit. Using the resistors ensures that the components within the circuit do not get damaged from an overload of current. The resistors within the circuit will also provide the ability to help prevent damage from voltage spikes and in turn ensure that the voltage required is being provided.
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Description automatically generated]

Crystal OscillatorA crystal oscillator is a component which reacts to a change in energy being supplied to it. It will use mechanical resonance which comes from a crystal vibrating inside of the component “which has piezoelectric properties, in order to obtain an electric signal with a high-precision frequency.”  [3]
Within this circuit the crystal oscillator acts as a way for the microcontroller to have a timer known as clock to keep operations running at a certain frequency, in this case 4Mhz.
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Description automatically generated] 

A capacitor is a passive component which is able to temporarily store an electrical charge by creating a potential difference between two plates within the component known as the dielectric. Using the dielectric inside the capacitor it will not allow any DC current through it once the capacitor is charged, only AC.
Capacitors in this circuit are able to filter out any frequencies which aren’t wanted and are able to smooth out any voltage spikes which may occur from the power supply. [4]

Capacitor
[image: ]



ButtonThe buttons are an external input component for the circuit. They will effectively be a “bridge” when pressed to allow a different part of the circuit to be connected to the main circuit. 
Allowing the button to be pressed or depressed can cause an input signal to go into the microcontroller, this can then tell the microcontroller to change the conditions it is outputting from itself such as displaying different numbers on a seven-segment display or not allowing any signal to the display completely.
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Section 2: Displaying 0-F on a 7 segment display

The circuit is able to produce certain signals from the microcontroller to the seven-segment display which will create a pattern of a number between zero and nine. To get this to work an understanding of which segments of the display are needed to be high or low to create a certain number is necessary. 
		
[image: common anode] [1]

After the seven segments display inputs have been identified the PIC16F84A can be programmed with code to display these signals from itself onto the seven segments display by causing certain pins to run high or low depending on what number is wanted to be displayed. 
Prior to any signals being prodeuced by the mircocontroller it will need to be reset to ensure that there is no operation running to avoid any potential corruption. Following this the bank to get the information from will need to be selected, then the ports for the output of the signal will need to be specified. 
As the commands on where to get the data from and put into are put into place, a delay loop will need to be created to allow the numbers to be seen at an acceptible frequency to the human eye.
The code necessary will need to satisfy each of the light segments needed to be lit at the time a number is needed to be displayed. This initially can be figured out in binary, for example to display the number ‘0’ on a common anode display the binary code required to display this is ‘11000000’ or 0xC0 in hexidecimal. To allow the data of the signals to be transferred they will need to be moved from the literal into the W register such as 0xC0 for ‘0’ and from there from the W register to the ports of the microcontroller outputing the signal to the display. From this point the code can be written to allow the numbers to accumulate when displayed on the display, this can be achived by replicating the initial display for ‘0’. 
To create the number ‘1’ on the display the move literal into the W register must be used along with the hexadecimal 0xF9, from there it must be moved from the W register to the file address of the output ports. For the number ‘2’ 0xA4 would need to be input into the display, following 0xB0 for the number ‘3’, 0x99 for the number ‘4’, 0x92 for the number ‘5’, 0x82 for the number ‘6’, 0xF8 for the number ‘7’, 0x80 for the number ‘8’, 0x90 for the number ‘9’, 0x88 for the letter ‘A’, 0x83 for the letter ‘b’, 0xC6 for the letter ‘C’, 0xA1 for the letter ‘d’, 0x86 for the letter ‘E’ and finally 0x8e for the letter ‘F’ . After the program has displayed the numbers ‘0’ to ‘F’ it will go back to the initial ‘Count’ sub routine to count itself back from ‘0’ to ‘F’.


Section 3: Psudo-code for program
1.
To create an initial count from ‘0’ to ‘F’ first a reset vector will have to be established followed by a command to goto the start of the main program. From here the bit select file can select bank 1. After this portB needs to be set at the output from where the signals will come from the Microcontroller. Clearing the TRISB bit will allow the pins to be come the output pins and after this bit clearing file will clear all the bank bits which were in the status register allowing the program to contine to the main routine of counting from ‘0’ to ‘F’.
Ensuring that there is a delay loop witin the code is vital for the readibility of the seven segment display due to the frequency of the circuit. Adding a 0.5 second delay using some variables which are equivilent to a 0.5 second delay will fix this problem. 
To get the program to count fron ‘0’ to ‘F’ a loop will need to be created with the commands for moving the necessary segment hexadecimal numbers, this can be done by moving the literal to the W register of the hexadecimal number which will create the patern for the numbers and letters between ‘0’ and ‘F’ with moving the W to the file register to output the hexadecimal numbers into portB. The delay command can then be called between each number so they are visible to a person. This can then be continued until it reaches ‘F’ in which then it will loop back around again to the number ‘0’ to be displayed.

2.
To get the circuit to display ‘1’ or ‘2’ when either button is pressed will need to have bank 1 initially selected, portB will also need to be declared as the output for the signals from the microcontroller and portA as the input to the microcontronller. The bits within the bank of the status register will also need to be cleared.
Next the program will need to watch out for one of two of the subroutines of the button presses. There will need to be a subroutine to display the number ‘1’ on the display when the button one is pressed, this can be achived by the microcontroller waiting for an input signal from the portA inputs, clearing the display and displaying the hexadecimal or binarry in the display. Once the button is pressed the display will show the number ‘1’. The same will need to be done for the other portA where button 2 is conencted to display the number ‘2’.
3.
To show all the segments to but light up or turn off and latch should require either button press to connect to the portA inputs and display either of these commands. To make the first button light up the display the f register will need to be cleared initially so the lights can be displayed. After the button is pressed to make the lights turn on, there will need to be code written to save the signal output to be saved into the W register as well as the F register. 
The same can be done for the other button to turn all the lights off, there will need to be a clear on the F register followed by the signal in to output 0x00 to the seven-segment display. The program will also need to remember this input and output by saving it into the W register and F register.
4. 
To get the circuit to count up or down with either button press will require a variety of commands within the inputs of the button presses. The program will initially need to clear all the registers and display the number ‘0’. 
The button press to increment the number being displayed on the seven-segment display will need to be able to clear the previous segments lit up on the display, then increment itself upwards and then save that into the register of the microcontroller and display. 
A similar command will need to be used when decrementing the number on the seven-segment display, the display will need to be cleared, then the number will need to decrement itself followed by saving that to the microcontroller register and display.





Code for the program
;====================================================================
; Main.asm file generated by New Project wizard
;
; Created:   Thu Oct 20 2022
; Processor: PIC16F84A
; Compiler:  MPASM (Proteus)
;====================================================================

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

#include p16f84a.inc                ; Include register definition file

;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

CONST1  equ 0x08
CONST2  equ 0x09


;====================================================================
; VARIABLES
;====================================================================


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

      ; Reset Vector
RST   code  0x0 
      goto  Start

;====================================================================
; CODE SEGMENT
;====================================================================

PGM   code
Start     bsf    STATUS,RP0      ;Select Bank 1
          movlw  0x00     	 ;set all portB as output
          movwf    TRISB         
          bcf    STATUS,RP0      ;Clear the bank bits within the status reg 
          goto      Count

delay   
delay_loop
	decfsz  CONST1,1
        goto    delay_loop
        decfsz  CONST2,1
        goto    delay_loop
        return
	
Count     movlw   0xC0    ;Display Number 0
          movwf   PORTB
          call delay       ;Call the delay loop

          movlw   0xF9     ;Display Number 1
          movwf   PORTB
          call delay       ;Call the delay loop

          movlw   0xA4     ;Display Number 2
          movwf   PORTB
          call delay       ;Call the delay loop

          movlw   0xB0     ;Display Number 3
          movwf   PORTB
          call delay       ;Call the delay loop

          movlw   0x99     ;Display Number 4
          movwf   PORTB
          call delay       ;Call the delay loop

          movlw   0x92     ;Display Number 5
          movwf   PORTB
          call delay       ;Call the delay loop

          movlw   0x82     ;Display Number 6
          movwf   PORTB
          call delay       ;Call the delay loop

          movlw   0xF8     ;Display Number 7
          movwf   PORTB
          call delay       ;Call the delay loop

          movlw   0x80     ;Display Number 8
          movwf   PORTB
          call delay       ;Call the delay loop

          movlw   0x90     ;Display Number 9
          movwf   PORTB
          call delay       ;Call the delay loop

	  movlw   0x88     ;Display Letter A
          movwf   PORTB
          call delay       ;Call the delay loop
	  
	  movlw   0x83     ;Display Letter b
          movwf   PORTB
          call delay       ;Call the delay loop
	  
	  movlw   0xC6     ;Display Letter C
          movwf   PORTB
          call delay       ;Call the delay loop
	  
	  movlw   0xA1     ;Display Letter d
          movwf   PORTB
          call delay       ;Call the delay loop
	  
	  movlw   0x86     ;Display Letter E
          movwf   PORTB
          call delay       ;Call the delay loop
	  
	  movlw   0x8e     ;Display Letter F
          movwf   PORTB
          call delay       ;Call the delay loop
	  
          goto    Count
          END
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