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Introduction
This assignment will be discussing the programming , assembly and function of the HND/BENG PIC16F84 Assignment Board. The assignment will include images of the circuit in simulation software as well as annotated coding explaining the commands needed to execute the given tasks. Mainly involving the hexadecimal characters, with all of their respective binary calculations displayed and explained.
1. the circuit and its components 
in figure 1 the circuit is displayed in the simulation software. There are many components, however, all are necessary for the tasks to be completed and for the microcontroller to operate with the seven segment LED display.
[image: ]
Figure 1 – a schematic of the HND/BENG PIC16F84 Assignment Board
As mentioned, the circuit contains a seven segment LED display. This connects directly to the microcontroller via seven resistors, one port for each segment. The seven resistors connect to the microcontroller the PIC16F84. Coming out of the MCLR (micro controller) port there is a wire connecting the microcontroller to a resistor and power supply. The microcontroller runs off of 2-5 volts. Connected to the same power supply are two more resistors along with two grounded buttons.  
On the upper left hand side of the schematic, the subsystem starts with a power supply connected to a switch. This switch is connected to both a grounded capacitor and a 5V fixed power supply regulator, which is also connected to the ground. Following the circuit path further there is another power supply connecting from the top, opposite another grounded capacitor connecting from the bottom. Also connecting from below further down, there is a resistor. This is connected before the sounder on one side and then the connection is completed after the sounder, as displayed in fig.1.  Finally, following the sounder, there is a grounded transistor and another resistor before connecting into pin B7 of the microcontroller. 
The final subsystem, located in the bottom left hand side of the schematic, is simply two grounded capacitors each connecting to one side of the oscillating crystal and connecting to pins C1 and C2 of the microcontroller.
1.1 The function of the circuit components 
In total the circuit contains 14 different components, each serving  a different purpose, but all working together to make the circuit work. The following is a list of all the components and their functions. 
Power: The power source is represented as a small triangle. This is displayed at the top central left hand side of fig.1. The purpose of the power source is to provide the circuit with power and allow it to function. This circuit contains 3 power sources.
Capacitors: The schematic contains four capacitors, two measured at 220nF, and two measured at 22pF. The purpose of capacitors is to store energy and release the energy when it is no longer powered by the energy of the circuit. An example of this is in the schematic the two capacitors release their charge into the oscillator crystal to power it when needed. 
Switch: Located at the very top left of fig.1, the switch acts with an on or off function. This means when the switch is down the circuit is connected to power and operating, however, when the switch is not down and off, no power goes to the circuit.
Resistor: Dotted throughout, there are five resistors in the circuit. Their purpose is to regulate current in a circuit. This can be for both restricting and increasing current in the circuit as you can have step up and step down resistors depending on their implementation and resistance.
Sounder: The sounder in the circuit is a component that is programmable to sound when certain functions happen, depending on what has been written in the assembly code. 
7 segment LED display: Like the sounder the 7 segment LED displays function depends on what the assembly code states. Its primary function is the 7 pins that come out of the display each relate to one segment, number pin 7 connects to the middle, and the rest of the numbers go up in a clockwise pattern with pin 1 connecting to the top. 
Button: There are 2 buttons in the circuit. Like the switch they connect the circuit when pressed down and disconnect when depressed. 
Ground: The ground terminals in the circuit ground the components with a negative connection.
Transistor: Transistors act as current amplifiers in circuits, they act like a binary switch to amplify currents to the appropriate level for the other components to operate correctly. There is only one transistor in the schematic. 
Fixed power supply voltage regulator: The purpose of this component is to ensure the voltage running through the circuit is maintained. As this is a 5V power supply regulator then it ensures the voltage is at 5 volts throughout the circuit.  
Oscillator crystal: The crystal produces an analog signal into the circuit. This helps the circuit with timing as it resonates at a set frequency. 
RN1:  Connected directly to the 7 segment LED display, this component is essentially 8 resistors in one line. These operate at 220R and regulate the current in the circuit. 
PIC16F84:  The microcontroller in the circuit is the centerpiece, exchanging and passing information from one component to another depending on the assembly code. The microchip can be programmed to do many functions and contains 18 bidirectional ports. [1] [2]
2. How to convert hexadecimal numbers into binary and have the circuit display them 
In order for the 7 segment LED display to work, as each port is powered individually with the light being either on or off, then the hexadecimal values must be converted into binary for this to work. When converting hexadecimal into binary, the first thing to understand is the hexadecimal values. Hexadecimal operates showing values 1-16. With the numerical representing their true values up until 10. 10 is represented by A, 11 by B and so on until the end of the hexadecimal values where F represents 16. This means the binary value will only ever be 5 numbers long when converting hexadecimal into binary as the decimal value of 16 is 1 0 0 0 in binary. 
Binary numbers are displayed in a format similar to a table where each number represents a different value. For example in table.1 it is showing the 12.
	16
	8
	4
	2
	1

	0
	1
	1
	0
	0


Table.1 
In the table you can see some values have a 0 below them, and some numbers have a 1. This tells the user what they need to add together to obtain the decimal value. For example 8+4=12. Therefore the binary value 0 1 1 0 0 is equal to 12 or C in hexadecimal. [3]
3.1 task one 
The first task of the assignment was to modify the assembly code so that the seven segment LED display counts from 0 to F in hexadecimal numbers in 0.2 second increments. See figure 2 for a screenshot of the modified code.  In this code there are a few elements of the code that need adjusting so that the pick can execute the code in the correct manor. [image: A screen shot of a computer code

Description automatically generated]figure.2
In figure 2 it can be seen that there are is a function called portb. This addresses all of the B ports on the microcontroller. This is because the B ports from the microcontroller are connected to the 7 segment LED display. 
In figure 2 there are 3 functions called. The first function is the MOVLW function. This moves the literal value to the working register. Each value is represented off to the right of the command. These numbers are telling the 7 segment LED display which lights need to be on and off in order to count up in hexadecimal values. 
The MOVWF function moves the working register value into the f register which is portB. This is the port the 7 segment LED is input into. This will transfer the command and light up the lights. Finally, the call pause command at the end is to hold the display in order to be read and prevent bouncing or flickering.
See figures.3 and .5 for flowchart and modified ASM code.
[image: A diagram of a flowchart

Description automatically generated]fig.5. flowchart diagram of the code

[image: ]figure.3 the modified count.asm code.


3.2 task two
Task 2 of the assignment was to modify the code to allow the 7 segment LED to display the ‘l’ character when one button was pressed and display the ‘r’ character when the other button was pressed. For this task, compared to task one, the setup was different as new loop functions had to be implemented. This was because there were 2 inputs and the PIC needed to be aware of when the input was changing. For this separate ‘r’ and ‘l’ functions were made. 
[image: A screenshot of a computer program

Description automatically generated]figure.4. the introduction of main loop. 

The first command in main_loop is BTFSS, this means bit select f skip if selected. This essentially means to select f if the input is A0, one of the button inputs. However, if the button is already selected then to skip and just execute the line below. The following command GOTO is directing the code to the function to be executed if port A0 had an input value of 1. 
The next command is similar to the first however it contains a different port number, this is because it is for the other button. This will send the PIC to the ‘r’ function to display ‘r’ on the seven segment LED.
The next line of MOVLW meaning move the literal value to the w register, is telling the 7 segment LED display to show a blank display, while waiting for the buttons to be pressed. The blank display should light up every segment to show the circuit is on and awaiting user input from one of the buttons. To prevent bouncing and flickering of the LEDs there is a delay on the lights before going back to the main loop to await input.
Next is the ‘l’ and ‘r’ functions. Firstly there is a MOVLW function to load the w register with the literal value. Following this there is a function to move the value in the w register to the f register to display. Once this has happened there is a pause to mitigate bouncing. After the command is executed the code goes back to the main loop to await further input. 
See figure.6. for a flowchart representation of the ASM code.
[image: A diagram of a process

Description automatically generated]figure.6. a flowchart representation of the  task 2 modified asm code
3.3 task three
The objective of task three was to modify the code to create a system that would light up all seven segments when one button was pressed and have the lights maintained on until the other button was pressed, creating a latching effect. For this task a new feature had to be introduced which is ‘buttonstate’ this is a feature where the PIC can update itself with the state of which button has last been pressed, creating a latching effect with no latching buttons. There are two button state functions displayed in the modified .asm code. One for turning the LED segments on and one for turning them off. These are found in the main loop where the PIC checks the inputs A0 and A1 to see if a button has a state of 1 (on) or 0 (off). Depending on these button states the PIC will then be directed to the function that it is required to execute. 
This can be seen in fig.7. which is a flow chart of the code for the system to execute. 
[image: A diagram of a button

Description automatically generated]fig.7. flow chart of task 3 execution

As seen in figure 7 the flowchart goes through each button individually and checks the state of their output to see if the LED segments need to be updated. This is different to the previous task as the button states create the latch as if the states remain the same a delay is put on in order to keep the function running while the states are continuously checked. The main loop function is once again used for the code to revert back to in order to repeat the steps.
Seen in fig.8. the modified .ASM code contains 3 sections: main loop, button1pressed and button2 pressed. Before the main loop is the setup. This is vital as it tells the PIC that the pins A0 and A1 will be the inputs for this coding task. This means that the buttons will registered with the PIC when pressed and the task will be executed correctly. As seen at the bottom of the main loop, if no buttons are pressed it shall go back to the top and start the main loop process again.
[image: A screenshot of a computer program

Description automatically generated]
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