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[bookmark: _Toc162283879]Introduction:
In this document I will be detailing and reporting on the use of and programming of a 7-segment display circuit. The challenges it presented, how I dealt with them and the reasons for which certain methods were used. For this task, a simulated circuit program was used to design and program the circuit, this was to ensure perfect conditions and for simple ease of use on top of being an effective way to exercise skills in programming of this level.
To explain further, I will be walking you through the process that I went through while completing the task, describing sections that require it and extending on others when needed.

[bookmark: _Toc162283880]Section 1:
The first step to these tasks is to design the circuit itself, it will not do much yet as it has not been programmed to do so. 
[image: ]
Fig.1. The Circuit Design Before Programming.Sounder/ Speaker
7-Segment Display
Crystal
Buttons
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As seen in Fig.1 there are many components to this circuit, each component will be explained, so that their use within the circuit is clear and concise. In the center of Fig.1 there is a PIC device labeled as ‘PIC’ with the full title of “PIC16F84A”, this PIC has many functions that are quite suitable for this circuit, such as, a satisfactory amount of input and output pins, this allows it the capability to be the center piece of this circuit. To explain further on that point, a PIC Device is typically used as a processor for these smaller circuits, being plenty capable of the processing needed for this piece [1]. To expand on the reasoning used, this PIC device will be the center piece and all inputs and outputs will run through it via its pins in order for the programming later to be conveyed to and utilized on the other components of the circuit. 

To continue the description of the components used in fig.1, the 7-Segment Display is the main function piece of the circuit, being the focal point to this task. A 7-Segment Display is a device that displays a set of 7 LED’s that is predetermined by the program, we will be using this to display many different numbers and other symbols. As seen in fig.1, the display is attached to the PIC device via the pins RB0-RB6, this is not without reason, these pins serve the use of Input and output, like most of the other pins in the PIC device, however, all 8 PORTB pins are adjoined [2], allowing for devices such as the 7-Segment display a good spot for input and output functions. This reasoning applies to devices such as LED screens as well.

Within the circuit, also seen on fig.1 is a sounder, it serves a simple function, a device that produces a sound when prompted to do so by the programming within the PIC, it is a purely input driven device, it will take an input and perform it. On the other hand, still within fig.1 there is a component called a crystal, this component serves a rather important function for the whole circuit, as stated previously, we will be running a coded program through the pic to have the components perform certain actions. These actions require precise timing, otherwise they may not happen as and when we want them to, so to be more specific, the crystal is used as an oscillator allowing for more precise timing. This timing will be more clear in its necessity when we talk more on the programming as there will be a delay function within it. 

Moving on, shown in fig.1 there are also two buttons, labelled as GREEN Button and BLACK button. They have been named as such so that they are easily distinguishable from each other, eliminating confusion when incorporating the use of them within the programming. These buttons will be used to cause certain actions to take place, just as a button would on any other circuit, it closes parts of the circuit allowing parameters to be met, causing the PIC to perform certain actions dependent on the programming.

To conclude, the general purpose and idea of using these components together is as follows. Programming the PIC so that it may interact with an influence the other components, the crystal acting as its oscillator, allowing for better timing between processes and both of the buttons are intended to be used for the triggering of desired effects on the 7-segment display and the sounder. This circuit should allow for plenty of freedom in customizing what it does depending on the users inputs.
[bookmark: _Toc162283881]Section 2:
To begin, we must first decide on a method to have the 7-segment display component shown in fig.1 to display numbers and letters of our choosing. To do so, we will need to use the hexadecimal system, ranging from 0-F. The reason for this is that hexadecimal is a base-16 number system, it allows for a far shorter and easier to understand set of 1’s and 0’s than a base-10 number system because the computer will always translate it into that as it uses a base-2 system known as binary [3]. To make this process simpler for us to understand, we have produced a table showing how the process works.
Let us label the 7-segment display so that we can identify which sections we want to light up to display our desired number or letter.
A


B
F
G


E
C

D

Fig.2. A small diagram labeling the sections of a 7-Segment Display



1
2
4
8
1
2
4

	Char
	G
	F
	E
	D
	C
	B
	A
	Hex

	0
	1
	0
	0
	0
	0
	0
	0
	0x40

	1
	1
	1
	1
	1
	0
	0
	1
	0x79

	2
	0
	1
	0
	0
	1
	0
	0
	0x24

	3
	0
	1
	1
	0
	0
	0
	0
	0x30

	4
	0
	0
	1
	1
	0
	0
	1
	0x19

	5
	0
	0
	1
	0
	0
	1
	0
	0x12

	6
	0
	0
	0
	0
	0
	1
	0
	0x02

	7
	0
	1
	1
	1
	0
	0
	0
	0x38

	8
	0
	0
	0
	0
	0
	0
	0
	0x00

	9
	0
	0
	1
	1
	0
	0
	0
	0x18



Fig.3. A table used to describe the process of what sections will light up on the 7-segment display.




To explain further on what can be seen in fig.3, columns, G, F, E, D, C, B and A are the correspondent to the letters seen in fig.2. Let us take Char ‘0’ as an example, only G has a value of 1, this means that only the line labeled G in fig.2, the representation of the 7-degment display in this case, will be turned off, allowing the 7-segment display to show the ‘0’ character. Of course, for the PIC to understand this and display what we desire, we will need to convert it into a hexadecimal system, as such, a ‘Hex’ column is added onto fig.3. Also seen in fig.3 is a divide in the table and a set of numbers above each column of the table, still using ‘0’ as the example, we can see that only G is in the off position, represented by ‘1’, and as can be seen above it, this means that it has a value of 4. To explain further, we will be adding all the numbers prior to the divide into the first number of the Hex that is not ‘0x’, however, on the other side of the divide, there will be no numbers added on, resulting in the hex result of ‘0x40’. This is the value that will be used to tell the PIC that we want ‘0’ to be displayed on the 7-segment display. This concludes the explanation as to how we will have the 7-Segment display show our desired characters. Below in fig.4 is the code for our program, showing how these hex values are used in the PIC.
[image: A screenshot of a computer program]
Fig.4 A section of the code used in the program.





Section 3:
After this system has been established, we can see that even to display letters, such as ‘F’, we can use the same system, this means that we can do something along the lines of counting. 
[image: A computer screen shot of a circuit board

Description automatically generated]
Fig.5. Shows the 7-segment display working as it counts.



For this specific task we will be attempting to have the 7-segment display count from 0 up to F, displaying the capabilities of this circuit and how varying you can be with the code despite the simplicity of the components. To achieve the desired effect of counting, we need to have fitting code, part of said code is included in fig.4, the specific screenshot taken is of after the code was changed to have a different affect, however, within the green text, also known as the comment, you can see the section that would allow for the system to add 1 onto the count, creating the effect spoken about prior. Something worth mentioning is that we also made great use of the crystal in this operation, as having a set amount of time in between each time the value went up made for a far smoother and predictable outcome, in this case, 0.5 seconds between each value increase was the aim. This use of the crystal is quite useful for us, it will open up other avenues for future tasks where a delay or pause is paramount.



[image: A screenshot of a computer program

Description automatically generated]Fig.6. An image of the code used for the buttons to serve a function.



To expand further on the use of our skills, it was decided that the buttons should now be utilized, the plan was to have the black button display the number ‘1’ and the green button to display the number ‘2’. As can be seen in fig.6 under the “black_button_pressed” and “Green_button_pressed”, the general process is to just tell the PIC to display these numbers through the Hex system we put in place in fig.3, “0x24” being ‘1’ and “0x79” being ‘2’. Above these two functions is a “main_loop” this is also vital to the function of the buttons, as it ensures that the PIC is checking the buttons, recognizing if one of them has been pressed and then deciding what that means it needs to do depending on the code under the corresponding buttons code. To explain in more detail, if we were to press the black button, the PIC would recognize this due to the loop being performed in “main_loop”, after it knows it was pressed, it will go to the function mentioned, hence the line “call 	black_button_pressed”. This means it will perform whatever code is asked of it there, in this case moving “0x24” to “portB”, portB being where out 7-Segment display is attached to the PIC pins. This chain of commands performed in less than a second results in the number ‘1’ displaying on the 7-segment display.



Using everything that has been done so far, we can perform many different tasks, it has allowed for a lot of experience to be gained along with the refinement of certain skills, it has greatly increased the understanding of what each part of the circuit is doing and how it interacts with the other components. Which leads us onto the next task.
[image: A screenshot of a computer program
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Fig.7. First section of code for increasing and decreasing the value with the buttons.



[image: A screenshot of a computer code

Description automatically generated]
Fig.8. Second section of code for increasing and decreasing the value with the buttons.



As seen very clearly in fig.7, we can see that the code is very sledgehammer, this means that it is not in the most efficient form it could be, far from it in fact. This was to be solved once the time came, however, we did not have the time spare to do so, regardless, the code worked as intended. As can be seen in fig.8, it was decided to keep the prior code by turning it into a comment rather than completely replacing it, in case we decided to go back to it for whatever reason. We can also see that this code is far more complex than the prior functions, at the very least, it is longer. Another aspect that is notable is the fact that you can actively see how all the prior used skills are also used here, the pause function in this being used specifically to counter act switch bounce, which is an instance that is rather common in buttons and switches, where the material physically bounces, causing delays and other undesired effects [4]. Although a function such as this is not entirely necessary due to the fact that the system is on a simulated program that will assume perfect conditions, removing things such as switch bounce, it is still good practice. It also made great use of the buttons, also seen in fig.8, where the black button causes the value to increase, as can be seen from the comment labeling “increment count”, whereas the green button does the opposite, decreasing the value, as can be seen by the comment labelling “decrement count”. This essentially allows us to count up and down as we please with this 7-segment display in quite an efficient manner.
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black_button_pressed

call pause jwait 26ms for switch debounce
btfss porta,e

goto black_button_pressed

incf count,f ;increment count

btfsc count, 4

clrf count.

smovt ox24

movnf ports

return

green_button_pressed

call pause  jwait 26ms for switch debounce
btfss porta,1

goto green_button_pressed

decf count,? ;decrement count

btfsc count, 4

call preset_count

smovtu ox79

movnf ports

return
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image2.png
cpu equates (memory map)

PortB equ  0x06 sport B address

trish  equ x06 triss address in register bank 1
status equ exe3 ;status register

RPe. equs bit 5 of status register
RPL  equ 6 ibit 6 of status register
count equ  exec 3 counter 0 to 255

nCount equ  exed } pause routine inner Loop counter
mCount equ  exee } pause routine outer Loop counter

org  exeo0
start
bef status,RPe 3 clear bank selection bits in the status re
bef status,RPL
bsf status,RPe. ;5 select bank 1
movlw  exo0 3 Load w with 0x00
mowwf  trish 3 Load it into trish to make porth all outputs
bef status,RPe 3 reselect bank 0
clrf  ports 3 clear all Lines Low
clrf  count } initialize counter to 0
get_count.
smovf  count, w ; move count to W

mowwf  ports ; move W to port B to update the display

saddlw 1  add +1 to W
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image4.png
org  exeo0

start
bef status,RPe 3 clear bank selection bits in the status reg
bef status,RP1
bsf status,RPe ;5 select bank 1
Set portA as inputs
movlw  exe3 load w with 0x03 - 2 LBS set
mowwf  triza make two LSBs of port A inputs (switches)
movlw  exo0 3 Load w with 0x00
mowwf  trish 3 Load it into trish to make porth all outputs
bef status,RPe 3 reselect bank 0
clrf  ports 3 clear all Lines Low
clrf  count } initialize counter to 0
main_loop
btfss  porta,e test black cutton
call black_button_pressed
btfss  porta,l jtest green button
call green_button_pressed
goto main_loop 3 repeat forever

black_button_pressed

movw oxaa
movwf ports
return

green_button_pressed

movw ex79
movwf ports
return
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Set portA as inputs

movlw  exe3 load w with 0x03 - 2 LBS set
mowwf  triza make two LSBs of port A inputs (switches)
movlw  exo0 3 Load w with 0x00

mowwf  trish 3 load it into trish to make porth all outputs
bef  status,RPe 3 reselect bank 0

clrf  ports 3 clear all Lines Low

clrf  count } initialize counter to 0

movlw  exdo schar 0 on 7 seg display

mowwf  ex10 store ib address 0x10 - start of Look up table
movlw  @x79 ehar 1

mowwf  @x11

movlw  ex24 char 2

mowwf  @x12

movlw  ex3e char 3

mowwf  @x13

movlw  @x19 char 4

mowwf  @x14

movlw  ex12 schar 5

mowwf  @x15

movlw  exe2 char &

mowwf  @x15

movlw  ex78 schar 7

mowwf  @x17

movlw  @xo0 char 8

mowwf  @x15

movlw  ex15 schar 9

mowwf  @x19

movlw  exes ; char a

mowwf  @x1a

movlw  exe3 3 char b

mowwf  @x18

movlw  exas 3 char ¢

mowwf  @xiC

movlw  exal ; char d

mowwf  @x1D

movlw  @xo6 ; char e

mowwf  @x1E

movlw  exoE 3 char £

mowwf  @x1F




