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Task 1 
The “count” project that I have been introduced to in class uses a PIC16F84 to run a 7-segment display and counts up from 0 to F in hexadecimal form, the PIC is part of a circuit that utilises a range of different components to perform different functions and ultimately to perform different functions and outputs onto the 7 segment display depending on how the PIC has been programmed. A demo board was also constructed to show how the circuit would function in its physical form when manufactured. 
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‘Figure 1’ seen above is a technical drawing of the circuit when manufactured, here, the different components can be seen in their physical form. Each component plays a diferent role to allow the circuit to function as intended. For example, the 7 segment display allows the output to be displayed to the user, and the PIC is programmed to perform different functions, this can be seen more clearly in ‘Figure 2’ in the circuit diagram. 
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‘Figure 2’ displays the circuit diagram for the ‘count’ project, from this, I used Proteus to reconstruct the circuit in a simulation. This allows me to test the circuit to ensure that it functions as intended and additionally it allows me to program there PIC and instantly simulate the code to see if it works. This saves a lot of time as the alternative would be to use EEPROM and erase the memory when there is an error and try to reprogram. Using Proteus, I could utilise all the components including the same PIC16F84 to construct and then simulate the circuit. 
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Figure 3

‘Figure 3’ shows the circuit that was used on Proteus, this is a simplified circuit to test the functionality of the PIC when the code is ran. The circuit is simplified however the included parts function the same as in the completed circuit, firstly the 7 segment display. This is connected to Port B of the PIC which has been set as an output port. Each segment in the display is connected to an individual pin on the PIC, so that the display can be controlled. Additionally, resistors are used to limit the current flowing from the PIC into the & segment display to ensure that it does not exceed the current rating and damage the display, the display is powered so the current flowing into the PIC would be too high if the resistors were no in place. 
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Figure 4

The individual pins of the pic are then linked to an individual segment of the display, the display is powered, therefore when a pin is logic level 0 (0V) the current will flow through the display and light up that individual segment, conversely when the pin is logic level 1 (5V) the current will not flow and the segment will stay off. 
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‘Figure 5’ shows the next aspect of the circuit, which is an oscillator. The components used here are two capacitors that are connected in series with a quartz crystal to create an oscillator which can be used as a clock in the PIC. The two capacitors are of equal farads and are both connected to ground. The job of a capacitor is to charge and discharge, in this case they are also connected to a quartz crystal which makes use of the piezo electric effect which is where the crystal changes shape due to the resonant frequency generated by the capacitors. In this case, the job of the capacitors is to resonate with the crystals inductance and cause the crystal to oscillate, this is then used as the oscillator/clock of the PIC. some PICs come with a built-in clock however this is a more effective method which is why it’s used in the ‘count’ project.
[1] [2]
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Figure 6

Another component uses are the push button switches; these are connected to port A of the PIC which has been set as an input port. The port is powered by the power rail that is connected to the pins through a resistor to limit the current to the PICs rated value. The push button switch is then connected to ground, this means that when the buttons are not pushed, the pin is connected to power and therefore is logic level 1 (5v) and when the button is pressed, the pin is then connected to ground and becomes logic level 0 (0V). 
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As mentioned previously, the proteus circuit is a simplified version of the full ‘count’ circuit diagram. There are also additional components that are used in the full circuit, notably the Voltage Regulator, Power supply and the Sounder that can be seen in ‘Figure 7’. The role of the sounder is to make an audible noise to alert the user of something, this output device is connected  to the PIC via a transistor. 
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The role of the transistor is to amplify the voltage as the pic cannot power the sounder, the PIC is only has an output of 5V and this is not enough to power the sounder and the following components within the circuit, so a battery is used along with a voltage regulator. The transistor is  connected to ground to redirect excess current from the PIC.  
The sounder is connected in parallel with a resistor and it will sound when enough current flows through it, this is controlled by the switch that is connected to the battery power supply. 

Finally, the Voltage regulator is used to control the voltage at that point in the circuit, and to control the voltage to ensure that it is enough to power the sounder that follows. The voltage regulator is connected to ground, and has an input and output pin, the input is connected to the power supply via a switch, capacitors are also used to store charge, these are connected before and after the voltage regulator in the ‘count’ circuit diagram. 





Task 2
The PIC is connected to the seven segment display using the pins 0-6 on Port B, for the display to work, a ‘count’ program needed to be produced to count from 0-F in hexadecimal form and then be displayed. To get the circuit to perform this, firstly you need to understand how the individual segments are turned on and off. From the way that the circuit has been constructed, the display is powered by a 5V power supply, this means that for the current to flow through the segment, the corresponding pin on port B must have a voltage level of 0V or logic level 0. Alternatively, if you want the segment of the display to be off, the voltage for that corresponding pin must be 5V – logic level 1. This can be seen in ‘Figure 10’ shown below. 
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The next thing that needs to be worked out is what the segment layout is, to do this I have used the technical drawing for the seven segment display, this shows that each segment is labelled A-G, this then corresponds to the pins in Port B (a=1,b=2…).
From this, I now can determine how to light each segment of the display to create the characters that are required for the task. To do this, I worked out which numbers needed to be lit up, for example for ‘0’ to be displayed, segments A,B,C,D,E.F needed to be lit and segment G needed to be off. This then however will be the opposite on the pins, pins 0-5 must be 0V so that current will flow through and light up the segments, and pin 6 needs to be on so that segment G stays off. 
Figure 9






The best way to do this was to convert the values into binary, send that binary number into the Working Register of the PIC and then output the Working Register onto port B which would then power the necessary pins and display the desired character on the display. To do this, firstly the number needed to be worked out in binary, for example the binary code for 1 to be displayed would be ‘1111 1001’ this would light up segments B and C to display 1. I then repeated this to work out the values for all the required digits…
	Character 
	Binary
	Hex

	0 
	1000 0000
	80

	1
	1111 1001
	F9

	2
	1010 0100
	A4

	3
	1011 0000
	B0

	4
	1001 1001
	99

	5
	1001 0010
	92

	6
	1000 0010
	82

	7
	1111 1000
	F8

	8
	1000 0000
	80

	9
	1001 0000
	90


	Character 
	Binary
	Hex

	A
	1000 1000
	88

	B
	1000 0011
	83

	C
	1100 0110
	C6

	D
	1010 0001
	A1

	E
	1000 0110
	86

	F
	1000 1110
	8E
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Description automatically generated]After converting each value into the binary value that would be required to output onto port B, I then converted the binary value into Hexadecimal so that it could be used in the code that I wrote to output the value into the w register and then onto port B to be displayed, this can be seen in ‘Figure 11’ below Figure 11



The simple code that I used uses the hexadecimal value of the character that has been calculated in the tables above, this hexadecimal value is moved into the W register, which is then outputted onto port B, this makes the individual pins either logic level 1 or 0, meaning that the segment connected to logic level 1 stay off and the pins connected to logic level 0 turn on as there is a difference in current and therefore the current is able to flow through. 
An example of this is included, as the number 6 is displayed, the w register and then port B is outputting ‘82’ or ‘1000 0010’ meaning that RB1 is on, so segment B is off. 



Task 3 
Once the circuit had been reproduced using proteus, the PIC needed to be programmed to perform the desired functions, the first task was to program the PIC to be able to count from 0-F in hexadecimal numbers in 5 second increments on the 7 segment display. Using the tables that feature in task 2, I had converted the binary numbers into hexadecimal and was able to then output them onto the display. 
To do this, I made a simple code that runs as follows;
‘count’
1. Move hexadecimal value (0) to W register
2. Move W register to Port B
3. Call Pause (0.5 seconds)
4. Move hexadecimal value (1) to W register
5. Move W register to Port B
6. Call Pause (0.5 seconds)
7. Move hexadecimal value (2) to W register
8. Move W register to Port B
9. Call Pause (0.5 seconds)
This process was then repeated until you reach ‘F’ on the display
Then;
Goto ‘count’ “this restarts the count from 0 again. 
‘pause’ is a series of no-operations to meet the required time of 0.5 seconds pause. 
Using this method, a lot of lines of code are used however it functions as intended with the value being displayed onto the 7 segment display for 0.5 seconds before moving onto the next character, below is a screenshot of the code in Proteus to show the use of the commands movlw (move literal to W), movwf (move W to file – port B) and call pause.
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For task 2, the PIC needed to be programmed to display ‘1’ when one button was pressed, and display ‘2’ when the other was pressed. To do this, I used some new commands including btfss and goto, the pseudo code is as follows;
If button 1 is pressed , send ‘1’ to w reg
Display 1 on port B and the display
Goto ‘button check’

If button 2 is pressed , send ‘2’ to w reg
Display 2 on port B and the display
Goto ‘button check’

‘button check’
Test port A pin 0, if it =1, skip next instruction
If port A pin 0 =0 – goto ‘button 1’ 
Test port A pin 1, if it =1, skip next instruction
If port A pin 1 =0 – goto ‘button 2’ 
Move ‘0’ to W register
Output ‘0’ on port B (display)
Goto button check (loop)











	










The code checks if the pin is 0 or 1, this is determined by weather or not the switch is pressed or not, when the switch is pressed, this will set the logic level to 0 as it connects the pin to ground, which will then in turn display a 1 or 2 on the display, depending on which button was pressed. When the button is released, the display will show a 0 again. 
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Description automatically generated]Again, I have included the screenshots of the code to show the use of them commands. 

Task 3 of the assignment was to modify the code so that one button would turn on all of the LED segments, and the other would turn them all off. Additionally, this had to be latching, meaning that they would stay on or off until the other button was pressed. 
If pressed 
Goto button latch off
If pressed 
Goto button latch on
Check if button 1 is pressed, if so goto button latch on
If not pressed check if button 2 is, if so goto button latch off 
Goto button latch check (loop)
Button Latch On
Move 0x00 into W register
Output W register to port B (all lights on)
Check if button 2 is pressed 

If not
Goto button latch check
Button Latch Off
Move 0xFF into W register
Output W register to port B (all lights off)
Check if button 1 is pressed 
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Task 4 – The last task completed was task 4, for this, when one button is pressed, the display will count, and when the other is pressed, it will count down. 
-1
+1
‘Count down’
decrease array by 1 
Move the array value to w reg
Move w register to output on port B (display number)
Goto Button Check

Array
0,1,2,3,4,5,6,7,8,9,A,B,C,D,E,F
‘Count up’
Increase array by 1 
Move the array value to w reg
Move w register to output on port B (display number)
Goto Button Check

Button Check 
If button 1 pressed, if so goto count up, if not
Is button 2 pressed, if so goto count down, if not 
Goto Button check (loop)




















	
[image: Graphical user interface, application, Word

Description automatically generated]Included below is the  code for Task 4, using an array, decf and incf functions. 

The counter checks the status of the buttons, if pressed they will be logic level 0 again and so the instruction will be skipped, using the bit test file skip if set function. This allows me to then continuously check the status of each button so that when they are pressed, the value can increase or decrease and then return to checking the status of the buttons again. The array uses the hexadecimal values for the required binary number to output onto the pins of port B, so that the desired characters can be displayed on the seven segment display. 
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Upon the  successful completion of this module, the student should be able to:   1.   Explain Microprocessor and Microcontroller features and architectures.   2.   Demonstrate an understanding of interfacing techniques   3.   Demonstrate an understanding of low level programming languag e skills.  
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