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[bookmark: _Toc186740494]4.1. Circuit Explanation
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[bookmark: _Ref184819028][bookmark: _Toc185506420][bookmark: _Toc185506955][bookmark: _Toc186210930][bookmark: _Ref186212056][bookmark: _Toc186464979]Figure 2 Circuit-7 segment display
Figure 2 is the 7-segment display which was used in the circuit. It has a total of 8 pins, one pin is for the common anode. The other 7 pins are used to control each individual LED of the display. These LED’s can be in either the on or off state. These are controlled by individual pins on the pic microcontroller. 
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[bookmark: _Ref184819315][bookmark: _Toc185506421][bookmark: _Toc185506956][bookmark: _Toc186210931][bookmark: _Toc186464980]Figure 3 Circuit- Resistor Bank
The IC2 in Figure 3 is the 220-ohm resistor bank which is used to make sure that the LED’s aren’t over powered with too much current. This is connected directly to the pic and the display.  “The series resistors limit the drive current.” [1] 
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[bookmark: _Ref184819565][bookmark: _Toc185506422][bookmark: _Toc185506957][bookmark: _Toc186210932][bookmark: _Toc186464981]Figure 4 Circuit-Button and chip power
At the top of Figure 4 is the power that supplies both of the button inputs and power directly to the pic. The resistors are used to limit the current that is being provided into the pic. Each button has a separate 10k resistor which provides power directly into the pic. When the button is pressed the current will take the path of least resistance and will go straight to ground setting the pics input to low.
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[bookmark: _Ref186212102][bookmark: _Toc185506423][bookmark: _Toc185506958][bookmark: _Toc186210933][bookmark: _Toc186464982]Figure 5 Circuit-Crystal Oscillator
Figure 5 shows the crystal oscillator circuit that is used to provide an accurate reference clock which makes sure that all the pics instructions are completed on time. The capacitors are then used to smooth out the spikes of voltage in the circuit. 
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[bookmark: _Ref186464461][bookmark: _Toc185506424][bookmark: _Toc185506959][bookmark: _Toc186210934][bookmark: _Toc186464983]Figure 6 Circuit-Sounder Circuit
Figure 6 shows the sounder circuit. IC3 as seen on the image is a voltage regulator used to supply a set voltage to the components. The capacitors are used to smooth and stabilise voltage spikes. R5 (resistor) running in parallel with the sounder is used to limit the current going through the sounder. The transistor is then used as a switch to control the current flowing through the circuit. This will active when the transistor is provided with a reference from the pic, which is feed through a resistor to ensure correct operation. This is known as biasing Resistors. Transistors and other devices need to have their Ac and DC operating characteristics and gain values set up for correct operation. [2]

[bookmark: _Toc186740495]4.2. Component Explanations

[bookmark: _Toc186740496]4.2.1. Resistors
What is a resistor and why is it used in this circuit? A resistor is an electrical component that restricts the flow of electrical current in a circuit. [2]. There are multiple use cases for resistors and in this circuit only a few of its cases are used. These are current limiting and biasing.
[bookmark: _Toc186740497]4.2.2. Capacitors
Capacitors are similar to a battery where they store charge and release it. However, unlike the battery a capacitor temporarily stores electrical energy. It can take short time to charge up and can release all of its charge quickly. [3]
In the circuit these are used for smoothing out voltage spikes in the circuit. When the voltage spikes down the stored energy will be release to help smooth this out. An example of this can be seen below in Figure 7 where its used in AC-DC conversions with a rectifier.
[image: Smoothing - CHS Electricity] [4]
[bookmark: _Ref186464481][bookmark: _Toc186464984]Figure 7 Capacitor smoothing
[bookmark: _Toc186740498]4.2.3. Transistors
A transistor in its simplest form is an electronic switch. It allows a small amount of current to switch on or off a much larger amount of current. [5]. On the specified circuit we are using the transistor exactly as described. Where we are using the output from the microcontroller to trigger the transistor overcoming its minimum biasing voltage, which will allow the secondary circuit to be powered and operate.
[bookmark: _Toc186740499]4.2.4. LED’s
LED’s (light emitting diodes) are a type of semiconductor light source that combine a p type semiconductor and a n type semiconductor. When a sufficient forward voltage is applied it will cause the electrons to recombine at the P-N junction releasing energy in the form of light [6]. In the case of the circuit being used we use multiple LED’s inside of a 7-segment display with a common anode (positive pin).

5. [bookmark: _Toc186740500]Display 0 to F
[bookmark: _Toc186740501]5.1. Code
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[bookmark: _Toc185506960][bookmark: _Toc186210935][bookmark: _Toc186464985]Figure 8 Display 0-F Code-1
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[bookmark: _Toc185506961][bookmark: _Toc186210936][bookmark: _Toc186464986]Figure 9 Display 0-F Code-2
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[bookmark: _Toc185506962][bookmark: _Toc186210937][bookmark: _Toc186464987]Figure 10 Display 0-F Code-3
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[bookmark: _Toc185506963][bookmark: _Toc186210938][bookmark: _Toc186464988]Figure 11 Display 0-F Code-4
[bookmark: _Toc186740502]5.2. Flowchart

End
Return to the main loop to repeat
Display
Display the hex character on the display then call for 0.2s delay
Main Loop
Initialise Ports
Set port A as input for the buttons and port B as output for the LCD display and initialise the display 
Start
Begin by initialising registers and setups for the pic microcontroller

[bookmark: _Toc186740503]5.3. Code Operation
This task was to display the hexadecimal characters 0-F on the display. First the initialisation of the ports is completed whilst loading in the selected banks. After that I progressed into the main function, each hexadecimal character is moved into the w register then moved to port b for the display, then the delay of 200ms is called. This continues for every selected character until it reaches the end and is then repeated infinitely whilst the pic is provided power.
[bookmark: _Toc186740504]5.4. Binary Calculations 
[image: https://thesolaruniverse.wordpress.com/wp-content/uploads/2020/03/065_fig_02_96_dpi.png?w=736][7]

[bookmark: _Ref184817494][bookmark: _Toc185506425][bookmark: _Toc185506964][bookmark: _Toc186210939][bookmark: _Toc186464989]Figure 12 7-segment led display calculations   
To work out the individual LED’s which needed displaying I used Figure 12 to assist with calculating the binary values.
Due to the way the seven-segment display is powered for the individual LED’s to be powered on the ports are being set as ground (0) rather the power (1). The first bit of all of the 8 bits is set as 0 to avoid sending a power to pin B7. The binary value appears backwards due to it being read from left to right with left most bit being the most significant bit and right most bit being the least significant bit.  
	Character to display 
	Binary value
	Character to display 
	Binary value

	0
	01000000
	8
	00000000

	1
	01111001
	9
	00010000

	2
	00100100
	A
	00001000

	3
	00110000
	B
	00000011

	4
	00011001
	C
	01000110

	5
	00010010
	D
	00100001

	6
	00000011
	E
	00000110

	7
	01111000
	F
	00001110


[bookmark: _Toc186464777][bookmark: _Toc186464845]Table 1 Binary and Bitwise Calculations
6. [bookmark: _Toc186740505]Display L with one button and R with the other
[bookmark: _Toc186740506]6.1. Code
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[bookmark: _Toc185506965][bookmark: _Toc186210940][bookmark: _Toc186464990]Figure 13 Display L and R Code-1
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[bookmark: _Toc185506966][bookmark: _Toc186210941][bookmark: _Toc186464991]Figure 14 Display L and R Code-2



[bookmark: _Toc186740507]6.2.  Flowchart 
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[bookmark: _Toc185506967][bookmark: _Toc186210942][bookmark: _Toc186464992]Figure 15 Display L and R Flowchart


7. [bookmark: _Toc186740508]Latching buttons to display all LED’s with one button and none with the other
[bookmark: _Toc186740509]7.1. Code
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[bookmark: _Toc185506968][bookmark: _Toc186210943][bookmark: _Toc186464993]Figure 16 Display all LED's on and off Code-1
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[bookmark: _Toc185506969][bookmark: _Toc186210944][bookmark: _Toc186464994]Figure 17  Display all LED's on and off Code-2
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[bookmark: _Toc185506970][bookmark: _Toc186210945][bookmark: _Toc186464995]Figure 18  Display all LED's on and off Flowchart


8. [bookmark: _Toc186740511]Counter which starts on 5 and counts down to 0 or up to 9 with button presses
[bookmark: _Toc186740512]8.1. Code
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[bookmark: _Toc185506971][bookmark: _Toc186210946][bookmark: _Toc186464996]Figure 19  Display 0-9 Code-1
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[bookmark: _Toc185506972][bookmark: _Toc186210947][bookmark: _Toc186464997]Figure 20 Display 0-9 Code-2
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[bookmark: _Toc185506973][bookmark: _Toc186210948][bookmark: _Toc186464998]Figure 21 Display 0-9 Code-3
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[bookmark: _Toc185506974][bookmark: _Toc186210949][bookmark: _Toc186464999]Figure 22 Display 0-9 Code-4
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[bookmark: _Toc186210950][bookmark: _Toc186465000]Figure 23 Display 0-9 Code-5
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[bookmark: _Toc185506975][bookmark: _Toc186210951][bookmark: _Toc186465001]Figure 24 Display 0-9 Code-6
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[bookmark: _Toc185506976][bookmark: _Toc186210952][bookmark: _Toc186465002]Figure 25 Display 0-9 Code-7
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[bookmark: _Toc185506977][bookmark: _Toc186210953][bookmark: _Toc186465003]Figure 26 Display 0-9 Flowchart


[bookmark: _Toc186740514]9. 	Sound piezo when a button is pressed
[bookmark: _Toc186740515]9.1. Code
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[bookmark: _Toc185506978][bookmark: _Toc186210954][bookmark: _Toc186465004]Figure 27 Sound piezo Code-1
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[bookmark: _Toc185506979][bookmark: _Toc186210955][bookmark: _Toc186465005]Figure 28  Sound piezo Code-2


[bookmark: _Toc186740516]9.2. Flowchart

Input on port A button
Set port B pin 7 high to activate sound
Start
Begin by initialising registers and setups for the pic microcontroller
Initialise Ports
Set port A as input for the buttons and port B as output for the speaker
Main Loop
Check for input on port A from button press
Sound off
Set port B pin 7 low to turn of sound
Pause
Call for a delay to allow time for the output to be transmitted
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Main.asm file generated by New Project wizard

Daniel Frankland
PICI6F84A
HPASH (Proteus)

 DEFINITIONS

#include p16fada.inc ; Include register definition file
portB  equ @xe6 port B address  Links to the data sheet
trish  equ exe6 itrisB address in register bank 1

status  equ exe3 ;status register

RPe. equ s ibit 5 of status register

RPL equ s ibit 6 of status register

3 varzABLES

count equ @xdc  jcounter @ to 255
nCount equ @xed  :pause routine inner Loop counter
mCount equ @xde  pause routine outer Loop counter

 RESET and INTERRUPT VECTORS

; Reset Vector
RST code 0x0
goto start

: copE sEGUENT
PG code
Start
bef  status,RPe 3 clear bank selection bits in the status register
bef  status,RPL
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movlw b'oooe11l0
mowwf  ports
call  pause

goto  get_count

subroutines

pause
Loadn

dectt

end

movlw  exff
movlw  exff
movwf  nCount

decfsz nCount,
goto  dech

decfsz mCount,
goto  loadn

return

iF

move W to port B to update the display
delay 200ms by subroutine

repeat forever

set w = 255 decimal
nCount = w outer Loop counter

set w = 255 decimal
nCount = w: inner Loop counter

nCount -~
if nCount

0 then repeat nCount--

else decrement Count
if mCount = @ then
reload nCount to 255 and decrement
else exit subroutine
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Main.asm file generated by New Project wizard

Created by: Daniel Frankland
Processor: PICI6F84A
Compiler:  MPASH (Proteus)

 DEFINITIONS

#include pl6f8da.inc ; Include register definition file

PortB  equ @x86  jport B address Links to the data sheet

trish  equ @x06  ;trisB address in register bank 1
Status  equ @xe3  jstatus register

RPe. equ s ibit 5 of status register

RPL equ s ibit 6 of status register

PortA  equ @x85  jport A address Links to the data sheet
trisA  equ @xe5  :Tris A adress in reigster bank

count equ @xdc  jcounter @ to 255
nCount equ @xed  :pause routine inner Loop counter
mCount equ @xde  pause routine outer Loop counter

 CODE SEGHENT

org 0
movlw exol st the port A pins
moww trisA set to input

bef status,5  ;swithc back to bank 6
goto Butl g0 to butl Line
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Butl

BTFSC porta,1  ;if porta bit 1 is @ skip next insturction if 1 complete next insturction
goto But2 goes back to the top of the Loop

call pause ldelay

movlw @x00

tris ports

movlw b'01001110° ; bit value to display r

mowwf ports isend to display

BUt2 BTFSC portA,@  ;if porta bit 1 is @ skip next insturction if 1 complete next insturction

goto Butl goes back to the top of the Loop
call pause ldelay

movlw @x00

tris ports

movlw b'01000111°  ;bit value to display L

mowwf ports isend to display

goto Loop g0 back to Loop

pause
movlw  exff 3 set w = 255 decimal
movwf  mCount i outer Loop counter
Loadn
movlw  exff ; 255 decimal
movwf  nCount i inner Loop counter
dectt
decfsz nCount, ©  nCount—-
goto  dectl 3 if nCount I= 0 then repeat nCount--
decfsz mCount, © 3 else decrement Count
goto  loadll 3 if mCount != 0 then
return 3 else exit subroutine
end
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Main.asm file generated by New Project wizard

Created by:  Daniel Frankland
Processor: PICI6F84A
Compiler: MPASH (Proteus)

 DEFINITIONS

#include pl6f8da.inc  ; Include register definition file

portB  equ @xe6 port B address  Links to the data sheet
trish  equ exe6 itrisB address in register bank 1

status  equ exe3 ;status register

RPe. equ s ibit 5 of status register

RPL equ s ibit 6 of status register

portA  equ exes port A address Links to the data sheet
trisA  equ exes iTris A adress in reigster bank

 varzABLES

count equ @xBc  jcounter @ to 255
nCount equ @xed  :pause routine inner Loop counter
mCount equ @xde  pause routine outer Loop counter

 CODE SEGHENT

org 0 ;progranm memory Location 0
movlw @x00

tris ports

movlw 0x01 st the port A pins

movwf trisA jset to input

bef status,5 ;switch back to bank 6
goto Butl  jgo to butl Line

Loop.
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Butl

BTFSC porta,1 if portA bit 1 is 0 skip next insturction if 1 complete next insturction
goto But2 goes back to the top of the Loop

call pause ldelay

movlw b'00000000"

3 bit value to set each segnent of the LED's to on

mowwf ports isend to display

Bt

BTPSC porta,0  jif portd bit 6 is 0 skip next insturction if 1 conplete next insturction
goto But igoes back to the top of the Loop

call pause Sdelay

movlu b0 112121" jbit value to set each segement of LED's 0 off

nowt ports isend to display

goto Loop 390 back to Loop

pause
movlw  exff
movwf  mCount
Loadn
movlw  exff
movwf  nCount
dectt
decfsz nCount, ©
goto  dectl
decfsz mCount, ©
goto  loadll
return
end

set w = 255 decimal
nCount = w outer Loop counter

set w = 255 decimal
nCount = w: inner Loop counter

nCount -~
if nCount !

0 then repeat nCount--

else decrement Count
if mCount = @ then
reload nCount to 255 and decrement
else exit subroutine
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Hain.asm file generated by New Project wizard

Created by: Daniel Frankland
Processor: PICI6F84A
Compiler: MPASH (Proteus)

 DEFINITIONS

#include pl6f8da.inc  ; Include register definition file

portB  equ @xe6 port B address Links to the data sheet
tris  equ exss trisB address in register bank 1
status  equ exe3 ;status register

RPe. equ s ibit 5 of status register

RPL equ s ibit 6 of status register

portA  equ exes port A address Links to the data sheet
trisA  equ exas iTris A address in register bank

count equ exec
nCount equ exep

; Variable to hold the count

: Pause routine inner Loop counter

prevStateButl  equ @x0E  : Previous state for button 1
3 Previous state for button 2

prevstateBut2  equ @xer

 CODE SEGHENT
org @
goto start

start
; Setting PORTA as inputs for the buttons
bsf status, RPe 3 Select bank 1
movlw exFF

mowwf trisA  Set PORTA as input

 Set PORTS as output for the display
Clrf trise ; Set PORTB pins as output
bef status, RPO ; Switch back to bank 0
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Clrf prevstateButl  ; Initialize previous button state to @
Clrf prevstateBut2  : Intialise previous buton state to 6

} Initialize display with ‘5’ and start count at 5

; Binary for displaying 5
mowwf ports } Send initial display to PORTE
movlw @xes } Initialize count at 5

} Button 1 detection (count up)

BTFSS porta, @ ; Check if button 1 is pressed

goto checkReleaseButl ; If pressed check for release

Clrf prevStateButl  : Clear previous state if not pressed
call pause

} Button 2 detection (count down)
BTFSS porta, 1 ; Check if button 2 is pressed

goto checkReleaseBut2 ; If pressed check for release

Clrf prevStateBut2  : Clear previous state if not pressed
call pause

goto mainLoop ; Repeat the Loop

3 Button 1 release detection (count up)

checkReleaseButl

movf prevstateButl, w ; Load previous state for button 1

btfsc status, Z 3 If previous state was 0 (button not pressed) continue
call count_up } Call count_up routine

movlw exel

nowef prevtateButl  ; Update previous state to 1 (button pressed)

goto mainLoop
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} Button 2 release detection (count down)

checkReleaseBut2
movf prevstateBut2, w ;
btfsc status, Z ;
call count_down i
movlw exel

movwf prevstateBut2

goto mainLoop

Increment count up

count_up.
movf count, w ;
sublw @xe9 ;
btfsc status, Z i
return

incf count, ;
call display :
return

Increment count down

count_down

movf count, w ;
btfsc status, Z i
return

decf count, ;
call display :
return

iDisplay the value Loop

Load previous state for button 2
If previous state was 0 (button not pressed) continue
Call count down routine

Update previous state to 1 (button pressed)

Load current count into I
Check if count is 9
If count is 9 skip increment

Increment count
Update display

Load current count into I
If count is 0 skip decrement

Decrement count
Update display

display

movf count, w ; Move count value to W

mowwf ports  Send to display on PORTE

call pause

call check ;calls the check Loop to display the correct number
return
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icheck if count is 0

check

movE exec, w smemory Location of count to Load into w

movlw @x00 load w with 0

subwf x0C, w subtract o from count

btfss status, 7 ;if the zero flag is set skip next Line else continue
goto check 1 check next value

movlw b'01600000°  ;load correct value for dispaly

mowwf ports isend to display

return return

icheck if count is 1

check 1

movlw exel load w with 1

subwf x0C, w ssubtract 1 from count

btfss status, 7 ;if the zero flag is set skip next Line else continue
goto check 2 check next value

movlw b'01111001°  ;load correct value for dispaly

mowwf ports isend to display

return return

icheck if count is 2

check 2

movlw exe2

subwf x0C, w

btfss status, Z Fif the zero flag is set skip next Line else continue
goto check 3 check next value

movlw b'00100100°  ;load correct value for dispaly

mowwf ports isend to display

return return
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174 check if count is 3

=

176 check 3

177 movlw exe3 load w with 3

178 subwf exeC, w subtract 3 from count

19 btfss status, Z Fif the zero flag is set skip next Line else continue
180 goto check 4 check next value

181 movlw b'00110000°  ;load correct value for dispaly
182 mowwf ports isend to display

183 return return

154

85

186 check if count is 4

w7

158

189 movlw exe4 load w with 4

180 subwf exeC, w subtract 4 from count

181 btfss status, Z Fif the zero flag is set skip next Line else continue
182 goto check 5 check next value

193 movlw b'00011001°  ;load correct value for dispaly
184 mowwf ports isend to display

185 return return

16

7 ;

198 check if count is 5

e

M0 check s

21 movlw oxes ;load w with 5

22 subwf 0xeC, w subtract 5 from count

23 btfss status, Z if the zero flag is set skip next Line else continue
24 goto check 6 check next value

205 movlw b'00010010°  ;load correct value for dispaly
26 mowF ports isend to display

27 return return
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210 icheck if count is 6

21
212 check 6

213 movlw 0x06 ;load w with &

214 subwf 0x0C, w subtract & from count

215 btfss status, Z Fif the zero flag is set skip next Line else continue
216 goto check 7 check next value

217 movlw b'00000011°  ;load correct value for dispaly

218 mowF ports isend to display

218 return return

2

21 e

22 icheck if count is 7

=

24 check 7

25 movlw oxe7 load w with 7

26 subwf 0x0C, u subtract 7 from count

27 btfss status, Z Fif the zero flag is set skip next Line else continue
258 goto check 8 check next value

229 movlw b'01111000°  ;load correct value for dispaly

230 mowF ports isend to display

21 return return

22

23

234 icheck if count is &

25

2% check s

237 movlw oxes ;load w with 8

238 subwf 0x0C, w subtract 8 from count

2 btfss status, Z Fif the zero flag is set skip next Line else continue
290 goto check 9. check next value

261 movlu b 00300000" Load correct value for dispaly
2 mont portd Ssend to display
35 reurn Sreturn
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icheck if count is 9

check 9.

movlw exes

subwf x0C, w
btfss status, Z
return

movlw b'ooo10000"
mowwf ports
return

ipause

pause
movlw exFF

movwf nCount

delayLoop
decfsz nCount,
goto delayLoop
return

end

;load w with 9
lsubtract 9 from count

Hif the zero flag is set skip next Line else continue
check next value

‘load correct value for dispaly

isend to display

return

; Load W with 255 for outer Loop
} Set outer Loop counter

; Decrement counter
 Repeat until nCount reaches o
} Exit delay
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; Created by: Daniel Frankland
PICI6F84A
HPASH (Proteus)

 DEFINITIONS

#include p16fada.inc ; Include register definition file
portB  equ @xe6 port B address  Links to the data sheet
tris  equ exss itrisB address in register bank 1

status  equ exe3 ;status register

RPe. equ s ibit 5 of status register

RPL equ s ibit 6 of status register

portA  equ exes port A address Links to the data sheet
trisA  equ exas iTris A address in register bank

iVariables

Delay EQU  @x20 ; Delay counter

icode seggnent

org @
goto Start  ; Jump to start

Start
bsf status,RPe  ; Select Bank 1
movlw  exFF 3 Load w with 1s
mowwf  trisa 3 Set portA as input

 Set PORTS as output for the spekaer and the display
Clrf trise ; Set ports pins as output
bef status, RPe  Switch back to bank 0
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movlw b'o1. selear display
mowwf  ports } move W to port B to update the display
btfsc  porta,e ; check if button is pressed

goto sound off  ; if button not pressed turn sound off
call sound_on  ; if button pressed turn sound on
goto main_loop  : repeat Loop

sound_on

bsf. ports,7 ; Set speaker pin high
call pause’ icall puase for a delay
bef ports,7 } Set speaker pin Low
call pause 3 Call pause for a delay
return

sound_off

bef ports,7 ; turn speaker off

goto main_loop  : goes to main Loop

3 SUBROUTINES

pause

movlw  exFF 3 Load delay counter
mowwf  Delay

delay_loop

decfsz  Delay,F ; Decrement delay counter
goto delay loop : Repeat until zero
return

end




