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[bookmark: _Toc218533159]introduction
 This report is split into 3 sections the first details the recreation of a project using a 7-segment display and PIC16F84 to count to 15 in hexadecimal. The recreation involves a detailed analysis of the circuit design used in the project. Section 2 describes how the circuit was able to display hexadecimal characters 0-F including the binary calculations used. Section 3 involves creating 6 different programs using the PIC16F84 and then showing a flow chart of how the programs work 


[bookmark: _Toc218533160]Section 1 

[bookmark: _Toc218533161]Circuit design 
The components used in recreating the count project can be seen below in the table. Along with the original circuit schematic for count.
	Component 
	Quantity

	PIC16F84
	1

	Common anode 7 segment display
	1

	Crystal oscillator
	1

	Capacitor
	2

	Push buttons
	2

	Resistor 4K7
	1

	Resistor 10K
	2

	Resistor 220
	7




[image: A circuit diagram of a computer
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Figure 1 schematic for Count
7 220ohm current limiting resistors are connected to the common anode 7 segment display to prevent any damage to the LED. This could also be achieved with a resistor network which the original schematic has compared to the one in Proteus. The 10K resistors connected to the push buttons are setting them high this is to prevent the inputs from being floating where they could randomly be either high or low which would cause the program to behave irregular. The external crystal oscillator is used to generate a higher clock signal which would provide more stable timing as the pic16f84 doesn’t have an in-built internal oscillator. A current limiting resistor is not needed for the oscillator as it won’t be going anywhere near its overdriven limit. The 2 capacitors either side of the oscillator are being used to provide stability as manufacturers specify a required load capacitance for the crystal to operate at its intended frequency. The transistor is used with the peizo buzzer to boost the current as the PICs GPIO pins can’t source enough current [1] for loud sounds and piezo need voltage changes (sinking/sourcing) to vibrate. Below is a picture to illustrate the difference between sourcing and sinking.
[image: ]
Figure 2 Sourcing and sinking differences
[image: A diagram of a circuit board
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Figure 3 Schematic for count in proteus
[image: ]
This is the count circuit recreated in proteus.
[image: A document with numbers and letters
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Figure 4 datasheet for pic16f84

[bookmark: _Toc218533162]Section 2

The circuit was able to display hexadecimal characters on the 7-segment display using bitwise calculations. It included a common anode 7 segment display where all its positive terminals (anodes) are connected to a single common pin which is connected to a positive voltage source. To light up a segment you apply a low (logic 0) signal to its corresponding negative terminal (cathode) via a current limiting resistor this is different from a cathode display where all the cathodes are joined, and a high signal turns the segments on. This was worked out by understanding that the logic of the display is active low therefor a segment of the display would only light up when its pin is connected to ground. The common pin would be connected to positive power (VCC). To create a character on the display I drew a table with the vertical side going down in hex from 0 to F. The horizontal side had all the names for the segments. I then filled the table with 1s or 0s to create the characters.[image: Raspberry Pi Pico W with TM1637 7-Segment Display]
Figure 5 7 segment section names for common anode
[image: ]
Figure 6 My truth table for the 7-segment display
…[image: ]
Figure 7 7 segment truth table
to display the characters on the display I created a table address with the literal binary values for all the characters at the start of the program. The program then calls a subroutine which is named display the subroutine then gets the count value and adds the offset to the start of the table address. It will then read the lookup table and then put the contents of the table into portB which is where the display is connected in the circuit. This means that the display will show the hexadecimal character. 
[image: A screenshot of a computer code
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Figure 8 address table containing hex code characters
[image: ]
Figure 9 address table containing hex code characters
[image: A computer screen shot of a program
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Figure 10 Count display program
[image: A computer screen shot of a circuit board
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Figure 11 Count program

[bookmark: _Toc218533163]Section 3
[bookmark: _Toc218533164]On and off led switch
The task was to write a program with two buttons controlling the same 7 segment display. One of the buttons will turn all the LED segments of the display on and will be latched so that the display stays on the other will turn all the segments off. Flow chart can be seen below. Along with the screenshot of the program.[image: A diagram of a program
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Figure 12 On and off buttons
The program works by mapping all the ports to free registers which can be seen below in the memory map. The start routine sets portB as the output along with clearing its outputs. The main loop is continually monitoring PortA to see if either button has been pressed. If the on button has been pressed the 7-segment display will turn on and stay on while the off button will turn the led off.
[image: ]
Figure 13 memory map for on off buttons
[image: A screenshot of a computer program
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Figure 14 Main loop of on and off buttons
[bookmark: _Toc218533165]Left and right program
The task was to create a program where when Button 1 is pressed the 7-segment display displays a L character and when the button 2 is pressed the character r is displayed. The flow chart can be seen below.[image: ]
Figure 15 Left and Right buttons
The program is very similar to the on and off button program the only difference being that the subroutines have changed the hex code inside of them. I used the truth table for the 7-segment display to work out the hex code for L and r when I was doing it I couldn’t seem to get the R instead only r. I then substituted the hex code into the subroutines.
[image: A computer screen shot of a computer code
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Figure 16 memory map for the left and right program
[image: ]
Figure 17 main loop for the left and right program

Figure 18 Count 0.2s increment
[bookmark: _Toc218533166]Piezo sounder 
The task was to create a program where when one button is pressed the speakers connected to it create a tone and then when the other button is pressed it creates a different tone. This program is similar to the other 2 with the main loop constantly checking to see if either of the buttons had been pressed.The main difference with this program is the inclsuion of the pauses.To create a square wave as it’s the simplist way to output a sound to the speaker.They work by toggling the portB 7 on for the duration of the either of the pauses then toggling it off for the pause duration.The different durations in the pauses causes the different tones. [image: A diagram of a process
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Figure 19 Flowchart for the piezo buzzer
[image: ]
Figure 20 piezo buzzer main loop
[image: ]
Figure 21 Piezo buzzer different tones
[image: ]
Figure 22 piezo buzzer different pauses
[bookmark: _Toc218533167]Counting by 0.2.
Taks was to modify the Count program so that the 7-segment display counts up automatically by 0.2 seconds till Then loops back to 0. This was achieved by modifying the pause200 delay. The pic instruction cycle is equal to 1 microsecond and iam using an external 4MHz crystal oscillator 4MHz divided by 4 = 1MHz. To create a delay of 0.2s for each increment 200,000 instruction cycles must be wasted. In the code the pause200 uses 2 loops the inner loop called nCount which counts down from 255 and the outer loop mCount that counts down from 255. I did the equation 255x255 which is roughly equal to 65,000 iterations if you time it by the 3 cycles it will be roughly equal to 200,000 cycles which is equal to 0.2 seconds at 4MHz.
[image: ]
Figure 23 flowchart of count by 0.2 increment
[image: ]
Figure 24 Main loop for the count by 0.2 increment code
[image: ]
Figure 25 pause routine on the count 0.2 increment program
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movlw  ©x40 ;literal value for "o"
movwf  ©x1@ ; Look up table address

movlw  ©x79 ;literal value for "1"
movwf  @x1l

movlw  ©x24 sliteral value for
movwf  ©x12

movlw  ©x3@ sliteral value for
movwf  @x13

movlw  ©x19 sliteral value for
movwf  @x14

movlw  ©x12 sliteral value for
movwf  @x15

movlw  ©xe2 sliteral value for
movwf  ©x16

movlw  ©x78 ;literal value for "7"
movwf  @x17

movlw  ©xee ;literal value for "8"
movwf  ©x18

movlw  ©x18 ;literal value for "9"
movwf  @x19
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display

A

btfsc count,4
clrf count

movf count,w
addlw tablestart
movwf  FSR

movf INDF,w
movwf portB

; repeat forever

return

1if count > @xeF

reset count to @

get count value

add offset to start of table

Load FSR with count + table start
read Lookup table

put contents of Lookup table in portB
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program has started

7 segment display
tums off

7 segment display
lights up
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; cpu equates (memory map)

PORTA  equ 0xe5

PORTB  equ ox06 sport B address

TRISA equ 0xe5

TRISB  equ ox06 ;trisB address in register bank 1
STATUS equ oxe3 ;status register

RPO equ 5 ;bit 5 of status register

RP1 equ 6 ;bit 6 of status register

INDF equ oxee sindirect file register

FSR equ oxe4 sfile select register

org 0x000 ;reset vector
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org 0x000 ;reset vector

start
BSF STATUS, RP@ ; switch to Bank 1 (trisb is in bank 1)
MOVLW  b'@eeeee1l’ ; RA@, RA1 inputs loads w with binary ©0000011
MOVWF  TRISA ; write w to w to tris a which is €0000011
CLRF TRISB ; clears PORTB output
BCF STATUS, RPO ; back to Bank @
CLRF PORTB ; Clear display resets it
main_loop
BTFSS  PORTA, @ schecking if Button on pressed?
CALL  DISPLAY_ON scalls the display on subroutine
BTFSS  PORTA, 1 ; checking 1if Button off pressed?
CALL DISPLAY_OFF scalls the display off subroutine if button pressed
GOTO main_loop ; Lloops infinite
DISPLAY_ON: ssubroutine called display on
MOVLW  @xee ; Segment pattern for ON all parts of display turn on
MOVWF PORTB smoves it to port b output

RETURN
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program has started

Iris displayed on the 7
segment display

Lis displayed on the
7 segment display
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org 0x000 ;reset vector

start
BSF STATUS, RP@ ; switch to Bank 1 (trisb is in bank 1)
MOVLW  b'@eeeee1l’ ; RA@, RA1 inputs loads w with binary ©0000011
MOVWF  TRISA ; write w to w to tris a which is €0000011
CLRF TRISB ; clears PORTB output
BCF STATUS, RPO ; back to Bank @
CLRF PORTB ; Clear display resets it
main_loop
BTFSS  PORTA, @ schecking if L Button on pressed if not skip the call L?
CALL L ;calls the L on subroutine
BTFSS  PORTA, 1 ; checking 1if r button has been pressed if not skip call r?
CALL r scalls the display r subroutine if button pressed
GOTO main_loop ; Lloops infinite
.
L: ssubroutine called display on

MOVLW  ox47 ; moves the L to working register
MOVWF PORTB smoves it to port b output

RETURN
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no sound is produced
from speakers
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org 0x000

start
bef Status,RP@ ; clear bank selection bits in the status reg
bef Status,RP1
bsf Status,RP@ ; select bank 1
movlw  ©xee ; Lload w with exee
movwf  trisb ; load it into trisb to make portb all outputs
bef Status,RP@ ; reselect bank @

clrf portA ; clears portA

clrf count ;clears count
clrf portB ; clear all lines Low
clrf count ; 1initialize counter to @

main_loop ;main_Loop routine

btfss portA,e scheck if black button pressed if not skip call blackbutton

call BLACKBUTTON ;calls blackbutton goes to that subroutine

btfss portA,1 schecks if greenbutton has been pressed if so goto call greentbutton
call greenbutton ;goes to greenbutton subroutine

goto main_loop srepeat forever
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greenbutton ;subroutine called greenbutton
call beep ;calls goes to beep
btfss portA,1 ;checks if its still being pressed
goto greenbutton ;goes to greenbutton

return

BLACKBUTTON ;subroutine called blackbutton
call boop ;calls the boop subroutine
btfss portA,@ ;checks if button still being pressed
goto BLACKBUTTON ;goes to black button subroutine
return

beep ;subroutine called beep
bsf portB,7 ;turns on portB 7 high
call shortboop_pause ;calls shortboop pause routine
bef portB,7 ;turns it off clears it
call shortboop_pause ;calls the shortboop pause routine
return

boop
bsf portB,7 ;turns on portB 7 high
call longboop_pause ;calls the Longboop pause subroutine
bef portB,7 sturns it off clears it
call longboop_pause ;calls the Longpause subroutine
return
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shortboop_pause ;subroutine
movlw d'200' ;loads 200 into count2
movwf Count2

D1
decfsz Count2, F ;decrement count2 until it reaches @ creating short delay
goto D1 ;goes back to D1
return

longboop_pause ;subroutine
movlw d'80’' ;loads 86 into count2
movwf Count2
D11
decfsz Count2, F sdecrements count 2 until it reaches @ (from 86 to @)
goto D11 ;goes back to DL1 creates a long delay
return
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call display
main_loop ;main Loop routine
call pause20@ ;calls the pause200 pause routine which is a delay of 0.2s
incf count,f ;increments the count by +1
btfsc count,4 ;cheching to see if count > @x6F will skip next instructions if its not over
clrf count ;clears the count
call display ;calls the display routine
goto main_loop ;infinite Loop

display ;display subroutine
movf count,w ;moves count to working
addlw tablestart ;adds 6x1@ to W
movwf FSR ;Lloads the result into FSR
movf INDF,w ;reads the file register pointed by the FSR
movwf portB ;sends it to portB
return
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pause200

loadN

decN

movlw  oxff ; set w = 255 decimal
movwf  mCount ; mCount = w: outer Loop counter

movlw OxFF ;inner Lloop counter = 255
movwf nCount ; moves it to nCount

decfsz nCount, f ; decrements nCount until @
goto decN sruns the inner Lloop 255 times
decfsz mCount,f ;decrements nCount until @

goto loadN ;goes to LloadnN

return

end
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