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[bookmark: _Toc218516681]Count Circuit Operation[bookmark: _Toc218516802]Figure 1: Count Circuit Schematic
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The circuit in Figure 1 shows PIC16F84A connected to two outputs: a 7-segment display (with current-limiting resistors) and a sounder. With 2 pushbuttons as inputs to control the outputs. A crystal oscillator and capacitors are connected to pins 15 and 16 as recommended by the microcontroller's datasheet. U2 is a voltage regulator to provide a constant +5V when fed an input power supply voltage from J1. 
[bookmark: _Toc218516682]Button Inputs
The buttons are inputs to the microcontroller that can be 1 (+5V) or 0 (GND/0V). When pressed, the buttons are logic level 0 as they connect the pins to GND, and when the buttons are unpressed, the microcontroller reads logic level 1 as an input due to the pull-up resistors.
[bookmark: _Toc218516683][image: A diagram of a power supply
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U2 is a voltage regulator (7805) that provides a constant 5V at 1.5A max when the input is no more than 35V. [1] Keeping the circuits' 5V supply stable prevents voltage fluctuations from damaging sensitive components, such as the microcontroller. This voltage regulator employs internal current-limiting, thermal shutdown and safe area compensation, making it very robust. [2] The capacitor located on the input terminal of the regulator is required as it is located far from the power supply filter, and the output capacitor aids the transient response. [2][bookmark: _Toc218516803]Figure 2: Datasheet Recommendation Regulator Circuit Diagram


[bookmark: _Toc218516684]PIC16F84A Features and Architecture
The PIC16F84A is an 18-pin enhanced FLASH/EEPROM 8-bit microcontroller that has only 35 single-word instructions to learn. [3] It has a RISC architecture with a program memory containing 1K words (1024 instructions). The data memory contains 68 bytes, and the data EEPROM is 64 bytes. In addition, there are 13 I/O pins that can be user-configured on a pin-to-pin basis. [3] Other pins are multiplexed with other device functions, such as external interrupt and timer0 clock input. The block diagram for the microprocessor is shown below. 
[image: A diagram of a computer hardware system

AI-generated content may be incorrect.][bookmark: _Toc218516804]Figure 3: PIC16F84A Block Diagram
















[bookmark: _Toc218516685]Crystal Oscillator Configuration[bookmark: _Toc218516805]Figure 4: Capacitor Selection

The microcontroller can be operated in 4 different oscillator modes, which can be selected by programming two configuration bits (FOSC1 and FOSC2). The configuration used in Figure 1 is XT, and capacitors (C1 and C2) are used to increase the stability of the oscillator – 22pF is the midpoint of the datasheet recommendation (Figure 2). The higher the capacitance, the more stability it provides; however, this also results in an increased start-up time. [3] 
[bookmark: _Toc218516686]Sounder Operation
The sounder is powered by 5V and connected to GND through a BC107 transistor. The sounder is connected in parallel with a resistor to adjust the impedance and achieve optimal matching between an amplifier and speaker. [4] 
BC107 is an NPN transistor recognised for its reliability in low-power amplification and switching applications. [5] In Figure 1, the transistor acts as an electronic switch by using a small base current supplied by the microcontroller to control a larger collector current. When the PIC outputs current on RB7, it drives the transistor into saturation, allowing current from the collector to the emitter [5], acting as a switch and turning the sounder ON.
[bookmark: _Toc218516687][image: A diagram of an anode

AI-generated content may be incorrect.]7-Segment Display [bookmark: _Toc218516806]Figure 5: 7-Segment Display

The 7-segment display used in Figure 1 is operated in the common anode configuration, where all the anode connections of the LED segments are joined to logic 1. The common anode configuration is more prevalent as logic circuits can sink more current than they can source. [6] Each of the 7 segments corresponds to a letter, shown in Figure 5. To display the hexadecimal characters 0-F on the display in the circuit, the microcontroller should output the 8-bit binary displayed in Figure 6 for each character. These outputs would be stored in a sequence in the code. 
	
	a (RB0)
	b (RB1)
	c (RB2)
	d (RB3)
	e (RB4)
	f (RB5)
	g (RB6)
	Sounder (RB7)

	0
	0
	0
	0
	0
	0
	0
	1
	0

	1
	1
	0
	0
	1
	1
	1
	1
	0

	2
	0
	0
	1
	0
	0
	1
	0
	0

	3
	0
	0
	0
	0
	1
	1
	0
	0

	4
	1
	0
	0
	1
	1
	0
	0
	0

	5
	0
	1
	0
	0
	1
	0
	0
	0

	6
	0
	1
	0
	0
	0
	0
	0
	0

	7
	0
	0
	0
	1
	1
	1
	1
	0

	8
	0
	0
	0
	0
	0
	0
	0
	0

	9
	0
	0
	0
	1
	1
	0
	0
	0

	A
	0
	0
	0
	1
	0
	0
	0
	0

	b
	1
	1
	0
	0
	0
	0
	0
	0

	C
	0
	1
	1
	0
	0
	0
	1
	0

	d
	1
	0
	0
	0
	0
	1
	0
	0

	E
	0
	1
	1
	0
	0
	0
	0
	0

	F
	0
	1
	1
	1
	0
	0
	0
	0


[bookmark: _Toc218516807]Figure 6: Required Output of Microprocessor for Display



[bookmark: _Toc218516688]Program Modifications and Operation
[bookmark: _Toc218516689]7-Segment Display 0-F Count
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[bookmark: _Toc218516808]Figure 7: 0-F Count Flow Chart
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[bookmark: _Toc218516809]Figure 8: Button Input L & r Flowchart
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[bookmark: _Toc218516810]Figure 9: Latching Switch Flowchart
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[image: A diagram of a software flowchart
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[image: A close-up of a computer code
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This code allows for incrementation and decrementing of hexadecimal characters when buttons are pressed, there are however no limits to the characters that are reached. 
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TABLE 6-2:

CAPACITOR SELECTION

FOR CRYSTAL OSCILLATOR
Mode | Freq | oscuci | oscaicz
TP | 32KHz | 66-100pF | 68100 pF
200kHz | 15-33pF | 15-33pF
XT | 100kHz | 100150 pF | 100- 150 pF
2MHz | 15-33pF | 15-33pF
amHz | 15-33pF | 15-33pF
HS | aMHz | 15-33pF | 15-33pF
20MHz | 15-33pF | 15-33pF
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TABLE 6-2:

CAPACITOR SELECTION

FOR CRYSTAL OSCILLATOR
Mode | Freq | oscuci | oscaicz
TP | 32KHz | 66-100pF | 68100 pF
200kHz | 15-33pF | 15-33pF
XT | 100kHz | 100150 pF | 100- 150 pF
2MHz | 15-33pF | 15-33pF
amHz | 15-33pF | 15-33pF
HS | aMHz | 15-33pF | 15-33pF
20MHz | 15-33pF | 15-33pF
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main.asm L3

list p=16F84
radix hex

P I

BYLERBR

39

; select processor type
; define radix as hexadecimal

#include "p16£84.inc"

portA
trisA
ports
trisg

Status
RPO
RP1
INDF
FSR

count
nCount
mCount

equ
equ
equ
equ
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equ
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equ
equ

equates (memory map)
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0x06
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0x03
5
6
0x00
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OxFF

tablestart equ 0x10

start
bef
bef

bsf
movlw
movwf
bef

movlw
movwf

clrf
clrf

; port A address
; trisA address in register bank 1
; port B address

; trisB address in register bank 1

; status register

; bit 5 of status register
; bit 6 of status register
; indirect file register

; file select register

; counter 0 to 255
; pause routine inner Loop counter
; pause routine outer Loop counter

0x00
Status,RPO ; clear bank selection bits in the status reg
Status,RP1 ; clear bank selection bits in the status register
Status,RPO ; select bank 1

0x00 ; load w with 0x00

trisg ; load it into trisB to make portB all outputs
Status,RPO ; reselect bank 0

ox03 ; move Literal value 0x03 to working register

trisA ; move working to file (trisA)

ports ; clear all Lines Low

count ; initialize counter to @ which switches all LEDs ON
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movlw @x21 ; Literal value for character

movwf @x1D ; Lookup table address

movlw @x@6 ; Literal value for character

movwf @x1E ; Lookup table address

movlw @x@E  ; Literal value for character

movwf @x1F ; Lookup table address

movlw 0x12 ; starts display on "5"

movwf count

call display ; call display subroutine

main_loop
incf count,
btfsc count,4
clrf count
call display
call pause200

goto main_loop

display
movf count,
addlu tablestart
movwf FSR

movf INDF
movwf ports

return

pause200
movlu  Oxff
movwf  mCount
goto  loadh

pause20
movlw  Ox1A

;increment file 'count’ to file
;is count > OXOF?

;set count to 0

;eall display subroutine

;call 200ms pause

;repeat forever

;get count value
;add offset to start of table
;load FSR with count + table start

;read Lookup table
put contents of Lookup table element on ports

; set w = 255 decimal
; mCount = w: outer Loop counter

; 26ms pause
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end
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decN

nCount, f
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loadh

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

; nCount--
; if nCount I= 0 then repeat nCount--

; else decrement Count
; if mCount !
; reload nCount to 255 and decrement
; else exit subroutine

0 then
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main.asm B3

1 [list p<16F8a  ; select processor type
2 radix hex ; define radix as hexadecimal

3 ; #include "pl6f84.inc"

4

s cpu equates (memory map)

5

7 portA  equ 0x05 ; port A address

8 trisA  equ O0x05 ; trisA address in register bank 1

9 portd  equ 0x06 ; port B address

10 trisB  equ @xe6 ; trisB address in register bank 1

1

1 Status equ @x@3 ; status register

13 RPO equ 5 ; bit 5 of status register

14 RPL equ 6 ; bit 6 of status register

15 INDF  equ @x@0 ; indirect file register

16 FSR equ 0x04 ; file select register

17

18 count equ @xC ; counter 0 to 255

19 nCount equ @x0D ; pause routine inner Loop counter

20 mCount equ OxOF ; pause routine outer Loop counter

21 tablestart equ 0x10  ; start of the Lookup table, this is a constant - the Location of the Lookup table
.

2

2 org  0x00

2

2 start

27 bef Status,RPO ; clear bank selection bits in the status reg
8 bef Status,RP1 ; clear bank selection bits in the status register
2

30 bsf Status,RPO ; select bank 1

31 movlu 0x00 ; load w with 0x00

2 mowwf trisg ; load it into trisB to make portB all outputs
3B bef Status,RPO ; reselect bank 0

£

35 movlw ox03 ; move Literal value 0x03 to working register
36 movwf trisA ; move working to file (trisA)

7

s clrf ports ; clear all Lines Low

3 clrf count ; initialize counter to @ which switches all LEDs ON
40

41 ; Preload Lookup table with 7 segment display characters

2

43 movlw 0x40 ; Literal value for character "0"

44 mowwf 0x10 ; Llookup table address

45

46 movlw 0x79 ; Lliteral value for character "1"
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call display ; call display subroutine

main_loop
btfss portA,0
call BLACKBUTTON
btfss portA,1
call GREENBUTTON

goto main_loop

BLACKBUTTON
btfss portA,0
goto BLACKBUTTON

movf count,
xorwf 0x09

incf count,
btfsc count,4
clrf count
call display
return

GREENBUTTON
btfss portA,1
goto GREENBUTTON
decf count,
btfsc count,?
call preset_count
call display
return

preset_count
movlw 0x0F
movwf count
return

display
movf count,
addlu tablestart
movwf FSR

movf INDF
movwf ports

; Check if BLACK button pressed

; If black button has not been pressed, then call green button

; repeat forever

;is count > OxOF?
;set count to 0

;get count value
;add offset to start of table
;load FSR with count + table start

;read Lookup table
put contents of Lookup table element on ports
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call display ; call display subroutine

main_loop
btfss portA,0
call BLACKBUTTON
btfss portA,1
call GREENBUTTON

goto main_loop

BLACKBUTTON
btfss portA,0
goto BLACKBUTTON

movf count,
xorwf 0x09

incf count,
btfsc count,4
clrf count
call display
return

GREENBUTTON
btfss portA,1
goto GREENBUTTON
decf count,
btfsc count,?
call preset_count
call display
return

preset_count
movlw 0x0F
movwf count
return

display
movf count,
addlu tablestart
movwf FSR

movf INDF
movwf ports

; Check if BLACK button pressed

; If black button has not been pressed, then call green button

; repeat forever

;is count > OxOF?
;set count to 0

;get count value
;add offset to start of table
;load FSR with count + table start

;read Lookup table
put contents of Lookup table element on ports
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return

beep
bsf ports,7

call short_pause

bef  ports,7

call short_pause

return

short_pause
movlu
movief

loadN1
mov L
movwf

dect1
decfsz
goto

decfsz
goto

return

longpause

ox18
mCount

ox18
nCount

nCount, ©
dech1

mCount, £
loadN1

call pause200
call pause200
call pause200

pause200
movlu
movwf
goto

pause20
movlu
movwf

loadn
mov 1l
movwf
dectt
decfsz
goto

oxff
mCount
loadN

ox1A
mCount

oxff
nCount

nCount, f
dechl

; set w = 19 decimal
; nCount = w: inner Loop counter

nCount--

; if nCount I= 0 then repeat nCount--

; else decrement Count

; if mCount I= 0 then

; reload nCount to 19 and decrement
; else exit subroutine

; 200ms pause
; set w = 255 decimal
; mCount = w: outer Loop counter

; 20ms pause

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

; nCount--
; if nCount I= 0 then repeat nCount--
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; else decrement Count

; if mCount I= 0 then

; reload nCount to 255 and decrement
; else exit subroutine
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