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1 Circuit Design and Component Analysis

A Proteus simulation was developed using a PIC16F84A microcontroller to control a seven-segment
LED display, and it was saved as "Count.asm". When the simulation starts, various segments of the
LED display light up, with the pattern changing every second. This functionality was built in assembly

language with the goal of ensuring that basic output was seen on the display.

Although the seven-segment LED is the only output that this program demonstrates, the schematic
also allows for user input through buttons and switches and output through a sounder in addition to
the seven-segment LED. This section provides a detailed analysis of the circuit components,

explaining their individual functions and their roles within the overall design.

Figure 1: Proteus schematic for "Count.asm" program.

1.1 PIC16F84A (UI)

RA2 =—= o1 ~ 18[] =—= RA1
RA3 «—=[] 2 170 =—= RAD
RATOCKl «=—=[]3 =  16[] =— OSCI/CLKIN
WCIR—»[]4 §  15]—= OSC2/CLKOUT
vas —=[] 5 2 140 =—Vmo
RBOINT +—=[]6 @  13[] == RB7
RB1 +—=[]7 > 12[]=—=RBE6
RBZ «—=[]8 11[] =—= RB5
RB3 =[]0 10[] =—= RB4

Figure 2: PIC16F84A microcontroller diagram showing the different pins [1].
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The circuit's main control unit is an 8-bit microcontroller called the PIC16F84A. The microcontroller in
this simulation controls a seven-segment display for visual output and a piezo sounder for audio

feedback, with user input provided via buttons and a switch.

As seen in Figure 2, the PIC16F84A microcontroller has a wide variety of pins for different uses. It has
13 digital I/O pins (RAO—RA4 and RBO-RB7) that can be configured as inputs or outputs. For example,
RAO and RA1 control button inputs, while RBO—RB7 powers the display. An external crystal oscillator
(0SC1/05C2) is used by the microcontroller to produce clock signals, and a reset pin (MCLR) enables
program restarts. The VDD and VSS pins provide a constant power supply. The microcontroller has 64
bytes of EEPROM for non-volatile storage, 68 bytes of RAM for temporary data storage, and 1,000

words of program memory for instructions [1].

1.2 Quartz Crystal Oscillator (X1) and Capacitors (C1, C2)

30pF

CPU O oO—

Microprocessor RS [k rimm

o)
- 30pF

Figure 3: Oscillator Circuit (2]

A quartz crystal (X1/XT) and two capacitors (C1 and C2) make up the oscillator circuit, which provides
a clock signal for the microcontroller (as shown in Figure 3). The quartz crystal oscillator generates a
stable square wave signal, controlling the microcontroller's instruction execution timing [2].
Capacitors C1 and C2 (22 pF in this circuit) filter noise and stabilise the clock signal, ensuring
consistent performance [1]. By using an external oscillator, timing errors are minimised compared to

the internal oscillator, making it ideal for time-sensitive tasks requiring precision and reliability [2].
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1.3 Seven-Segment LED Display, Resistors (I1C2)

Common +
+\i/ Anode —»
a ...H K a e— a
b e jd—1 b —
C .:I‘ C —— f
d 0.’{4 . d—e: L

Figure 4: Common Anode Configuration (3].

This circuit's seven-segment LED is a common anode type, which means that each LED segment's

anode shares a common connection to the power source (as shown in Figure 4) [3]. The cathode of

each segment is linked to a different PIC microcontroller pin. By applying a logic level of 0 to the

appropriate pins, the microcontroller determines which segments light up, enabling the display to

show characters or numbers as required. Logic level 1 on the other hand turns off segments.

An 8-block resistor (IC2), which combines eight separate resistors into one unit, connects each

segment of the seven-segment display to a PIC microcontroller pin (see Figure 5). By limiting the

current to each LED segment, this component maintains consistent brightness while safeguarding the

microcontroller and the LEDs [3].

Current Limiting

Resistors

+BV
Common
Anode

Figure 5: Resistor Network for Common Anode [3].




1.4 Buttons (BUTO, BUT1)

10

(]

pull-down NIJ ‘!H'\. a r

B N — f[
pull-up W M

1 °

‘ [

b - =

Button is pressed {4 td Button is released

Figure 6: Button connection in circuit with debounce diagram [4].

The circuit's push buttons deliver signals to the microcontroller, with BUTO connected to RAO and
BUT1 to RA1 on the PIC16F84A. When pressed, the buttons complete the circuit and enable the
microcontroller to monitor and respond to signal changes [4]. The circuit's buttons allow interaction
with the seven-segment LED display. For reliable signal detection, software debouncing reduces the
impact of rapid or noisy button presses, preventing false triggers [5]. Figure 6 shows the debounce

signal received when a button is pressed.

1.5 Voltage Regulator (U2) and capacitors (C3, C4)

Input 78XX Output
Cin* Co**
0,33«F T T0,1 oF
<

Figure 7: Voltage Regulator Diagram [6].

The voltage regulator maintains a consistent output voltage despite variations in input voltage or
load conditions [6]. In this circuit, a 7805 voltage regulator is used to regulate the input voltage, to

the 5V required for the PIC16F84 microcantroller to function properly.

To further stabilise the power supply, capacitors C3 and C4 are used in the circuit. C3 (220nF) is set
on the input side of the regulator to reduce noise and moderate voltage variations. C4 (220nF) is set
on the output side to further stabilise the voltage. These capacitors help filter out fluctuations from
the regulator, resulting in a stable and reliable power supply [6]. Figure 7 shows how the voltage

regulator and capacitors connect in the circuit.
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1.6 Transistor (Q1)

Figure 8: Bi-Polar Junction (BJT) Transistor [8].

The circuit's transistor (Q1) works as a switch to handle the piezo sounder's current requirements,
which the PIC16F84 microcontroller cannot directly provide [7]. The transistor enables the
microcontroller to regulate the sounder without overloading its output pins. This circuit uses an NPN
transistor [8]. The microcontroller sends a signal to the transistor's base, directing current flow from
the collector (connected to the sounder) to the emitter (connected to ground), activating the

sounder while protecting the microcontroller.

1.7 Piezo Sounder (LS1), Switch (SW1)

Jun

Figure 9: Piezoelectric Buzzer Circuit Diagram [9].
The piezo sounder (LS1) provides audio output in the circuit and is controlled by the PIC16F84
microcontroller via RB7. A resistor links RB7 to the base of an NPN transistor, which controls the

current flowing to the sounder. The sounder is connected to the voltage regulator (U2) via a parallel

resistor and grounded by the transistor. When the microcontroller signals the transistor's base,
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current flows through the sounder, resulting in sound [9]. To prevent damage, the parallel resistor
restricts the current. A user-controlled switch (SW1) turns on or off the sounder which provides

audible output.

2 Hexadecimal Display

To display hexadecimal characters (0 through F) on a seven-segment display, the binary patterns for
each character must be mapped to the display's relevant segments. A seven-segment display is made
up of seven segments (as shown in Figure 3) that can be separately controlled to produce numbers
and letters. In a common anode setup, each segment's anode is connected to a common positive
voltage, while the microcontroller controls the cathodes [1]. To activate a segment, apply a logical

low (0) to its cathode, and use a logical high (1) to deactivate it.

AN

D

LM o™
o X ®

b

Figure 10: 7-Segment LED display [10].

The segments are controlled by the PIC16F84A microcontroller, which outputs binary values. Each
hexadecimal digit (0-F) is converted to a 7-bit binary pattern, with each bit representing a segment
(A-G). Table 1 shows the segment configuration for each hexadecimal character. Each row shows the
configuration for each hexadecimal character, with the segments labelled as A through G. The bitwise
calculation column illustrates how each bit in the 7-bit binary relates to a segment, the decimal
column shows the binary pattern in decimal form, and the last column presents the hexadecimal

value required for assembly code implementation.

To do this on the microcontroller, a loop cycles through hexadecimal values (0 to F), loading each into
the working register and sends the binary pattern to the 7-segment display. Delays between changes

ensure each character is displayed in sequence.

pe-9




Table 1: Bitwise calculations for the 7-Segment LED display

Display 7-segment Binary Bitwise Decimal | Hexadecimal
A|/B|C|D|E|F|G Calculations Value Value
0 0|0|0|0|0|0|1|0+040+0+0+0+64 64 0x40
1 1(0/0|1|1/1|1|1+0+0+8+16+32+64 121 0x79
2 0|0|1|/0|(0|1|0|0+0+4+0+0+32+0 36 0x24
3 0|0|0|0|1|1|0|0+0+0+0+16+32+0 48 0x30
4 1(0(0f1|1/0|0|1+0+0+8+16+0+0 25 0x19
5 0|1|0/0|1|0|0|0+2+0+0+16+0+0 18 0x12
6 0|1(0{0|0 /0|0 |0+2+40+0+0+0+0 2 0x02
7 0(0|0|1|1/1|1|0+0+0+8+16+32+64 120 0x78
8 0|0(0|0O|0O/0|0|0+0+0+0+0+0+0 0 0x00
9 0|0|0|0|1|0|0|0+0+0+0+16+0+0 16 0x10
A 0|0|0|1(0|0|0|0+0+0+8+0+0+0 8 0x08
b 1/{1|/0/0|0/0|0|1+2+0+0+40+0+0 3 0x03
C 011(1/0(0|0|1|0+2+44+0+0+0+64 70 0x46
d 1(0/{0|0|0/1|0|1+0+0+0+0+32+0 33 0x21
E 0|1(1|/0|0|0|0|0+2+4+0+0+0+0 6 0x06
F 0|1{1|/1|0|0|0|0+2+4+8+0+0+0 14 0x0E

3 Programming Logic and Implementation

This section demonstrates how to use the PIC16F84A microcontroller to enhance the count.asm
program's capability. Starting with the Proteus simulation, the various tasks focused on a

different objective such as basic counting or dynamic audio signal generation.

3.1 Counting from 0 to F in Hexadecimal

This work entails changing the "Count.asm" software such that the seven-segment display cycles
through hexadecimal numerals (0-F) in 0.2-second increments. This necessitates adding a delay
between modifications and ensuring that the output matches the hexadecimal encoding for each
number. The pseudocode provides the logic for counting and timing, while the assembly code turns

that logic into actual program steps.

3.1.1 Pseudocode

Initialise the microcontroller and set up the ports for the seven-segment display
Load the delay subroutine for @.2-second timing
Start main loop:
For each number from © to F in hexadecimal:
Convert the number to the seven-segment display bit-wise calculation
Output the encoded value to the seven-segment display
Call the delay subroutine to wait for ©.2 seconds

Repeat loop indefinitely
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3.1.2 Assembly Code

e < e R B R N

; DEFINITIONS

. #include pl6f84a.inc ; Include register definition file
portA  equ @x@5 ; Define Port A address
trish  equ @x@S5 ; Define TRISA address in register bank @
portB  equ B8xB6 ; Define Port B address
trisb  equ @x@6 ; Define TRISB address in register bank 1
status equ @xe3 ; Define Status register
RPB equ 5 ; Bit 5 of Status register for bank selection
RP1 equ 6 ; Bit 6 of Status register for bank selection
; VARIABLES
count equ @x@c ; Counter for @-255
nCount equ @x@d ; Pause routine inner loop counter
mCount equ @x@e ; Pause routine outer loop counter

; RESET and INTERRUPT VECTORS

RST  code @x@
goto Start

[n]
o
-
o
(7]
b
W
3
-
o
=1
3
m
wn
o
-t

; CODE SEGMENT

bef status,RPO ; Clear bank selection bits in the status reg
bef status,RP1 ; Clear bank selection bits in the status reg
bsf status,RP@ ; Select bank 1
mov1w exee ; Set W (working register) to exee
movwf trisb ; Set Port B as output
bcf status,RP@ ; Return to bank B
clrf portB ; Clear Port B
clrf count ; Initialise counter
get_count
movF count, w ; Load count into W
call hex_chars ; Call hex_chars to display current value
goto get_count ; Repeat loop

; Subroutine: pause
; Purpose: Creates a delay using nested loops to achieve 8.2s delay

pause

movlw axff ; Set W te 255 decimal

movwf mCount ; mCount = w: Outer loop counter
loadN

movlw exff ; Set W te 255 decimal

movwf nCount ; nCount = w: Inner loop counter
decN

Decrement nCount
Repeat if nCount not zero

decfsz nCount, f
goto decN

Decrement mCount
Repeat if mCount not zero

decfsz mCount, f
goto loadN
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68. return ; Exit delay subroutine

i T e e L L E L e
72. ; Subroutine: hex_chars
73. ; Purpose: Displays hexadecimal digits on 7-segment display from @-F

75. hex_chars

76. movlw ex48 ; Load hex code for '@' in W
77. movwf portB ; Output to 7-segment display
78. call pause ; B.2s delay

79.

88. movlw Bx79 ; Load hex code for '1°

81. moviwf portB ; Output to 7-segment display
82. call pause ; B.2s delay

83.

84, movlw ex24 ; Load hex code for '2°'

85. movwf portB ; Output to 7-segment display
86. call pause ; 8.2s delay

87.

88. movlw 2x30 ; Load hex code for '3’

89. movwf portB ; Output to 7-segment display
9. call pause ; B.2s delay

91.

92. movlw ax19 ; Load hex code for ‘4°

93. movwf portB ; Output to 7-segment display
94. call pause ; B.2s delay

95.

96. movlw 8x12 ; Load hex code for 'S5’

97. movwf portB ; Output to 7-segment display
98. call pause ; 8.2s delay

99.

100. movlw exe2 ; Load hex code for '6'

101. movwf portB ; Output to 7-segment display
102. call pause ; B.2s delay

1e3.

184. movlw Bx78 ; Load hex code for '7°'

185. moviwf portB ; Output to 7-segment display
186. call pause ; B.2s delay

1687.

1088. movlw exee ; Load hex code for '8'

189. movwf portB ; Output to 7-segment display
110. call pause ; 8.2s delay

111.

112. movlw ex1e ; Load hex code for '9'

113. movwf portB ; Output to 7-segment display
114. call pause ; B.2s delay

115.

116. movlw BxB8 ; Load hex code for 'A’

117. movwf portB ; Output to 7-segment display
118. call pause ; B.2s delay

119.

120. movlw exe3 ; Load hex code for 'B'

121. movwf portB ; Output to 7-segment display
122. call pause ; 8.2s delay

123.

124. movlw ex46 ; Load hex code for 'C'

125. movwf portB ; Output to 7-segment display
126. call pause ; B.2s delay

127.

128. movlw Bx21 ; Load hex code for 'D'

129. movwf portB ; Output to 7-segment display
130. call pause ; B.2s delay

131.

132. movlw Bxes6 ; Load hex code for 'E'

133, movwf portB ; Output to 7-segment display
134, call pause ; 8.2s delay

135.

136. movlw Bx8E ; Load hex code for 'F'
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137. movwf portB ; Output to 7-segment display

138. call pause ; B.2s delay

139.

140. return ; Exit hex_chars subroutine
141.

142. end

143.

3.2 Displaying "L" and "r" Based on Button Presses

This job seeks to show the letter "L" on the 7-segment LED display when one button is pressed, and
"r" when the second button is touched. It detects button pushes and displays the corresponding
output on the LED display. The pseudocode defines the logic for responding to button pushes and

creating the display encoding, whilst the assembly code provides the implementation.

3.2.1 Pseudocode

Set up the ports for the seven-segment display as output
Set up the ports for the buttons as input

Create constant variables for "L" and "r" based on the bit-wise calculation

Start main loop:
Check the status of Button 1:
If Button 1 is pressed:
Output the encoding for "L" to the seven-segment display

Check the status of Button 2:
If Button 2 is pressed:
Output the encoding for "r" to the seven-segment display

Repeat loop indefinitely

3.2.2 Assembly Code

1. oo somsas o Sas S S S S S N S S S S S S S S S S S S S S S
2. ; DEFINITIONS

3. }========s=sssssSESSSsSSSSSSSSSSSESSSESESSSSSSSSSSSSSSSSSSSSSSsSEEsss
4.

5. #include pl6f84a.inc ; Include register definition file
6.

7. portA equ BxB5 ; Define Port A address

8. trisA equ Bx85 ; Define TRISA address in register bank @
9. portB equ Bx06 ; Define Port B address

108. trisb equ @xe6 ; Define TRISB address in register bank 1
11.

12. status equ @xe3 ; Status register

13. RPB equ 5 ; Bit 5 of status register

14. RP1 equ 6 ; Bit 6 of status register

15.

16. j=============s==ssosssssssssss=ssosssssossossssssssssssssosssssssssees
17. ; VARIABLES

18. ;=============s========s==s===s=ssss=S=Ss=SSsSSSSSSSSSSSSSSsSssSsssss=s
19. count equ Bxéc ; Counter @ to 255

28. nCount equ @xed ; Pause routine inner loop counter
21. mCount equ @xB@e ; Pause routine outer loop counter
22, ;===s=SssSsSESSSSSSsSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSSssSssssss
23. ; CONSTANTS for 7-segment display

24, ;===cc=c==sss=ss==sssS=sssSm S SE SESSE S SESSs SE SS SS S S SE S SS SESSS SES=s
25.

26. L_Display equ @xa7 ; Hex for L for 7-segment LED

27. r_Display equ Bx2F ; Hex for r for 7-segment LED

28.

29.
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; RESET and INTERRUPT VECTORS

; Reset Vector
RST  code @x@
goto Start

Go to start on reset

Clear bank selection bits in the status reg

Select bank 1

Load w with 8x8@

Set portB as output
Load w with 8xFF
Select portA as input
Reselect bank @

Set Port B to logic 1 to turn off all segments
Initialise the 7-segment display to "off"
Initialise counter to 8

; Check if button 1 (BUT@) is pressed (RAR)

; Skip next instruction if RA® is high
; Go to display L if BUT® is pressed (RAR is low)

; Check if button 2 (BUT1) is pressed (RA1)

PGM  code
Start
bcf status,RPB
bcf status,RP1
bsf status,RP@
movlw axee
movwf trisb
movlw BxFF
movwf trisA
bcf status,RP@
movlw BxFF
movwf portB
clrf count
buttons
btfss porth,e
goto display L
btfss portA,1l
goto display_r
goto buttons
display L
movlw L_Display
movwf portB
call pause
goto buttons
display r
movlw r_Display
movwf portB
call pause
goto buttons

movlw
movwf

movlw

movwf
decN

decfsz

goto

decfsz

goto

return

end

axff
mCount

axff
nCount

nCount, f
decN
mCount, f
loadN

; Skip next instruction if RA1 is high
; Go to display_r if BUT1 is pressed (RA1l is low)

Otherwise, continue checking buttons

Load the 7-segment code for "L"
Output to Port B to display "L"
8.2s delay

Return to checking button presses

Load the 7-segment code for "r"
Output to Port B to display "r"
8.2s delay

Return to checking button presses

; Set w = 255 (outer loop counter)
; mCount = w: outer loop counter

; Set w = 255 (inner loop counter)
; nCount = w: inner loop counter

Decrement inner loop counter
Repeat if nCount != B
Decrement outer loop counter
Repeat if mCount != @

Exit subroutine
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99.

3.3 Toggling All LED Segments On/Off

This task is focused on programming a latching mechanism in which one button lights all LED
segments on the display while the other turns them off. The latching effect maintains the state until
the opposite button is pressed. The pseudocode provides the logic for maintaining and toggling

states, while the assembly code converts it to machine-level instructions.

3.3.1 Pseudocode

Initialise the microcontroller:
Set up the ports for the seven-segment display as output
Set up the ports for the buttons as input

Create a state variable:
Set initial state to "OFF"

Start main loop:
Check the status of Button 1:
If Button 1 is pressed:
Update state to "ON"

Check the status of Button 2:
If Button 2 is pressed:
Update state to "OFF"

Based on the current state:
If state is "ON":
Turn on all LED segments
If state is "OFF":
Turn off all LED segments

Repeat loop indefinitely

3.3.2 Assembly Code

1.

2.

3.

4.

5. #include pl6f84a.inc ; Include register definition file

6.

7. portA equ 8x8s5 ; Define Port A address

8. trisA equ 8x8s5 ; Define TRISA address in register bank @

9. portB equ @xe6 ; Define Port B address
18. trisb equ 8xes6 ; Define TRISB address in register bank 1
11.
12. status equ 8x83 ; Status register
13. RP8 equ 5 ; Bit 5 of status register
14. RP1 equ 6 ; Bit 6 of status register
15.
16. }===========ss=s=s=s=ss=s=s=ssss=ss=s=s==sssssssssssssssss=s=s=s=s====
17. ; VARIABLES
1B. ;==s=ss=s=ss=ss=s=sssssssssssssss=s=s=s=s====sssssssssssssssssssss=s==
19. count equ Bx8c ; Counter 8 to 255
28. nCount equ @xed ; Pause routine inner loop counter
21. mCount equ Bxde ; Pause routine outer loop counter
22. ledState equ exef ; Variable to store LED state (1=on, @=off)
23.
24, ;=======s=sssssSSSsSSSSSSSSSSSSSsSESSSSSSSSsSSSSSSsSSSsSsSSSSsSsSssss
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; CONSTANTS for 7-segment display

. ALL_ON equ Bx0e ; 7-segment code for all segments ON
. ALL_OFF  equ @xFF ; 7-segment code for all segments OFF

; RESET and INTERRUPT VECTORS

; Reset Vector
RST  code @x@

goto Start
; CODE SEGMENT
PGM  code
Start
bef status,RPO ; clear bank selection bits in the status reg
bcf status,RP1
bsf status,RP@ ; select bank 1
movlw Bxe8 ; load w with B8xBe
movwf trisb ; set portB as output
movlw BxFF ; load w with B8xFF
movwf trisA ; set portA as input
bef status,RP@ ; reselect bank @
movlw 8xFF ; Set Port B
movwf portB ; Set the 7-segment display to "off"
clrf count ; Initialise counter
clrf ledstate ; Set LED state to OFF (@)
; Main loop to check button presses
buttons
; Check if button 1 (BUT@) is pressed (RA®)
btfss porth,8 ; If RAR is high, BUT@ is not pressed
goto toggle_led_on ; Go to toggle led_on if BUT@ is pressed
; Check if button 2 (BUT1) is pressed (RA1)
btfss portA,1l ; If RA1 is high, BUT1 is not pressed
goto toggle_led_off ; Go to toggle_led off if BUT1 is pressed
goto buttons ; Otherwise, continue checking buttons
toggle_led_on

; If LED state is OFF (@), turn all LED segments ON
btfsc ledState, @ ; Check if LED is already on (if ledState is 1)
goto buttons If already on, do nothing and return to buttons check

movlw ALL_ON
movwf portB

bst ledState, @
call pause

goto buttons

Load code for all LED segments ON
Output to Port B to turn ON all segments
Set ledState to 1 (LED ON state)

Call pause to debounce the button

Return to checking button presses

toggle_led_off
; If LED state is ON (1), turn all LED segments OFF
btfss ledState, @ ; Check if LED is already off (if ledState is 8)
goto buttons If already off, do nothing and return to buttons check

movlw ALL_OFF
movwf portB
bcf ledState, @

Load code for all LED segments OFF
Output to Port B to turn OFF all segments
Set ledState to @ (LED OFF state)
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95. call pause ; Call pause to debounce the button

96. goto buttons ; Return to checking button presses

97.

98.

e T R E D e e L LT

188. ; Pause subroutine to add delay (debouncing)

b I e e L L LT

182. pause

183. mov1w exff ; Set w = 255 (outer loop counter)
164. movwf mCount ; mCount = w: outer loop counter
1@85. loadN

106. mov1w axff ; Set w = 255 (inner loop counter)
187. movwf nCount ; nCount = w: inner loop counter
188. decN

189. decfsz nCount, f ; Decrement inner loop counter
110. goto decN ; Repeat if nCount != @

111. decfsz mCount, f ; Decrement outer loop counter
112. goto loadN ; Repeat if mCount != @

113.

114. return ; Exit subroutine

115.

116. end

117.

3.4 Incrementing and Decrementing a Displayed Number

This task uses previous techniques to create a counting mechanism controlled by two buttons.
Starting at "5," one button raises the count to "9," while the other lowers it to "0." The program
manages state changes and sets restrictions to prevent overflow and underflow. The pseudocode
provides the logic for incrementing, decrementing, and preserving boundaries, whereas

the assembly code provides the implementation steps.

3.4.1 Pseudocode

Set up the ports for the seven-segment display as output
Set up the ports for the buttons as input

Initialise variables:
Set current_number to 5
Define maximum_number as 9
Define minimum_number as @

Define a lookup table for seven-segment encodings (@ to 9)

Start main loop:
Check the status of the "Increment” button:
If the button is pressed:
If current_number is less than maximum_number:
Increment current_number by 1

Check the status of the "Decrement” button:
If the button is pressed:
If current_number is greater than minimum_number:
Decrement current_number by 1

Use the lookup table to get the seven-segment encoding for current_number
Output the encoding to the seven-segment display

Repeat loop indefinitely

3.4.2 Assembly Code
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4

S#include pl6f84a.inc

; DEFINITIONS

Include register definition file

portA equ BxB5 ; Define Port A address
trisA equ Bxe5 Define TRISA address in register bank @
portB equ BxB6 Define Port B address
trisb equ 8xe6 Define TRISB address in register bank 1

status equ @xes3 ; Status register

RPB equ 5 ; Bit 5 of status register

RP1 equ 6 ; Bit 6 of status register

; VARIABLES

count equ Bx@c ; Counter @ to 255

nCount equ @x@d ; Pause routine inner loop counter
mCount equ @xBe ; Pause routine outer loop counter

; RESET VECTOR

RST  code @x@
goto Start

; MAIN PROGRAM

PGM  code

Start
bef status,RPO ; clear bank selection bits in the status reg
bsf status, RP@ ; Select bank 1
movlw xe8 ; Set Port B as output
movwf trisB
movlw BxFF ; Set Port A as input
movwf trisA
bef status, RPO® ; Select bank @
movlw axes ; Initialise count to S
movwf count

call DisplayCount

buttons
; Read the state of BUT@ (RA@) and BUT1 (RA1)
btfss portA, @ ; Check if BUT@ is pressed (RA® = @)
goto BUT®_Pressed ; Go to BUT@_Pressed if BUT® is pressed
btfss portA, 1 ; Check if BUT1 is pressed (RAl = @)
goto BUT1_Pressed ; Go to BUT1_Pressed if BUT@ is pressed
goto buttons ; Otherwise, keep checking

; Decrement count (for BUTG)

BUT@ Pressed
; Check if the button was pressed (RA@ = @)
btfsc portA, @ ; Check if RA@ is low (pressed)
goto Decrement

goto buttons

Decrement
decfsz count, f ; Decrement the count
movf count, w ; Load count into W
call DisplayCount ; Update 7-segment display with new value
call pause ; Delay
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78.

113.
114.
115.
116.
117.
118.
119.
120.
121.
122.
123.
124,
125.
126.
127.
128.
129.
13@.
131.
132.
133.
134.
135.
136.
137.
138.

goto

buttons

; Return to buttons check

; Increment count (for BUT1)

BUT1 Pressed

; Check if the button was pressed (RAlL = 8)

btfsc
goto

goto

Increment
incf
mov1w
subwf
btfsc
clrf
movf
call
call
goto

portA, 1
Increment
buttons
count, f
Bx89
count, w
status, Z
count
count, w
DisplayCount
pause
buttons

; Check if RAl is low (pressed)

Increment the count

Limit to 9 (hexadecimal @x@89)
Check if count > 9

If count > 9, reset to @

; Load count into W

; Update 7-segment display with new value
; Delay

Return to buttons check

; Display count on 7-segment display

DisplayCount
movF
call
movwf
return

pause
movlw
movwf

loadN
moviw
movwf

decN
decfsz
goto
decfsz
goto

return

count, w

lookup_table

portB

axff
mCount

axff
nCount

nCount,

decN

mCount,

loadN

.F

f

; Get count wvalue
; Lookup 7-segment code
; Output to Port B to display on 7-segment

; Set w = 255 (outer loop counter)
mCount = w: outer loop counter

Set w = 255 (inner loop counter)
nCount = w: inner loop counter

Decrement inner loop counter
Repeat if nCount != @
Decrement outer loop counter
Repeat if mCount != 8

Exit subroutine

addwf
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

end

g

on LED display
on LED display
on LED display
on LED display
on LED display
on LED display
on LED display
on LED display
on LED display
on LED display
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3.5 Producing a Tone with the Piezo Sounder

This task aims to make the piezo sounder generate a tone when a button is pressed. The circuit
detects the button's state and generates a square wave with a set frequency to power the sounder.
The pseudocode describes the logic behind button detection and tone creation.

3.5.1 Pseudocode

Configure the port connected to the piezo sounder as output
Configure the port connected to the button as input
Create constants:
Set the tone frequency (e.g., 1 kHz)
Calculate the delay required for the tone period (1/frequency divided by 2)
Start main loop:
Check the status of the button:
If the button is pressed:
Generate the tone:
Toggle the piezo output pin (high to low and low to high)
Wait for the calculated delay
Else:
Set the piezo output pin to low (silence)

Repeat loop indefinitely

3.6 Generating a Dynamic PWM Signal

This task was to create a pulse train with a dynamically changing pulse width to power the piezo
sounder. This involves using a basic pulse-width modulation (PWM) approach with a continuously
changing duty cycle to simulate a synthesiser-like waveform. The pseudocode describes the logic

used to generate the fluctuating PWM signal.

3.6.1 Pseudocode

Configure the port connected to the speaker as output
Set a fixed PWM frequency (e.g., 1 kHz) for the pulse train

Create constants:
Set initial PWM period (e.g., 1 ms for a 1 kHz frequency)
Set initial duty cycle (e.g., 58%)
Define PWM frequency modulation parameters (e.g., modulation range and speed)

Start main loop:
Generate a pulse train:
For each PWM period:
Toggle the speaker output pin based on the current duty cycle
Wait for the high time (duty cycle * period)
Wait for the low time ((1 - duty cycle) * period)

Modulate the duty cycle:
Gradually change the duty cycle value (increase or decrease)
Use a sine wave, sawtooth, or other modulation technique to create a changing effect
Update the duty cycle value for the next PWM period

Repeat loop indefinitely

pg. 20




These activities demonstrate the PIC16F84A microcontroller's versatility and ability to manage
various hardware aspects. Together, they demonstrate the microcontroller's ability to manage

complex operations through efficient programming, laying the framework for future study and

development in embedded system design.
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