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1. Introduction

This report looks at the logic behind the HND/BEng PIC16F84 Assignment Board, and goes into
detail about each components’ role in the circuit. The report then explains how hexadecimal
characters can be displayed on the 7-segment display. It also goes through several example
programs that have been made for the PIC, as well as the logic behind them.

2. Count.asm Circuit

2.1. Proteus circuit

Using Proteus’ component libraries, the HND/BENG PIC16F84 assignment circuit was recreated,
building off the simplified count.asm circuit provided. The original circuit diagram and Proteus
simulation are both shown below, with component labels matching for reference.
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Figure 1: PIC16F84 assignment circuit diagram




5V

ﬁ R2 ﬁ R3
10k 10K
R1 swz2 SW3
B M. 2
IC1 =5 = |
:g OSCHCLKIN RAD ; =
OSC2CLKOUT  RA1
x1 o
| | ¢ | WewR RAZ [——
I:I RAATOCKI [~
——=CB Grysw —=C9 RBOINT -2 —
22pF apF RB1 —
RB2Z
RB3 =
RB4 —_—
= =1 2 —
- RBE
RBT p—=
Lo (icz2) LD1 7SEGG
BT Swi1 2

R4

kT

.||_”_

Figure 2: Proteus simulation of count.asm circuit

In later simulations, the connector ST1 is replaced with a +10V power supply, as in a simulated
circuit, a power supply is more easily simulated than a terminal for a battery, while producing

the same results.

2.2. Component and Circuit Explanations

2.2.1. Specific elements
IC1 —IC1is a PIC14F84A, which has a total of 13 I/0 pins and a RISC CPU [1]. It is the central chip
to the circuit, and is used to drive the LED display LD1, while receiving inputs from pin A0 and

A1, and external clock pulses from the crystal oscillator.




IC3 —IC3is a 7805 voltage regulator. It receives an input from the power supply of around +10V,
and outputs a voltage of +5V, which acts as an input voltage to operate the rest of the PIC circuit

[2].

LD1 - LD1 is the 7-segement display. This receives 7 digital inputs from the output pins BO to B6
of IC1, with each input corresponding to an LED segment on the display [3]. This allows the
processes of the chip to more easily be visualized, as they can be formatted in a user-friendly
output.

Sounder — The sounder is a method of output for IC1, the main PIC. This allows the programmer
to provide an audio output to the user. The sounder will create noise when the output pin B7 is
oscillating/turning on and off repeatedly to create a PWM input to the sounder [4].

TR1 — This is the transistor which controls the sounder. It is a BJT transistor and will switch on
when IC1’s output pin B7 is high, causing current to flow from the base to the emitter, which
then causes current to flow from the collector to the emitter [5], when turned on and off
repeatedly, the sounder will create noise.

SW1 - This switch is used as the overall power switch, to turn the full circuit on/off. When it is
closed, the terminal to the power supply is connected.

SW2/SW3 - Switches/buttons two and three are both inputs to IC1, connected to pin A0 and Al
respectively. When pressed, they will set these input pins to low, as they create a path to
ground for current to flow. When released, the input pins will be set to high.

X1 — This is the crystal, which provides an external clock input to IC1, connected to both CLKIN
(clock in) and CLKOUT (clock out) pins. The crystal resonates at a fixed frequency, which
provides a reliable and consistent clock cycle to the PIC. This crystal resonates at 4MHz.

ST1/2 —ST1 and ST2 represent a connector which would be connected to the power supply. This
provides the voltage input to IC3, which subsequently provides the +5V used by the PIC and
peripherals.

2.2.2. Resistors

R1 — As the MCLR (master clear) pin to IC1 is active-low, to prevent resetting the chip, R1 acts as
a pull-up resistor, to hold this input pins high, as the chip will not need to be re-programmed
when in operation [1].




R2/R3 — Both of these resistors, connected to SW2 and SW3 respectively, act as pull-up
resistors. This sets the input pins A0 and Al high when the switch is off. This also limits the
current through the switch when on, preventing a short circuit through the switch [6].

R4 — Resistor 4 is connected to the base of TR1 and limits the current going to the base. This
allows the transistor to operate at its required current and means it will not blow when the
output pin B7 of IC1 is high and sourcing current [5).

R5 —.R5is in parallel to the piezoelectric buzzer, this allows the buzzer to charge/discharge as it
has capacitive elements, and to reset the voltage. It will also control the power being provided

to it, as the resistor will dissipate some of this power [7].

Resistor array (1C2) —1C2 is an array of 7 resistors, each connected to one of the LED inputs to
LD1. As the output voltage of IC1 will be set at 5V, the resistor acts as a current limiting to allow

the LED to operate in its optimal current rating range [6].

2.2.3. Capacitors
C3 - C3is used as the output capacitor for the voltage regulator IC3. While it does help a little

with stability, its main purpose is to help the transient response of the regulator [2].

C4 — Capacitor C4 is used as a filter for the input voltage to the voltage regulator IC3. It is used
to provide a steadier input and reduce ripples. It helps with the stability of the voltage regulator

and its’ transient response [2].

C8/C9 — These capacitors act as pull-down capacitors on either side of the crystal oscillator.
They are used to improve stability for the crystal oscillator and their values are recommended to
be between 15-33pF by the PIC’s datasheet [1].

3. Displaying Hexadecimal Characters

To identify the outputs needed to display each hexadecimal character, Each bit of the 7-segment
display was tested individually, using the code shown below in Figure 3.




movlw b

movwf portB ; move W to port B to update the display
call pause ; delay 2060ms by subroutine

call pause

movlw b

movwf  portB ; move W to port B to update the display
call pause ; delay 2@06ms by subroutine

call pause

movlw b

movwf  portB ; move W to port B to update the display
call pause ; delay 266ms by subroutine

call pause

movlw b

movwf  portB ; move W to port B to update the display
call pause ; delay 208ms by subroutine

call pause

movlw b

movwf portB ; move W to port B to update the display
call pause ; delay 260ms by subroutine

call pause

movlw b

movwf  portB ; move W to port B to update the display
call pause ; delay 2@06ms by subroutine

call pause

movlw b

movwf  portB ; move W to port B to update the display
call pause ; delay 266ms by subroutine

call pause

Figure 3: Screenshot of assembly code to test input of LED display

The results of this test are summarized in Figure 4 below, along with the LED segment they map
to.

Binary code Seven-segment display output Mapping the bit to

display

1000000 RAD = 15t bit = segment G
RA2 f——
RAS ===
MITOCK) == RO
RBONT |=2 |
RB1 -
RB2 -
m -
:g; T
Res 12 [
Re7 =21 220R




0100000

T =~

R9

~jon

[=[=]=[=[=]=f=]= [=]=]=]=]=

o)==

220R

2nd bit = segment F

0010000

[
-
e

|

EE8

= (=]

=l=la

220R

3rd bit = segment E

0001000

T s

-~

| 1= B o=

4th bit = segment D

0000100

S|~

|.|- uls
£
I

=

=

i

5th bit = segment C




0000010 RAD

6th bit = segment B

A0
NEEE

0
<]

:
5 I

=

- 220R

0000001 7th bit = segment A

FFHT

|@§ﬁ§ss@§ 552

-

Figure 4: Table of results from testing the 7 segment display inputs
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This showed that the 7-segment display is active low, meaning that when one of the output pins
B0-B6 is set low, the corresponding LED will light. This made it easier to map each segment to its
bit in the binary output. For this, Figure 5 below was used.
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Figure 5: Diagram to map each segment of the 7 segment display
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The bits which needed to be low for each hexadecimal character was then identified, and the
overall binary output values were calculated in Figure 6 below.

Hexadecimal ON OFF Binary output Display output

Character  segments segments values

A 1000000 1000000
B
c
D
E
F
1 B A 0000001 1111001
c D 0001000
E 0010000
F 0100000
G 1000000
2 A c 0000100 0100100
B F 0100000
D
E
G
3 A E 0010000 0110000
B F 0100000
c
D
G
4 B A 0000001 0011001
c D 0001000
F E 0010000
G




A B 0000010 0010010
c E 0010000

D

F

G

A B 0000010 0000010
c

D

E

F

G

A D 0001000 1011000
B E 0010000

c G 1000000

F

A None 0000000
B

c

D

E

F

G

A E 0010000 0010000
B

c

D

F

G

A D 0001000 0001000
B

c

E

F

G
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B c 0000001 0000011
D B 0000010
E
F
G
© A B 0000010 1000110
D c 0000100
E G 1000000
F
D B A 0000001 0100001
c F 0100000
D
E
G
E A B 0000010 0000110
D 0000100
E
F
G
F A B 0000010 0001110
E c 0000100
F D 0001000
G

Figure 6: Table showing results of mapping each characters binary code

To test each of these codes, each binary output number was converted to hexadecimal using
the method below:

— Separate the binary number into two nibbles
— Find the denary value of each of these nibbles individually
— Convert each denary value to the relevant hexadecimal character

13




— Combine both hexadecimal characters together to obtain the final value [8]

An example calculation for the character ‘7' is shown below:

8-bit binary code = 01011000

Bit values = 8421 8421
Nibbles = 0101 1000
Denary values = 4+1=5 8=8

Hexadecimal value = 58

Equation 1: Converting the binary code to hexadecimal

The rest of the characters’ hexadecimal values were calculated using the same method, and the
results of each calculation are shown in Figure 7 below.

Hexadecimal Binary output  Hexadecimal

Value code conversion
0 01000000 40
1 01111001 79
2 00100100 24
3 00110000 30
4 00011001 19
5 00010010 12
6 00000010 02
7 01011000 58
8 00000000 00
9 00010000 10
A 00001000 08
B 00000011 03
C 01000110 46
D 00100001 21
E 00000110 06
F 00001110 0E

Figure 7: Table with results of binary to hexadecimal conversions
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4. Modifying the Code

4.1. Incrementing Hexadecimal Characters

The flow chart for hexadecimal character display was made, shown below in Figure 8, it was
designed before the program to plan the basic logical operation of the code.

START

i

count=0 <

¢

YES

retrieve value in
position 'count’ of
lookup table

Y
i display value to LEDs ;

count =+ 1

A4

pause 0.2 seconds

Figure 8: Flow chart to increment and display hexadecimal characters

Using the initial Proteus simulation from section 2.1, the original conut.asm program and along
the hexadecimal output codes calculated previously, the following code shown in Figures 9 and
10 was written to display each hexadecimal character.
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59 get_count

60

61 movf count, w ; move count to W w= workign register

62

63

64 btfss count, 4 ;testing if msb of count is >16 (if the 16 bit is high)
65 call increment_count ;if it isnt then increment count
66

67

68 call pause ;delay 28@ms by subroutine

69

70 movlw  @xee ;resets count to 8 if it > 16

71 movwt count

72

73 goto get_count ; repeat forever

74

75

76

77 increment_count

78 movf count, w ;moves count to w

79 call number_table ;retrieves display code for character from Lookup table
80 movwt PORTB ;updates display

81 call pause

82 incf count ;increments count by one

83

84 goto get_count ;repeats forever

L=l
Figure 9: Code to show the key functions of the incrementing and displaying hexadecimal task

89 number_table

20

91 addwf  PCL

92

93 retlw  @x4@ ;e
94 retlw  ©x79 ;1
95 retlw  8x24 ;2
96 retlw  ©x3@ ;3
97 retlw  8x19 ;4
98 retlw  ©x12 ;5
99 retlw  @x82 ;6
100 retlw  ©x58 ;7
101 retlw  ©x0@ ;8
102 retlw  @x18 ;9
103 retlw  ©@x@8 ;A
104 retlw  @x@3 ;B
105 retlw  @x46 He
106 retlw  @x21 ;D
107 retlw  @x86 JE
108 retlw  ©xBe ;F

Figure 10: The lookup table created for the hexadecimal characters on the 7 segment display

A lookup table was used to cleanly loop in the code, which will retrieve the hexadecimal output
value for a certain character. The value is then outputted to port B, which sets pins BO to B7
high/low, depending on each pin’s corresponding bit in the binary value being outputted. The

16




pause subroutine is then called twice to create a delay of 0.2s between each character being
outputted.
The full code can be found in Appendix A, and an image of the circuit operating in the

simulation is also shown below in Figure 11

——

[H R2 [|] R3
- e Wk
SW2 sw3
-.

LD1 TSEGG

Rd

e

Figure 11: Screenshot of Proteus simulating the incrementing hexadecimal code

4.2. Land R Buttons
The flow chart for the L and R buttons was made, shown below in figure ***, it was designed
before the program to plan the basic logical operation of the program.
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is button1 is button1

pressed? pressed? turn off display

display L display R

Figure 12: Flow chart to display L and R when buttons are pressed

The main program was written, shown below in Figure 13, the full program can be found in

Appendix B.

67 button_check

bR R R R R S e e s R e

bsf TRISA, @
bsf TRISA, 1

btfss PORTA, @
goto pin@_low
goto pine_high

; Set RA@ as input
; Set RA@ (bit @) as an input
; Set RA1 (bit 1) as an input

; Check if pin RA® is high
; Bit Test f, Skip if Set (Check if RA@ is high/first button pressed)
; If RA® is low, jump to pin_Llow

pin@_low: swill run if pin RA@ is low
movliw ©x47 HA
movwf portB ;move W to port B to update the display
goto  button_check ;Loops back infinitely

piné_high: swill skip to this line if PIN RA® is high

btfss PORTA, 1
goto pinl_low
goto pinl_high

pinl_high:
movlw
movwf
goto

pinl_low:
movlw
moviwf

; Bit Test f, Skip if Set (Check if RA1 is high/second button pressed)
; If RA1 is low, jump to pin_Llow subrouting
; skips to this Lline if RA1 is high, jump to pinl_high subroutine

axff jturns display off if neither button is pressed
portB ; move W to port B to update the display
button_check

ex2f H
portB ; move W to port B to update the display

Figure 13: Code for the L and R buttons
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This code infinitely checks the status of each button, calling for the display to show L, R or
nothing depending on which buttons are pressed. The hexadecimal codes for L and R were
calculated in the same was as the hexadecimal characters were in section 3. The full code can

be found in Appendix B, and screenshots of the working simulation are shown below in Figures
14 and 15.

eyl
§2
s

o
T (Ic2) LD1 TSEGG
e

+—p &

LS LS
Ri o] A e
e o5 Q_I mmr__S. mEE
o
c1 " HH
oo =
o L2 oscvouan o ’_J—If—
— el
- - D & | e L s E .
==CB mvEm =] Rt |24 —
e sk L I}
. | ) —
I =
= = L o —
] on —
EEn L LD1 7SEGG

Figure 15: Screenshot of simulation displaying 'r' when the right button is pressed
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4.3. Latching LED segments

The flow chart for the latching LEDs was made, shown below in Figure 16 it was designed before

the program to plan the basic logical operation of the program.

‘ START

A

LEDs off

is button1
pressed?

light LEDs

is button2
pressed?

LEDs off

|

Figure 16: Flow chart to create latching buttons to turn LEDs on/off

The code for this program was then written, the assembly code for the key function is shown

below in Figure 17.
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68 button_check

69

70 bsf TRISA, @ ; Set RA® (bit 8) as an input

71 bsf TRISA, 1 ; Set RA1 (bit 1) as an input

72

73 btfss PORTE, @ schecks if the LED display is already on

74 goto buttonA jruns if the display is on

75 goto continue ;jumps to next section

76

77 buttona: swill run if the LED display is currently off
78 btfss PORTA, @ schecks if button one is pressed to turn display off
79 goto turn_off jturns off LEDs

&a goto button_check jrepeats main function to continue checking
81

82 turn_off:

83 bsf PORTE, © ssets all bits in portB high (turns LEDs off)
B84 bsf PORTE, 1

85 bsf PORTE, 2

86 bsf PORTB, 3

87 bsf PORTB, 4

88 bsf PORTE, 5

89 bsf PORTE, &

1] goto button_check jrepeats main function

91

92 continue: swill run if the LED display is currently off
a3 btfss PORTA, 1 schecks if button two is pressed

o4 goto turn_on sturns on LEDs

95 goto button_check jrepeats main function

96

a7 turn_on:

Qg clrf PORTB selears all pins on port B

Qg goto button_check

Figure 17: Code of the main function to check status of the 7-segment display and buttons

The program will first check if the LED is on or off, if it’s on, it will check if button one has been
pressed and turn off if needed. When it is off, it will check button 2 and turn on when itis
pressed. The full code can be found in Appendix C, and screenshots of the buttons latching and
turning the display on and off can be seen below in Figures 18 and 19.
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Figure 18: Screenshot of the 7-segment display being turned off
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Figure 19: Screenshot of the 7-segment display being turned on
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4.4. Counting up and down

The flow chart for the incrementing/decrementing project was made, shown below in Figure 20,
it was designed before the program to plan the basic logical operation of the program.

START

count =5

i display count .-_"

is button 1
pressed?

is button 2
pressed?

YES
0

NO

count -= 1 count += 1

' display count

Figure 20: Flow chart for incrementing or decrementing the 7 segment display

The key bits of code and functions called can be found below in Figures 21 and 22. The lookup

table created in section 4.1 was also used.
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45
46
47
48
49
50

51
52
53
54
55
56

J22T2K2TR23889

AEI S

start

bef status,RP@
bef status,RP1
bsf status,RPe
movlw  ©@xee
movwf  trisb
bef status,RP@

clrf portB

movlw  ©@xes

movwf  count

call number_table
movwf  PORTB

button_check

80 button_one

LRe8BB8IRRRERR

RB RS

889

100
101
102
103

decfsz
call

mov 1w
movwf
call

movwf

goto

button_two

btfss
call

mov 1w
movwf
call

movwf

goto

Figure 22: Code showing key subroutines of the counting program, run when either button is pressed

bsf TRISA, @
bsf TRISA, 1

btfss  PORTA, @
call button_one

btfss PORTA, 1
call button_two

goto button_check

; clear bank selection bits in the status reg

; select bank 1

; load w with exee

; load it into trisb to make portb all outputs
; reselect bank @

; clear all lines Low

sinitially sets count to 5

sretrieves hex code to display 5 on the display
;initially displays count

;infinitely checks if buttons are pressed
; Set RA@ (bit @) as an input

; Set RA1 (bit 1) as an input

;checks if button 1 has been pressed

;checks if button 2 has been pressed

; repeat forever

Figure 21: Code showing the main function of the counting program

count
count_dec

axee

count
number_table
PORTB

button_check

count, 3
count_inc
exe9

count
number_table
PORTB

button_check

;code to run when button 1 is pressed
;jdecrements count and tests if its zero
;update count and display

;sets count to @
;finds hex code for @ in lookup table
joutputs to display

sreturns to main program

;code to run when button 2 is pressed

;tests if count >= 8 by testing the '8's bit of the register

;update count and display

;sets count to 9
jreturns hex code for 9 from Lookup table
;sends hex code to display

jreturns to main program
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108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128

count_inc
incf count
movf count, w
call number_table
movwf  PORTB
call pause
goto button_check
count_dec
movf count, w
call number_table
movwf  PORTB
call pause
goto button_check

;code to increment and display count

jcount=+1

smoves count to w

;returns hex code in position of count from Lookup table
;sends hex code to display

;pause for 288ms

jreturns to main program

;subroutine to decrement and display count

smoves value of count to w

jreturns hex code in position of count from Lookup table
joutputs that hex number

jpauses for 280ms

;returns to main program

Figure 23: Code for the incrementing and decrementing subroutines for the counting program

The program works by first looping until one of the buttons are pressed. When they are, it then

checks the value of ‘count’ if it is already at nine, it will continue to be set at nine if it tries to

increment, similarly it will remain at 0 if it tries to decrement further. In any other situation, it

will increment/decrement as needed and update the display. The full code can be found in

Appendix D, and a screenshot of the operating circuit is shown in Figure 24 below.
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Figure 24: Screenshot showing the working counting circuit
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4.5. Sounder

As an extension task, a flow chart for sounder to buzz was made, shown below in Figure 25 it
was designed before the program to plan the basic logical operation of the program.

turn pin off <

is either button
pressed?

pin output on will cause
it to
oscillate
when
Y button is
pressed
pin output off

Figure 25: Flow chart to work sounder when a button is pressed

The program was implemented using the key functions shown below in Figures 26 and 27.




59 button_check
60

61 bsf
62 bsf
63

64

65 btfss
66 call
67

68 btfss
69 call
70

71

77 ontn
77 turn_on

78 bsf
79

80 btfss
81 call
82

83 btfss
84 call
85

86 bcf
87 nop
88

89 goto
90

91

92

93 turn_off

94 bcf
95 goto

;infinitely checks if buttons are pressed

TRISA, @ ; Set RA@ (bit @) as an input

TRISA, 1 ; Set RA1 (bit 1) as an input

PORTA, © ;checks if button 1 has been pressed
turn_on ;turns sounder on

PORTA, 1 ;checks if button 2 has been pressed
turn_on ;turns sounder on

huttan rhark * reneat fareuer

Figure 26: Code for the main function of the sounder program

PORTB, 7 ;sets pin B7 high

PORTA, © ;checks if button one has been released
turn_off ;turns off sonuder

PORTA, 1 ;checks if button two has been released
turn_off ;turns off sounder

PORTB, 7 ;sets pin B7 low

;creates even pwm cycle

turn_on ;repeats the lLoop while buttons being held
PORTB, 7 ;turns off pin B7
button_check sreturns to main program

Figure 27: Code for the two key subroutines to turn the sounder on and off

The buttons were checked in a very similar way to the previous 3 tasks, when either one was

pressed, the program then jumps to the subroutine to turn the sounder on by creating a PWM

output. It will then check when the buttons have been released and turn the sounder off. The

full code can be found in Appendix E, and a screenshot of the sounder operating is shown below

in Figure 28.
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Figure 28: Screenshot of the operating sounder program and circuit

5. Conclusion

To summarize, this report has covered the function and operation of the assignment circuit,
looking at each chip’s uses and all the components’ purposes in the circuit. It has also explained
how to display hexadecimal characters to a 7-segment display, and the method used to test and
calculate each output needed. The report concludes by going through 5 of the set tasks, their
operation and snapshot of the code and its working circuit.
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7. Appendices

Appendix A — Code for incrementing hexadecimal characters

Main.asm file generated by New Project wizard

Created: Wed Cct 30 2024
Processor: PICl16F844
Compiler: MPASM (Proteus)

; DEFINITIONS

;

#include pléfB84da.inc ; Include register definition file
portb equ 0x06 ;port B address

trisb equ 0x06 ;trisB address in register bank 1
status equ 0x03 ;status register number is in hex

RFO equ o ;bit 5 of status register assigns memory address as
register

EP1 equ 6 ;bit 6 of status register

;

; VARIABLES

;

count equ ; counter 0 to 255

nCount equ
mCount equ

.
.

.

; pause routine inner lcoop counter
; pause routine cuter loop counter

RESET and INTERRUPT WVECTORS

; Reset Vector

RST code (Ox0

.
.

.

goto start

CODE SEGMENT

PGM code

start
becf status,RP0 ; clear bank selection bits in the status reg
bcf status,RP1
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bsf status,RP0 ; select bank 1

movliw X ; load w with 0x00

movwi trisb ; load it into trisb to make portbh all cutputs
becf status,RPF0 ; reselect bank 0

clrf portB ; clear all lines low

clrf count ; lnitialize counter to 0

get count

movE count, w ; move count to W w= workign register

btfss count, 4 ;testing if msb of count is >16 (if the 16 bit 1is
high)

call increment count ;if it isnt then increment count

call pause ;delay 200ms by subroutine

movlw ;jresets count to 0 if it > 16

movwi count

goto get count ; repeat forever

increment count

movE count, w ;jmoves count to w

call number table ;retrieves display code for character from
lockup table

movwi PORTE ;updates display

call pause

incf count ;ilncrements count by cne

goto get count ;jrepeats forever

number table
addwf PCL

retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

H= e s ST . O I S PV I SV S
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retlw ;B
retlw ;C
retlw ;D
retlw G E
retlw  F
pause
movlw 4 ; set w = decimal
movwE mCount ; mCount = w: outer loop counter
loadi
movliw 4 ; set w = 255 decimal
movwE nCount ; nCount = w: inner loop counter
decN
decfsz nCount, £ ; nCount--
goto declN ; 1f nCount != 0 then repeat nCount--
decfsz mCount, £ ; else decrement Count
>to loadN ; 1f mCount != 0 then
; reload nCount to 255 and decrement
return ; else exit subroutine
END
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Appendix B — Code for displaying L and R buttons

; Main.asm file generated by New Project wizard

; Created: Wed COct 30 2024
; Processor: PICl6FS84A
; Compiler: MPASM (Proteus)

; DEFINITIONS

#include pléfB84da.inc ; Include register definition file

portb equ 6 ;port B address
trisb equ 0x06 ;trisB address in register bank 1

porth equ 0Oxll ;port A adress

trisa equ O0xl11l ;tris a address

status equ 0x03 ;status register number is in hex

RPO equ 5 ;bit 5 of status register assigns memory address as
register

EP1 equ 6 ;bit 6 of status register

;

; VARIABLES

;

count equ ; counter 0 to 255

nCount equ
mCount equ

; pause routine inner lcoop counter
; pause routine cuter loop counter

i
; RESET and INTERRUPT WVECTORS

.

; Reset Vector
RST code (Ox0
goto start

i
; CODE SEGMENT

.

PGM code
start
bef status,RPO ; clear bank selection bits in the status reg

becf status,RP1

bsf status,RPO : select bank 1
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movlw
movwt trisb
bef status,RPO H

bsf status,RPO H
movlw FE
movwf trisa

bef status,RPO H

; load w with 0x00

; load it into trisb to make portb all outputs
reselect bank 0

select bank 1

; load w with 0x03
; load it into trisa to set input pins

reselect bank 0

clrf portB ; clear all lines low
button check
; Set RAOD as input
bsf TRISA, | ; Set RAO (bit 0) as an input
bsf TRISA, | ; Set RAl1l (bit 1) as an input
; Check 1f pin RAO 1is high

btfss PORTA, ; Bit Test £, Skip 1f Set

is high/first button pressed)
> pin0 low ; If RAO is low, jump to pin low

oto pinO:high

pin0 low:

movlw :

movwE portB

goto button check

pin0 high:
btfss PORTA,
high/second button pressed)
goto pinl low
goto pinlihigh
pinl high subroutine

pinl high:
movlw
pressed
movwE
goto

portB
button check

pinl low:
movlw

movwE portB

goto button check

;will run 1f pin RAD is low

;L

;move W to port B to update the display
;i loops back infinitely

;will
; Bit Test £, Skip 1f Set
If RAl is

; low,
; skips to this

line if RAl is high,

;turns display off 1f neither button is

; move W to port B to update the display

;T

; move W to port B to update the display

(Check if RAD

skip to this line if PIN RAD is high
(Check 1if RAl is

jump to pin low subrouting
jump to
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Appendix C — Code for latching the LED display on/off

; Main.asm file generated by New Project wizard

; Created: Wed COct 30 2024
; Processor: PICl6FS84A
; Compiler: MPASM (Proteus)

; DEFINITIONS

#include pléfB84da.inc ; Include register definition file

portb equ 6 ;port B address
trisb equ 0x06 ;trisB address in register bank 1

porth equ 0Oxll ;port A adress

trisa equ O0xl11l ;tris a address

status equ 0x03 ;status register number is in hex

RPO equ 5 ;bit 5 of status register assigns memory address as
register

EP1 equ 6 ;bit 6 of status register

;

; VARIABLES

;

count equ ; counter 0 to 255

nCount equ
mCount equ

; pause routine inner lcoop counter
; pause routine cuter loop counter

i
; RESET and INTERRUPT WVECTORS

.

; Reset Vector
RST code (Ox0
goto start

i
; CODE SEGMENT

.

PGM code
start
bef status,RPO ; clear bank selection bits in the status reg

becf status,RP1

bsf status,RPO : select bank 1
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movlw 0x0( ; load w with 0x00

movwf trisb ; load it into trisb to make portb all outputs
bef status,RPO ; reselect bank 0

bsf status,RPO : select bank 1

movlw OxFF ; load w with 0x03

movwi trisa ; load it into trisa to set input pins

bef status,RPO ; reselect bank 0

clrf portB ; clear all lines low

butten check

bsf TRISA, | ; Set RAO (bit 0) as an input
bsf TRISA, | ; Set RAl1l (bit 1) as an input
btfss PORTE, | ;checks 1f the LED display is already on
3 buttonk ;runs 1f the display is on
> continue ;jumps to next secticn
buttonh: ;will run 1f the LED display 1s currently off
btfss PORTA, | ;checks if button cone 1s pressed to turn display
off
goto turn off ;turns off LEDs
goto button check ;repeats main functicon to continue checking
turn off:
bsf PORTE, ! ;sets all bits in portB high (turns LEDs off)
bsf PORTE, |
bsf PORTE,
bsf PORTE,
bsf PORTE,
bsf PORTB, ©
bsf PORTB, ©
goto button check ;repeats main function
continue: ;will run 1f the LED display 1s currently off
btfss PORTA, | ;checks if button two 1s pressed
;turns on LEDs
> button check ;repeats main functicn
turn on:
clrf PORTB ;clears all pins on port B

goto button check

END




Appendix D — Code to Increment/Decrement the Display

; Main.asm file generated by New Project wizard

; Created: Wed COct 30 2024
; Processor: PICl6FS84A

; Compiler: MPASM (Proteus)
; DEFINITIONS

#include pl6fB4a.inc

; Include register definition file

portb equ ;port B address
trisb 0x06 ;trisB address in register bank 1
status equ 0x0 ;status register number i1s in hex
REO equ ;bit 5 of status register assigns memory address as
register
EP1 equ ;bit 6 of status register
i
; VARIABLES
i
count equ ; counter 0 to 255
nCount equ ; pause routine inner lcoop counter
mCount egu ; pause routine cuter loop counter
i
; RESET and INTERRUPT VECTORS
i
; Reset Vector

RST code 0x0

goto start

.

; CODE SEGMENT

PGM code

start

bef status,RPO
becf status,RP1

bsf status,RP0 ;

movlw
movwi

trisb

bef status,RPO

clear bank selection bits in the status reg

select bank 1

; load w with 0x00

; load it inte trisb to make portb all ocutputs
reselect bank 0
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clrf portB ; clear all lines low

movlw X
movwE count ;ilnitially sets count teo 5
call number table ;retrieves hex code to display 5 on the display
movwi PORTE ;initially displays count
butten check ;infinitely checks 1f buttons are pressed
bsf TRISA, | ; Set RAO (bit 0) as an input
bsf TRISA, | ; Set RA1l (bit 1) as an input
btfss PORTA, | ;checks if button 1 has been pressed
call button one
btfss PORTA, | ;checks if button 2 has been pressed
call button two
goto button check ; repeat forever
button one ;jcode to run when button 1 is pressed
decfsz count ;decrements count and tests if its zero
call count_dec ;update count and display
movlw X
movwE count ;sets count to 0
call number table ;finds hex code for 0 in loockup table
movwi PORTE joutputs to display
goto button check ;returns to maln program
button two ;code to run when button 2 is pressed
btfss count, ;tests 1f count >= 8 by testing the '8's bit
of the register
call count inc ;update count and display
movlw
movwE count ;sets count to 9
call number table ;returns hex code for 9 from lockup table
movwi PORTE ;sends hex code to display
goto button check ;returns to maln program
count inc ;code to increment and display count

incf count rcount=+1




movE count, w ;moves count to w

call number table ;returns hex code in position of count from
lockup table

movwi PORTE ;sends hex code to display

call pause ;pause for 200ms

goto button check ;returns to maln program
count dec ;subroutine to decrement and display count

movE count, w ;moves value of count to w

call number table ;returns hex code in position of count from
lockup table

movwE FORTB joutputs that hex number

call pause ;pauses for 200ms

goto button check ;returns to maln program

number table
addwf PCL

retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw
retlw

RS

W00 -1 oy N W

pause
movlw xff
movwi mCount
loadi
movlw xff
movwi nCount
decN
decfsz nCount, £
goto declN

set w = 255 decimal
w: outer loop counter

set w = 255 decimal
w: 1lnner loop counter

nCount--
if nCount != 0 then repeat nCount--

else decrement Count
if mCount != 0 then
reload nCount to 255 and decrement

decfsz mCount, £
goto loadi




return
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Appendix E — Code to Operate Sounder When Buttons are Pressed

; Main.asm file generated by New Project wizard

; Created: Wed COct 30 2024
; Processor: PICl6FS84A

; Compiler: MPASM (Proteus)
; DEFINITIONS

#include pl6fB4a.inc

; Include register definition file

portb equ ;port B address
trisb 0x06 ;trisB address in register bank 1
status equ 0x0 ;status register number i1s in hex
REO equ ;bit 5 of status register assigns memory address as
register
EP1 equ ;bit 6 of status register
i
; VARIABLES
i
count equ ; counter 0 to 255
nCount equ ; pause routine inner lcoop counter
mCount egu ; pause routine cuter loop counter
i
; RESET and INTERRUPT VECTORS
i
; Reset Vector

RST code 0x0

goto start

.

; CODE SEGMENT

PGM code

start

bef status,RPO
becf status,RP1

bsf status,RP0 ;

movlw
movwi

trisb

bef status,RPO

clear bank selection bits in the status reg

select bank 1

; load w with 0x00

; load it inte trisb to make portb all ocutputs
reselect bank 0
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clrf portB
butten check

bsf TRISA,

bsf TRISA,

btfss PORTA,

call turn on

btfss PORTA,

call turn on

goto button check
turn on

bsf PORTEB,

btfss FORTA,

call turn off

btfss PORTA,

call turn off

bcf PORTE,

nop H

goto turn on
turn off

bcf PORTE,

clear all lines low

.

infinitely checks 1f

Set RAO
Set RAl

(bit 0)
(bit 1)

.

.

if butteon 1

sounder on

juy

checks
turns
if butteon 2
sounder on

juy

checks
turns

repeat forever

.

pin B7 high

checks if
turns off

button one
sonuder

button two
sounder

;checks 1f

;turns off

;sets pin B7 low

creates even pwm cycle

;repeats the loop whi

;turns off pin B7

buttons are pressed
an input
an input

as been pressed

as been pressed

has been released

been released

has

le buttons being held

goto button check ;returns to maln program
j========——=—=———oo—oo—oo———oo————o——————————————————————————————=o==
pause

movlw xff ; set w = 255 decimal

movwE mCount ; mCount = w: cuter loop counter
loadi

movlw xff ; set w = 255 decimal

movwE nCount ; nCount = w: 1lnner loop counter
decN

decfsz nCount, £ ; nCount--
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return

mCount,
loadN

£

1f nc

~ount

Count to

exit

!= 0 then

decrement Count

!= 0 then

subroutine

repeat

and

nCount--

decrement
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