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0.0 Introduction

In this document the workings of several embedded systems will created and
analysed based on their Assembly programs within. This will include the breakdown

of the circuit required to run the microprocessor and the operations required to count
in hexadecimal.




1.0 Circuit board
1.1.0 Section 1
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Figure 1: Power supply circuit
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The power input for the circuit comes from a screw terminal block, carrying both ground and
power. The power is most likely to be between ~5.5V —> 35V [1], due to the upper limits of the
voltage regulator. Although, the efficiency will be extremely limited within the upper limit range. For
the purposes of the simulation, it is assumed to be at 10V. The voltage regulator (U2) takes the
input voltage and ensures that it stays at a consistent level within its output range. In this case, it
outputs 5V. The decoupling capacitors will limit any high frequency noise from the supply and
voltage regulator [2]. This is due to their reactance being high when frequency is low and being
able to short high frequency signals to ground.

1.2.0 Section 2
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Figure 2: Crystal & decoupling capacitors

X1 is a crystal, which is used as an external clock for the microprocessor. It works through a
quartz crystal, which will vibrate at a specific frequency and will in turn create a voltage due to the
Piezoelectric effect [3]. The frequency can vary with the shape it's cut into, in this case it's a 4 MHz
crystal. This will provide an accurate timing source for the microprocessor to work with. Similar to

the power supply circuit, the decoupling capacitors will help to eliminate any noise from the
oscillator’s signals.




1.3.0 Section 3
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Figure 3: Pull up resistors & buttons

This section uses two pull up resistors and buttons to create an input, which will normally be high
and will result in the input being low when pressed. The resistors are in place to limit the current
that can flow through to the microprocessor and to ground. This would be most common when the
button is pressed, if the resistor value is too low large amounts of current could damage the circuit
through overheating the wires or tracks [4].

1.4.0 Section 4
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Figure 4: IC & 7 segment display

The main microprocessor counts up, turning individual elements of the seven-segment display on
and off. The PIC18F84A works through a list of assembly instructions [5], iterating through all of
the combinations of seven-segment display configurations possible. It uses the crystal to tick
through all the instructions needed.

The 7-segment display works through sinking the individual LEDs to ground, allowing the current
from the common anode to flow through the LED and to ground [6]. Inversely, the outputs can be
held high, creating no potential difference and hence, no current flow. The resistors in place to
prevent sinking too much current to ground, as it will damage the microcontroller.

The buzzer is connected to another subsection and is cantroller through sourcing the current to
operate the transistor.




1.5.0 Section 5
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Figure 5: Buzzer circuit

This section uses a bi-junction transistor to drive a buzzer. This is achieved through sourcing the
current required for the transistor to operate. The 4.7k resistor is in place to prevent sourcing an
amount of current which would damage the microcontroller. The transistor allows current to flow
from VDD to ground through the sounder and resistor, creating a sound. The 1k resistor is in place
to dissipate the current when the transistor is not conducting [7], which is due to the small amount
of capacitance and inductance the sounder holds [8].




2.0 Counting from 0-F

2.1.0 Initialisation

The sequence of output pins needed to turn on to create a digit would need to be stored in a
location. This could be achieved through either EEPROM or RAM. In this case, the RAM will be
used for its easier implementation. A likely approach would be to use the ORG keyword to set the
location counter to that of the EEPROM's [9], this will allow the usage of the DE keyword to
allocate the hex values associated to the hex digits, as shown in Table 1. This could be attained
using a datasheet like that of the simulated one [6]. Dependent on the order the 7 segment is
connected, it can be taken that a will be the least significant bit and g the most. Due to the display
only using seven of the eight ports, the most significant bit can be omitted.
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Figure 6: extract from 7 segment datasheet

Table 1: Hex values associated with 7 segment displays

Digit Binary 7 seg Hex
1 x1000000 40
2 x1111001 79
3 x0100100 24
4 x0110000 30
5 x0011001 19
6 x0010010 12
7 x0000010 2
8 x1111000 78
9 x0000000 0
10 x0011000 18
11 x0001000 8
12 x0000011 3
13 x1000110 46
14 x0100001 21
15 x0000110 6
16 x0001110 E




2.2.0 Function

The location of the bytes used for each segment will need to be allocated and their respective
value for the 7 segment display sequences assigned. Using the EQU keyword allows for the
allocation of bytes within the RAM, which can be assigned to the digit required later in the
program. Alternatively, slots within the memory can be reserved using the RES keyword, although
they may not be reserved concurrently. Ideally, this should be done in a way where the sequences
are consecutive and in the right order, making iterating through them easier.

Next, a way to retrieve the sequences for each value needs to be established. In this case, the
sequence can be pulled from its memory address and stored within the working register
temporarily then subsequently pushed to the relevant port for controlling the display.

The memory addresses can be incremented through using an INCF function, which will increment
the value within a file by a specified value. To prevent overrunning the 0-F limit a BTFSS, which
can test the 4" bit of the value being incremented ensuring that the values are less than 16.

To ensure that each digit is readable a timer needs to be put in place. This could be achieved
through using a loop and no-operation keywords. For example, decrementing from 255 to 0 with a
NOP keyword, which will count from 255 pause then decrement, allowing time for the user to read
the digit.




3.0 Simulations
3.1.0 CountfromO0-F

This program is designed to count from 0-F using the hexadecimal counting system. This was
achieved through a sequential set of digits being stored within the EEPROM storage of the
microcontroller which can be retrieved for later use. Then, an iterator can be used to sequentially
access the digits and display them on the screen. The full program can be found in Appendix: Count
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Figure 7: Count 0-F Flowchart




In Figure 8: Counter initialisation the process for initialising spaces within memory used by the
program can be seen. The words highlighted pink are registers, which can be written to. And
black, which are assigned to addresses in the memory. This is done to make the variables within
the program easier to differentiate. The EEPROM is also written here, via changing the address
the location counter is using through the ORG keyword [9]. The DE keyword is used to declare the
bytes within the EEPROM [9]. This will be written from the 0" index onwards. In the final line it can
be seen that the location counter is changed back to the main program.

; FILE: count.asm
; AUTHOR: Samuel Hunt and JMY
; DATE: 38 October 2824

; DESCRIPTION: Counts from O-F, outputs to 7 seg display

list ,=16F84
radix  hex ; define radix as hexadecimal

; select processor type
g #include "pl6f84.inc”

5

; cpu equates (memory map)

portB EQU oxas jport B address
trishb EQU Bxe6 ;trisB address in register bank 1
EQU oxa3 jstatus register
EQU 5 ;bit 5 of status register
EQU [ ;bit 6 of status register, NOT TO BE SET ACCORDING TO DOCS
EQU 009 ;Address input for EEPROM
EQU 0x88 jControl bits for EEPROM (NOTE TO SELF: 0x88 = R, 8:x01=W)
EQU 0x08 ;Data infoutput for EEPROM
count EQU oxic ; counter @ to 255
nCount EQU oxad ; pause routine inner loop counter
mCount EQU Bxde i pause routine outer Loop counter
pauseCount EQU exef ; Pause loop counter
tmp EQU ox1le ; wrary storage, used for passing between subroutines
tmp2 EQU @x11 : rary storage, used for dat. ite predominantly
org 8x21eo

eeprom_hex: DE 0x48,0x79,0x24,0x30,0x10,0x12,0x02 ,0x78,0x08,0x18 , 0x08, 0x03 0246 ,0x21,0%06 , 0x0e
; 4" Declere EEPROM data bytes, writes data to EEPROM each time it's flashed

; Eoch hex index is the associated value for lighting up a digit, 1e. 8x48 = @ digit, 8x79 = 7

org Bx8ee

Figure 8: Counter initialisation

Next, a label is used to indicate the start of the program, called start as shown in Figure 9: Main
loop. From then, the ports on the chip are configured to be inputs or outputs. This involves
accessing the tristate register for port B in bank 1. This is done through setting the RPO bit within
the status register. The value of 0x00 loaded into the tristate, making port B all outputs. The status
bit is then cleared, so the ports are accessible again.

The init_count label is used to identify a point where the program can be reset once complete. It
moves 0 into the address tmp represents. Tmp is the parsed into the eeprom_read function, which
takes tmp and uses it as the address for a digit within the EEPROM storage. This returns a
sequence that represents the number parsed in on the 7-segment display. This is subsequently
moved into port B and shown on the display.

Tmp is then incremented, to represent the next value from 0 -> F. It then pauses to allow the user
to read the display. Later, it checks the 4" bit of tmp, which would hold the value 16. If this is true
then the value is over 15 and required the program to be reset back to 0, which is achieved
through using the GOTO keyword and init_count. However, if the number is under 16, the GOTO
loop_count will be called, continuing the incrementing of tmp.

ReturnLW wasn't used due to the lack of support for returning variables at an address, this would
only work if a file could be returned.
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org Ox0000

start
sstk:
BCF
BSF
MOVLW
MOVWF
BCF
CLRF
CLRF

init_count
MOVLW
MOVWF

loop_count
CALL
MOVF
MOVWF
INCF
CALL
BTFSS
GOTO

GOTO

RES
status,RP1
status,RP@
0x00
trisb
status,RP8
portB
count

0x00
tmp

eeprom_read
tmp2,W
portB

tmp,1
pausexl
tmp,4

loop count

init_count

0x04 ; Legac

; Selec
; Selec
; Load
; Load
Resel

y code, was going to be used for stack
ts ports not tris

t bank 1, tris now accessible

w with 8x00 (0beeeereee)

it into trisb to make portbh all outputs
ect bank @

; Clear all Llines low

Initi
; Label
; Loads
; Moves
; Label
Reads

alize counter to @

used to reset tmp

@ into working reg

working into reg

for iterating over counter
value at position tmp in eeprom

; Output pulled from tmp2

s Moves

output to 7 seg disp ports

; Increments tmp by 1

; Pauses

; Tests if tmp >= 16

; If not set, loops again

; Else,

resets tmp to @, restarts

Figure 9: Main loop

In Figure 10 it can be observed that multiple loops are used to delay the subsequent code. This is
done through repeatedly iterating over a number, decrementing each time. In conjunction with a
NOP (no operation) keyword, significant amounts of processor cycles can be wasted. Table 2
shows the calculations for how many cycles are needed for a quarter of a second delay,
considering that the crystal is 4MHz and there’s 4 pulses per operation.

Table 2: Timer calculations
Name Cycles per | Times looped | Time
Pause x 1 2 1
dec N 2 255
load N 1025 255
Total 261375 | 0.261375
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;subroutine pause: lets waste some time....

;
;inputs: nothing
joutputs: nothin

g

;does: nothing but waste some time

jcorrupts: regis

»

ter W

;description: two Loops using "mCount™ and "nCount” register files

is the outer loop counter (255 down to zero)
is the inner loop counter (255 down to zero)

; "mCount "
; "nCount™
»
pausexl
movlw  ©x86
moviwf mCount
loadN
movlw  @xff
mowvwf nCount
decN
NOP
decfsz nCount,
goto decN
decfsz mCount,
goto loadN

return

; Label for 1 pause iteration
; Set w = 32 decimal
mCount = w: outer Loop counter
; Nested Loop Label
; Set w = 255 decimal
nCount = w: inner loop counter
; Decrement N Label
; No operation, time wasting
f ; nCount--
; If nCount I= @ then repeat nCount--
f ; Else decrement Count
; If mCount I= @ then
; Reload nCount to 255 and decrement
; Else exit subroutine

Figure 10: Pause routine

The routine below leverages the variables initialised in Figure 8 to pass in the location that need to
be read in the EEPROM. Conveniently, the address corresponds to the digit that needs to be
represented by the display and can be pushed directly into the EEADR (EEPROM Address)
register, which will index to the correct address. The EECON1 (EEPROM control) register bit 0
within bank 1 is then set to initialise the read mode. The corresponding byte for the display is then
moved into tmp2, which can be accessed by the main loop.

T

eeprom_read
BCF status,RP@
MOVF tmp, W
MOVWF eeadr

BSF status,RPO
BSF eeconl,®
BCF status,RP@®

MOVF eedata,W
MOVIWF tmp2
RETURN

end

Input: tmp, eeprom address with
Outputs: tmp2, 7 seg display values

Does: reads eeprom memory at addr. tmp and outputs value to tmp2
Corrupts: reg. W, tmp, tmp2

e e s e tmn twa ma el

Subroutine eeprom_read: Used to read eeprom memory at address tmp

: Clears status bit, which changes which register is being accessed
: Moves address to working reg

; Moves working to eeadr reg

; Sets bank 6, other bank will be used now, allows use of eeconl
Sets eecontrol reg bit @ to 1, sets eeprom to 'read mode'

Sets back to bank 8, stops writing over other bank

Moves data output to working register

Moves working te tmp2 as output from subroutine

; Returns to main Lloop

Figure 11: EEPROM read routine
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3.2.0 Indicators

The program repeatedly polls two buttons repeatedly. If either change state, then the value for L or

r will overwrite the working register and be pushed to port B. If both are pressed at once the
program will default to whichever BTFSS was last, in this case being r. Each cycle the working
register is set to clear the display, which prevents latching. The associated digits for L and r were
stored within the program as a hexadecimal. They were calculated using the following, in Table 3.

The full program can be found in Appendix: Indicator

Table 3: Table for L and r

Digit Binary 7 seg Bm;gpzdseg Hex
r x0010000 x1101111 2f
L x0111000 x1000111 47

s button
pressed

Yes

Figure 12: L & R buttons
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Similar to the previous initialisation sequence, Figure 13 shows the initialisation of the ports and
addresses required for handling the data needed to operate. Notably, there’s very few due to only
the input needing to be stored for any amount of time, the working register will suffice for the
remainder of the data.

As with before, the B ports are set to outputs and the A ports inputs.

»

»

T

FILE:
AUTHOR :
DATE :
DESCRIPTION:

list  p=16F84
radix hex

indicators.asm

Samuel Hunt and JMY

31 October 20824

Counts from 8-F, outputs to 7 seg display

#include "pl16f84.1inc"

cpu equates (memory map)

; select processor type
; define radix as hexadecimal

;port B address

;trisB address in register bank 1

;portA addr

;trisA addr

;status register

;bit 5 of status register

;bit 6 of status register, NOT TO BE SET ACCORDING TO DOCS

s
portB EQU 0x06
trisB EQU 0x06
portA EQU ex85
trisA EQU 0x05
status EQU 0x83
RP@ EQU 5
RP1 EQU 6
input EQU Bx8c
;
ORG exoeee
start
BCF status,RP@
BCF status,RP1
BSF status,RPE
MOVLW Ox00
MOVWF trisB
MOVLW ex1f
MOVIWF trisA
BCF status,RP@
MOVLW exff
MOVWF portB

; Clear bank selection bits in the status reg
; Selects tris or port

; Select bank 1

Load w with 6x00 (0b00BOEOOO)

Load it into trisb to make portb all outputs
; Only 5 bits in trisA

; Load all inputs inteo trisA

; Reselect bank @

; Moves all LEDs off on 7 seg

; Pushes to portB (7 seg disp)

L S S T

Figure 13: Indictors initiation

The poll buttons loop will get the inputs from port A and store it in input. 255 can then be stored in
the working register, meaning that the display will be blank if neither of the BTFSS (bit test file skip
if set) are activated. If either or both buttons are pressed the BTFSS keywords will allow the blank
value to be overwritten to their respective value. If both are pressed then the last BTFSS will be
used, outputting an r.

poll buttons

MOVF

MOVWF
MOVLW
BTFSS
MOVLW
BTFSS
MOVLW
MOVWF
GOTO

end

porth,W
input

oxff

input,®

Ox47

input,1

ex2f

portB
poll_buttons

; Label used for lLooping over polling buttons
; Moves input to working

; Moves working to file

; Clear screen, may be overwritten

; Checks if input bit 8 is set

; Overwrites W if button is pressed with L

; Checks bit 1 of input,

; Overwrites W reg with r

; Pushes output to 7 seg

; Loops back to top of poll buttons

Figure 14: Indicators main loop
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3.3.0 On/ Off latch
Once the buttons change state, the output of the ports will be changed until the buttons are

pressed again. This was achieved through storing the previous state of the buttons and comparing

them each loop. As a result, the button can be held down continuously without cycling through the
values. The full appendix can be found in Appendix: Latch

Figure 15: On off latching
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The standard initialisation is used for the program, setting up the relevant ports and variables, then
setting ports A and B to input and outputs respectively.

; FILE: latching.asm

; AUTHOR: Samuel Hunt and JIMY
; DATE: 30 October 2024

;

; DESCRIPTION: Counts from 8-F, outputs to 7 seg display

list p=16F84 ; select processor type
radix hex ; define radix as hexadecimal
i #include "p16f84.inc"

cpu equates (memory map)

;
portB EQU 0x86 sport B address
EQU 8x06 jtrisB address in register bank 1
EQU 8x05 ;portd addr
EQU exnes ;trisA addr
EQU exe3 jstatus register
EQU 5 ;bit § of status register
EQU 1 ;bit 6 of status register, NOT TO BE SET ACCORDING TO DOCS
input EQU Oxdc ; Input from portA
f e m o
ORG @xaaed
start
BCF status,RP@ Clear bank selection bits in the status reg
BCF status,RP1 Selects tris or port
BSF status ,RP@ Select bank 1

MOVLMW  2xe8
MOVWF trisB

rith 8x88 (8b80EEEEOE)
nto trisb to make porth all outputs

Load w
Load it

MOVLMW Axlf Only 5 bits in trisA
MOVWF trisA Load all inputs into trisA
BCF status,RP@ Reselect bank @

MOVLW axff
MOVWE  portB

Moves all LEDs off on 7 seg
Pushes to portB (7 seg disp)

e A

Figure 16: Latching initialisation

As shown in Figure 17 a constant loop is created which can call subroutines if the buttons are
pressed. BTFSS is used on the variable input to validate whether they have been pressed.
The subroutines more either blank or all on bytes into port B.

poll_buttons ; Label used to Loop polling buttons

MOVF portA,W Moves portA to W reg
MOVWF input Moves W reg to input

..

BTFSS input,® ; Checks 1if inmput bit @ is set

CALL call_@ ; Calls set all segments to @ (all on)

BTFSS input,l ; If input bit 1 is set

cALL call_1 ; Call call_1, sets all segments high (all off)
GOTO poll_buttons ; Loops back to poll buttons

Subroutine: call_@

; Inputs: None

; Outputs: None

; Does: Outputs all ports low, turning 7 seg on
; Corrupts: None

call_@
MOVLW  9x08 ; Loads all off to port B
MOVWF portB ; Turns all LEDs off, sinks current
RETURN

Subroutine: call 1

;
; Inputs: None

; Outputs: None

; Does: Outputs all ports low, turning 7 seg off
; Corrupts: None

call_1
MOVLW axff ; Loads all on to portB
MOVWF portB ; Moves into portB, turning all off
RETURN
end

Figure 17: Main loop and function calls
17




3.4.0 Incrementor

The incrementor will poll the up and down button, then will update a number value accordingly.
This number will then be used to access the digits from the EEPROM storage. The full code can
be found in Appendix: Incrementor

- Updale
display

No

Button
pressed?

No

No

Update Update
display display

Figure 18: Incrementor




The standard setup was used, with the addition of the addresses needed to access the EEPROM,
and multiple variables used in the process of creating the timer and for registering the inputs of the
buttons. This includes the usage of number, which holds the current number that can be
incremented or decremented. Prevstate holds the previous state of the buttons, ensuring that only
one button press is registered at a time. Similar to 3.1.0 Count from 0 — F, the EEPROM is written
to using the DE keyword.

; FILE: incrementer.asm
AUTHOR : Samuel Hunt and IMY
i DATE: 38 October 2024

; DESCRIPTION: Counts from 8-F, outputs to 7 seg display

list p=16F84 ; select processor type

radix hex ; define radix as hexadecimal
#include "pl6f84.inc”

u equates (memory map)

EQU Bxe6 ; Port B oddress
EQU ax06 ; TrisB oddress in register bank 1
EQU @85 ; Portd addr
EQU Bxas ; TrisA adde
EQU exe3 ; Stotus register
EQU 5 ; Bit 5 of status register
EQU & ; Bit 6 of status register, NOT TO BE SET ACCORDING TO DOCS
EQU Bxa9 ; Address input for EEPROM
1 EQU @x88 ; Control bits for EEPROM (NOTE TO SELF: @x88 = R, 8x@l=W)
eedata EQU axes ; Data in/output for EEPROM
number EQU axac ; Number output from buttons
tmp2 EQU oxod
input EQU Oxbe ; Input from button
count EQU exef ; counter @ to 255
nCount EQU exle ; pause routine inner Loop counter
nCount EQU @1l ; pause routine outer loop counter
pauseCount EQU ox12 ; Pouse loop counter
prevstate EQU exl3 ; Previous state of button
ORG ex210@

eeprom_hex: DE ©@x40,0x79,0%24,8x30,0x19,08x12,8x82,08x78,8x00,8x18,0x08,0x03, 8x46,0x21,0%06 ,0x8e
; ™ Declare EEPROM data bytes, writes dota to EEFROM each time it's flashed
; Each hex index is the associated value for lighting up a digit, ie. 8x48 = @ digit, 8x79 = 1

Figure 19: Incrementor initialisation
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The relevant ports are set to inputs and outputs, then 5 is loaded into number, and 0000011
moved into Prevstate, which represents both buttons being unpressed. The buttons are then
loaded into input and xor’ed to clarify whether the button state has changed and loaded back into
prevState. The bits within the prevState are then tested for a change and will trigger a second bit
test to ensure that the button is pressed, which prevents triggering on both the pressing and
depressing of the button. If both tests succeed the number will be incremented of decremented
respectively. Once tests have ended the display will be updated using the subroutines in Figure
21 they will overwrite prevState and loop.

ORG 2xee0a
start
BCF Clear bank selection bits in the status reg
BCF Selects tris or port
BSF select bank 1
MOVLW 2xee Load w with 8x08 (6beooeeesa)
MOVWF trisB Load it into trisb to make portb all outputs

MOVLW ax1f

MOVWF trisA

BCF status,RP@

MOVLW axff

MOVWF portB

MOVLW Bxas5

MOVWF number

MOVLW axa3

MOVWF prevState
poll_buttons

MOVF porti,W ; Gets ports, moves to W reg

MOVWF input Moves W to input

Only 5 bits in trisd, set all to intputs

Load all inputs into trisA

Reselect bank @

Moves all LEDs off on 7 seg

Pushes to portB (7 seg disp)

Moving @ to working reg

Initialising number as @

Moves 3 into working

Moves 2 into previous state, used to check if state has changed
Lobel used to constantly check button state

e e e e me e e e e me e we e wa e

;
XORWF  prevState,@ ; xors working with prevstate, checks if different
MOVWF prevState ; Moves current state to previous state
BTFSC  prevState,d ; Tests if bit @ of prevstate
BTFSS input,® ; Stops doubling up of button presses
INCF number, 1 ; Increment number

Checks decrement too
Stops doubling up of button presses
Decrement number

BTFSC prevState,l
BTFSS  input,1
DECFSZ  number,1

[,

BCF number, 4 Masks bit 4, prevents overflow
CALL update_disp Update display function
MOVF input,l Pulls input to working

MOVWF prevState
GOTO poll_buttons

Moves to prevstate
Loops back to top of polling

i
5
5
5
s

Figure 20: Start program and main loop
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The routine below calls eeprom_read to retrieve the outputs needed for the display, then move them into
port B. The eeprom_read routine is identical to that in 3.1.0 Count from 0 — F.

Subroutine: update_disp

Inputs: input, number

; Outputs: tmp2

; Does: Updates display with sequence of 7 segments displays which reflect the updated value of number
; Corrupts: W reg., tmp2

;

update_disp ; Update display Label
CALL eeprom_read ; Pull 7 seg disp sequence using number value
MOVF tmp2, W ; Gets 7 seg disp sequence and pushes to W reg
MOVWF  portB ; Pushes sequence to ports
RETURN ; Returns back to calling sequence

Subroutine eeprom_read: Used to read eeprom memory at address tmp
Input: tmp, eeprom address with

Outputs: tmp2, 7 seg display values

; Doees: reads eeprom memory at addr. tmp and outputs velue to tmp2
Corrupts: reg. W, tmp, tmp2

;
eeprom_read

BCF status,RPO ; Clears status bit, which changes which register is being accessed
MOVF number, W ; Moves address to working reg

MOVWF  eeadr ; Moves working to eeadr reg

BSF status,RPO ; Sets bank @, other bank will be used now, allows use of eeconl
BSF eeconl,@ ; Sets eecontrol reg bit 8 to 1, sets eeprom to 'read mode’

BCF status,RP@
MOVF eedata,W
MOVWF  tmp2
RETURN

; Sets back to bank 8, stops writing over other bank
; Moves data output to working register
; Moves working to tmp2 as output from subroutine

end

Figure 21: Incrementing and EEPROM read subroutine
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3.5.0 Piezo sounder
The piezo sounder will output a tone at a constant frequency, which will repeat constantly. The full
code can be found in Appendix: Piezo Sounder.

Figure 22: Pieze flowchart

22




The initialisation shown in Figure 23 similar to that of 3.4.0 Incrementor. However, it includes
variables offtime and ontime used for controlling the pulse width of the sound. In this case it will
stay constant.

FILE: Const buzzer.asm

; AUTHOR: Samuel Hunt and JHY

; DATE: 38 October 2824

; DESCRIPTION: Counts from @-F, outputs to 7 seg display

list p=16F84 ; select processor type
radix  hex ; define radix as hexadecimal
#include "pl6f84.1inc"

i cpu equates (memory map)
ports EQU Bx086 ; Port B's address
trisk EQU Bxee ; Tristate B's address, need to be in bank 1
EQU BxB5 ; Port A's oddress
EQU Bx@s ; Tristote A's address, need to be in bank 1
EQU BxB03 ; Status of register (reg)
EQU 5 ; Bit 5 in reg
EQU B ; Bit & of status register, NOT TO BE SET ACCORDING TO DOCS
of ftime EQU ox10 ; Molds time that buzzer will be off each cycle
ontime EQU Bx11 ; Holds time buzzer will be on each cycle
pauseCount EQU Bx12 ; Pause loop counter
; Number of times Loop

repeatCount EQU Bx13

i

ORG 8x8800

start
BCF 2 Clear bank selection bits in the status reg
BCF ; Selects tris or port
BSF ; Select bank 1
MOVLW  exes ; load w with 8x60 (8b666OAOH)
MOVWF  trisB ; Load it into trisb to make portb all outputs

MOVLW @1
MOVWF  trisA
BCF tu
MOVLW axff
MOV portB

Only 5 bits in trisA, set all to intputs
Load all inputs into trisd

reselect bank 6

Moves all LEDs off on 7 seg

Pushes to portB (7 seg disp)

Figure 23: Constant buzzer, initialisation

Initwidth sets the duty cycle percentage to 50%, and loads them into their respective variables. It then calls
buzz. In buzz, the program will then set the output pin, waste time for ontime iterations, and then off for
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offtime iterations. Loopvar will poll the input button and when its press, will call the buzz function. If not it will

repeatedly loop.

The buzz subroutine will turn on the output port, wait then turn it off. This is used to create a tone by tumning
off the buzzer repeatedly.

initWidth
MOVLW
MOVWIF
MOVLW
MOVIIF

loopVar
BTFSS
CALL
GOTO

ex7f
ontime
ex7f

of ftime

; Subroutine buzz:

; Inputs: ontime, offtime

; Outputs: None
Does: Turns buzzer on for ontime iterations, then off for offtime iterations
; Corrupts: W reg. pauseCount,

buzz
BSF
MOWF
MOVUF
ontimecall
DECFSZ
GOTO
clearBuzzer
BCF
MOVF
MOVUF
offtimecall
DECFSZ
GOTO
RETURN
end

portE,7
ontime,
pauseCount

pauseCount, f
ontimecall

portB,7
offtime, W
pauseCount

pauseCount, f
offtimecall

New Llabel called initWidth, can be called in future, defines width of pulses
Moves ontime of 127 ~ 255/2,
Moves to ontime variable in memory

Moves 255/2 to working

Moves working (127) to offtime

; Main Loop contents

checks if button pressed, will tone if so

Calls buzzer Label
Continue looping

Buzzer Label
; Sets buzzer output port high

Moves ontime variable to working

Moves working te pauseCounter, used for iterating and maikng delay
Label of on time delay

Decrements pause count wuntil @

If 8, will not iterate

Label for turning buzzer off

Turns buzzer off

; Loads offtime into working

; Moves working te pause counter

Off time Label

Interates until pausecount is @
Skips this if @, finishing function
Returns back to main loop

Figure 24: Constant buzzer, code blocks
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3.6.0 Frequency pulse train

The frequency pulse train changes the pulse width modulation of the audio signal through incrementing and
decrementing the time the signal is off and on respectively. This can be achieved over a wide range of
signals through iterating over a wide span of values, such as from a 50% duty cycle to 0%. The entirety of
the program can be found in text form in the appendix: Pulse Width Train.

i

-EREREECREREES

repeat
count 07

Vs

.+

Figure 25: PWM flowchart

25




Figure 26 show the initialisation sequence, which is identical to 3.5.0 Piezo sounder.

; FILE: pulse train.asm

4 AUTHOR : Samuel Hunt and JMY

; DATE: 3@ October 2024

; DESCRIPTION: Counts from 8-F, outputs to 7 seg display
list »=16F84 ; select processor type

radix hex
i
;
epu eguates

portB EQU
trisg EQU
portA EQU
trisA EQU
status EQU
RPO EQU
RP1 EQU
offtime EQU
ontime EQU

pauseCount EQU
repeatCount EQU

;

; define radix as hexadecimal

#include "pl6f84.inc”

(memory map)

BxB06 ; Port B's address

exes ; Tristate B's address, need to be in bank 1

Bx05 ; Port A's address

Bxe5 ; Tristate A's address, need to be in bank 1

8x83 ; Status of register (reg)

5 ; Bit 5 in reg

] ; Bit 6 of status register, NOT TO BE SET ACCORDING TO DOCS
ex1e ; Holds time that buzzer will be off each cycle

Bx11 ; Holds time buzzer will be on each cycle

Bx12 ; Pause loop counter

Bx13 ; Number of times loop should be repeated for counter

ORG @exBpae

start
BCF
BCF
BSF
MOVLW
MOVWF
MOVLW
MOVWF
BCF
MOVLW
MOVWF

The routines within Figure 27 is the same as before, however, has decVars appended to it. This

status, ; Clear bank selection bits in the status reg
status, ; Selects tris or port

status,RP ; Select bonk 1

axee ; Lood w with 8x08 (6bP0ELOEEY)

trisB ; Load it inte trisb to make portb all outputs
@xif ; Only 5 bits in trisA, set all to intputs
trish ; Load all inputs into trisA

status,RPB ; reselect bank @

exff ; Moves all LEDs off on 7 seg

portB ; Pushes to portB (7 seg disp)

Figure 26: Pulse train initialisation and start of program

will decrement the ontime and increment the offtime before the next loop. The loop works through
decrementing pauseCount repeatedly, wasting processor cycles. 0x7F was chosen due to it being

the midpoint for 0-255, which means that the PWM will go from a 50% duty cycle to 1%.
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The decvars subroutine will decrement the ontime and increment the offtime until the ontime is 0.

initwWidth
MOVLW
MOVF
MOV LW
MOVLIF

initlLoop
MOVLE
MOVWF

loopVar
CALL
DECFSEZ
GOTO
CALL

a7t
ontime
axif
offtime

@x32
repeatCount

buzz
repeatCount
loopVar
decVars

Subroutine buzz:

Inputs: ontime, offtime
; Outputs: None

New Lobel called initWidth, can be called in future, defines width
Moves ontime of 127 ~ 255/2,

Moves to ontime wvarioble in memory
Moves 255/2 to working

Moves working (127) to offtime

Creates label called initloop

Moves 58 to working

Loads inte repeatCount for future width
Main Loop contents

Calls buzzer Label

Repeats each pulse width 58 times
Repeats loep if repeatCount isn't @

S

Calls decvariables label

; Does: Turns buzzer on for ontime iterations, then off for offtime iterations

; Corrupts: W reg. pauseCount

BSF
MOVF
MOVIF
ontimecall
DECFSE
GOTO
clearBuzzer
BCF
MOVF
MOVWF
offtimecall
DECFSE
GOTO
RETURN

portB,7
ontime,W
pauseCount

pauseCount, T
ontimecall

portB,7
offtime,W
pauseCount

pauseCount, T
offtimecall

; Buzzer Label

; Sets buzzer output port high

; Moves ontime variable to working
Moves working to pauseCounter, used for iterating and maikng delay
Label of en time delay

Decrements pause count until @

If 0, will not iterate

Label for turning buzzer off

Turns buzzer off

Loads offtime inte working

Moves working to pause counter

Off time Label

Interates until pausecount is @
Skips this if @, Finishing function
Returns back to main loop

T S

[

Figure 27: Main loop and buzzer driver

If 0, goto initLoop will be skipped and goto initWidth will be called, resetting the variables.

; Subroutine decVars

; Inputs: ontime, offtime
; Outputs: onetime, offtime

; Does: Decrements ontime,

; Corrupts: None?

decVars

INCFSZ offtime

DECFSZ ontime
goto initLoop

goto initWidth

RETURN

end

increments offtime, if ontime = @, resets program

; Decrement variables Llabel
; Increases off time, making pulse width shorter

; Decreases on time
; Goes back to main loop, resetting repetitions, etc.

; Completely resets program, widths go back to 127,127

Figure 28: Decrementing variables
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6.0 Appendices
Counter

; FILE: indicators.asm

; AUTHOR: Samuel Hunt and JMY

; DATE: 31 October 2024

; DESCRIPTION: Counts from 0-F, outputs to 7 seg display

list p=16F84 ;select processor type
radix hex ; define radix as hexadecimal
; #include "p16f84.inc"

cpu equates (memory map)

po

B EQU 0x06

trisB EQU 0x06

po

rtA EQU 0x05

trisA EQU 0x05
status EQU 0x03
RPO EQU &5
RP1 EQU 6

input EQU 0Ox0c

;port B address

;trisB address in register bank 1
;portA addr

;trisA addr

;status register

:bit 5 of status register
:bit 6 of status register, NOT TO BE SET ACCORDING TO DOCS

ORG 0x0000

start

BCF status,RPO
BCF status,RP1
BSF status,RPO

; Clear bank selection bits in the status reg
; Selects tris or port
; Select bank 1

MOVLW 0x00 ; Load w with 0x00 (Ob00000000)

MOVWF trisB ; Load it into trisb to make portb all outputs

MOVLW  0Ox1f ; Only 5 bits in trisA

MOVWEF trisA ; Load all inputs into trisA

BCF status,RPO ;. Reselect bank 0

MOVLW  Oxff ; Moves all LEDs off on 7 seg

MOVWF portB ; Pushes to portB (7 seg disp)
poll_buttons ; Label used for looping over polling buttons

MOVF portA,W ; Moves input to working

MOVWF input ; Moves working to file

MOVLW  Oxff ; Clear screen, may be overwritten

BTFSS input,0 ; Checks if input bit 0 is set

MOVLW  Ox47 ; Overwrites W if button is pressed with L

BTFSS input,1 ; Checks bit 1 of input,

MOVLW  0x2f ; Overwrites W reg with r

MOVWEF portB ; Pushes output to 7 seg

GOTO  poll_buttons ; Loops back to top of poll buttons

end

; Configuration! Important!

; at blast time, select:

; watchdog timer disabled

memory uprotected

standard crystal (4 MHz)

power-up timer on
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Indicator

; FILE: indicators.asm
; AUTHOR: Samuel Hunt and JMY
; DATE: 31 October 2024

; DESCRIPTION: Counts from 0-F, outputs to 7 seg display

list p=16F84 ; select processor type
radix hex ; define radix as hexadecimal
; #include "p16f84.inc"

cpu equates (memory map)

po

B EQU 0x06 ;port B address
trisB EQU 0x06 ;trisB address in register bank 1
portA EQU 0x05 ;portA addr
trisA EQU 0x05 itrisA addr

status EQU  0x03

;status register

RPO EQU 5 :bit 5 of status register
RP1 EQU &6 ;bit 6 of status register, NOT TO BE SET ACCORDING TO DOCS
input EQU 0x0c
ORG 0x0000
start
BCF status,RPO ; Clear bank selection bits in the status reg
BCF status,RP1 ; Selects tris or port
BSF status,RPO ; Select bank 1
MOVLW 0x00 ; Load w with 0x00 (Ob00000000)
MOVWF trisB ; Load it into trisb to make portb all outputs
MOVLW  0Ox1f ; Only 5 bits in trisA
MOVWF trisA ; Load all inputs into trisA
BCF status,RPO ; Reselect bank 0
MOVLW  Oxff ; Moves all LEDs off on 7 seg
MOVWF portB ; Pushes to portB (7 seg disp)
poll_buttons ; Label used for looping over polling buttons
MOVF portA,W ; Moves input to working
MOVWF input ; Moves working to file
MOVLW  Oxff ; Clear screen, may be overwritten
BTFSS input,0 ; Checks if input bit 0 is set
MOVLW  0x47 ; Overwrites W if button is pressed with L
BTFSS input,1 ; Checks bit 1 of input,
MOVLW  0x2f ; Overwrites W reg with r
MOVWF portB ; Pushes output to 7 seg
GOTO  poll_buttons ; Loops back to top of poll buttons
end

; Configuration! Important!

; at blast time, select:

memory uprotected

; watchdog timer disabled
; standard crystal (4 MHz)

power-up timer on

30




Latch

; FILE: latching.asm
; AUTHOR: Samuel Hunt and JMY
; DATE: 30 October 2024

; DESCRIPTION: Counts from 0-F, outputs to 7 seg display

list p=16F84 ; select processor type
radix hex ; define radix as hexadecimal
; #include "p16f84.inc"

; cpu equates (memaory map)
portB  EQU 0x06

;port B address

trisB EQU 0x06 ;trisB address in register bank 1
portA EQU 0x05 ;portA addr
trisA EQU 0x05 itrisA addr

status EQU  0x03

;status register

RPO EQU 5 :bit 5 of status register
RP1 EQU &6 ;bit 6 of status register, NOT TO BE SET ACCORDING TO DOCS
input EQU 0x0c ; Input from portA
ORG 0x0000
start
BCF  status,RPO ; Clear bank selection bits in the status reg
BCF status,RP1 ; Selects tris or port
BSF status,RPO ; Select bank 1
MOVLW 0x00 ; Load w with 0x00 (Ob00000000)
MOVWEF  trisB ; Load it into trisb to make portb all outputs
MOVLW  Ox1f ; Only 5 bits in trisA
MOVWF trisA ; Load all inputs into trisA
BCF status,RPO ; Reselect bank 0
MOVLW  Oxff ; Moves all LEDs off on 7 seg
MOVWEF  portB ; Pushes to portB (7 seg disp)
poll_buttons ; Label used to loop polling buttons
MOVF portA,W ; Moves portA to W reg
MOVWEF input : Moves W reg to input
BTFSS input,0 ; Checks if input bit 0 is set
CALL call 0 ; Calls set all segments to 0 (all on)
BTFSS input,1 i Ifinput bit 1 is set
CALL call 1 ; Call call_1, sets all segments high (all off)
GOTO  poll_buttons ; Loops back to poll buttons

Subroutine: call_0

; Inputs: None

; Outputs: None

; Does: Outputs all ports low, turning 7 seg on
; Corrupts: None

call_0

MOVLW 0x00 ; Loads all off to port B
MOVWF portB ; Turns all LEDs off, sinks current
RETURN

; Subroutine: call_1

; Inputs: None

; Outputs: None

; Does: Outputs all ports low, turning 7 seg off
; Corrupts: None
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call_1
MOVLW
MOVWF portB
RETURN

end

; Loads all on to portB
; Moves into portB, turning all off

; Configuration! Important!

; at blast time, select:
memory uprotected
watchdog timer disabled
standard crystal (4 MHz)
power-up timer on
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Incrementor

; FILE: incrementer.asm
; AUTHOR: Samuel Hunt and JMY
; DATE: 30 October 2024

; DESCRIPTION: Counts from 0-F, outputs to 7 seg display

list p=16Fa4d
radix hex
; #include "p16f84.inc"

; select processor type
; define radix as hexadecimal

; cpu equates (memaory map)

portB EQU 0x06 ; Port B address

trisB EQU 0x06 ; TrisB address in register bank 1

portA EQU 0x05 ; PortA addr

trisA EQU 0x05 ; TrisA addr

status EQU 0x03 ; Status register

RPO EQU 5 ; Bit 5 of status register

RP1 EQU &6 ; Bit 6 of status register, NOT TO BE SET ACCORDING TO DOCS
eeadr EQU 0x09 ; Address input for EEPROM

eeconl EQU 0Ox88 ; Control bits for EEPROM (NOTE TO SELF: 0x00 = R, 0x01=W)
eedata EQU 0Ox08 ; Data infoutput for EEPROM

number EQU 0x0Oc ; Number output from buttons

tmp2 EQU 0Ox0d

input EQU 0Ox0e ; Input from button

count EQU 0Ox0f ; counter 0 to 255

nCount EQU 0Ox10 ; pause routine inner loop counter

mCount EQU  Ox11 ; pause routine outer loop counter

pauseCount EQU  Ox12 ; Pause loop counter
prevState EQU  0x13 ; Previous state of button
ORG 0x2100

eeprom_hex: DE 0x40,0x79,0x24,0x30,0x19,0x 12,0x02,0x78,0x00,0x18,0x08,0x03,0x46,0x21,0x06,0x0e
; M Declare EEPROM data bytes, writes data to EEPROM each time it's flashed
; Each hex index is the associated value for lighting up a digit, ie. 0x40 = 0 digit, 0x79 = 1

ORG 0x0000
start
BCF status,RPO ; Clear bank selection bits in the status reg
BCF status,RP1 ; Selects tris or port
BSF status,RPO ; select bank 1
MOVLW 0x00 ; Load w with 0x00 (Ob00000000)
MOVWEF  trisB ; Load it into trisb to make portb all outputs
MOVLW  Ox1f ; Only 5 bits in trisA, set all to intputs
MOVWF trisA ; load all inputs into trisA
BCF status,RPO ; Reselect bank 0
MOVLW  Oxff ; Moves all LEDs off on 7 seg
MOVWEF  portB ; Pushes to portB (7 seg disp)
MOVLW 0x05 ; Moving 0 to working reg
MOVWF number ; Initialising number as 0
MOVLW 0x03 ; Moves 3 into working
MOVWEF prevState ; Moves 3 into previous state, used to check if state has changed
poll_buttons ; Label used to constantly check button state
MOVF  portA,W ; Gets ports, moves to W reg
MOVWF input ; Moves W to input

XORWF prevState,(

MOVWEF prevState
BTFSC prevState,0
BTFSS input,0
INCF number,1

; xors working with prevstate, checks if different
; Moves current state to previous state
; Tests if bit 0 of prevstate
; Stops doubling up of button presses
; Increment number

33




BTFSC prevState, | ; Checks decrement too

BTFSS input,i ; Stops doubling up of button presses
DECFSZ number,1 ; Decrement number

BCF number,4 ; Masks bit 4, prevents overflow
CALL update_disp ; Update display function

MOVF  input,W ; Pulls input to working

MOVWEF prevState ; Moves to prevstate

GOTO  poll_buttons ; Loops back to top of polling

; Subroutine: update_disp

; Inputs: input, number

; Outputs: tmp2

; Does: Updates display with sequence of 7 segments displays which reflect the updated value of number
; Corrupts: W reg., tmp2

update_disp ; Update display label
CALL eeprom_read ; Pull 7 seg disp sequence using number value
MOVF  tmp2,W ; Gets 7 seg disp sequence and pushes to W reg
MOVWF  portB ; Pushes sequence to portB
RETURN ; Returns back to calling sequence

; Subroutine eeprom_read: Used to read eeprom memory at address tmp
; Input: tmp, eeprom address with

; Outputs: tmp2, 7 seg display values

; Does: reads eeprom memory at addr. tmp and outputs value to tmp2

; Corrupts: reg. W, tmp, tmp2

eeprom_read

BCF  status,RPO ; Clears status bit, which changes which register is being accessed
MOVF  number,W ; Moves address to working reg

MOVWF eeadr ; Moves working to eeadr reg

BSF status,RPO ; Sets bank 0, other bank will be used now, allows use of eecont
BSF eeconi,0 ; Sets eecontrol reg bit 0 to 1, sets eeprom to 'read mode'

BCF  status,RPO ; Sets back to bank 0, stops writing over other bank

MOVF eedata,W ; Moves data output to working register

MOVWF tmp2 ; Moves working to tmp2 as output from subroutine

RETURN

end

; Configuration! Important!

; at blast time, select:
memory uprotected

; watchdog timer disabled
standard crystal (4 MHz)

; power-up timer on
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Piezo sounder

; FILE: Const buzzer.asm
; AUTHOR: Samuel Hunt and JMY
; DATE: 30 October 2024

; DESCRIPTION: Counts from 0-F, outputs to 7 seg display

list p=16Fa4d
radix hex

; #include "p16f84.inc"

; select processor type
; define radix as hexadecimal

; cpu equates (memaory map)
portB  EQU 0x06
trisB EQU 0x06
portA EQU 0x05
trisA EQU 0x05
status EQU 0x03
RPO EQU 5
RP1 EQU &6
optionreg EQU  0x01

offime EQU 0Ox10
ontime EQU 0Ox11

pauseCount EQU
repeatCount EQU  0x13

; Port B's address
; Tristate B's address, need to be in bank 1
; Port A's address
; Tristate A's address, need to be in bank 1
; Status of register (reg)
; Bit5in reg
; Bit 6 of status register, NOT TO BE SET ACCORDING TO DOCS
; Options register, used for timer0

; Holds time that buzzer will be off each cycle
; Holds time buzzer will be on each cycle

0x12 ; Pause loop counter

; Number of times loop should be repeated for counter

ORG 0x0000

start
BCF status,RPO ; Clear bank selection bits in the status reg
BCF status,RP1 ; Selects tris or port
BSF status,RPO ; Select bank 1
BCF optionreg,5 : Turns on timer mode
MOVLW  0x00 ; Load w with 0x00 (Ob00000000)
MOVWEF trisB ; Load it into trisb to make portb all outputs
MOVLW  Ox1f ; Only 5 bits in trisA, setall to intputs
MOVWEF trisA ; load all inputs into trisA
BCF status,RPO ; reselect bank 0
MOVLW  Oxff ; Moves all LEDs off on 7 seg
MOVWF portB ; Pushes to portB (7 seg disp)

initWidth ; New label called initWidth, can be called in future, defines width of pulses
MOVLW  0x7f ; Moves ontime of 127 ~ 255/2,
MOVWF ontime ; Moves to ontime variable in memory
MOVLW  0x7f ; Moves 255/2 to working
MOVWF offtime ; Moves working (127) to offtime

loopVar ; Main loop contents
BTFSS portA,0 ; checks if button pressed, will tone if so
CALL buzz : Calls buzzer label

GOTO loopVar ; Continue looping

; Subroutine buzz:

; Inputs: ontime, offtime

; Outputs: None

; Does: Turns buzzer on for ontime iterations, then off for offtime iterations
; Corrupts: W reg. pauseCount,

buzz ; Buzzer label

BSF portB,7 ; Sets buzzer output port high

MOVF ontime,W ; Moves ontime variable to working

MOVWF pauseCount ; Moves working to pauseCounter, used for iterating and maikng delay
ontimecall ; Label of on time delay

DECFSZ pauseCount, f ; Decrements pause count until 0
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GOTO ontimecall » If 0, will not iterate

clearBuzzer ; Label for turning buzzer off
BCF portB,7 ; Turns buzzer off
MOVF offtime,W ; Loads offtime into working
MOVWF pauseCount ; Moves working to pause counter
offtimecall ; Off time label
DECFSZ pauseCount, f ; Interates until pausecount is 0
GOTO offtimecall ; Skips this if 0, finishing function
RETURN ; Returns back to main loop
end

; Configuration! Important!

; at blast time, select:
memory uprotected

1 watchdog timer disabled
standard crystal (4 MHz)
power-up timer on
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Pulse width train

; FILE: pulse train.asm
; AUTHOR: Samuel Hunt and JMY
; DATE: 30 October 2024

; DESCRIPTION: Counts from 0-F, outputs to 7 seg display

list p=16F84 ; select processor type
radix hex ; define radix as hexadecimal
; #include "p16f84.inc"

; cpu equates (memaory map)

portB EQU 0x06 ; Port B's address
trisB EQU 0x06 ; Tristate B's address, need to be in bank 1
portA EQU 0x05 ; Port A's address
trisA EQU 0x05 ; Tristate A's address, need to be in bank 1
status EQU 0x03 ; Status of register (reg)
RPO EQU 5 ;Bit5in reg
RP1 EQU &6 ; Bit 6 of status register, NOT TO BE SET ACCORDING TO DOCS
offime EQU 0x10 ; Holds time that buzzer will be off each cycle
ontime EQU 0Oxid ; Holds time buzzer will be on each cycle
pauseCount EQU  0x12 ; Pause loop counter
repeatCount EQU  0x13 ; Number of times loop should be repeated for counter
ORG 0x0000
start
BCF status,RPO ; Clear bank selection bits in the status reg
BCF status,RP1 ; Selects tris or port
BSF status,RPO ; Select bank 1
MOVLW 0x00 ; Load w with 0x00 (Ob00000000)
MOVWEF trisB ; Load it into trisb to make portb all outputs
MOVLW  Ox1f ; Only 5 bits in trisA, set all to intputs
MOVWE  trisA ; load all inputs into trisA
BCF status,RPO ; reselect bank 0
MOVLW 0xf ; Moves all LEDs off on 7 seg
MOVWF portB ; Pushes to portB (7 seg disp)
initWidth ; New label called initWidth, can be called in future, defines width of pulses
MOVLW  0x7f ; Moves ontime of 127 ~ 255/2,
MOVWEF ontime ; Moves to ontime variable in memory
MOVLW 0x7f ; Moves 255/2 to working
MOVWE  offtime ; Moves working (127) to offtime
initLoop ; Creates label called initLoop
MOVLW 0x32 ; Moves 50 to working
MOVWEF repeatCount ; Loads into repeatCount for future width
loopVar ; Main loop contents
CALL buzz ; Calls buzzer label
DECFSZ repeatCount ; Repeats each pulse width 50 times
GOTO loopVar ; Repeats loop if repeatCount isn't 0
CALL decVars ; Calls decvariables label

; Subroutine buzz:

; Inputs: ontime, offtime

; Outputs: None

; Does: Turns buzzer on for ontime iterations, then off for offtime iterations
; Corrupts: W reg. pauseCount,

buzz : Buzzer label
BSF portB,7 ; Sets buzzer output port high
MOVF ontime,W ; Moves ontime variable to working
MOVWF pauseCount ; Moves working to pauseCounter, used for iterating and maikng delay
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ontimecall ; Label of on time delay

DECFSZ pauseCount, f ; Decrements pause count until 0
GOTO  ontimecall ; If 0, will not iterate
clearBuzzer ; Label for turning buzzer off
BCF portB,7 ; Turns buzzer off
MOVF  offtime,W ; Loads offtime into working
MOVWF pauseCount ; Moves working to pause counter
offtimecall ; Off time label
DECFSZ pauseCount, f ; Interates until pausecount is 0
GOTO offtimecall ; Skips this if 0, finishing function
RETURN ; Returns back to main loop

; Subroutine decVars

; Inputs: ontime, offtime

; Outputs: onetime, offtime

; Does: Decrements ontime, increments offtime, if ontime = 0, resets program
; Corrupts: None?

decVars ; Decrement variables label
INCFSZ offtime ; Increases off time, making pulse width shorter
DECFSZ ontime ; Decreases on time
goto initLoop ; Goes back to main loop, resetting repetitions, etc.
goto initWidth ; Completely resets program, widths go back to 127,127
RETURN
end

; Configuration! Important!

; at blast time, select:

; memory uprotected

; watchdog timer disabled

; standard crystal (4 MHz)
power-up timer on
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