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Introduction

The aim of the assignment is to write successful PIC assembly code for several tasks that modifies
the Proteus circuit in Figure 3 which is a 7 segment LED display circuit with two non-latching buttons,
a buzzer and a crystal oscillator all controlled by a PIC 16F84A board.

Assembly language is any low —level programming language with a strong correspondence between
the instructions in the language and the architecture’s machine code instructions. Assembly
language usually has one statement per machine instruction and is specific to a single computer
architecture PIC 16F84A shown in Figure 2 is an 8 - bit microcontroller manufactured by Microchip
Technologies that contains 35 assembly language instructions and has a maximum operating
frequency of 20MHz and an operating voltage of 2 — 5.5v. PIC microcontroller is based on Harvard
architecture and supports RISC architecture (Reduced Instruction Set Computer). Harvard
architecture is a type of computer architecture that has separate storage and signal pathways for
both instructions and data. [4, Sec. 1 PIC 16F84A Microcontroller features)

Binary numbers are the transfer of information in the form of 0's and 1's implemented in digital
computers as machine code. Data in digital circuits is transmitted as a series of 0’s and 1’s where it
can be interpreted and executed as machine code in the PIC microcontroller's CPU specifically in the
ALU which is the unit inside the CPU responsible for processing all arithmetic operations and logical
decisions. [1, Ch. Binary numbers] Hexadecimal numbers are a different number system that group
binary numbers into 4 - digit strings to allow for the conversion of 16 binary digits into a more
readable form. Binary and hexadecimal numbers are positional number systems and use different
bases. Binary numbers use base — 2 and hexadecimal numbers use base — 16. [2, Ch. Hexadecimal
numbers]

Figure 1 PIC 16F84A from Microchip Technologies [4, Sec. 1 PIC 16F84A Microcontroller features]
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Figure 2 PIC 16F84A pin out diagram [4, Sec. 1 PIC 16F84A Microcontroller features]
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Figure 3 7 segment LED display circuit with two non-latching buttons, a buzzer and a crystal oscillator all controlled by a PIC

16F84A board

e R1=4k70Q

R1 is a current limiting pull up resistor connected in series with a + 5v power supply terminal to the

Memory Clear Pin 4 on the PIC 16F84A. R1 is a current limiting pull up resistor which is implemented

in the circuit to reduce the current and connected in series with the V¢ power terminal to physically

interrupt the current connection to ground from the Memory Clear Pin 4. Pin is an active low pin at

resets the device when connected to ground.

e (1&C2Z=22pF
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* 1
C1 & C2 are two aluminium electrolyTic capacitors connected to the two terminals of the crystal

oscillator X1 and connected to ground in Figure 3. The capacitors are connected to the terminals of
the crystal oscillator to attenuate all unwanted oscillations to the resonant frequency that the CPU
can operate at with no noise.

e X1 = crystal oscillator

X1 is a crystal oscillator which work on the principle of the inverse piezoelectric effect where an
alternating voltage applied across the crystal surfaces causes it to vibrate at its natural frequency
and these vibrations are transferred into oscillations as the kinetic energy in the system increases.
Crystal oscillators like X1 are implemented into many microcontrollers because they act as precise
and very accurate internal clock for the microcontroller in this case as a PIC 16F84A and its
peripherals.

¢ LS1 = buzzer

LS1 is a buzzer that has a sample rate of 44100 and a playback time of SOOmsi
El2
e Vo Power = +5v
¢ R10 =1k

R10 is a current limiter pull up resistor connected in series to LS1 to reduce the current flow to L51
as it prevents overload current B3 easing the overall resistance load.

e (1 =BC107

Q1 isa BC107 NPN bipolar transistor. NPN (negative — positive — negative) transistors are three
terminal devices which can function as amplifiers or switches. In Figure 3 Q1 is acting as an amplifier
to the buzzer LS1 because in a transistor it's the movement of electrons through the base region
that causes the transistor to function and amplify because the base terminal of Q1exerts a resistive
force upon the collector to emitter current flowing to ground. Q1 is utilised as an amplifier tg—
amplify the signal through LS1 so the buzzer can sound.

e Ul =PIC16F84A

Ulis aan 8 —bit PIC 16F84A microcontroller. It has a bus width of 8 bits and has 1024 words of
program memory. The PIC 16F84A has a current sourcing and sinking limit of 25mA. It has 13 GPIO
pins that can be utilised as digital inputs or outputs and are divided between port A and port B.
Figure 2 shows the pin out diagram for the PIC 16F84A microcontroller. Each other 13 GPIO pins can
either source or sink a maximum current of 25mA so every pin could power an LED because the
current requirement to power an LED is less than 10mA. The processor in a 16F84A has a 5 million
instructions per second speed and a program memory of 1750 bytes of which 68 bytes is RAM
memory. The memory logic unit in PIC microcontrollers like 16F84A consists of three types of
memories which are program, data and data EEPROM. Program memory contains the written
program after its programmed onto the microcontroller where the counter executes commands
stored in the memory sequentially. PIC microcontrollers can have 8K words x 14 bits of flash
memory that can be programmed. Data memory is a RAM type that stores the data briefly in the
data registers. The RAM memory is separated into banks where each bank is a maximum of 128
bytes. Banks contain both Special Function Registers (SFR) and General - Purpose Registers (GPR).
GPRs are utilised for simple arithmetic and logical operations then storing the results permanently in
other registers where the data can be accessed by the CPU. SFRs perform a single function which is
determined at the time of manufacturing and three important SFRs are the status register which
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changes the bank, port registers that assign logic values 0 or 1 to the ports and tris registers which
are data direction registers for inputs and outputs. Data EEPROM memory allows variables to be
stored as result of the microcontroller being programmed and is readable and writable during
operation and indirectly accessible through the SFRs. [3, pp. 1, 5- 12 & 37 - 42 PIC 16F84A Data &
Instruction Set]

e R9 = 4k70Q

R9 is a current limiting pull resistor connected in series with Q1 to prevent an overload of forward
current into the base terminal of Q1 which is an NPN bipolar transistor.

¢ RI11&R12 =10k

R11 & R12 are current limiting pull up resistors connected to the black and green switches.

R11 & R12 are pull up resistors are utilised on the switches to ensure the input pin is in a constant
HIGH state which the switch is not selected. If this was not implemented the input would be floating
and its possible that the input randomly changes between HIGH and LOW as noise increases.

Section 2

A 7 - segment LED display is a form of electronic display peripheral that consists of seven LEDs
arranged in a rectangular for. Each LED is called a segment that maps to one of the terminals A-G.
Therefore, by assigning the binary digit inputs to segments A — G, its possible to control the
illumination of the segments so the decimal numbers 0 — 9 and the letters A — F can be displayed on
the LED peripheral. The hexadecimal 7 — segment LED display decodes 4 binary - digit inputs into a
hexadecimal number which is displayed using the LED segments.

(R

® ®

oY@

Figure 4a Mapping of the terminals A — H to the LED segments on the external peripheral
Figure 4a shows the mapping of the terminals A — H to the LED segments.

It's possible to calculate the hexadecimal numbers for each character by forming two 4 binary — digit
inputs depending on which of the mapping terminals A — H on the LED display are lit up and then the
two binary numbers can be converted into a two - digit hexadecimal number.

‘0" = LED segment is ON/HIGH
‘1’ = LED segment is OFF/LOW
Example calculating the hexadecimal number for the character 'F’

‘AN=0 ‘B'=1 ‘=1 ‘D=1
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Therefore, by following the pattern of the table in Figure 4b | formed to calculate the hexadecimal
numbers for the characters 0 — F then the two 4 binary —digit inputs for the character ‘F’ are: 0000
1110 = 0x0e

LED display

o

Hexadecimal | Buzzer 'h’ i rd¥ i il Character
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o
o
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0x79
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0x30
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Figure 4b Binary and HEX conversion truth tables for displaying O — F in the binary and hexadecimal numbering systems

Figure 4b shows the binary and hexadecimal equivalence truth table for the decimal numbers 0 -9
and the letters A — F where each character that can be displayed on the LED peripheral is formed of
two 4 binary — digit inputs.

Section 3

Task 1
The aim of Task 1 is to modify the standard circuit in Figure 3 so the 7 segment LED display
increments from 0 — F in hexadecimal number form with 0.5 second delays between each character.

15 ;;;; TASK 1 - increment from @ - F in hex with a 8.5 second delay

i6
17 portBE equ @x@6 ;port B address
18 trisb  equ Ox@6 ;trisB address in register bank 1
19
20 Status equ @xe@3 ;status register
21 RP2 equ @xas ;bit 5 of status register
RP1 equ @xa6 ;bit 6 of status register
count  equ @x@c ; counter @ to 255
nCount equ @xad ; pause routine inner loop counter
mCount equ @xde ; pause routine outer Loop counter
LED_@ equ @x4d ; 7 segment LED character definitions

LED_1 equ @x79
LED 2  equ @x24
LED 3 equ @x3@
LED 4 equ @xl19
LED_5 equ @xl2
LED_6 equ @x@2
LED_7 equ @x78
LED_8 equ @x@e
LED 9 equ @xle
LED_A  equ @x@8
LED_B  equ @x@3
LED C  equ @x46
LED D equ @x2l
LED_E  equ @x@6
LED F  equ @x@e

FEAEAEEYBBYYNEBEENRERER

Figure 5a Registers, ports and variables definitions for portB, Status, count and LED_0Q —LED_Fin Task 1




Micros, Peripherals and Interfaces Assignment November 2022

R R R E EE R P P EEE L B R L EE - R E L)

Egsgssgss

org ax080
start

bef

bcf

bst

movlw

movwf

bef

clrf ports

clrf count
get_count

movlw  LED @

movwf  portB

call one_sec_pause ;

movle  LED 1

movwf  portB

call  one_sec_pause ;

movlw  LED 2

movwf  portB

call one_sec_pause ;

movle  LED_3

movwf  portB

call  one_sec_pause ;

moviw  LED_&

movwf  portt

call one_sec_pause ;

movle  LED_S

movwf  portB

call  one_sec_pause

movle  LED 6

movwf  ports

call one_sec_pause

movlw  LED_7

movwf  portB

call  one_sec_pause ;

movly  LED_B

movwf  ports

call  one_sec_pause ;

movle  LED_§

movwf  portB

call one_sec_pause ;

select bank 1

Load w with @x8@
Logd it
reselect bank @

clear all
initialize counter

the character
chargcter 8"
second

racter
g

cter
second

the character
chargcter 27
second

; Load the character
; move character "3"
wait @ second
; Load the character
H character "4"
wait o second

the character
character 5"
second

the
character
second

character
g

; Load the character
; move chargcter 7"
woit o second

the character

character "8"
wailt @ second
i Load the character

chargcter 97
second

clear bank selection bits in the status reg

Lines Low

to 8

"8 into the W register
from W register to port

"1" into the W register

from W register to port

-a=

into the W register
from W register to port

3" into the W register
from W register to port

"4" into the W register
from W register to port

5% into the W register
from W register to port

67 into the W gggdetar
from W registe

“7% into the W register
from W register to port

"8" into the W register

from W register to port

"9" into the W register
from W register to port

Figure 5b Start and get_count functions loops in Task 1

nto trisb to moke portb all outputs

m

B
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129

152

mow lw
mowvwf
call

movlw
mow 1w
call

mow 1w
movuf
call

mow 1w
movwf
call

mow 1w
mavuf

call

maw 1w
mowvwf

call
goto

one_sec_pause
call
call
call
call
call
return

pause

movlw

movuf
loadn

movlw

mavf
dech

decfsz

goto

decfsz
goto

return

end

LED_A

ports

one_sec_pause

LED_B

portB

one_sec_pause ;

one_sec_pause ;

LED_D

[
one_sec_peuse ;&

LED_F

ports

OnE_Sec_pause

get_count

pause
pause
pause
pause
pause

@xse
mCount
exff
nCount

nCount, ¥
dectl

mlount, ¥
loadn

the choract
character
second

“A® into the N reg
from I regis

L
"
1
+
o
u
-1
il
i
=

the chara
character
second

the chara "C" into the N regi
character " Fr W register to port B
second

i load the charac inte the W regi r
; move character W register to port B
; woit a second

the ch

character

s=cond

's equals ~ 1 second

p counter

. nCount--
if nCount I= @

to 255 and decrement

t subroutine

Figure 5c One_sec_pause, loadN and decN functions in Task 1
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Figure 5d Proof of completing Task 1 — the 7 segment LED display increments from 0 —F in hex in 0.5 sec delays

Define port B as an output port and equate memory addresses in tris b.

Define RPO and RP1 registers to Pins 17 (connected in series to the black button switch) and 18
(connected in series to the green button switch) — then equate to memory addresses

Define nCount —inner loop counter and mCount — outer loop counter then equate to memory
addresses

Define hexadecimal numbers to LEDs 0 — F characters

Initialise start loop. Clear banks in the status registers and assign space in status register to blank
memory then load into tris b to make port B an output. Define RPO as an output on port B clear port
B register and count address

Initialise get_count — load the character ‘0’ into the W register
Move the character ‘0" from the W register to port B
Call one_sec_pause - Wait one second

Repeat get_count for all characters 0—F

Initialise one_sec_pause. To call five pause executions ~ 1 second.
Initalise loadN. Initialise ¢

Initialise decN. Decrement nCount in the working register f then call decN. If nCount! =0 then repeat
if nCount = 0 carry on and decrement mCount in the working register f, then call loadN. If mCount! =
0 then repeat nCount and decrement.

If not exit subroutine and finish.

Figure 5e Pseudo code for Task 1

Task 2

The aim of Task 2 is to modify the standard circuit in Figure 3 so if the black button switch is selected
either latching or non-latching “1” is displayed or if the green button switch is selected “2” is
displayed on the LED display.
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FILE: count.asm
AUTHOR : Freya Vafodari
DATE: November 2022

DESCRIPTION: Count to 255 at 1 second intervals and display on a seven
segment display in binary.
The pouse subroutine takes apx. 8.5 sec.
Pouze iz called 5 times

list p=16F84 ; select processor type
radix  hex ; define rodix as hexadecimal
; #include “pl6f84.inc”

B cpu equates (memory maop)
i3i; TASK 2 - Select the black button so “17 is displayed on the LED display
iii; or select the green button so "2" is displaoyed on the LED display

portA  equ @5 sport A address

trisa equ x@5 jtrisA address in register bank 1
portd  equ BxBE ;port B address

trisb  equ ax06 ;trisé address in register bank 1
indf equ Bxde sindirect file register

fsr equ x4 jindirect address register

Status equ 803 ;status register

RP@ equ @xes ;bit 5 of status register

RP1 equ A6 sbit 6 of status register

count  equ Bxdc jcounter @ to 128

nCount  equ 8xad ;pause routine inner loop counter
mCount  equ e ;pouse routine outer Loop counter
LEDA  equ 879 if LED = on display 1

LEDB equ x4
SW_Black equ  @x@1
SW_Green equ a2
BTN_Black equ  8x83
BTN_Green equ  @x84

if LED = on display 2

Black switch bit of Port A
Green switch bit of Port B
Black button bit of Port A
Green button bit of Port B

AEa A AU BB R NN RN EE SRR R P B cavavwbawne

temp  equ Bx10
flag equ fxll
550 equ @x12

% org 8000

Figure 6a Ports, registers, indf, fsr, Counts, LEDs, SWs, BTNs, temp and flag definitions in Task 2

48 start
9 bef Status,RPe ; clear bank selection bits in the status register RPO
50 bef Status,RP1 ; clear bank selection bits in the status register RP1
51

bsf Status,RPe ; select register RP@ bank 1

movle  @x@e i Load w with 8x00 trisb = bank 1

movwf trish ; load it into trisb to make portd all outputs

movlw  @xe3 ; Load w with @x@@ trisb = bank 1

movwf trisa Load it into trisb to make portA all inputs

bcf Status,RPe reselect bank @

clear all Lines Low
initialize counter to @

clrf portB
clrf count

test_switch run test_switch function

.

movf portA, w move w to portA

andlw SW_Black AND Literal working file + SW_Black together
movwf temp move w into the file register temp

btfss temp , @ J test bit @ of temp (blLack switch)

call black_switch ; call black_switch function

[

N

movf portA, w move w to portA

andlw SW_Green AND Literal working file + Test green switch
movwf temp move w into the file register temp

btfss temp , 1 4 test bit @ of temp (black switch)

call green_switch ; call green_switch function

. v

[

moviw exff ; moves a Literal volue into the working register €xel - RAM Location exel
movwf portB ; move to working file register to port8
goto test_switch ; case statement one-way transfer to test_switch function

BEIIFNIUNCEEE RS AT 2EBRYREYYUR

Figure 6b Start and test_switch functions in Task 2
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50
81 black_switch ; call block_switch function
82 moviw @xdl ; moves o se inte the working register 8x@1 - RAM lecotion @xdl
5] movwf flag ; move flog var e into the working file
84 movliw LEDA ; move @ literal (address of the byte that disp 2 in HEX) - clear segment a bit (turn on LEDA)
8 goto update_screen | case stotement one-way transfer to updote_screen function - check button stotus
8
H7 green_switch ; run green_switch function
88 moviw @x@l se inte the working register 8x@1 - RAM lLocotion @xdl
5 movwf flag ; able into the working file
%0 movlw LEDB H (address of the byte that displays 1 in HEX) clear segment @ bit (turn on LEDB)
o1
9% goto update_screen ; cose stotement cne-way transfer to update_screen fu n - check current button status
a
94 update_screen ; run updote_screen
95 movwf port8  ; move working file to porté
%6 call pause call pouse function
a7 goto test_switch case stotement cne-way transfer to test_switch functien
98
99 pause
100 movlw  @xB@ 128 decimal @x82 hex is 128 in decimal - displays "1" or "2" for 8.5 secs depending on the switch selection
101 mowwf  mCount = w; outer Loop counter
102 loadN
103 movle  @xBe i set w = 128 decimal
104 movwf  nCount ; nCount = w; inner Loop counter
105 dech
106 decfsz nCount, f
107 goto  dech {= @ then repeot nCount--
108
109 decfsz mCount, F ; else decrement Count
10 goto loadh if mCount /= @ then
m ; reload nCount to 128 and decrement
12 return ; else exit subroutine
113 end
114
Figure 6¢ Black_switch, green switch, update_screen, pause, loadN and decN functions in Task 2
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Figure 6d Proof of completing Task 2 — the 7 segment LED display will display ‘1" if the black button is selected and 2" if the
green button is selected

Define port A and port B addresses and tris A and tris b addresses in register bank 1
Define indf and fsr address registers
Define RPO and RP1 as status registers

Define LEDs and SWs — equate to memory addresses

Initialise test_switch. Move w to port A then and literal working file + SW_Black together. Move w
into the file register temp and test bit O of temp (black switch). Call black_switch function. Repeat for
the green_switch. Return to update_screen.

Initialise black_switch. Move a literal working value into the working register 0x01 — RAM location
0x01. Move flag variable into the working file. Move a literal (address of the byte that displays 2 in
HEX) — clear segment a bit (turn on LED). Check button status. Repeat for green_switch.

Initialise update_screen. Move working file to port B and call pause. Return to tcst_switch.|

Initialise loadN. Set time counter

Intialise decN. Set increment number counter on the display. If completed exit subroutine

Task 3

The aim of Task 3 is to modify the standard circuit in Figure 3 so if the black button switch is latched
all the LED segment displays are switched to HIGH and if the green button switch is latched all the
LED segment displays are switched to LOW.
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i ; FILE: count.asm

2 ; AUTHOR: Freye Vofoderi

3 ; DATE: November 2022

4 ; DESCRIPTION: Count to 255 ot 1 second intervols and display on o seven
5 ; segment display in binary.

8 The pouse subroutine tokes opx. 8.5 sec.
7 Pouse is called 5 times

a8

9 list pel6F84 ; select processor type

10 radix  hex ; define rodix as hexadecimal

iE ; winclude "pl6fB4.inc”
T
iy cpu equates (memory map)

14 ;;i; TASK 3 - Select the black button so oll the LEDs ore switched on or select the green button so oll the LEDs ore switched of f
15 portd equ Bx@s5 ;port A address

16 trisa equ @xas itrisA oddress in register bank 1

7

18 portB  equ axds ;port B address

19 trish  equ ex6 jtrisB address in register bank 1

E

n

B indf  equ ox0 sindirect file register

B fsr equ axdd jindirect oddress register

M

35 Status equ axd3 lstotus register

2% RP@ equ exds jbit 5 of status register

7 RP1 equ ax86 Jbit 6 of status register

b}

¥ count equ exdc jcounter @ to 128

30 nCount equ exed jpause routine inner Loop counter

31 mCount egu anide ;pause routine outer Loop counter

n

33 LEDA equ 79 ; if LED = on display 1

3 LEDE equ x4 ; if LED = on display 2

35 SW_Black equ exdl i Black switch bit of Port A

36 SW Green equ  @x82 ; Green switch bit of Port 8

37 BTN_Black equ  @x@3 ; Black button bit of Port A

38 BTN_Green equ  @xd4 ; Green button bit of Port B

»

40 temp equ ex1e

41 flag equ ex11

42 55D equ ox12

- PSR SRR RS S SRR SN SRR SEEE BRI SN S S S

Figure 7a Ports, registers, indf, fsr, Counts, LEDs, SWs, BTNs, temp and flag definitions in Task 3

47 start
bef Status,RP@ i clear bank selection bits in the status register RPO
becf Status,RP1 ; clear bank selection bits in the status register RP1
bsf Status,RPe select register RPE bank 1
movle  @xee Load w with @x@@ trisb = bank 1

movwf trisb
movle  @xe3
movwf  trisa

Load it into trisb to make portA oll outputs
Load w with @x@@ trisb = bank 1
Lload it into trisb to make portB all inputs

bef Status,RP8 i reselect bank @

elrf portB ; clear all Lines Low

clrf count 3 imitialize counter to @
test_switch ; call test_switch function

movf porth, w
andlw SW_Black

; move w te portA

; AND Literal working file + Test block switch
movwf temp ; move w into the file register temp

btfss temp , @ ; test bit 8 of temp (black switch)

call black_switch ; call black_switch varigble

movf portA, w
andlw SW_Green
movwf temp

btfss temp , 1
call green_switch

; move w to portA

; AND Literal working file + Test green switch
; move w into the file register temp

; test bit @ of temp (black switch)

; call green_switch variable

goto test_switch ; case statement one-way transfer to test_switch function

BEEEINIRIUNNEEEARG22R22 Y RLUNEEEE

black_switch ; call black_switch function
movlw @x@l ; move Literal volue of @xé1 to the working register
movwf flag ; move flag variable into the working file
movlw @xee ; move Literal value of @xé@ to the working register

goto update_screen ; case statement one-way transfer to updote_screen function - check butten status

Figure 7b Start, test_switch and black_switch functions in Task 3
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79 black_switch ; call black_switch function

a0 movlw 8x81 ; move Li of 8x81 to the working register

81 moviwf flag ; move f into the working file

82 movlw Bx@e ; move Literal value of 8xé@ to the working register

83 goto update_screen ; case statement one-way tronsfer to update_screen function - check button stotus
B4

85 green_switch ; run green_switch function

86 movle @x@l ; move Literal value of @x@1 to the working register
87 movwf flag ; move flaog verigble into the working file
88 movlw @xff i move Literal velue of 8xff to the working register
B9 goto update_screen ; cose stotement one-way transfer to update_screen function - check current button stotus
%0
9
92 update_screen ; run update_screen
9 movwf ports ; move working file to ports
o4 call pause ; call pause function
a5 goto test_switch ; case stotement one-way transfer to test_switch function
9%
97 pause
L] movlw 8xEd ; set w 128 decimal 8x88 hex is 128 in decimal - 8.5 secs delay in LED flashes
99 movef  mCount ; mCount = w: outer Loop counter
100 loadN
101 movlw  @xB@ ; set w = 128 decimal
102 movwf  nCount : nCount = w: inner Loop counter
103 decN
104 decfsz nCount, ¥ ; nCount--
105 goto decN i if nCount != @ then repeoat nCount--
106
107 decfsz mCount, f ; else decrement Count
108 goto loadN ; if mCount != @ then
109 s reload nCount to 128 ond decrement
110 return ; else exit subroutine
111
112 end
Figure 7c Green_switch, update_screen, pause, loadN and decN functions in Task 3
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Figure 7d Proof of completing Task 3 — the 7 segment LED display will display ‘1’ if the black button is selected and ‘2’ if the

green button is selected

Define port A as an input port and equate memory addresses in tris a.
Define port B as an output port and equate memory addresses in tris b.

Define RPO and RP1 registers to Pins 17 (connected in series to the black button switch) and 18 (connected in
series to the green button switch) — then equate to memory addresses.

Define nCount - inner loop counter and mCount— outer loop counter then equate to memory addresses
Define hexadecimal numbers to LEDs A & B, and SWs Black & Green and bitmask onto ports Aand B

Define flag and temp variables

Initialise start loop. Select register RPO bank 1 and load w with 0x00 tris b = bank 1. Load it into tris b to make
port A all outputs then repeat so port B is all inputs in tris b. Clear banks in the status registers and assign
space in status register to blank memory then load into tris b to make port B an output. Define RP0 as an
output on port B clear port B register and count address

Initialise test_switch. Move w to port A then and literal working file + test black switch. Move w to into the
temp file register and test bit 0 of temp (black switch). Repeat for green switch and return to test_switch.

Call black_switch and move literal working value of Ox01 into the working register then move flag into the
working file. Move literal value of Ox00 to the working register then call update_screen to check button status.
Repeat for the green_switch.

Initialise update_screen. Move working file to port B and call pause then loop back. Initialise pause 50 the
counter increments with a delay. If finished exit subroutine.
=7

Figure 7e Pseudo code for Task 3
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Task 4

The aim of Task 4 is to modify the standard circuit in Figure 3 so elements of the previous three tasks
are combined therefore if the black button is selected to HIGH, the LED display increments up from 0
—F in hexadecimal and if the green is selected to HIGH, the LED display decrements up from 0 —Fin
hexadecimal.

Scm~wounswne-

EEHYUSBY U YNNI ENMNEEETRREER

i

FILE: count.asm
AUTHOR : Freya Vafadari
DATE: November 2822
DESCRIPTION: Count to 255 at 1 second intervals and display on o seven
segment display in binary.
The pause subroutine takes apx. 8.5 sec
Pause is called 5 times
list p=16FB84 ; select processor type
radix  hex ; define rodix os hexodecimal

#include "pl16f84.inc”

cpu equates (memory map)

i;; Task & - increment from @ - F in hex with @.5 second delays if the block switch is selected and
ii; decrement from @ - F in hex with 0.5 second delays if the green switch is selected

portd  equ exes i port A address

trisa equ exes } triso address in register baonk 1
portB  equ exes ; port B address

tris equ exdé ; trisP address in register bank 1
indf wqu exes ; indir file reg

fsr equ exed ; indir oddress reg

status equ oxes3 ; status register

RP@ equ 5 ; bit 5 of status register

RP1 equ 6 i bit 6 of status register
start_address equ ax1l : start aoddr of character data
LED_index equ exeF ; indexing varicble

COUNT_A aqu eaxec ; intermedicte voricble for colculoting oddresses
event_flag equ ex1e ; event_handler start flog
temp equ exl ; temp variable

SW_Black equ @xal i SW_Black bitmask of portA

SW_Green equ 2x82 ; SW_Green bitmask of portd

Figure 8a Ports, registers, indf, fsr, Count_A, LEDs 0 —F, SWs, start_address, temp, LED_index and event_flag definitions in

Task 4
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LED_®
LED 1
LED_2
LED_3
LED 4
LED_S
LED_6
LED_7
LED_8
LED_9
LED_A
LED_B
LED_C
LED_D
LED_E
LED_F

start

equ
equ
equ
equ

equ
equ

equ

equ
equ

equ
equ
equ
equ
org
bef
bef

bef
moviw

bef

moviw

2x4n I
79
ax24
axig
ex19
ex12
Bx82
ax78
axed
exle
axes
axe3
Bxdb
exil
8x8é
BxBE

status,RP@
status,RP1

status,RP8
Bx8e

trisb
status,RP®

exFF
ports

LED_@
ex11
LED_1
ex12
LED_2
Bx13
LED_3
8xl4
LED_4
axls
LED_5
ax16
LED_&
ex17
LED_7
ex18
LED_8
ax19
LED_9
ex1A
LED_A
ax1B
LED_B

7 segment LED display character definitions

clear bank selection bits in the status register RPF@
clear bank selection bits in the status register RP1

select bank 1

Load w with éxee
Load it into trisb to moke portB all outputs
reselect bank @

clear all lines low

Load
move
Load
Load
Load
Load
Load
Load

Load

Load
Load

Load

the
the

character "@”
character "8"
character "1"

character "2%

charocter "3"

character

character "5"

character "&"

character "7"

ccharacter "8"

character "9"

charocter "A"

character "B"

into the W register
from W to start address of character dota RAM
into the W register
into the W register
into the W register
inte the W register
into the W register
into the W register
into the W register
into the W register
inte the W register
into the W register

into the W register
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movlw LED_9 ; Load the choracter “8” into the W register

movwf  Bx14

movle  LED_A ; lood the choracter "A" into the W register

movwf  @xl1B

movlw LED B ; lood the choracter "B" into the W register

movwf  @xiC

movlw LED_C ; load the character "C™ into the W register

movwf  @xiD

movle LED_D ; load the character "D” into the W register
ex1E

movlw LED_E # Load the character "E" into the W register

movwf  @x1F

movlw LED_F
movwf  @x2@

Load the character "F" into the W register

check_count

movlw  @xil ; lood exil to W register - moximum count volue
moviwf  LED_index 2 set index verisble to mex count value
centre_loop
; SW_Black
mavf portA,w i read portA
movwf  temp ; move temp working to file
comf temp, W ; complement f with temp

test sW Black
test event_flag

stores w register volue (SW_Black status) in temp

test bit @ of temp (block switch), if button not pressed skip

andwf  event_flag,w
movif  temp

temp, 0
call event_sw_black

movf porta,w

read portA

move temp working to file
i complement f with temp

i test block switch

move working to temp
test bit @ of temp

bsf event_flag,® set flag to allow event_sw_block
; SW_Green

movf portA,w + read portd

movwf  temp ; move temp working to file

comf temp,w :
andlw  SW_Green

andwf  event_flag,w
movif  temp

btfsc  temp,l

call event_sw_green

test 5W_Black
test event_flag

stores w register value (SW_Green stotus) in temp

test bit 1 of temp (black switch), if button not pressed skip

Figure 8b Start, check_count and centre_loop functions in Task 4

movf porth,w
movwf  temp
comf temp,w
andlw  SW_Green

read porta

move working to file
complement f with temp
test black switch

movwf  temp move working to file
btfss temp,1 test bit @ of temp
bsf event_flag,1 set flog to allow event_sw_green

gote centre_loop one woy transfer - Loop bock to the beginning of the centre_Loop

event_sw_black

decfsz LED_index,f s deccrement f in the LED index register - skip if @
goto continue ; one way transfer - Loop back to the beginning of continue
goto  check_count ; one way transfer - Loop back to the beginning of check_count
continue
; check portB and count wp @ - F in hex
bef event_flag,® i clear flag to show event complete
15 - LED_index
movf  LED_index,w ; move File "LED index' intc working reg
sublw  ex1e ; 16 (F) - LED_index
movwf s i store value into COUNT_A
; FSR = start_oddress + COUNT_A
addlw  start_address | odd COUNT_A to stort_oddress
movwf  far J move stort_address to far
; PortB = INDF
movf ingf,w ; pull dota from ore in W reg
movwf  portd . copy data to po
return
event_sw_green

incf LED_index, f increment £ in the LED_index register
; check portB and count down F - @ in hex
bef event_flag,1  ; clear flog to show svent complete
; COUNT_A = 15 - LED_index
movf LED_index,w
sublw  @x1@
movwf  COUNT_A
; FSR = start_oddress + COUNT_A
addlw  start_address | add COUNT_A to start_sddress

move file "LED index' into working register
16 (F) - LED index
move file "LED index' into working register

wf  far i move stort_oddress to fsr
; PortB = INDF
movf  indf,w ; pull dots from RAM and store in W reg
movwf  portd ; copy dato to ports
return
end ; else exit subroutine

Figure 8c Event_sw_black, continue and event_sw_green functions in Task 4
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Figure 8d Proof of completing Task 4 — the 7 segment LED display will increment up from 0 - F if the black button is selected

and will decrement down from 0 - F if the green button is selected
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Define port A as an input port and equate memory addresses in tris a.
Define port B as an output port and equate memory addresses in tris b.

Define RP0 and RP1 registers to Pins 17 (connected in series to the black button switch) and 18 {connected in
series to the green button switch) —then equate to memory addresses.

Define start_address variable — start address in memaory of character data
Define LED_index variable — indexing variable in memory

Define COUNT_A — intermediate variable for calculating addresses

Define event_flag — event_handler start flag and temp — temp variable
Define SW_Black and SW_Green — bitmasks of port A

Define hexadecimal numbers for the 7 — segment LED display for all characters0—F

Initialise start. Clear bank selection bits in the status registers RPO and RPL. Define 0x00 to be empty memory
address in bank 1 and load into port B. Load the character ‘07 into the W register. Move the character ‘0" from
W to start address of the character data RAM. Repeat for all characters 0—F.

Initialise check_count. Load 0x11 into W register — maximum count value. Set index variable to max count
value

Initialise centre_loop. For SW_Black — read port A then move temp working register to file. Comgplement f with
temp register and then test SW_Black. Test event_flag and move result in the w register into temp. Test bit 0
of temp (black switch) - if button not pressed then skip. Repeat for SW_Green. Return to beginning of
centre_loop.

Initialise event_sw_black. Decrement f in the LED_index register but skip if 0. For event_sw_green decrement f
in the LED_index register but skip if 0.

Initialise continue. Check port B and count 0—F in hex. Move LED_index into working register to store value in
COUNT_A. Add COUNT_A to start_address and move to fsr. Pull data from RAM and store in W register then
copy to port B. Repeat for event_sw_green.

Figure 8e Pseudo code for Task 4
Task 5
The aim of Task 5 is to modify the standard circuit in Figure 3 so if the black switch is selected the

buzzer will sound and the noise output will be displayed on the digital oscilloscope in the virtual
terminal.
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T ; FILE: count.asm

2 , AUTHOR: Freya Vofadari

3 ; DATE: November 2822

4

5 list p=16FB4 ; select processor type

6 radix  hex ; define radix as hexadecimal
BN #include "pl6f84.1inc”

8§

9 ; Tesk 5 - Buzzer sounds when either the black or green switch is selected
10

11 portA equ Bx@s J portA oddress

12 trisa equ exes ; trisa address in register bank 1

13

14 portB equ Bx8s ; portB ocddress

15 trisb equ Bxe6 ; trisb address in register bank 1

16

17 indf equ Bxee ; indir file reg

18 fsr equ exe4 ; indir addr reg

19

20 status equ exe3 ; status register

21 RPR equ S ; bit 5 of status register

22 RP1 equ 6 s bit 6 of stotus register

23

24 first_loop equ axed ; peuse routine inner loop counter (first Loop)
25 second_loop equ Bxde ; pouse routine outer loop counter (second Loop)
26 pause_count equ exef

27

28 event_flag equ ax1l ; event handler flag start

29

30 temp equ exle ; temporary variable

3

32 LED_A equ exes ; LED side of a bit of portB

33 LED_B equ 8xe1 ; LED side of a bit of portB

EL

35 SM B equ ax01
3 SWG  equ exe2

bitmask black switch of portd
bitmask green switch of portA

o

x

38 org exese

39

40 start

41 bef status,RP@ ; clear bank selection bits in the status register RPO

42 bef status,RP1 ; clear bank selection bits in the status register RP1

43

44 bsf status,RP@ ; select bank = 1

45

46 movlw @x83 ; Load w with 8x83 move the Literal value 8x83 in the working register w
47 movwf trisa ; set switch pins SW_B & SW_G on portA gs inputs

48

49 movliw Bx@e ; Load w with exe@ move the Literal value 8x8@ in the working register w
50 movwf trisb ; Load it into trisb to make portB aoll outputs

51 bef status,RP8 ; reset bank = 8

52

53 clrf portB ; clear all Lines Low

54 bsf event_flag,® ; moke sure no events registered

55 main_code

56 2 select black switch

Figure 9a Ports, registers, indf, fsr, LEDs, SWSs, first_loop, second_loop, temp, pause_count and event_flag definitions in
Task 5
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org xooe

start

bef status,RP ; clear bank selection bits in the status register RPO

bef status,RP1 ; cleor bank selection bits in the status register RP1

bsf status,RP@ ; select bank = 1

moviw  @x@3 ; Lload w with @x@3 move the Literol value @x@3 in the working register w
movwf  trisa ; set switch pins SW_B & SK_G on portd as inputs

moviw  EBx@e ; Llood w with @xe@ move the Literol volue @xd@ in the working register w
movwf  trish ; Load it into trisb to make portB all outputs

bef status,RPE ; reset bonk = @

clrf ports i clear oLl Lines Low

bsf event_fl
main_code
select black switch

i moke sure no events registered

movf  porth,w i read porta
movef  temp i move data in portd to the working file temp
comf ; complement doto in register temp with w
andlw ; test black switch
andwf ; test event_flag
movuf ; stores w register volue (SW_B stotus) in temp
btfsc  temp,@ i test bit @ of temp (black switch), if switch not set MIGH skip
call  event_black_sw
movf porta,w i read porta
movwf  temp ; move dota in portd to the working file temp
comf  temp,w ; complement doto in register temp with w
andle  SW_B ;i test black switch
temp ; move daota in SW 8 to the working file temp
btfes  temp,® i test bit 8 of temp
bsf event_fl i set flog to allow event_black_sw
goto main_code ; return to start of the Loop
avent_black_sw

; check port8 to see if LED is WIGH or LOW
bef event_flag,®@ ; clear flag to show event complete
movf  portB,w ; read ports
xorle  Bx@l i complement portB bit @
movwf  portB ; write value back to portd
call  buzzer ; short beep
return

B IR R YNNI YNY RO R BT E RNV YNNIty

Figure 9b Main_code and event_black_sw functions in Task 5

77 event_black_sw
; check portB to see if LED is WIGH or LOW

bef event_flag,®@ ; cleor flog to show event complete
mavf partl,w i read portd

xorlw  @x@l ; complement portB bit @

movwf  ports ; write volue bock to ports

call  buzzer ; short beep

return

buzzer
; set pulse rote for buzzer ; Bx7FF - 2847 Pulses

movlw  @x0? i set w = 07 decimal
first_loop ; first_Loop = w: second Loop counter
loadN_buzzer
vl ff ; set w = 255 decimal
movwf  second_loop ; second_loop = w: first Loop counter
dech_buzzer

i sound buzzer

EseasscopssanagnzOn2say

bsf port8,7 ; set burrer output high
call short_pause ; wolt 125us
bef portd,7 ; set buzzer cutput low
m call short_pause ; woit 125us
w0
103 decfsz second_loop, ¥ ; second Loop--
104 goto  dech_buzzer i if second_loop I= @ then repect second_loop--
05
106 decfsz first_loop, ¥ | else decrement second loop
w07 goto  loadN_buzzer  : if First_Loop s @ then return
108
109 return
110
m ; pause function
m ; Genergtes ~dkHz inner clock (2009 pulses == dkHz)
m ; 2848 pulses 125us ON 125us OFF
114
15 short_pause
116
u? : short_pause 125us delay
118
19 moviw  @x29 ; set w = 41 decimol
120 movwf  pause_count ; pouse_count = w: first loop counter
121 decN
122
123 i check burzer stotus repeot if burzer stotus is set to HIGH
124
125 decfsz pause_count, f ; pouse_count--
126 goto  dach i if pouse_count |= @ then repect pause_count--
w
128 raturn ; else exit subroutine
129 end

Figure 9c Buzzer, loadN_buzzer, decN_buzzer, short_pause and decN functions in Task 5




Micros, Peripherals and Interfaces Assignment November 2022

5 R _,
[nnnn 9
- i BCOT - -
1 - € rat v Proteus file.pdspr] oare i
o|—

= oesick e PIC Demo Board 251112022

racE
PATH.  Ocilinfversity Micros, Peripherals and InterfacqsiAsgignngent Task SAroseus file.pdspa)

BY. 5 Mosy v 1 nme:  1zaeas
I I I r I i I I I I I i I I I E

Figure 9d Proof of completing Task 5 — the buzzer will sound if the black button is selected and display the noise output on
the digital oscilloscope in the virtual terminal

Channel C

Figure e Buzzer sound displayed on the digital oscilloscope in the virtual terminal for Task 5
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GRADEMARK REPORT

FINAL GRADE GENERAL COMMENTS

Instructor

/100

PAGE 1

PAGE 2

PAGE 3

PAGE 4

PAGE 5

Comment 1

ceramic capacitors

Comment 2

These are only the properties of how Proteus uses the sound card of the computer to
emulate the component. LS1 is actually a piezo buzzer. This relies on the piezoelectric effect
which causes a diaphragm to deform when a voltage is applied (operation is very similar to a
loudspeaker) the applied voltage has to be an AC signal to create vibrations in the air in
response to the movements of the diaphragm.

Comment 3

As the Piezo buzzer is actually a capacitive device, R10 is actually there to discharge the
sounder when the transistor is off

Comment 4

Its a switch, not an amplifier. The IO pin of the PIC is either OV or 5V so the transistor is either
off or on. When driven with a square wave from the PIC the transistor will switch on and off
driving the piezo sounder, vibrating its diaphragm to create a sound.



PAGE 6

PAGE 7

’ Comment 5
Good

PAGE 8

’ Comment 6

PAGE 9

This would have been better if you used the INDR and FSR registers as it would have made
the code reusable

PAGE 10

PAGE 11

PAGE 12

PAGE 13

PAGE 14

PAGE 15

PAGE 16

®

PAGE 17

Comment 7

What happens to the program after it exits the subroutine? Where does it go? Does it just
stop?

PAGE 18

PAGE 19

®

PAGE 20

Comment 8

This is a better method than task 1. well done

PAGE 21
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PAGE 23

PAGE 24

PAGE 25

GRADING FORM: SMU GENERIC_SMOSEY

FREYA VAFADARI 64.6

ENGAGEMENT WITH LITERATURE

including reading, referencing, academic conventions and academic
honesty

y"’ Fair description of the components on the PIC 1 2 6
demo board .

KNOWLEDGE & UNDERSTANDING

Knowledge of the basic underlying concepts and principles of a subject.

y‘ Excellent clear understanding of the operation of 1 3 6
all the devices on the board - evidenced through .
descriptions and code operation

COGNITIVE & INTELLECTUAL

Evaluate underlying concepts and principles of a subject and interpret
qualitative and quantitative data in order to develop lines of argument



and make sound judgements.

* Mostly clear and concise code, although task 1 1 3

could have been better. Good solutions to the
problems

PRACTICAL APPLICATION SKILLS

‘ Different approaches to solving problems in particular contexts.

y" Simulations will work. Problems solved with good 1 2 4
coding methods .

TRANSFERABLE SKILLS

Communicate the results of their study/work accurately and reliably,
and with structured and coherent arguments; the qualities needed for
employment requiring the exercise of some personal responsibility
within a structured and managed environment.

y‘ Generally well written, well structured report. 1 3



