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[bookmark: _Toc514041038]Abstract.
MPLAB is an integrated development environment created by Microchip with the purpose to enable developers to create embedded systems by using microcontrollers, the software package houses the ability to write code, test the code with the built-in simulation tool and burn the code to a microcontroller. 
A ready built live circuit board was provided, and the schematic was supplied, consulting with the schematic and the necessary datasheets a description of how the circuit works was written up then the circuit was reproduced with in Proteus simulation software, Proteus was used for testing code before burning to the microcontroller. Several tasks were asked to be conducted, theses tasks included correcting a program which contained purpose written error code, once this program was error free it was simulated in MPLAB which gave the ability to see the necessary registers and memory locations which could be analysed to get a feel for how the microcontroller in this case the PIC16F84 is likely to behave. The rest of the tasks asked for the PIC to be programmed in various ways as to enable the two input switches, the 7-segment display and the sounder to be utilised as per tasking.
This tasking has greatly increased knowledge and understanding with low level programming language known as assembly language, interfacing peripherals with microcontrollers, working with binary and hexadecimal number systems, reading datasheets and circuit diagrams. 
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Introduction.
[bookmark: _Toc514041040]MPLAB Overview.
MPLAB Integrated Development Environment (IDE) is a software package that has been created to enable engineers to develop applications for Microchip microcontrollers and digital signal controllers [1].
MPLAB is an excellent program to use when designing applications for embedded systems, the package is full of useful features to enable coding, simulation and burning to a microcontroller. 
Opening the software presents the user with a graphical user interface which is full of tools that can be customised extensively to the user’s preference. 
MPLAB gives the ability to write source code in a low level programming language known as assembly language, this then translates directly into machine code, or by using a higher level language such as ‘C’  and MPLAB ‘C’ compiler, ‘C’ a more natural language to use [2]. This assignment involves writing code in assembly language, there by this report will be based on the use of this language.
Within MPLAB is a project wizard which gives the ability to quickly setup a new project, utilising drop down boxes to select what PIC family and tool suite is desired, options on save locations and adding existing files to the new project.
To start writing source code it is as simple as creating a new file and then saving it with an assembler file extension (.asm), MPLAB creates this extension as default then it can be added to the source folder for to be used.
To test the source code then a debug tool is needed, MPLAB SIM is the debug tool used in this instance, this simulating tool displays the contents of program memory, random access memory (RAM), working registers and the register banks. Simulating the code this way is extremely useful as it gives the ability to step through the code line by line and display what is happening within the PIC’s registers.
When MPLAB assembles the code, several files are created. Files that may be of interest are, a listing file with an extension of .LST, this file lists information on memory, source code any errors and other information that may be useful for diagnostics purposes, a hex file which is the machine code that is burnt on to the microcontroller the file extension of .HEX is used here and an error file with a file extension of .ERR which displays any errors that have occurred during a build.
[bookmark: _Toc514041041]count.asm errors.
Following the tutorial sheet, a new project was built and the count.asm file which contains deliberate errors was added. Due to these errors building (compiling) the project fails, to rectify these errors the first thing to do is go through the output window which contains the errors of the failed build. The output displays the following errors and warnings.
Error[113]   E:\2-BENG\YEAR-1\L4 - MICROS, PERIPHERALS AND INTERFACING (ACDA4000)\ASSIGNMENT\COUNT-ERROR\COUNT.ASM 30 : Symbol not previously defined (status)
Error[113]   E:\2-BENG\YEAR-1\L4 - MICROS, PERIPHERALS AND INTERFACING (ACDA4000)\ASSIGNMENT\COUNT-ERROR\COUNT.ASM 31 : Symbol not previously defined (status)
Error[113]   E:\2-BENG\YEAR-1\L4 - MICROS, PERIPHERALS AND INTERFACING (ACDA4000)\ASSIGNMENT\COUNT-ERROR\COUNT.ASM 33 : Symbol not previously defined (status)
Error[113]   E:\2-BENG\YEAR-1\L4 - MICROS, PERIPHERALS AND INTERFACING (ACDA4000)\ASSIGNMENT\COUNT-ERROR\COUNT.ASM 36 : Symbol not previously defined (status)
Error[113]   E:\2-BENG\YEAR-1\L4 - MICROS, PERIPHERALS AND INTERFACING (ACDA4000)\ASSIGNMENT\COUNT-ERROR\COUNT.ASM 57 : Symbol not previously defined (get_count)
Warning[202] E:\2-BENG\YEAR-1\L4 - MICROS, PERIPHERALS AND INTERFACING (ACDA4000)\ASSIGNMENT\COUNT-ERROR\COUNT.ASM 74 : Argument out of range.  Least significant bits used.
Error[113]   E:\2-BENG\YEAR-1\L4 - MICROS, PERIPHERALS AND INTERFACING (ACDA4000)\ASSIGNMENT\COUNT-ERROR\COUNT.ASM 75 : Symbol not previously defined (mCont)
Warning[207] E:\2-BENG\YEAR-1\L4 - MICROS, PERIPHERALS AND INTERFACING (ACDA4000)\ASSIGNMENT\COUNT-ERROR\COUNT.ASM 89 : Found label after column 1. (en)
Error[122]   E:\2-BENG\YEAR-1\L4 - MICROS, PERIPHERALS AND INTERFACING (ACDA4000)\ASSIGNMENT\COUNT-ERROR\COUNT.ASM 89 : Illegal opcode (d)
Error[129]   E:\2-BENG\YEAR-1\L4 - MICROS, PERIPHERALS AND INTERFACING (ACDA4000)\ASSIGNMENT\COUNT-ERROR\COUNT.ASM 99 : Expected (END)
Reading the first error it starts with the word Error and a code in square brackets, then the file name and location which is the count.asm file, then the line number which is 30 here, then a message of what the compiler thinks is wrong. Below is a breakdown and rectification of each error listed.
Error line 30: Symbol not previously defined (status). This indicates that a variable name status is used in the program and has not been defined (declared) at the beginning of the program. looking at the ‘cpu equates’ section in the program ‘Status’ has been defined, the obvious issue here is a capital S has been used at the beginning of program and a small s used on line 30. This error with the same spelling mistake also occurs on line 31, 33, 36, as these four lines spell ‘status’ the same way it is easier and quicker to correct this at the ‘cpu equates’ section of the program.
Error line 57: Symbol not previously defined (get_count). Here the ‘goto get_count’ instruction is a problem, looking through the code there is a label of similar name ‘get_counnt’ but has been spelt differently to rectify this it is best to change the label name ‘get_counnt’ to match as it reads better and may be called somewhere else in the program.
Warning line 74: Argument out or range. This is a warning message, warning messages on their own usually don’t cause a build to fail, but if these messages are not rectified then the program may not run as intended, the issue here is one to many f’s used in the hex number, changing from ‘0xfff’ to ‘0xff’ will cure this. 
Error line 75: Symbol not previously defined (mCont). Looking back at the ‘cpu equates’ section this is a spelling mistake, correcting this to ‘mCount’ at line 75 is best as the same name is used elsewhere in the program.
Warning line 89: Found label after column 1 (en): Here the issue the space between ‘en’ and ‘d’. changing this line to ‘end’ will rectify this.
Error line 89: Illegal opcode (d): Rectifying the warning message above for this line will cure this error.
Error line 99: Expected (END): This will naturally be rectified now the error on line 89 has been fixed.
After rectifying the errors and warnings a rebuild of the program succeeded with no other errors.
Whilst reading through the code line by line it is noticed on line 27 the hex number has one to many zero’s, as this is zero then it should not cause any problems but it’s best practice to rectify to ensure no unintended issues arise whilst running the program.
[bookmark: _Toc514041042]PIC16F84 assignment board breakdown.
The schematic for this assignment board can be split in to two stages, the power supply stage and the logical stage.
[bookmark: _Toc514041043]Power supply stage.
Schematic for the power supply stage which has been created in Proteus:
[image: ]
Figure 1 Power supply schematic from Proteus.
This part of the circuit is designed to convert a higher supply voltage down to the 5 volts that is needed for the PIC16F84. The supply voltage used in this instance is from a DC power source which is connected at J1 where pin 2 is positive and pin 1 is negative, there is a single throw single pole switch (SW3) which is used as on / off power switch, the main component in this circuit is the LM7805 voltage regulator, the purpose of this regulator is to drop the supply voltage down to a constant 5 volts required by the PIC, consulting with the data sheet [3] for the LM7805 it is recommended that a minimum of 7 volts and a maximum of 25 volts is used as the input, it is also capable of supplying 1.5 Amps or more if provided with good heat sinking properties.
There are two capacitors connected at either positive side of the regulator, the datasheet explains that capacitor (C3) is, 
“Required if the regulator is located far from the power supply filter”[3].
 and capacitor (C4) 
“Although no output capacitor is needed for stability, it does help transient response”[3].
See diagram below taking from data sheet.

[image: ][3]
Figure 2 Screen shot, regulator circuit.
The LED (D1) is used to indicate if the power to the PIC is on or off and the resistor (R13) is there to limit the current for the LED.
[bookmark: _Toc514041044]Logical stage. 
Schematic for the logical stage:  
[image: ]
Figure 3 Logical stage schematic.
Pin layout for PIC 16F84 from datasheet:
[image: ][3]
Figure 4 PIC16F84 Pin configuration.
The main component in this stage of the circuit is the PIC16F84, this microcontroller when programmed is what does all the calculations and operations that enables inputs in this case from two switches and outputs to the 7-segment display and piezo buzzer to work as required. The data sheet [4] shows this PIC depending on configuration can have up to 13 inputs / outputs with 5 residing on port A (RA0 – 4) and 8 on port B (RB0 – 7). The speed at which the PIC operates known as clock rate is determined by the external crystal oscillator circuit, this part of the circuit consist of a 4MHz crystal oscillator connected across pins 15 and 16 and two capacitors in series with each of these pins and ground. This clock produces a continuous square wave which regulates the timing of instructions within the microcontroller. Not shown in the above schematic, to power up the PIC pin 5 Vss goes to ground (0V) and pin 14 Vdd goes to +5V from the voltage regulator. Pin 4 MCLR is the Master Clear Reset pin, in normal operation this pin needs to be pulled high hence the use of a 4.7K resistor in series between pin 4 and +5V, to activate the reset option then pin 4 would need to be pulled low by way of a switch or other external circuit.
Resetting the device this way points the program counter to the start of program execution or memory at address 0x00 [5]. This pin is not used in this instance so is constantly pulled high.
Pins 17 (RA0) and 18 (RA1) are used as inputs, these pins are pulled high through resistors in normal use and are brought to ground through the normally open button switches if a switch is pressed. The resistors are needed to stop a short circuit from happen between +5V and 0V when a switch is pressed, they can also limit current if a fault were to develop causing the PIC to sink or source excessive power through theses pins.
One output peripheral connected is a 7-segment common anode display, this display is made up of 7 LED’s, the common anode dictates that the 7 LED’s share the positive voltage, to illuminate the display zero volts needs to be applied to one of the other 7 pins, these 7 pins are connected to the PIC pins 6 (RB0) through to 12 (RB6), there is a 220Ω resistor in series with each pin to limit the current.
The sounder used in this circuit is a piezo buzzer, for this sounder to operate then some extra circuitry is used. Driving the sounder, pin 13 (RB7) is connected to the base of the transistor via a current limiting resistor, the electrical characteristics of this type of sounder means it requires a pulse width modulation (PWM) type signal to operate, consulting the data sheet[6] the sounder is effectively seen as a capacitor which needs to be charged and discharged rapidly to vibrate, to accomplish this a recommend value of 1KΩ resistor (R5) is placed in parallel with the sounder.
Screen shot from data sheet showing recommended circuit configuration for piezo buzzer.
[image: ][6]
Figure 5 Piezo buzzer circuit configuration.
[bookmark: _Toc514041045]Details and code for the 7 tasks.
Several tasks have been asked where by either additional coding or modification of the code from the original error free count.asm file is needed, each task needs to show either a flowchart or pseudo-code and include the assembly language listing (.LST) created by MPLAB. 
MPLAB simulation tool will be used along with Proteus simulation to test the program before flashing it to the PIC for live test.
Reading through the tasks its identified that certain numbers and letters will need to be displayed on the 7-segment display, to enable theses alphanumeric symbols to be shown correctly a certain bit pattern needs to be put onto port B of the PIC. To make coding quicker and easier a table with the corresponding bit pattern, hexadecimal number and decimal number has been created. This table will be referenced when creating code as needed.
[bookmark: _Toc514041046]Table showing bit patterns needed for 7 segment display.
	7 seg display
	
	
	

	Display Output
	Decimal
	Hex
	Binary

	0
	64
	40
	0100 0000

	1
	61
	79
	0111 1001

	2
	36
	24
	0010 0100

	3
	48
	30
	0011 0000

	4
	25
	19
	0001 1001

	5
	18
	12
	0001 0010

	6
	2
	02
	0000 0010

	7
	120
	78
	0111 1000

	8
	0
	00
	0000 0000

	9
	24
	18
	0001 1000

	A
	8
	08
	0000 1000

	B
	0
	00
	0000 0000

	C
	70
	46
	0100 0110

	D
	64
	40
	0100 0000

	E
	6
	06
	0000 0110

	F
	14
	0E
	0000 1110

	s
	18
	12
	0001 0010

	t
	7
	07
	0000 0111

	o
	64
	40
	0100 0000

	p
	12
	0C
	0000 1100



[bookmark: _Toc514041047]Default configuration for PIC16F84.
As there is a number of tasks asked for this PIC there will be repeated code with regards to initial configuration, this code when written includes the type of PIC used, the cpu equates section which is essentially a memory map and enabling port A as inputs with port B as outputs, this initial configuration will be referenced as header section when writing a flowchart or pseudo-code.   
[bookmark: _Toc514041048]Task 1.
Modify ‘count.asm’ to enable the green switch to speed up the display refresh and the black button to slow it down.
[bookmark: _Toc514041049]Thought process.
The error free count.asm file when run on the PIC has a loop that increments the bit pattern on port B, starting at 0 and counting to 255 in steps of 1, within this loop a pause subroutine is called creating a delay before each display refresh. Thoughts are to create three delay subroutines in which each one will call the pause subroutine x number of times depending on the delay needed for display refresh rate. The original code that updates the display could be turned into a subroutine and called each time the display needs to be updated. A loop is needed to check the switch state of each switch and if none are pressed then call a delay of say 1 second before updating display. If a switch is pressed call a different delay to alter the refresh rate of the display.
Pseudo-code.
· Header code for PIC16F84
· Set count to 0
· Display loop
· put count into w then move to portB to update display
· Add 1 to then move to count
· Check for switch press
· If the black switch is pressed pause for less than 1 second to speed up display
· If the green switch is pressed pause for more than 1 second to slow down display
· Else pause for 1 second (default display refresh speed)
· Keep looping
Listing file output.
MPASM  5.51                        TASK-1.ASM   5-12-2018  8:35:22         PAGE  1
LOC  OBJECT CODE     LINE SOURCE TEXT
  VALUE
                      00001 ; FILE:                 Task-1.asm
                      00002 ; AUTHOR:               Nicholas Jones
                      00003 ; DATE:                 25th April 2018
                      00004 ; DESCRIPTION:  Alter display refresh speed.
                      00005 ;                               default refresh is approx 1 second
                      00006 ;                               holding green switch speeds up refresh by approx 600ms
                      00007 ;                               holding black switch slows down refresh to approx 2 seconds 
                      00008 ;                               The pause subroutine takes apx. 0.2 sec.
                      00009 ;                               If pause is called 5 times = 1sec
                      00010 
                      00011         list    p=16F84         ; select processor type
                      00012         radix   hex                     ; define radix as hexadecimal
                      00013         #include "p16f84.inc"
                      00001         LIST
                      00002 
                      00003 ;==========================================================================
                      00004 ;  MPASM PIC16F84 processor include
                      00005 ; 
                      00006 ;  (c) Copyright 1999-2013 Microchip Technology, All rights reserved
                      00007 ;==========================================================================
                      00008 
                      00206         LIST
2007   3FF1           00014         __CONFIG _CP_OFF & _WDT_OFF & _PWRTE_ON & _XT_OSC
                      00015 ;----------------------------------------------------------------------
                      00016 ;       cpu equates (memory map)
  00000005            00017 portA   equ 0x05                ; port A address
  00000006            00018 portB   equ     0x06            ; port B address
  00000005            00019 trisa   equ 0x05                ; trisA address in registar bank 1
  00000006            00020 trisb   equ 0x06                ; trisB address in register bank 1
  00000003            00021 status  equ 0x03                ; status register address
  00000005            00022 RP0             equ 5                   ; bit 5 of status register
  00000006            00023 RP1     equ     6                       ; bit 6 of status register
  0000000C            00024 count   equ     0x0c            ; counter 0 to 255
  0000000D            00025 nCount  equ     0x0d            ; pause routine inner loop counter
  0000000E            00026 mCount  equ     0x0e            ; pause routine outer loop counter
                      00027 
                      00028 ;----------------------------------------------------------------------
                      00029 
0000                  00030         org     0x00                    ; program start at this address
                      00031 
0000                  00032 start
0000   1283           00033         bcf             status,RP0      ; clear bank selection bits in the status reg
0001   1303           00034         bcf             status,RP1  ; unimplemented, maintain as 0
                      00035 
0002   1683           00036         bsf             status,RP0      ; select bank 1
0003   3000           00037         movlw   0x00            ; load w with 0x00
0004   0086           00038         movwf   trisb           ; load it into trisb to make portb all outputs
0005   301F           00039         movlw   B'00011111' ; load w with Binary 00011111
0006   0085           00040         movwf   trisa           ; load it into trisa to make porta as inputs
0007   1283           00041         bcf             status,RP0      ; reselect bank 0
0008   0186           00042         clrf    portB           ; clear all lines low
0009   018C           00043         clrf    count           ; initialize counter to 0
                      00044 

MPASM  5.51                        TASK-1.ASM   5-12-2018  8:35:22         PAGE  2

LOC  OBJECT CODE     LINE SOURCE TEXT
  VALUE
000A                  00045 display 
000A   080C           00046         movf    count, w        ; move count to w
000B   0086           00047         movwf   portB           ; move w to port B to update the display
000C   3E01           00048         addlw   1                       ; add 1 to w
000D   008C           00049         movwf   count           ; save w in count
                      00050 
000E   1C05           00051         btfss   portA,0         ; check black switch skip if not pressed
000F   2826           00052         goto    delay2sec       ; call subroutine delay2sec (slowdown refresh)
0010   1C85           00053         btfss   portA,1         ; check green switch skip if not pressed
0011   281C           00054         goto    delay           ; call subroutine delay (speed up refresh)
0012   2820           00055         goto    delay1sec       ; call subroutine delay1sec (default refresh speed)
                      00056 
                      00057 ;--------------------------------------------------------------------
                      00058 ;subroutine pause: lets waste some time....
                      00059 ;
                      00060 ;inputs: nothing
                      00061 ;outputs: nothing
                      00062 ;
                      00063 ;does: nothing but waste some time
                      00064 ;corrupts: register W
                      00065 ;
                      00066 ;description: two loops using "mCount" and "nCount" register files
                      00067 ;                         "mCount" is the outer loop counter (255 down to zero)
                      00068 ;                         "nCount" is the inner loop counter (255 down to zero)
                      00069 ;
                      00070 ;--------------------------------------------------------------------
0013                  00071 pause   
0013   30FF           00072         movlw   0xff            ; set w = 255 decimal
0014   008E           00073         movwf   mCount          ; mCount = w: outer loop counter
0015                  00074 loadN
0015   30FF           00075         movlw   0xff            ; set w = 255 decimal
0016   008D           00076         movwf   nCount          ; nCount = w: inner loop counter
0017                  00077 decN
0017   0B8D           00078         decfsz  nCount, f       ; nCount--
0018   2817           00079         goto    decN            ; if nCount != 0 then repeat nCount--
                      00080 
0019   0B8E           00081         decfsz  mCount, f       ; else decrement Count
001A   2815           00082         goto    loadN           ; if mCount != 0 then 
                      00083                                                 ; reload nCount to 255 and decrement
001B   0008           00084         return                          ; else exit subroutine
                      00085         
001C                  00086 delay                                   ; delay = 0.6 seconds
001C   2013           00087         call    pause           ; 1 pause = 200ms
001D   2013           00088         call    pause
001E   2013           00089         call    pause
001F   280A           00090         goto    display
                      00091         
0020                  00092 delay1sec                               ; delay1sec = 1 second
0020   2013           00093         call    pause           ; 1 pause = 200ms
0021   2013           00094         call    pause
0022   2013           00095         call    pause
0023   2013           00096         call    pause
0024   2013           00097         call    pause

MPASM  5.51                        TASK-1.ASM   5-12-2018  8:35:22         PAGE  3

LOC  OBJECT CODE     LINE SOURCE TEXT
  VALUE
0025   280A           00098         goto    display
                      00099         
0026                  00100 delay2sec                               ; delay2sec = 2 seconds
0026   2013           00101         call    pause           ; 1 pause = 200ms
0027   2013           00102         call    pause   
0028   2013           00103         call    pause
0029   2013           00104         call    pause
002A   2013           00105         call    pause
002B   2013           00106         call    pause
002C   2013           00107         call    pause   
002D   2013           00108         call    pause
002E   2013           00109         call    pause
002F   2013           00110         call    pause   
0030   280A           00111         goto    display
                      00112         
                      00113         end

MPASM  5.51                        TASK-1.ASM   5-12-2018  8:35:22         PAGE  4

SYMBOL TABLE
  LABEL                             VALUE 
C                                 00000000
DC                                00000001
EEADR                             00000009
EECON1                            00000088
EECON2                            00000089
EEDATA                            00000008
EEIE                              00000006
EEIF                              00000004
F                                 00000001
FSR                               00000004
GIE                               00000007
INDF                              00000000
INTCON                            0000000B
INTE                              00000004
INTEDG                            00000006
INTF                              00000001
IRP                               00000007
NOT_PD                            00000003
NOT_RBPU                          00000007
NOT_TO                            00000004
OPTION_REG                        00000081
PCL                               00000002
PCLATH                            0000000A
PORTA                             00000005
PORTB                             00000006
PS0                               00000000
PS1                               00000001
PS2                               00000002
PSA                               00000003
RA0                               00000000
RA1                               00000001
RA2                               00000002
RA3                               00000003
RA4                               00000004
RB0                               00000000
RB1                               00000001
RB2                               00000002
RB3                               00000003
RB4                               00000004
RB5                               00000005
RB6                               00000006
RB7                               00000007
RBIE                              00000003
RBIF                              00000000
RD                                00000000
RP0                               00000005
RP1                               00000006
STATUS                            00000003
T0CS                              00000005
T0IE                              00000005
T0IF                              00000002
T0SE                              00000004
TMR0                              00000001
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SYMBOL TABLE
  LABEL                             VALUE 
TMR0IE                            00000005
TMR0IF                            00000002
TRISA                             00000085
TRISA0                            00000000
TRISA1                            00000001
TRISA2                            00000002
TRISA3                            00000003
TRISA4                            00000004
TRISB                             00000086
TRISB0                            00000000
TRISB1                            00000001
TRISB2                            00000002
TRISB3                            00000003
TRISB4                            00000004
TRISB5                            00000005
TRISB6                            00000006
TRISB7                            00000007
W                                 00000000
WR                                00000001
WREN                              00000002
WRERR                             00000003
Z                                 00000002
_CONFIG                           00002007
_CP_OFF                           00003FFF
_CP_ON                            0000000F
_FOSC_EXTRC                       00003FFF
_FOSC_HS                          00003FFE
_FOSC_LP                          00003FFC
_FOSC_XT                          00003FFD
_HS_OSC                           00003FFE
_IDLOC0                           00002000
_IDLOC1                           00002001
_IDLOC2                           00002002
_IDLOC3                           00002003
_LP_OSC                           00003FFC
_PWRTE_OFF                        00003FFF
_PWRTE_ON                         00003FF7
_RC_OSC                           00003FFF
_WDTE_OFF                         00003FFB
_WDTE_ON                          00003FFF
_WDT_OFF                          00003FFB
_WDT_ON                           00003FFF
_XT_OSC                           00003FFD
__16F84                           00000001
__DEBUG                           1
count                             0000000C
decN                              00000017
delay                             0000001C
delay1sec                         00000020
delay2sec                         00000026
display                           0000000A
loadN                             00000015
mCount                            0000000E

MPASM  5.51                        TASK-1.ASM   5-12-2018  8:35:22         PAGE  6

SYMBOL TABLE
  LABEL                             VALUE 
nCount                            0000000D
pause                             00000013
portA                             00000005
portB                             00000006
start                             00000000
status                            00000003
trisa                             00000005
trisb                             00000006

MEMORY USAGE MAP ('X' = Used,  '-' = Unused)
0000 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX X---------------
2000 : -------X-------- ---------------- ---------------- ----------------
All other memory blocks unused.
Program Memory Words Used:    49
Program Memory Words Free:   975
Errors   :     0
Warnings :     0 reported,     0 suppressed
Messages :     0 reported,     0 suppressed
[bookmark: _Toc514041050]Task 2.
Modify ‘count.asm’ to enable the display to show ‘stop’ at a readable pace.
[bookmark: _Toc514041051]Thought process.
This task can easily be accomplished by putting the relevant bit pattern onto port B and using a delay subroutine which calls the pause subroutine x number times to slow down the refresh rate of the display, the code will then reside inside an infinite loop. Reference to the table in chapter 4.1 will assist when writing the program.
Pseudo-code. 
· [bookmark: _Hlk513111627]Header code for PIC16F84 
· Load w register with one’s and then move to portB to switch off display
· Start of main loop
· Put binary value for letter ‘s’ into w register
· Move w register to portB to display the letter s
· Delay for 1 second
· Keep looping whilst iterating through each of the letters
Listing file output.
MPASM  5.51                        TASK-2.ASM   5-3-2018  11:30:25         PAGE  1
LOC  OBJECT CODE     LINE SOURCE TEXT
  VALUE
                      00001 ; FILE:                 Task-2.asm
                      00002 ; AUTHOR:               Nicholas Jones
                      00003 ; DATE:                 25th April 2018
                      00004 ; DESCRIPTION:  Displays the word 'Stop' on seven segment display. 
                      00005 ;                               The pause subroutine takes apx. 0.2 sec.
                      00006 ;                               Pause is called 5 times which = 1sec
                      00007 
                      00008         list    p=16F84         ; select processor type
                      00009         radix   hex                     ; define radix as hexadecimal
                      00010         #include "p16f84.inc"
                      00001         LIST
                      00002 
                      00003 ;==========================================================================
                      00004 ;  MPASM PIC16F84 processor include
                      00005 ; 
                      00006 ;  (c) Copyright 1999-2013 Microchip Technology, All rights reserved
                      00007 ;==========================================================================
                      00008 
                      00206         LIST
2007   3FF1           00011         __CONFIG _CP_OFF & _WDT_OFF & _PWRTE_ON & _XT_OSC
                      00012 ;----------------------------------------------------------------------
                      00013 ;       cpu equates (memory map)
  00000006            00014 portB   equ     0x06            ; port B address
  00000006            00015 trisb   equ 0x06                ; trisB address in register bank 1
  00000003            00016 status  equ 0x03                ; status register address
  00000005            00017 RP0             equ 5                   ; bit 5 of status register
  00000006            00018 RP1     equ     6                       ; bit 6 of status register
  0000000D            00019 nCount  equ     0x0d            ; pause routine inner loop counter
  0000000E            00020 mCount  equ     0x0e            ; pause routine outer loop counter
                      00021 
                      00022 ;----------------------------------------------------------------------
                      00023 
0000                  00024         org     0x00                    ; program start at this address
                      00025 
0000                  00026 start
0000   1283           00027         bcf             status,RP0      ; clear bank selection bits in the status reg
0001   1303           00028         bcf             status,RP1  ; unimplemented, maintain as 0
                      00029 
0002   1683           00030         bsf             status,RP0      ; select bank 1
0003   3000           00031         movlw   0x00            ; load w with 0x00
0004   0086           00032         movwf   trisb           ; load w into trisb to make portb all outputs
0005   1283           00033         bcf             status,RP0      ; reselect bank 0
0006   30FF           00034         movlw   0xff            ; put all ones into w
0007   0086           00035         movwf   portB           ; load w into portB put lines high to switch off display
                      00036 
0008                  00037 display 
0008   3012           00038         movlw   0x12            ; load Letter 's' into w
0009   0086           00039         movwf   portB           ; move w to portB to update the display
000A   201E           00040         call    delay           ; pause
                      00041         
000B   3007           00042         movlw   0x07            ; load Letter 't' into w
000C   0086           00043         movwf   portB           ; move w to portB to update the display
000D   201E           00044         call    delay           ; pause
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  VALUE
                      00045 
000E   3040           00046         movlw   0x40            ; load Letter 'o' into w
000F   0086           00047         movwf   portB           ; move w to portB to update the display
0010   201E           00048         call    delay           ; pause
                      00049         
0011   300C           00050         movlw   0x0C            ; load Letter 'p' into w
0012   0086           00051         movwf   portB           ; move w to portB to update the display
0013   201E           00052         call    delay           ; pause
                      00053 
0014   2808           00054         goto    display         ; keep looping
                      00055 
                      00056 ;--------------------------------------------------------------------
                      00057 ;subroutine pause: lets waste some time....
                      00058 ;
                      00059 ;inputs: nothing
                      00060 ;outputs: nothing
                      00061 ;
                      00062 ;does: nothing but waste some time
                      00063 ;corrupts: register W
                      00064 ;
                      00065 ;description: two loops using "mCount" and "nCount" register files
                      00066 ;                         "mCount" is the outer loop counter (255 down to zero)
                      00067 ;                         "nCount" is the inner loop counter (255 down to zero)
                      00068 ;
                      00069 ;--------------------------------------------------------------------
0015                  00070 pause   
0015   30FF           00071         movlw   0xff            ; set w = (0xff) 255 decimal
0016   008E           00072         movwf   mCount          ; mCount = w: outer loop counter
0017                  00073 loadN
0017   30FF           00074         movlw   0xff            ; set w = (0xff) 255 decimal
0018   008D           00075         movwf   nCount          ; nCount = w: inner loop counter
0019                  00076 decN
0019   0B8D           00077         decfsz  nCount, f       ; nCount--
001A   2819           00078         goto    decN            ; if nCount != 0 then repeat nCount--
                      00079 
001B   0B8E           00080         decfsz  mCount, f       ; else decrement Count
001C   2817           00081         goto    loadN           ; if mCount != 0 then 
                      00082                                                 ; reload nCount to 255 and decrement
001D   0008           00083         return                          ; else exit subroutine
                      00084 
001E                  00085 delay                                   ; delay for 1 second
001E   2015           00086         call    pause           ; 1 pause = 200ms
001F   2015           00087         call    pause
0020   2015           00088         call    pause
0021   2015           00089         call    pause
0022   2015           00090         call    pause   
0023   0008           00091         return
                      00092 
                      00093         end
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SYMBOL TABLE
  LABEL                             VALUE 
C                                 00000000
DC                                00000001
EEADR                             00000009
EECON1                            00000088
EECON2                            00000089
EEDATA                            00000008
EEIE                              00000006
EEIF                              00000004
F                                 00000001
FSR                               00000004
GIE                               00000007
INDF                              00000000
INTCON                            0000000B
INTE                              00000004
INTEDG                            00000006
INTF                              00000001
IRP                               00000007
NOT_PD                            00000003
NOT_RBPU                          00000007
NOT_TO                            00000004
OPTION_REG                        00000081
PCL                               00000002
PCLATH                            0000000A
PORTA                             00000005
PORTB                             00000006
PS0                               00000000
PS1                               00000001
PS2                               00000002
PSA                               00000003
RA0                               00000000
RA1                               00000001
RA2                               00000002
RA3                               00000003
RA4                               00000004
RB0                               00000000
RB1                               00000001
RB2                               00000002
RB3                               00000003
RB4                               00000004
RB5                               00000005
RB6                               00000006
RB7                               00000007
RBIE                              00000003
RBIF                              00000000
RD                                00000000
RP0                               00000005
RP1                               00000006
STATUS                            00000003
T0CS                              00000005
T0IE                              00000005
T0IF                              00000002
T0SE                              00000004
TMR0                              00000001
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SYMBOL TABLE
  LABEL                             VALUE 
TMR0IE                            00000005
TMR0IF                            00000002
TRISA                             00000085
TRISA0                            00000000
TRISA1                            00000001
TRISA2                            00000002
TRISA3                            00000003
TRISA4                            00000004
TRISB                             00000086
TRISB0                            00000000
TRISB1                            00000001
TRISB2                            00000002
TRISB3                            00000003
TRISB4                            00000004
TRISB5                            00000005
TRISB6                            00000006
TRISB7                            00000007
W                                 00000000
WR                                00000001
WREN                              00000002
WRERR                             00000003
Z                                 00000002
_CONFIG                           00002007
_CP_OFF                           00003FFF
_CP_ON                            0000000F
_FOSC_EXTRC                       00003FFF
_FOSC_HS                          00003FFE
_FOSC_LP                          00003FFC
_FOSC_XT                          00003FFD
_HS_OSC                           00003FFE
_IDLOC0                           00002000
_IDLOC1                           00002001
_IDLOC2                           00002002
_IDLOC3                           00002003
_LP_OSC                           00003FFC
_PWRTE_OFF                        00003FFF
_PWRTE_ON                         00003FF7
_RC_OSC                           00003FFF
_WDTE_OFF                         00003FFB
_WDTE_ON                          00003FFF
_WDT_OFF                          00003FFB
_WDT_ON                           00003FFF
_XT_OSC                           00003FFD
__16F84                           00000001
__DEBUG                           1
decN                              00000019
delay                             0000001E
display                           00000008
loadN                             00000017
mCount                            0000000E
nCount                            0000000D
pause                             00000015
portB                             00000006
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SYMBOL TABLE
  LABEL                             VALUE 
start                             00000000
status                            00000003
trisb                             00000006
MEMORY USAGE MAP ('X' = Used,  '-' = Unused)
0000 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXX------------ ----------------
2000 : -------X-------- ---------------- ---------------- ----------------
All other memory blocks unused.
Program Memory Words Used:    36
Program Memory Words Free:   988
Errors   :     0
Warnings :     0 reported,     0 suppressed
Messages :     0 reported,     0 suppressed
[bookmark: _Toc514041052]Task 3.
Modify count.asm so that the 7 segment display counts from 0 to F in hexadecimal.
[bookmark: _Toc514041053]Thought process.
This task can be accomplished in the same way as task 2 the only difference is more bit patterns are needed to be put on to port B for the full range of 0 to F again using an infinite loop. Reference to table in chapter 4.1 will be used here.
Pseudo-code.
· Header code for PIC16F84
· Load w register with one’s and then move to portB to switch off display
· Start of main loop
· Put binary value for number ‘0’ into w register
· Move w register to portB to display the number ‘0’
· Delay for 1 second
· Keep looping whilst iterating through each of the numbers and letters
Listing file output.
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LOC  OBJECT CODE     LINE SOURCE TEXT
  VALUE
                      00001 ; FILE:                 Task-3.asm
                      00002 ; AUTHOR:               Nicholas Jones
                      00003 ; DATE:                 25th April 2018
                      00004 ; DESCRIPTION:  Count from '0' to 'F' at approx 1 second intervals and display on a seven 
                      00005 ;                               segment display. 
                      00006 ;                               The pause subroutine takes apx. 0.2 sec.
                      00007 ;                               Pause is called 5 times which = 1sec
                      00008 
                      00009         list    p=16F84         ; select processor type
                      00010         radix   hex                     ; define radix as hexadecimal
                      00011         #include "p16f84.inc"
                      00001         LIST
                      00002 
                      00003 ;==========================================================================
                      00004 ;  MPASM PIC16F84 processor include
                      00005 ; 
                      00006 ;  (c) Copyright 1999-2013 Microchip Technology, All rights reserved
                      00007 ;==========================================================================
                      00008 
                      00206         LIST
2007   3FF1           00012         __CONFIG _CP_OFF & _WDT_OFF & _PWRTE_ON & _XT_OSC
                      00013 ;----------------------------------------------------------------------
                      00014 ;       cpu equates (memory map)
  00000006            00015 portB   equ     0x06            ; port B address
  00000006            00016 trisb   equ 0x06                ; trisB address in register bank 1
  00000003            00017 status  equ 0x03                ; status register address
  00000005            00018 RP0             equ 5                   ; bit 5 of status register
  00000006            00019 RP1     equ     6                       ; bit 6 of status register
  0000000D            00020 nCount  equ     0x0d            ; pause routine inner loop counter
  0000000E            00021 mCount  equ     0x0e            ; pause routine outer loop counter
                      00022 
                      00023 ;----------------------------------------------------------------------
                      00024 
0000                  00025         org     0x00                    ; program start at this address
                      00026 
0000                  00027 start
0000   1283           00028         bcf             status,RP0      ; clear bank selection bits in the status reg
0001   1303           00029         bcf             status,RP1  ; unimplemented, maintain as 0
                      00030 
0002   1683           00031         bsf             status,RP0      ; select bank 1
0003   3000           00032         movlw   0x00            ; load w with 0x00
0004   0086           00033         movwf   trisb           ; load it into trisb to make portb all outputs
0005   1283           00034         bcf             status,RP0      ; reselect bank 0
0006   30FF           00035         movlw   0xff            ; put all ones into w
0007   0086           00036         movwf   portB           ; load w into portB put lines high to switch off display
                      00037 
0008                  00038 display 
0008   3040           00039         movlw   0x40            ; to display '0'
0009   0086           00040         movwf   portB           ; move w to port B to update the display
000A   2042           00041         call    delay1sec       ; delay 1 second
                      00042         
000B   3079           00043         movlw   0x79            ; to display '1'
000C   0086           00044         movwf   portB           ; move w to port B to update the display
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000D   2042           00045         call    delay1sec       ; delay 1 second
                      00046 
000E   3024           00047         movlw   0x24            ; to display '2'
000F   0086           00048         movwf   portB           ; move w to port B to update the display
0010   2042           00049         call    delay1sec       ; delay 1 second
                      00050 
0011   3030           00051         movlw   0x30            ; to display '3'
0012   0086           00052         movwf   portB           ; move w to port B to update the display
0013   2042           00053         call    delay1sec       ; delay 1 second
                      00054 
0014   3019           00055         movlw   0x19            ; to display '4'
0015   0086           00056         movwf   portB           ; move w to port B to update the display
0016   2042           00057         call    delay1sec       ; delay 1 second
                      00058 
0017   3012           00059         movlw   0x12            ; to display '5'
0018   0086           00060         movwf   portB           ; move w to port B to update the display
0019   2042           00061         call    delay1sec       ; delay 1 second
                      00062 
001A   3002           00063         movlw   0x02            ; to display '6'
001B   0086           00064         movwf   portB           ; move w to portB to update display
001C   2042           00065         call    delay1sec       ; delay 1 second
                      00066 
001D   3078           00067         movlw   0x78            ; to display '7'
001E   0086           00068         movwf   portB           ; move w to portB to update display
001F   2042           00069         call    delay1sec       ; delay 1 second
                      00070 
0020   3000           00071         movlw   0x00            ; to display '8'
0021   0086           00072         movwf   portB           ; move w to portB to update display
0022   2042           00073         call    delay1sec       ; delay 1 second
                      00074 
0023   3018           00075         movlw   0x18            ; to display '9'
0024   0086           00076         movwf   portB           ; move w to portB to update display
0025   2042           00077         call    delay1sec       ; delay 1 second
                      00078 
0026   3008           00079         movlw   0x08            ; to display 'A'
0027   0086           00080         movwf   portB           ; move w to portB to update display
0028   2042           00081         call    delay1sec       ; delay 1 second
                      00082 
0029   3000           00083         movlw   0x00            ; to display 'B'
002A   0086           00084         movwf   portB           ; move w to portB to update display
002B   2042           00085         call    delay1sec       ; delay 1 second
                      00086 
002C   3046           00087         movlw   0x46            ; to display 'C'
002D   0086           00088         movwf   portB           ; move w to portB to update display
002E   2042           00089         call    delay1sec       ; delay 1 second
                      00090 
002F   3040           00091         movlw   0x40            ; to display 'D'
0030   0086           00092         movwf   portB           ; move w to portB to update display
0031   2042           00093         call    delay1sec       ; delay 1 second
                      00094 
0032   3006           00095         movlw   0x06            ; to display 'E'
0033   0086           00096         movwf   portB           ; move w to portB to update display
0034   2042           00097         call    delay1sec       ; delay 1 second
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                      00098 
0035   300E           00099         movlw   0x0E            ; to display 'F'
0036   0086           00100         movwf   portB           ; move w to portB to update display
0037   2042           00101         call    delay1sec       ; delay 1 second
                      00102         
0038   2808           00103         goto    display         ; keep looping
                      00104 
                      00105 ;--------------------------------------------------------------------
                      00106 ;subroutine pause: lets waste some time....
                      00107 ;
                      00108 ;inputs: nothing
                      00109 ;outputs: nothing
                      00110 ;
                      00111 ;does: nothing but waste some time
                      00112 ;corrupts: register W
                      00113 ;
                      00114 ;description: two loops using "mCount" and "nCount" register files
                      00115 ;                         "mCount" is the outer loop counter (255 down to zero)
                      00116 ;                         "nCount" is the inner loop counter (255 down to zero)
                      00117 ;
                      00118 ;--------------------------------------------------------------------
0039                  00119 pause   
0039   30FF           00120         movlw   0xff            ; set w = (0xff) 255 decimal,(Altered to speed up simulation)
003A   008E           00121         movwf   mCount          ; mCount = w: outer loop counter
003B                  00122 loadN
003B   30FF           00123         movlw   0xff                    ; set w = (0xff) 255 decimal, (Altered to speed up simulation)
003C   008D           00124         movwf   nCount          ; nCount = w: inner loop counter
003D                  00125 decN
003D   0B8D           00126         decfsz  nCount, f       ; nCount--
003E   283D           00127         goto    decN            ; if nCount != 0 then repeat nCount--
                      00128 
003F   0B8E           00129         decfsz  mCount, f       ; else decrement Count
0040   283B           00130         goto    loadN           ; if mCount != 0 then 
                      00131                                                 ; reload nCount to 255 and decrement
0041   0008           00132         return                          ; else exit subroutine
                      00133 
0042                  00134 delay1sec                               ; delay for 1 second
0042   2039           00135         call    pause           ; pause = 200ms
0043   2039           00136         call    pause
0044   2039           00137         call    pause
0045   2039           00138         call    pause
0046   2039           00139         call    pause
0047   0008           00140         return
                      00141 
                      00142         end
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SYMBOL TABLE
  LABEL                             VALUE 
C                                 00000000
DC                                00000001
EEADR                             00000009
EECON1                            00000088
EECON2                            00000089
EEDATA                            00000008
EEIE                              00000006
EEIF                              00000004
F                                 00000001
FSR                               00000004
GIE                               00000007
INDF                              00000000
INTCON                            0000000B
INTE                              00000004
INTEDG                            00000006
INTF                              00000001
IRP                               00000007
NOT_PD                            00000003
NOT_RBPU                          00000007
NOT_TO                            00000004
OPTION_REG                        00000081
PCL                               00000002
PCLATH                            0000000A
PORTA                             00000005
PORTB                             00000006
PS0                               00000000
PS1                               00000001
PS2                               00000002
PSA                               00000003
RA0                               00000000
RA1                               00000001
RA2                               00000002
RA3                               00000003
RA4                               00000004
RB0                               00000000
RB1                               00000001
RB2                               00000002
RB3                               00000003
RB4                               00000004
RB5                               00000005
RB6                               00000006
RB7                               00000007
RBIE                              00000003
RBIF                              00000000
RD                                00000000
RP0                               00000005
RP1                               00000006
STATUS                            00000003
T0CS                              00000005
T0IE                              00000005
T0IF                              00000002
T0SE                              00000004
TMR0                              00000001
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  LABEL                             VALUE 
TMR0IE                            00000005
TMR0IF                            00000002
TRISA                             00000085
TRISA0                            00000000
TRISA1                            00000001
TRISA2                            00000002
TRISA3                            00000003
TRISA4                            00000004
TRISB                             00000086
TRISB0                            00000000
TRISB1                            00000001
TRISB2                            00000002
TRISB3                            00000003
TRISB4                            00000004
TRISB5                            00000005
TRISB6                            00000006
TRISB7                            00000007
W                                 00000000
WR                                00000001
WREN                              00000002
WRERR                             00000003
Z                                 00000002
_CONFIG                           00002007
_CP_OFF                           00003FFF
_CP_ON                            0000000F
_FOSC_EXTRC                       00003FFF
_FOSC_HS                          00003FFE
_FOSC_LP                          00003FFC
_FOSC_XT                          00003FFD
_HS_OSC                           00003FFE
_IDLOC0                           00002000
_IDLOC1                           00002001
_IDLOC2                           00002002
_IDLOC3                           00002003
_LP_OSC                           00003FFC
_PWRTE_OFF                        00003FFF
_PWRTE_ON                         00003FF7
_RC_OSC                           00003FFF
_WDTE_OFF                         00003FFB
_WDTE_ON                          00003FFF
_WDT_OFF                          00003FFB
_WDT_ON                           00003FFF
_XT_OSC                           00003FFD
__16F84                           00000001
__DEBUG                           1
decN                              0000003D
delay1sec                         00000042
display                           00000008
loadN                             0000003B
mCount                            0000000E
nCount                            0000000D
pause                             00000039
portB                             00000006
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SYMBOL TABLE
  LABEL                             VALUE 
start                             00000000
status                            00000003
trisb                             00000006
MEMORY USAGE MAP ('X' = Used,  '-' = Unused)
0000 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX
0040 : XXXXXXXX-------- ---------------- ---------------- ----------------
2000 : -------X-------- ---------------- ---------------- ----------------
All other memory blocks unused.
Program Memory Words Used:    72
Program Memory Words Free:   952
Errors   :     0
Warnings :     0 reported,     0 suppressed
Messages :     0 reported,     0 suppressed
[bookmark: _Toc514041054]Task 4.
Modify count.asm to enable the piezo buzzer to sound when the green button is pressed.
[bookmark: _Toc514041055]Thought process.
For this buzzer to create a tone, the output pin on port B, bit 7 will need to be switched on and off at some frequency, here a loop is needed which checks for switch press and once it is pressed switch the buzzer on and off by calling the pause subroutine.
Pseudo-code.
· Header code for PIC 16F84
· Load w register with one’s and then move to portB to switch off display and sounder
· Start loop
· Check for switch press if not pressed keep looping
· If switch is pressed set portB bit 7 low
· Delay for certain time
· Set portB bit 7 high
· Delay for certain time
· Loop back to check switch condition
Listing file output.
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LOC  OBJECT CODE     LINE SOURCE TEXT
  VALUE
                      00001 ; FILE:                 Task-4.asm
                      00002 ; AUTHOR:               Nicholas Jones
                      00003 ; DATE:                 26th April 2018
                      00004 ; DESCRIPTION:  Press green button creates pwm for piezo buzzer make a tone
                      00005 ;                               frequency is approx 6.8Khz
                      00006 
                      00007         list    p=16F84         ; select processor type
                      00008         radix   hex                     ; define radix as hexadecimal
                      00009         #include "p16f84.inc"
                      00001         LIST
                      00002 
                      00003 ;==========================================================================
                      00004 ;  MPASM PIC16F84 processor include
                      00005 ; 
                      00006 ;  (c) Copyright 1999-2013 Microchip Technology, All rights reserved
                      00007 ;==========================================================================
                      00008 
                      00206         LIST
2007   3FF1           00010         __CONFIG _CP_OFF & _WDT_OFF & _PWRTE_ON & _XT_OSC
                      00011 ;----------------------------------------------------------------------
                      00012 ;       cpu equates (memory map)
  00000005            00013 portA   equ 0x05                ; port A address
  00000006            00014 portB   equ     0x06            ; port B address
  00000005            00015 trisa   equ 0x05                ; trisA address in registar bank 1
  00000006            00016 trisb   equ 0x06                ; trisB address in register bank 1
  00000003            00017 status  equ 0x03                ; status register address
  00000005            00018 RP0             equ 5                   ; bit 5 of status register
  00000006            00019 RP1     equ     6                       ; bit 6 of status register
  0000000C            00020 count   equ     0x0c            ; counter 0 to 255
  0000000D            00021 nCount  equ     0x0d            ; pause routine inner loop counter
  0000000E            00022 mCount  equ     0x0e            ; pause routine outer loop counter
                      00023 
                      00024 ;----------------------------------------------------------------------
                      00025 
0000                  00026         org     0x00                    ; program start at this address
                      00027 
0000                  00028 start
0000   1283           00029         bcf             status,RP0      ; clear bank selection bits in the status reg
0001   1303           00030         bcf             status,RP1  ; unimplemented, maintain as 0
                      00031 
0002   1683           00032         bsf             status,RP0      ; select bank 1
0003   3000           00033         movlw   0x00            ; load w with 0x00
0004   0086           00034         movwf   trisb           ; load it into trisb to make portb all outputs
0005   301F           00035         movlw   B'00011111' ; Load w with
0006   0085           00036         movwf   trisa           ; Load porta to have 5 inputs
0007   1283           00037         bcf             status,RP0      ; reselect bank 0
0008   30FF           00038         movlw   0xff
0009   0086           00039         movwf   portB           ; load w into portB put lines high to switch off display and buzzer
                      00040 
000A                  00041 press
000A   1885           00042         btfsc   portA,1         ; check for green switch press skip if pressed  
000B   280A           00043         goto    press           ; not pressed
000C   307F           00044         movlw   B'01111111'     ; load w with buzzer 'on' bit pattern
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  VALUE
000D   0086           00045         movwf   portB           ; switch buzzer on
000E   2013           00046         call    pause           ; delay
000F   30FF           00047         movlw   B'11111111'     ; load w with buzzer 'off' bit pattern
0010   0086           00048         movwf   portB           ; switch off buzzer
0011   2013           00049         call    pause           ; delay
0012   280A           00050         goto    press
                      00051 
                      00052 ;--------------------------------------------------------------------
                      00053 ;subroutine pause: lets waste some time....
                      00054 ;
                      00055 ;inputs: nothing
                      00056 ;outputs: nothing
                      00057 ;
                      00058 ;does: nothing but waste some time
                      00059 ;corrupts: register W
                      00060 ;
                      00061 ;description: two loops using "mCount" and "nCount" register files
                      00062 ;                         "mCount" is the outer loop counter (255 down to zero)
                      00063 ;                         "nCount" is the inner loop counter (255 down to zero)
                      00064 ;
                      00065 ;--------------------------------------------------------------------
0013                  00066 pause   
0013   3004           00067         movlw   0x4                     ; set w 
0014   008E           00068         movwf   mCount          ; mCount = w: outer loop counter
0015                  00069 loadN
0015   3004           00070         movlw   0x4                     ; set w
0016   008D           00071         movwf   nCount          ; nCount = w: inner loop counter
0017                  00072 decN
0017   0B8D           00073         decfsz  nCount, f       ; nCount--
0018   2817           00074         goto    decN            ; if nCount != 0 then repeat nCount--
                      00075 
0019   0B8E           00076         decfsz  mCount, f       ; else decrement Count
001A   2815           00077         goto    loadN           ; if mCount != 0 then 
                      00078                                                 ; reload nCount to 255 and decrement
001B   0008           00079         return                          ; else exit subroutine
                      00080 
001C                  00081 delay1sec
001C   2013           00082         call    pause           ;pause = 200ms
001D   2013           00083         call    pause
001E   2013           00084         call    pause
001F   2013           00085         call    pause
0020   2013           00086         call    pause
0021   0008           00087         return
                      00088 
                      00089         end
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SYMBOL TABLE
  LABEL                             VALUE 
C                                 00000000
DC                                00000001
EEADR                             00000009
EECON1                            00000088
EECON2                            00000089
EEDATA                            00000008
EEIE                              00000006
EEIF                              00000004
F                                 00000001
FSR                               00000004
GIE                               00000007
INDF                              00000000
INTCON                            0000000B
INTE                              00000004
INTEDG                            00000006
INTF                              00000001
IRP                               00000007
NOT_PD                            00000003
NOT_RBPU                          00000007
NOT_TO                            00000004
OPTION_REG                        00000081
PCL                               00000002
PCLATH                            0000000A
PORTA                             00000005
PORTB                             00000006
PS0                               00000000
PS1                               00000001
PS2                               00000002
PSA                               00000003
RA0                               00000000
RA1                               00000001
RA2                               00000002
RA3                               00000003
RA4                               00000004
RB0                               00000000
RB1                               00000001
RB2                               00000002
RB3                               00000003
RB4                               00000004
RB5                               00000005
RB6                               00000006
RB7                               00000007
RBIE                              00000003
RBIF                              00000000
RD                                00000000
RP0                               00000005
RP1                               00000006
STATUS                            00000003
T0CS                              00000005
T0IE                              00000005
T0IF                              00000002
T0SE                              00000004
TMR0                              00000001
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SYMBOL TABLE
  LABEL                             VALUE 
TMR0IE                            00000005
TMR0IF                            00000002
TRISA                             00000085
TRISA0                            00000000
TRISA1                            00000001
TRISA2                            00000002
TRISA3                            00000003
TRISA4                            00000004
TRISB                             00000086
TRISB0                            00000000
TRISB1                            00000001
TRISB2                            00000002
TRISB3                            00000003
TRISB4                            00000004
TRISB5                            00000005
TRISB6                            00000006
TRISB7                            00000007
W                                 00000000
WR                                00000001
WREN                              00000002
WRERR                             00000003
Z                                 00000002
_CONFIG                           00002007
_CP_OFF                           00003FFF
_CP_ON                            0000000F
_FOSC_EXTRC                       00003FFF
_FOSC_HS                          00003FFE
_FOSC_LP                          00003FFC
_FOSC_XT                          00003FFD
_HS_OSC                           00003FFE
_IDLOC0                           00002000
_IDLOC1                           00002001
_IDLOC2                           00002002
_IDLOC3                           00002003
_LP_OSC                           00003FFC
_PWRTE_OFF                        00003FFF
_PWRTE_ON                         00003FF7
_RC_OSC                           00003FFF
_WDTE_OFF                         00003FFB
_WDTE_ON                          00003FFF
_WDT_OFF                          00003FFB
_WDT_ON                           00003FFF
_XT_OSC                           00003FFD
__16F84                           00000001
__DEBUG                           1
count                             0000000C
decN                              00000017
delay1sec                         0000001C
loadN                             00000015
mCount                            0000000E
nCount                            0000000D
pause                             00000013
portA                             00000005
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SYMBOL TABLE
  LABEL                             VALUE 
portB                             00000006
press                             0000000A
start                             00000000
status                            00000003
trisa                             00000005
trisb                             00000006
MEMORY USAGE MAP ('X' = Used,  '-' = Unused)
0000 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XX-------------- ----------------
2000 : -------X-------- ---------------- ---------------- ----------------
All other memory blocks unused.
Program Memory Words Used:    34
Program Memory Words Free:   990
Errors   :     0
Warnings :     0 reported,     0 suppressed
Messages :     0 reported,     0 suppressed
[bookmark: _Toc514041056]Task 5.
Modify count.asm so that the black button changes the frequency of the tone produced which is activated when the green button is pressed.
[bookmark: _Toc514041057]Thought process.
This task asks that the buzzer is sounded when the green button is pressed, and then using the black button to alter the frequency of the tone. Two different frequencies are needed for this, so two delay subroutines which call the pause subroutine x number of times can be used here. A loop is needed to check for the green switch press which will then activate the buzzer at a frequency, then, whilst that is operating the buzzer it also needs to start checking the state of the black button and if it is pressed alter the frequency produced from the buzzer   
Pseudo-code.
· Header code for PIC 16F84
· Load w register with one’s and then move to portB to switch off display and sounder
· Loop to check green button state
· If green button not pressed keep looping
· Loop for green button when pressed
· If green button is pressed set portB bit 7 to output PWM by calling a delay for sounder to operate
· Whilst green button is pressed check if black button is pressed if not pressed loop to green button state loop
· If black button is pressed alter PWM delay to change frequency of sounder
· Check state of black button if pressed keep looping
· If black button not pressed loop back to check green button state
Listing file output.
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LOC  OBJECT CODE     LINE SOURCE TEXT
  VALUE
                      00001 ; FILE:                 Task-5.asm
                      00002 ; AUTHOR:               Nicholas Jones
                      00003 ; DATE:                 26th April 2018
                      00004 ; DESCRIPTION:  Pressing green button produces a tone from buzzer. 
                      00005 ;                               Then pressing the black button alters the frequency / changes tone.
                      00006 
                      00007         list    p=16F84         ; select processor type
                      00008         radix   hex                     ; define radix as hexadecimal
                      00009         #include "p16f84.inc"
                      00001         LIST
                      00002 
                      00003 ;==========================================================================
                      00004 ;  MPASM PIC16F84 processor include
                      00005 ; 
                      00006 ;  (c) Copyright 1999-2013 Microchip Technology, All rights reserved
                      00007 ;==========================================================================
                      00008 
                      00206         LIST
2007   3FF1           00010         __CONFIG _CP_OFF & _WDT_OFF & _PWRTE_ON & _XT_OSC
                      00011 ;----------------------------------------------------------------------
                      00012 ;       cpu equates (memory map)
  00000005            00013 portA   equ 0x05                ; port A address
  00000006            00014 portB   equ     0x06            ; port B address
  00000005            00015 trisa   equ 0x05                ; trisA address in registar bank 1
  00000006            00016 trisb   equ 0x06                ; trisB address in register bank 1
  00000003            00017 status  equ 0x03                ; status register address
  00000005            00018 RP0             equ 5                   ; bit 5 of status register
  00000006            00019 RP1     equ     6                       ; bit 6 of status register
  0000000C            00020 count   equ     0x0c            ; counter 0 to 255
  0000000D            00021 nCount  equ     0x0d            ; pause routine inner loop counter
  0000000E            00022 mCount  equ     0x0e            ; pause routine outer loop counter
                      00023 
                      00024 ;----------------------------------------------------------------------
                      00025 
0000                  00026         org     0x00                    ; program start at this address  
                      00027 
0000                  00028 start
0000   1283           00029         bcf             status,RP0      ; clear bank selection bits in the status reg
0001   1303           00030         bcf             status,RP1  ; unimplemented, maintain as 0
                      00031 
0002   1683           00032         bsf             status,RP0      ; select bank 1
0003   3000           00033         movlw   0x00            ; load w with 0x00
0004   0086           00034         movwf   trisb           ; load w into trisb to make portb all outputs
0005   301F           00035         movlw   B'00011111' ; load w fort porta
0006   0085           00036         movwf   trisa           ; load w into trisa to have 5 inputs
0007   1283           00037         bcf             status,RP0      ; reselect bank 0
0008   30FF           00038         movlw   0xff            ; load w with ones
0009   0086           00039         movwf   portB           ; load w into portB put lines high to switch off display and buzzer
                      00040 
000A                  00041 press
000A   1C85           00042         btfss   portA,1         ; check for green switch press skip if not pressed
000B   200D           00043         call    green           ; calls green subroutine when switch is pressed
000C   280A           00044         goto    press           ; loop
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LOC  OBJECT CODE     LINE SOURCE TEXT
  VALUE
                      00045 
000D                  00046 green   
000D   307F           00047         movlw   B'01111111'     ; load w with buzzer on
000E   0086           00048         movwf   portB           ; switch buzzer on
000F   1C05           00049         btfss   portA,0         ; check for black switch press skip if not pressed
0010   2016           00050         call    black           ; call black if black switch is pressed
0011   2026           00051         call    delay1          ; delay
0012   30FF           00052         movlw   B'11111111'     ; load w with buzzer off
0013   0086           00053         movwf   portB           ; switch off buzzer
0014   2026           00054         call    delay1          ; delay
0015   0008           00055         return                          ; return back to press
                      00056 
0016                  00057 black
0016   30FF           00058         movlw   B'11111111'     ; load w with buzzer off
0017   0086           00059         movwf   portB           ; swich buzzer off
0018   2028           00060         call    delay2          ; delay
0019   307F           00061         movlw   B'01111111'     ; load w with buzzer on
001A   0086           00062         movwf   portB           ; switch on buzzer
001B   2028           00063         call    delay2          ; delay 
001C   0008           00064         return                          ; return back to green
                      00065 
                      00066 ;--------------------------------------------------------------------
                      00067 ;subroutine pause: lets waste some time....
                      00068 ;
                      00069 ;inputs: nothing
                      00070 ;outputs: nothing
                      00071 ;
                      00072 ;does: nothing but waste some time
                      00073 ;corrupts: register W
                      00074 ;
                      00075 ;description: two loops using "mCount" and "nCount" register files
                      00076 ;                         "mCount" is the outer loop counter (255 down to zero)
                      00077 ;                         "nCount" is the inner loop counter (255 down to zero)
                      00078 ;
                      00079 ;--------------------------------------------------------------------
001D                  00080 pause   
001D   3018           00081         movlw   0x18            ; set w 
001E   008E           00082         movwf   mCount          ; mCount = w: outer loop counter
001F                  00083 loadN
001F   3018           00084         movlw   0x18            ; set w 
0020   008D           00085         movwf   nCount          ; nCount = w: inner loop counter
0021                  00086 decN
0021   0B8D           00087         decfsz  nCount, f       ; nCount--
0022   2821           00088         goto    decN            ; if nCount != 0 then repeat nCount--
                      00089 
0023   0B8E           00090         decfsz  mCount, f       ; else decrement Count
0024   281F           00091         goto    loadN           ; if mCount != 0 then 
                      00092                                                 ; reload nCount to 255 and decrement
0025   0008           00093         return                          ; else exit subroutine
                      00094 
0026                  00095 delay1
0026   201D           00096         call    pause   
0027   0008           00097         return
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LOC  OBJECT CODE     LINE SOURCE TEXT
  VALUE
                      00098         
0028                  00099 delay2
0028   201D           00100         call    pause
0029   201D           00101         call    pause
002A   0008           00102         return
                      00103 
                      00104         end
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SYMBOL TABLE
  LABEL                             VALUE 
C                                 00000000
DC                                00000001
EEADR                             00000009
EECON1                            00000088
EECON2                            00000089
EEDATA                            00000008
EEIE                              00000006
EEIF                              00000004
F                                 00000001
FSR                               00000004
GIE                               00000007
INDF                              00000000
INTCON                            0000000B
INTE                              00000004
INTEDG                            00000006
INTF                              00000001
IRP                               00000007
NOT_PD                            00000003
NOT_RBPU                          00000007
NOT_TO                            00000004
OPTION_REG                        00000081
PCL                               00000002
PCLATH                            0000000A
PORTA                             00000005
PORTB                             00000006
PS0                               00000000
PS1                               00000001
PS2                               00000002
PSA                               00000003
RA0                               00000000
RA1                               00000001
RA2                               00000002
RA3                               00000003
RA4                               00000004
RB0                               00000000
RB1                               00000001
RB2                               00000002
RB3                               00000003
RB4                               00000004
RB5                               00000005
RB6                               00000006
RB7                               00000007
RBIE                              00000003
RBIF                              00000000
RD                                00000000
RP0                               00000005
RP1                               00000006
STATUS                            00000003
T0CS                              00000005
T0IE                              00000005
T0IF                              00000002
T0SE                              00000004
TMR0                              00000001
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SYMBOL TABLE
  LABEL                             VALUE 
TMR0IE                            00000005
TMR0IF                            00000002
TRISA                             00000085
TRISA0                            00000000
TRISA1                            00000001
TRISA2                            00000002
TRISA3                            00000003
TRISA4                            00000004
TRISB                             00000086
TRISB0                            00000000
TRISB1                            00000001
TRISB2                            00000002
TRISB3                            00000003
TRISB4                            00000004
TRISB5                            00000005
TRISB6                            00000006
TRISB7                            00000007
W                                 00000000
WR                                00000001
WREN                              00000002
WRERR                             00000003
Z                                 00000002
_CONFIG                           00002007
_CP_OFF                           00003FFF
_CP_ON                            0000000F
_FOSC_EXTRC                       00003FFF
_FOSC_HS                          00003FFE
_FOSC_LP                          00003FFC
_FOSC_XT                          00003FFD
_HS_OSC                           00003FFE
_IDLOC0                           00002000
_IDLOC1                           00002001
_IDLOC2                           00002002
_IDLOC3                           00002003
_LP_OSC                           00003FFC
_PWRTE_OFF                        00003FFF
_PWRTE_ON                         00003FF7
_RC_OSC                           00003FFF
_WDTE_OFF                         00003FFB
_WDTE_ON                          00003FFF
_WDT_OFF                          00003FFB
_WDT_ON                           00003FFF
_XT_OSC                           00003FFD
__16F84                           00000001
__DEBUG                           1
black                             00000016
count                             0000000C
decN                              00000021
delay1                            00000026
delay2                            00000028
green                             0000000D
loadN                             0000001F
mCount                            0000000E
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SYMBOL TABLE
  LABEL                             VALUE 
nCount                            0000000D
pause                             0000001D
portA                             00000005
portB                             00000006
press                             0000000A
start                             00000000
status                            00000003
trisa                             00000005
trisb                             00000006
MEMORY USAGE MAP ('X' = Used,  '-' = Unused)
0000 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXX----- ----------------
2000 : -------X-------- ---------------- ---------------- ----------------
All other memory blocks unused.
Program Memory Words Used:    43
Program Memory Words Free:   981
Errors   :     0
Warnings :     0 reported,     0 suppressed
Messages :     0 reported,     0 suppressed
[bookmark: _Toc514041058]Task 6.
Modify count.asm so that the 7-segment display shows the number of times the green switch has been pressed, counting from 0 to F.
[bookmark: _Toc514041059]Thought process.
This program could have been created by using code from the previous tasks, but whilst reading a book called “PIC in practice” it shows the use of look up tables and using the return with literal in W (RETLW) command, after studying and understanding the example given in the book[5 p119-121] it was decided to implement this technique to accomplish this task. What is needed here is a loop to check for the state of the green button, if it is pressed then add one to a counter, call the look up table and update the display with the relevant count, then it needs to check that the button has been released before the next press is initiated, once count has reached F, the counter will need to be reset to start again. A problem that may arise here is switch bounce causing inaccurate counting, to combat this the pause subroutine can be used. 
Pseudo-code.
· Header code for PIC 16F84
· Load w register with one’s and then move to portB to switch off display 
· Switch press loop
· Check condition of green switch press, if not pressed keep looping
·  If switch is pressed call pause for switch bounce and then add 1 to count
· Call lookup table with value from count and return value from there using w register
· Put the returned value from w register on to portB to update display
· Check state of green switch keep looping until released
· If released call delay for switch bounce
· Loop back and check switch state for press
Listing file output.
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LOC  OBJECT CODE     LINE SOURCE TEXT
  VALUE
                      00001 ; FILE:                 Task-6.asm
                      00002 ; AUTHOR:               Nicholas Jones
                      00003 ; DATE:                 27th April 2018
                      00004 ; DESCRIPTION:  Count the number of green switch presses from 0-F and reset (loop)
                      00005 ;                               pause routine used for switch bounce
                      00006 
                      00007         list    p=16F84         ; select processor type
                      00008         radix   hex                     ; define radix as hexadecimal
                      00009         include "p16f84.inc"
                      00001         LIST
                      00002 
                      00003 ;==========================================================================
                      00004 ;  MPASM PIC16F84 processor include
                      00005 ; 
                      00006 ;  (c) Copyright 1999-2013 Microchip Technology, All rights reserved
                      00007 ;==========================================================================
                      00008 
                      00206         LIST
2007   3FF1           00010         __CONFIG _CP_OFF & _WDT_OFF & _PWRTE_ON & _XT_OSC
                      00011 ;----------------------------------------------------------------------
                      00012 ;       cpu equates (memory map)
  00000005            00013 portA   equ 0x05                ; port A address
  00000006            00014 portB   equ     0x06            ; port B address
  00000005            00015 trisa   equ 0x05                ; trisA address in registar bank 1
  00000006            00016 trisb   equ 0x06                ; trisB address in register bank 1
  00000003            00017 status  equ 0x03                ; status register
  00000005            00018 RP0             equ 5                   ; bit 5 of status register
  00000006            00019 RP1     equ     6                       ; bit 6 of status register
  00000002            00020 pc              equ 0x02                ; Program counter address
  00000002            00021 zbit    equ 2                   ; used for checking bit 2 of status register
  0000000C            00022 count   equ     0x0c            ; counter 0 to 255
  0000000D            00023 nCount  equ     0x0d            ; pause routine inner loop counter
  0000000E            00024 mCount  equ     0x0e            ; pause routine outer loop counter
                      00025 
                      00026 ;----------------------------------------------------------------------
                      00027 
0000                  00028         org     0x00                    ; program start at this address
                      00029 
0000                  00030 start
0000   1283           00031         bcf             status,RP0      ; clear bank selection bits in the status reg
0001   1303           00032         bcf             status,RP1  ; unimplemented, maintain as 0
                      00033 
0002   1683           00034         bsf             status,RP0      ; select bank 1
0003   3000           00035         movlw   0x00            ; load w with 0x00
0004   0086           00036         movwf   trisb           ; load w into trisb to make portb all outputs
0005   301F           00037         movlw   B'00011111' ; load w for porta
0006   0085           00038         movwf   trisa           ; load w into trisa to make 5 ports inputs
0007   1283           00039         bcf             status,RP0      ; reselect bank 0
0008   3040           00040         movlw   B'01000000'     ; pattern to display zero
0009   0086           00041         movwf   portB           ; display 0
000A   018C           00042         clrf    count           ; set count to 0
                      00043         
000B                  00044 press
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  VALUE
000B   1885           00045         btfsc   portA,1         ; check for green switch press skip if pressed  
000C   280B           00046         goto    press           ; not pressed
000D   201A           00047         call    pause           ; switch bounce delay 
000E   0A8C           00048         incf    count,f         ; add 1 to count
000F   080C           00049         movf    count,w         ; move count to w
0010   3C10           00050         sublw   .16                     ; count-16, w is altered
0011   1903           00051         btfsc   status,zbit ; checks bit 2 of status register for result from 'sublw' if count minus 16 
                            = 0 skip
0012   018C           00052         clrf    count           ; count = 16 make count = 0 to start again
0013   080C           00053         movf    count,w         ; put count in w
0014   2023           00054         call    table           ; look up table for bit pattern to display
0015   0086           00055         movwf   portB           ; output count to display
                      00056 
0016                  00057 release
0016   1C85           00058         btfss   portA,1         ; is green switch released
0017   2816           00059         goto    release         ; not released
0018   201A           00060         call    pause           ; switch bounce delay 
0019   280B           00061         goto    press           ; go back to press
                      00062 
                      00063 ;--------------------------------------------------------------------
                      00064 ;subroutine pause: lets waste some time....
                      00065 ;
                      00066 ;inputs: nothing
                      00067 ;outputs: nothing
                      00068 ;
                      00069 ;does: nothing but waste some time
                      00070 ;corrupts: register W
                      00071 ;
                      00072 ;description: two loops using "mCount" and "nCount" register files
                      00073 ;                         "mCount" is the outer loop counter (255 down to zero)
                      00074 ;                         "nCount" is the inner loop counter (255 down to zero)
                      00075 ;
                      00076 ;--------------------------------------------------------------------
001A                  00077 pause   
001A   3080           00078         movlw   0x80            ; set w = (0x80) 
001B   008E           00079         movwf   mCount          ; mCount = w: outer loop counter
001C                  00080 loadN
001C   3080           00081         movlw   0x80            ; set w = (0x80) 
001D   008D           00082         movwf   nCount          ; nCount = w: inner loop counter
001E                  00083 decN
001E   0B8D           00084         decfsz  nCount, f       ; nCount--
001F   281E           00085         goto    decN            ; if nCount != 0 then repeat nCount--
                      00086 
0020   0B8E           00087         decfsz  mCount, f       ; else decrement Count
0021   281C           00088         goto    loadN           ; if mCount != 0 then 
                      00089                                                 ; reload nCount to 255 and decrement
0022   0008           00090         return                          ; else exit subroutine
                      00091 
0023                  00092 table
0023   0782           00093         addwf   pc,f            ; receives value from 'w' which causes program counter to skip x amount 
                            of instructions
0024   3440           00094         retlw   B'01000000'     ; 0 bit pattern returned
0025   3479           00095         retlw   B'01111001'     ; 1 bit pattern returned
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  VALUE
0026   3424           00096         retlw   B'00100100'     ; 2
0027   3430           00097         retlw   B'00110000'     ; 3
0028   3419           00098         retlw   B'00011001'     ; 4
0029   3412           00099         retlw   B'00010010'     ; 5
002A   3402           00100         retlw   B'00000010'     ; 6
002B   3478           00101         retlw   B'01111000'     ; 7
002C   3400           00102         retlw   B'00000000'     ; 8
002D   3418           00103         retlw   B'00011000'     ; 9
002E   3408           00104         retlw   B'00001000' ; A
002F   3400           00105         retlw   B'00000000'     ; B
0030   3446           00106         retlw   B'01000110'     ; C
0031   3440           00107         retlw   B'01000000'     ; D
0032   3406           00108         retlw   B'00000110'     ; E
0033   340E           00109         retlw   B'00001110'     ; F     
                      00110 
                      00111         end
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SYMBOL TABLE
  LABEL                             VALUE 
C                                 00000000
DC                                00000001
EEADR                             00000009
EECON1                            00000088
EECON2                            00000089
EEDATA                            00000008
EEIE                              00000006
EEIF                              00000004
F                                 00000001
FSR                               00000004
GIE                               00000007
INDF                              00000000
INTCON                            0000000B
INTE                              00000004
INTEDG                            00000006
INTF                              00000001
IRP                               00000007
NOT_PD                            00000003
NOT_RBPU                          00000007
NOT_TO                            00000004
OPTION_REG                        00000081
PCL                               00000002
PCLATH                            0000000A
PORTA                             00000005
PORTB                             00000006
PS0                               00000000
PS1                               00000001
PS2                               00000002
PSA                               00000003
RA0                               00000000
RA1                               00000001
RA2                               00000002
RA3                               00000003
RA4                               00000004
RB0                               00000000
RB1                               00000001
RB2                               00000002
RB3                               00000003
RB4                               00000004
RB5                               00000005
RB6                               00000006
RB7                               00000007
RBIE                              00000003
RBIF                              00000000
RD                                00000000
RP0                               00000005
RP1                               00000006
STATUS                            00000003
T0CS                              00000005
T0IE                              00000005
T0IF                              00000002
T0SE                              00000004
TMR0                              00000001
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SYMBOL TABLE
  LABEL                             VALUE 
TMR0IE                            00000005
TMR0IF                            00000002
TRISA                             00000085
TRISA0                            00000000
TRISA1                            00000001
TRISA2                            00000002
TRISA3                            00000003
TRISA4                            00000004
TRISB                             00000086
TRISB0                            00000000
TRISB1                            00000001
TRISB2                            00000002
TRISB3                            00000003
TRISB4                            00000004
TRISB5                            00000005
TRISB6                            00000006
TRISB7                            00000007
W                                 00000000
WR                                00000001
WREN                              00000002
WRERR                             00000003
Z                                 00000002
_CONFIG                           00002007
_CP_OFF                           00003FFF
_CP_ON                            0000000F
_FOSC_EXTRC                       00003FFF
_FOSC_HS                          00003FFE
_FOSC_LP                          00003FFC
_FOSC_XT                          00003FFD
_HS_OSC                           00003FFE
_IDLOC0                           00002000
_IDLOC1                           00002001
_IDLOC2                           00002002
_IDLOC3                           00002003
_LP_OSC                           00003FFC
_PWRTE_OFF                        00003FFF
_PWRTE_ON                         00003FF7
_RC_OSC                           00003FFF
_WDTE_OFF                         00003FFB
_WDTE_ON                          00003FFF
_WDT_OFF                          00003FFB
_WDT_ON                           00003FFF
_XT_OSC                           00003FFD
__16F84                           00000001
__DEBUG                           1
count                             0000000C
decN                              0000001E
loadN                             0000001C
mCount                            0000000E
nCount                            0000000D
pause                             0000001A
pc                                00000002
portA                             00000005
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SYMBOL TABLE
  LABEL                             VALUE 
portB                             00000006
press                             0000000B
release                           00000016
start                             00000000
status                            00000003
table                             00000023
trisa                             00000005
trisb                             00000006
zbit                              00000002
MEMORY USAGE MAP ('X' = Used,  '-' = Unused)
0000 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXX------------
2000 : -------X-------- ---------------- ---------------- ----------------
All other memory blocks unused.
Program Memory Words Used:    52
Program Memory Words Free:   972
Errors   :     0
Warnings :     0 reported,     0 suppressed
Messages :     0 reported,     0 suppressed
[bookmark: _Toc514041060]Task 7.
Write a piece of code that sends a fixed frequency pulse train to drive the buzzer, the pulse width must not be fixed.
[bookmark: _Toc514041061]Thought process.
This task asks for a fixed frequency pulse train to the sounder, the pulse width should not be fixed it should be constantly changing like a music synthesiser. Initial thoughts were to use code from previous tasks and just alter the delay timings, but initial experimentation with this caused the frequency to alter.
Consulting the data sheet for the PIC 16F84 does not show a PWM module so some research was conducted on how to create PWM from this chip. 
A tutorial online was found on how to create PWM, the example code[8] used in the tutorial does not quite accomplish the final outcome asked for in this task, but once an understanding of how the code worked and with a bit of thinking it can easily be adapted to achieve this.
To vary the duty cycle a counter is needed to be incremented with each iteration of on/off cycle, but the total on/off duty cycle cannot exceed 100%, for example first iteration on = 10 then off would need to = 90, next iteration on = 20 off would need to = 80 then on = 30 off = 70 etc, so the code will need to increment the on time and subsequently subtract that from 100% to attain the off time.
Pseudo-code.
· Header code for PIC 16F84
· Load w register with one’s and then move to portB to switch off display and sounder
· Set duty cycle counter to 0 which = 0%, 100% would = 255
· Add 1 to duty cycle counter then put it into a temporary register
· Check that duty cycle counter does not equal 255 if so then reset counter
· Switch on buzzer for x amount of time governed by duty cycle counter and loop until a temporary register is decremented to zero
· Setup ‘off’ duration by subtracting duty cycle from 255 put that result into temporary register
· If the result = 0 then reset program and start again
· If result is greater than 0 switch off buzzer for x amount of time determined by the result from previous calculation by looping until temporary register is decremented to zero
· Loop until duty ‘on’ cycle has reached 100% then reset and start again
Listing file output.
MPASM  5.51                        TASK-7.ASM   5-3-2018  12:52:19         PAGE  1
LOC  OBJECT CODE     LINE SOURCE TEXT
  VALUE
                      00001 ; FILE:                 Task-7.asm
                      00002 ; AUTHOR:               Nicholas Jones
                      00003 ; DATE:                 27th April 2018
                      00004 ; DESCRIPTION:  Sounder produces a tone with a fixed frequency but altering PWM duty cycle 
                      00005 
                      00006         list    p=16F84         ; select processor type
                      00007         radix   hex                     ; define radix as hexadecimal
                      00008         #include "p16f84.inc"
                      00001         LIST
                      00002 
                      00003 ;==========================================================================
                      00004 ;  MPASM PIC16F84 processor include
                      00005 ; 
                      00006 ;  (c) Copyright 1999-2013 Microchip Technology, All rights reserved
                      00007 ;==========================================================================
                      00008 
                      00206         LIST
2007   3FF1           00009         __CONFIG _CP_OFF & _WDT_OFF & _PWRTE_ON & _XT_OSC
                      00010 ;----------------------------------------------------------------------
                      00011 ;       cpu equates (memory map)
  00000006            00012 portB   equ     0x06            ; port B address
  00000006            00013 trisb   equ 0x06                ; trisB address in register bank 1
  00000003            00014 status  equ 0x03                ; status register
  00000005            00015 RP0             equ 5                   ; bit 5 of status register
  00000006            00016 RP1     equ     6                       ; bit 6 of status register
  00000002            00017 zbit    equ 2                   ; used for checking bit 2 of status register
  0000000C            00018 duty    equ     0x0c            ; used for duty cycle counter
  0000000D            00019 temp    equ     0x0d            ; for pwm on or pwm off time receives value from duty 
                      00020 
                      00021 ;----------------------------------------------------------------------
                      00022 
0000                  00023         org     0x00                    ; program start at this address
                      00024 
0000                  00025 start
0000   1283           00026         bcf             status,RP0      ; clear bank selection bits in the status reg (bit 5)
0001   1303           00027         bcf             status,RP1      ; unimplemented, maintain as 0
                      00028 
0002   1683           00029         bsf             status,RP0      ; select bank 1
0003   3000           00030         movlw   0x00            ; load w with 0x00
0004   0086           00031         movwf   trisb           ; load it into trisb to make portb all outputs
0005   1283           00032         bcf             status,RP0      ; reselect bank 0
0006   30FF           00033         movlw   0xff            ; load w with ones
0007   0086           00034         movwf   portB           ; Set all lines high to switch off display and sounder.
0008   018C           00035         clrf    duty            ; set duty to 0
                      00036 
0009                  00037 rstrt   
0009   080C           00038         movf    duty,w          ; put duty into w
000A   3CFF           00039         sublw   .255            ; minus this from w to check if duty has reached maximum (alter this for
                             on cycle range 1 (1%) to 255 (100%)
000B   1903           00040         btfsc   status,zbit     ; if last is not = to 0 skip
000C   018C           00041         clrf    duty            ; reset duty counter to 0
000D   0A8C           00042         incf    duty,f          ; add 1 to duty
000E   080C           00043         movf    duty,w          ; put duty into w
MPASM  5.51                        TASK-7.ASM   5-3-2018  12:52:19         PAGE  2
LOC  OBJECT CODE     LINE SOURCE TEXT
  VALUE
000F   008D           00044         movwf   temp            ; put w into temp
0010   1386           00045         bcf             portB,7         ; switch on buzzer
                      00046 
0011                  00047 pwmON                                   ; duty cycle on 
0011   0000           00048         nop                                     ; more nop's = lower frequency
0012   0000           00049         nop
0013   0000           00050         nop
0014   0000           00051         nop
0015   0000           00052         nop
0016   0000           00053         nop
0017   0000           00054         nop
0018   0000           00055         nop
0019   0000           00056         nop
001A   0000           00057         nop
001B   0000           00058         nop
001C   0000           00059         nop
001D   0000           00060         nop
001E   0000           00061         nop
001F   0000           00062         nop
0020   0B8D           00063         decfsz  temp,f          ; minus 1 from temp skip if zero
0021   2811           00064         goto    pwmON           ; loop until temp = 0
                      00065 
                      00066 ;; this does some calculations with duty enabling freq to stay same
                      00067 ;; but duty cycle alters
0022   30FF           00068         movlw   .255            ; put 255 into w don't alter this
0023   008D           00069         movwf   temp            ; put w into temp
0024   080C           00070         movf    duty,w          ; put original duty count into w
0025   028D           00071         subwf   temp,f          ; sub w (duty) from temp
0026   3CFF           00072         sublw   .255            ; 255 minus w (duty)
0027   1903           00073         btfsc   status,zbit     ; check result from sublw
0028   2809           00074         goto    rstrt           ; duty has reached maximum value go back to restart
0029   1786           00075         bsf             portB,7         ; switch off buzzer
                      00076 
002A                  00077 pwmOFF                                  ; duty cycle off
002A   0000           00078         nop                                     ; need to have same amount of nop's here as above to
002B   0000           00079         nop                                     ; keep frequency consistent
002C   0000           00080         nop
002D   0000           00081         nop
002E   0000           00082         nop
002F   0000           00083         nop
0030   0000           00084         nop
0031   0000           00085         nop
0032   0000           00086         nop
0033   0000           00087         nop
0034   0000           00088         nop
0035   0000           00089         nop
0036   0000           00090         nop
0037   0000           00091         nop
0038   0000           00092         nop     
0039   0B8D           00093         decfsz  temp,f          ; minus 1 from temp skip if zero
003A   282A           00094         goto    pwmOFF          ; loop until temp = 0
003B   2809           00095         goto    rstrt           ; go back to restart
                      00096 
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LOC  OBJECT CODE     LINE SOURCE TEXT
  VALUE
                      00097         end
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SYMBOL TABLE
  LABEL                             VALUE 
C                                 00000000
DC                                00000001
EEADR                             00000009
EECON1                            00000088
EECON2                            00000089
EEDATA                            00000008
EEIE                              00000006
EEIF                              00000004
F                                 00000001
FSR                               00000004
GIE                               00000007
INDF                              00000000
INTCON                            0000000B
INTE                              00000004
INTEDG                            00000006
INTF                              00000001
IRP                               00000007
NOT_PD                            00000003
NOT_RBPU                          00000007
NOT_TO                            00000004
OPTION_REG                        00000081
PCL                               00000002
PCLATH                            0000000A
PORTA                             00000005
PORTB                             00000006
PS0                               00000000
PS1                               00000001
PS2                               00000002
PSA                               00000003
RA0                               00000000
RA1                               00000001
RA2                               00000002
RA3                               00000003
RA4                               00000004
RB0                               00000000
RB1                               00000001
RB2                               00000002
RB3                               00000003
RB4                               00000004
RB5                               00000005
RB6                               00000006
RB7                               00000007
RBIE                              00000003
RBIF                              00000000
RD                                00000000
RP0                               00000005
RP1                               00000006
STATUS                            00000003
T0CS                              00000005
T0IE                              00000005
T0IF                              00000002
T0SE                              00000004
TMR0                              00000001
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SYMBOL TABLE
  LABEL                             VALUE 
TMR0IE                            00000005
TMR0IF                            00000002
TRISA                             00000085
TRISA0                            00000000
TRISA1                            00000001
TRISA2                            00000002
TRISA3                            00000003
TRISA4                            00000004
TRISB                             00000086
TRISB0                            00000000
TRISB1                            00000001
TRISB2                            00000002
TRISB3                            00000003
TRISB4                            00000004
TRISB5                            00000005
TRISB6                            00000006
TRISB7                            00000007
W                                 00000000
WR                                00000001
WREN                              00000002
WRERR                             00000003
Z                                 00000002
_CONFIG                           00002007
_CP_OFF                           00003FFF
_CP_ON                            0000000F
_FOSC_EXTRC                       00003FFF
_FOSC_HS                          00003FFE
_FOSC_LP                          00003FFC
_FOSC_XT                          00003FFD
_HS_OSC                           00003FFE
_IDLOC0                           00002000
_IDLOC1                           00002001
_IDLOC2                           00002002
_IDLOC3                           00002003
_LP_OSC                           00003FFC
_PWRTE_OFF                        00003FFF
_PWRTE_ON                         00003FF7
_RC_OSC                           00003FFF
_WDTE_OFF                         00003FFB
_WDTE_ON                          00003FFF
_WDT_OFF                          00003FFB
_WDT_ON                           00003FFF
_XT_OSC                           00003FFD
__16F84                           00000001
__DEBUG                           1
duty                              0000000C
portB                             00000006
pwmOFF                            0000002A
pwmON                             00000011
rstrt                             00000009
start                             00000000
status                            00000003
temp                              0000000D
MPASM  5.51                        TASK-7.ASM   5-3-2018  12:52:19         PAGE  6
SYMBOL TABLE
  LABEL                             VALUE 
trisb                             00000006
zbit                              00000002
MEMORY USAGE MAP ('X' = Used,  '-' = Unused)
0000 : XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXXXXXX XXXXXXXXXXXX----
2000 : -------X-------- ---------------- ---------------- ----------------
All other memory blocks unused.
Program Memory Words Used:    60
Program Memory Words Free:   964
Errors   :     0
Warnings :     0 reported,     0 suppressed
Messages :     0 reported,     0 suppressed 
[bookmark: _Toc514041062]Conclusion.
[bookmark: _Toc514041063]Overall thoughts.
Writing code for any microcontroller can be done using a high-level language such as ‘C’ where by the compiler does a lot of the ‘housekeeping’ in the background, when writing code in assembly language more thought is needed with the logical order of each instruction and more code may be needed as one line of code with a high-level language can equate to multiple lines of instructions when written in assembly. Completion of this assignment has enabled a better understanding of, effectively how ‘dumb’ microcontrollers and microprocessors are and need instructions fed to them in a way that the human brain would not even think about. Relating directly to the PIC microcontrollers a better understanding of the use of registers and how to manipulate bit’s in each of these registers has been attained, experience whilst completing this assignment with consulting and interpreting datasheets for the PIC and other components has been gained, knowledge on how to interface components safely with a microcontroller and getting them to operate has been achieved.
[bookmark: _Toc514041064]Future programming practices.
All tasks have been completed, as time has gone on more experience has been gained with assembly language and thinking logically, some of the tasks given more time and thought could possibly be optimised in a number of ways such as substituting some instructions for others that may be more efficient enabling less code needed there by saving on memory space, restructure the order of instruction execution enabling the program to flow quicker and more efficient also creating subroutines that could be used for all tasks attempted and any future projects.               
[bookmark: _Toc514041065]
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RECOMMENDED OPERATING CIRCUIT EXAMPLE
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