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Introduction:

This assignment will identify and explain all the components of a circuit, show how and why the circuit works and demonstrate competency in C-programming by showing a circuit which has been modified by inputting different codes into a microcontroller which have been written with different desired outcomes/results in mind. The circuit being used uses a 7-segment display and a ‘sounder’, which is a virtual component resembling and acting as a speaker; these are used to show different outputs depending on the code written. The circuit is commanded by a PIC16F84 microcontroller this manages all inputs and outputs through the code written. The circuit also contains many other useful components such as resistors, capacitors and a crystal oscillator. This is shown below in fig. 1 and accompanying key.


[image: ]
Fig. 1

Key:
  1 – Power input                                  2 – Switch                                        3 – Voltage Regulator   
  4 – Resistor                                          5 – Sounder/Speaker                     6 – Capacitor          
  7 – Ground                                           8 – Transistor                                  9 – Button                 
10 – Crystal Oscillator                        11 – PIC Microcontroller              12 – 8-Resistor Chip
13 – 7-Segment Display
The code which was provided is shown below in fig. 2 and 3; this code provides the basic framework to work from with annotations along each input to allows for greater understanding and confidence with modifying this code for the desired outputs required.
[image: ]Fig. 2
[image: ]Fig. 3
Section 1

This section will explain and elaborate on all the components used in the 7-segment display circuit to greater understand the circuit and what it could be capable of.


PIC16F84A Microcontroller:

[image: 18-DIP]The PIC16F84A is an 8-bit microcontroller which is from the ‘PIC’ family of microcontrollers. The PIC16F84A was made as an updated version of the PIC16C84, the most significant update being an increase of RAM (Random Access Memory) available in the PIC16F84A; meaning it can more effectively execute and deliver programs at higher speeds and at increase complexity. The microcontroller proved to be ruthlessly effective with its utilisation of a serial programming algorithm and EEPROM (Electrically Erasable Programmable Read-Only Memory). 
[image: ][1] Fig. 4
In this circuit, however, the PIC16F84A is acting as the brain of the circuit and has complete control of all operations and outputs occurring in the circuit simulation. As you may notice in the fig. 5 all of the pins have identifiers next to them, this is to help show their possible functions and designate them in later programming. Not all pins have to be used in any given circuit, for example pins RA2, RA3 and RA4, this is simply because there is no need in this circuit for any additional inputs or outputs for the eventual outputs required. 
                                                                                                          Fig. 5






The pins in the ‘A’ port, this is identified by the second letter in the designations, are used in this circuit as inputs from two different buttons with each having the ability, if the appropriate button is pressed, to ‘say’ ‘yes’ or ‘no’. 


The pins in the ‘B’ port are utilised as outputs with RB0, RB1, RB2, RB3, RB4, RB5 and RB6 being connected to the 7-segment display through a resistor chip; these outputs directly effect the display as each output pin either turns off or on each segment of the display making it possible, through the code, to display any possible shape on the display of which the display allows. 


The pin ‘RB7’ is connected to a system with multiple components which results in the speaker activating when the output is sent out this pin by the code. There are three other pins which, it may be noticed, don’t have a “port designation”, this is due to the pins being needed to perform the same function regardless of the code which is inputted. 


The pins ‘OSC1/CLKIN’ and ‘OSC2/CLKOUT’ are used to keep track of time by connecting them to a crystal oscillator or another type of clock, this helps the code massively, for example, say the PIC is programmed to output through a pin for one second the output on another, without these pins being used the PIC would keep outputting on the first pin because it has no reference of time to say when it stops that function.


The final pin, MCLR (Master Clear), is used to reset the program to the “top of the program execution or memory location 0x00”[2]. This resets the device to the first command programmed into it, this is useful so that the PIC cant get ‘stuck’ in a loop or glitch in the code inputted.




7-Segment display:
[image: Seven-segment display - Wikipedia]
In this circuit a 7-segment display is used as an output from the PIC controller, this is useful because it displays a specific and desired outcome which is instantly checked on observation of the simulation running, acting as a verifier and could be useful if the simulation circuit is constructed.
[image: ]The component operates based on 8 pins acting as inputs; 7 pins of which are directly connected to each segment of the display with an off or an on function, the 8th pin powers the component with the necessary amount to light up any combination of      [3]   Fig. 6                                                      segments to achieve the desired display. 
Depending on the inputs on the first 7 pins, this component can display any possible light configuration allowed by the positioning of the light segments. The pin layout in physical construction can be observed in the fig. above and the appearance of the component in the simulation can be seen on the right in fig. 7.



Fig. 7
Crystal Oscillator:
[image: undefined]A crystal oscillator is an essential component of any semi-intelligent circuit or at least any circuit which requires a microcontroller; this is because a crystal oscillator acts as an internal clock to keep time on any time-based operation which is being performed by the circuit. This component achieves this by utilising the frequency given by applying a voltage source to a fragment of quartz crystal which them produces a phenomenon known as the ‘piezo-electric effect’ in which the crystal oscillates or ‘vibrates’ at a high frequency which, largely, remains constant [5]. Dependent on how and to what shape the crystal has been cut directly determines the frequency at which the crystal oscillates at. For example, in the fig. 8 to the right the size of the internal crystal means it oscillates at 16 MHz as noted on the external print.                              [4] Fig. 8     

[image: ][image: ]In the circuit, however, the crystal is observed as the symbol shown in fig. 9 on the left. In the simulation the oscillator is directly connected to the PIC controller at pins ‘OSC1/CLKIN’ and ‘OSC2/CLKOUT’ ensuring that the code is followed to any required timings demanded by the code in the PIC controller. In the example of the simulation, the crystal is set to oscillate at the frequency of 1MHz, as seen in fig. on the right.
Fig. 9
                                                               Fig. 10
                                                                               
Sounder/Speaker:

[image: Sounder]Present in this circuit, also, is a ‘sounder’, which in the simulation represents a widely used component known as a ‘piezo buzzer’ which is a type of “audio signalling device” which utilises piezoelectricity as a source of power. This works by the component containing ‘piezoelectric element’ which is driven by an oscillating input which then creates the sound of that oscillation[6]. The type of component can be found in many different sizes and designs which can make different types of sounds, also. This can be seen in fig. 10 on the left.
[image: ]In the circuit, the ‘sounder’ is directly powered by an external power source and then has an input from one of the pins on the PIC controller to initiate its function.
[7] Fig. 11

The simulated component is shown as the symbol in fig. on the right.

                                                                                          Fig. 12
Transistor:

A transistor is present in nearly all circuits as an essential component. Transistors operate as a form of switch that can block the flow of electricity along a wire, to allow the flow, a high enough voltage is sent to the transistor. A physical example can be seen on the right in fig. 13.
[image: ][image: https://blogger.googleusercontent.com/img/b/R29vZ2xl/AVvXsEiEY4Qvi2gLvsAgzBoEnG5QsnV0GNgjRC_dzznitTP1-G7csBRUAp5mYTWxCMhFI9Ow1nUDo3urqcLHtDbuaZOFs5BxH0ZY07YnwQSfy99ouLfIpOkJwxy1bQTZtOUMBjzSheHgDadcFXQ/s1600/transistor.jpg]In the simulation circuit, however, this component is used in one instance in which it blocks flow to a ground from a sounder which has a power source connected, and the ‘base’ pin is connected directly to the PIC controller. This means that when this pin is ‘on’, through the inputted code, the sounder/speaker will activate and create a sound to confirm this. An example of the simulated transistor symbol from the circuit can be seen in fig. 14 on the left.                
[8] Fig. 13                                                                                                                                  Fig. 14



Voltage Regulator:

In short, a voltage regulator regulates voltage; however, it does this by maintaining a constant voltage from one ‘Vin’ pin to one ‘Vout’ pin and dissipates any remaining voltage, when the designated voltage is reached, out the ground pin. Many different sizes of voltage regulator exist to regulate any voltage required by the circuit. A physical voltage regulator is shown in fig. 15. In the simulated circuit the voltage regulator is positioned to regulate the voltage powering the sounder/speaker; the simulated representation is depicted in fig. 16. 
[image: ][image: STMicroelectronics LM317T, 1 Linear Voltage, Voltage Regulator 1.5A, 1.2 →  37 V 3-Pin, TO-220]




[9] Fig. 15	Fig. 16

8-Resistor Chip:

[image: ]Resistor chips are used to make manufacturing, constructing and fault-finding circuits easier. The component, basically, is just as effective as, in this case, 8 resistors which are parallel to one another. In this simulation this chip is used as a resistor for all the connections from the PIC controller to the 7-segment display. Examples of both the physical component and the simulated chip in the circuit are found below in fig. 18 and fig. 17.
[image: 4116R-1-471LF | Bourns, 4100R 470Ω ±2% Isolated Resistor Array, 8 Resistors,  2.25W total, DIP, Through Hole | RS]




[10] Fig. 17                                                                                                         Fig. 18


Resistor:

[image: RS PRO 1Ω Metal Film Resistor 0.6W ±0.5%]A resistor is one of the most basic of all components. A resistor operates by resisting the current the wire it is in, all resistors have a measured amount of resistance, just as every material, calculated in Ohms. The component is constructed by picking the appropriate material and selecting the amount of material with the correct amount of ohms, then two pins are connected to each side. The physical component is often marked by an arrangement of ring of different colours, this determine the amount of resistance between the two pins it has. Examples of both the physical component and the simulated component in the circuit are found below in fig. 20 and fig. 19.
[image: ]



[11] Fig. 19	Fig. 20
Capacitor:

Capacitors store and release power, they store the power when a power source is connected to one pin of the capacitor and no components are drawing power on the other pin, this means that when no power is needed the capacitor will store it automatically until it is. However, when it is, the capacitor will discharge the power to the components that are ‘needing’ it to operate. This is very useful in case of intentional or unintentional power outages to the components in the circuit. This means that capacitors are widely used in almost every type of circuit and can be used in many different ways given these properties of this component. For example in the simulated circuit two capacitors are connected to both of the pins on the crystal oscillator, and therefor will prevent this essential component from losing power at any moment. Examples of both the physical component and the simulated component in the circuit are found below in fig. 21 and fig. 22.
[image: ][image: Toshin Kogyo 470μF Electrolytic Capacitor 25V dc, Radial, Through Hole -  1EUTSJ471M0]




[12] Fig. 21	Fig. 22

Button:

[image: ][image: Component Buttons – Cool Components]A button is a very simple component which, simply, is placed in a wire connection and, when not pressed, leaves the connection broken so no electricity can run through the wire and when pressed it connects the break and allows the current along the wire to flow. In the simulation circuit this component is used as an input to influence what task the PIC controller is performing, whilst the simulation is running. Examples of both the physical component and the simulated component in the circuit are found below in fig. 23 and fig. 24.




[13] Fig. 23	Fig. 24
Switch:

The switch as an electrical component operates the exact same way as a button by having the ability to break a physical connection of a wire, apart from in one affect which is that the switch has no default setting of operation when not activated whereas when the button is not activated it will return to its default setting where the connection of the wire is broken. In other words, you cycle between the switch being in a constant state of ‘on’ or ‘off’ each time it is activated. This component is also useful in the same ways as a button by having the ability to influence the operations of a circuit whilst it is actively operating. In the simulated circuit it is connected to a power supply on one pin and on the other connected to the sounder/speaker subsystem to provide additional power to it when activated. Examples of both the physical component and the simulated component in the circuit are found below in fig. 25 and fig. 26
[image: Switches Online Store | Future Electronics]
[image: ]



                    Fig. 26
[14] Fig. 25

Power Input:

[image: ][image: DURACELL MN1500 BATTERY, AA size, alkaline, 1.5V (pack of 4)]Power inputs in the simulated circuit are used to power it and all of its operations, the simulated components are very convenient, however in a physical circuit you would need to implant a battery or a source of power from a larger system such as a house hold mains plug. Examples of both the physical component and the simulated component in the circuit are found below in fig. 27 and fig. 28.



[15] Fig. 27	Fig. 28
Ground:

A way for a circuit to connect to a ground source is very useful and simplifies the construction of many circuits. This is useful because a ground source dissipates any current flowing into it and therefor can get rid of any unnecessary electrical energy from the circuit. For example, the voltage regulator component explained earlier in this report is connected to a ground source because that is where it is designed to flow any electrical energy that if ignored and allowed to flow into the circuit would be over the amount of voltage the voltage regulator is being used to maintain. For physical circuits the most basic way for a ground source to be present is to have the wire you need grounded planted in the actual ground. Examples of both the physical example and the simulated component connected to the voltage regulator are found below in fig. 29 and fig. 30.
[image: ][image: Ground (electricity) - Wikipedia]



                                                                                                 



[16] Fig. 29                                                                                 Fig. 30











Section 2:

The properties of this simulated circuit, with all of the components laid out in the previous section, mean that it is able to display any output on the 7-segment display. This is possible because the 7-segment display is connected directly in to the PIC controller to 7 output pins which can be influenced to be ‘on’ or ‘off’ by the inputted code. In this section I will detail what is required for the code to influence the simulated circuit to, when activated, display all of the single characters/digits of the hexadecimal number system (0 – F).

To edit the code to be able to achieve this, I will need to first define ‘port B’ and let it have the ability, when specified to output on these 7 pins, in which the port is the housing of all the pins which control the 7-segment display. This, however, has already been completed in the provided base code, as seen below in fig. 31.


[image: ]Fig. 31



To explain:
· Line 15 is written to simply name the address of the pins, in this code it is specified that ‘portB’, which is the row of pins connected to the 7-segment display, ‘equ’, which translates to =, ‘0x06’, this specifies that the ‘address’ of ‘portB’ is in the 6th byte register of the PIC controller’s command list. This line is essential to use the 7-segemtn display, without this the PIC controller would not be able to register/understand the specification ‘portB’.

· Line 16 is written to give ‘portB’ a place in the control register, by specifying ‘trisb’ with the same address as ‘portB’, which means that when you specify a pin in ‘portB’, in binary form, as a 1, it inputs data and as a 0, it outputs data.





The next modification I would have to make for the code to produce this is to produce the code which specifies the pins that needs to be output in ‘portB’ for the display to show the characters/digits required, and in the required order. See below in fig. 32 for an example and explanation.


[image: ] Fig. 32

To explain:

· Line 54 moves ‘count’ to the w register which allows the code in ‘count’ to output as a base operation

· Line 56 moves the accompanying binary data to the w register with the function ‘movlw’. The following data is ‘b’11000000’’, where ‘b’ specifies that the following data is in the number system of binary.

· Line 57 moves the w register to ‘portB’, this allows the binary written in the last line of code to be activated on ‘portB’, which is the port that controls the 7-segement display and therefor will display on the component when the simulation is running.

· Line 58 is the ‘call pause’ function which delays the next operation in the code from being ran by 200ms or 0.2 seconds. This allows the display to be observed before the code continues with the next character or digit in the hexadecimal system.

· The binary output in fig. above shows the digit of 0 on the display when it is ran into the 7-segment display. The theory of why this is so, however, is due to each digit of the byte of binary representing each pin on ‘portB’ being outputting or inputting. Because of the ‘trisb’ function being active, 0 is a pin outputting and 1 is a pin inputting, because the display has no possible output to the connections to the PIC controller, the pins that are inputting are, essentially, ‘off’.


The byte of binary ‘11000000’ displays a zero in this circuit because of how the display is set to operate, use fig. 33 and fig. 34. below as supplementary information. In fig. 33, it labels each segment as a character of the alphabet, following this the byte of binary, due to how the circuit was constructed, as said before each digit represents each pin and therefor each segment also. So, the byte can be simplified to outline each segment of the display as ‘1gfedcba’; where the first digit is not applicable to this operation because, as seen in fig., the pin is not connected to the 7-segment display, but the sounder/speaker subsystem. Alternatively, the byte of binary could be represented as pin allocations as ‘RB7, RB6, RB5, RB4, RB3, RB2, RB1, RB0’, see fig. below for clarification.


[image: ][image: ]
[17] Fig. 33	Fig. 34


Now, by observing the previous fig. 32., all is needed is to repeat this code with different bytes of binary data being moved to the w register that display the remaining 15 characters/digits. This section of code is all in a loop of code which restarts from the top once it is completed so that the display will cycle through all of these operations then start again, once the simulation is running. See code for this below in fig. 35 and fig. 36.

[image: ]
[image: ]    Fig. 35 and 36
Section 3:
This section will explain and prove how each of the coding tasks have been completed from the assignment brief. 

Task 1:
This task is to edit the coding of the simulated circuit, so that when running the 7-segment display will cycle through all the single digits/characters of the hexadecimal number system (0 to F) in the correct order of progression from the number system, then start from the first digit/character when the program has cycled all of the values. It is also specified that there be a time delay between each digit/character of 200ms or 0.2 seconds. In the previous section, this report has outlined precisely what is required and how this code completes this task, therefor this text will not elaborate further on this subject.
Please see below in figs. 37, 38, 39 for the written code, and accompanying annotations.
[image: ]
Fig. 37
[image: ]
Fig. 38 and Fig. 39
[image: ]




Task 2:

The second task specified in the assignment brief is to modify the code so that when one of the buttons is pressed, the 7-segment display will show the letter ‘r’ and when the other button is pressed the display will read ‘L’, however whilst no buttons are pressed the display will be blank.

To achieve this, loops were needed to add more complexity to the code as the addition of buttons adds more variables in outputs. One main loop named ‘LOOP’, in this code, is used to specify if either button is being pressed, and if not to sent no outputs to the display so nothing is displayed. However, if either of the buttons are pressed, for example the button that is designated to display ‘r’ when pressed, the code continues but in a loop named ‘r’ which displays ‘r’ on the 7-segment display, then the code continues in the main loop (LOOP) to check if the button is still being pressed or the other button.

The other modification that was essential was to specify and define ‘portA’ with the same code used to achieve this with ‘portB’.

Please see below in figs. 40, 41 for the written code, and accompanying annotations.



[image: ]
         Fig. 40


[image: ]
        Fig. 41



Task 3:

As describe in the assignment brief, task 3 is to modify the code once again so that the circuit performs a “latching function”, in which when one button is pressed, all the segments of the display turn ‘on’, but when the button is released the segments continue to be ‘on’. Only when the button is pressed again, all the segments turn ‘off’.

To achieve this, in the most efficient way, the code for task 2 will be modified. This is efficient because all of the needed ports have already been defined and are working. Also, a very similar loop structure is needed for this function. The only differences that are needed is to delete all of the time-based functions, the ‘call pause’ function, and for the main loop (LOOP) to not have a default output; this way the code will continue to output from the last loop selected by the last button pressed, and therefor will perform the ‘latching’ function. The only other changes would be cosmetic (naming of the loops) and changing the binary to display all the segments or none for each outputting loop.
Please see below in figs. 42, 43 for the written code, and accompanying annotations.
[image: ]Fig. 42
[image: ]Fig. 43


Task 4:

Task 4 is to modify the code one again so that the 7-segment display displays the digits 0-9, but when one button is pressed the display shows the next digit in consecutive order, and when the other button is pressed the display shows the previous digit in consecutive order. However, similar to the function of task 3, if no buttons are pressed it will display the last digit displayed, additionally when the display reaches 0 or 9 the code will not allow the sequence to cycle, so that if the display reaches 9 due to the inputs of the buttons and the button is pressed to display the next character in consecutive order it will not cycle to display 0, it will instead continue to display 9. This is also true if the display is on 0 and the button is pressed which displays the previous digit it will not display 9, instead it will continue displaying 0.

To achieve this, a theory was trialled that this code did not need a main loop like the previous codes, all this code needs to function is a loop per digit of the display, making this code have 10 loops, and the code simply repeats the loop it is currently running and only moves loops when a button is pressed to move to the next or the previous loop in the sequence. To better explain this theory, see fig. 44 below.

[image: ]Fig. 44

This is an example of one of the loops in this finished code. Each loop starts by displaying the appropriate digit then is delayed by 600ms to make the digit more easily observed. Then the code ‘asks’ if button 0 has been pressed and if so move to the next loop, which in this example would be loop ‘FOUR’ displaying ‘4’ on the display. Similarly, the code then ‘asks’ if button 1 has been pressed and is so continue on loop ‘TWO’ which will be displaying ‘2’. Then, the code ‘double checks’ if either button has been pressed and if not continue to loop ‘THREE’, which is the same loop, so that the display continues to display the digit ‘3’.

All of the 10 loops are identical to this functionally, apart form loop ‘NINE’ and ‘ZERO’ which where the code would continue to the previous loop on ‘ZERO’ and the next loop on ‘NINE’, the code instead continues to the same loop so that digit is still displayed.

This code achieves this function, see fig. 45, 46, 47, 48, 49 below for the complete code and supplementary annotations.



[image: ]Fig. 45
[image: ]











Fig. 46 and 47.
[image: ]
[image: ]
Fig. 48 and 49.
[image: ]



Task 5:

Task 5, in comparison to task 4, is far more straight forward. The task is to modify the code once more so that when one of the buttons are pressed the sounder/speaker subsystem will activate and sound a noise whilst the button is pressed and stop when the same button is not pressed.
On observation of the circuit the sounder/speaker subsystem is activated by allowing the current to flow by a transistor, controlled by the pin from ‘portB’ that is not connected to the 7-segment display. After observation, all that is needed is to have the same button loops used before and just to output on the first bit of the ‘portB’ output byte when the button is pressed.
This code achieves this function, see fig. 50, 51. below of the complete code and supplementary annotations.

[image: ]Fig. 50
[image: ]Fig. 51
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movw

call

movw

call

movw

call

moviw

count, w

b'11000000"
ports
pause

b'11001111"
ports
pause

b'10100100"
ports

pause

b'10110000"
ports

pause

b'10011001"
ports
pause

b'10010010"
ports
pause

b'10000010"
ports
pause

b'11111000"
ports
pause

b'10000000"
ports
pause

b'10011000"
ports
pause

; move count to W

; move the following binary data
: move W to port B to update the
; delay subroutine by 206ms

; move the following binary data
: move W to port B to update the
; delay 206ms by subroutine

; move the following binary data
: move W to port B to update the
; delay 206ms by subroutine
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; delay 206ms by subroutine

; move the following binary data
: move W to port B to update the
; delay 206ms by subroutine

: move the following binary data
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call

movw

call

movw

call

movw

call

movw

call

portB
pause

b'11000110"
ports

pause

b'10100001"
ports
pause

b'10000110"
ports
pause

b'10001110"
ports
pause

; move W to port B to update the
; delay 206ms by subroutine

; move the following binary data
: move W to port B to update the
; delay 206ms by subroutine

; move the following binary data
: move W to port B to update the
; delay 206ms by subroutine

; move the following binary data
: move W to port B to update the
; delay 206ms by subroutine

; move the following binary data
: move W to port B to update the
i delay 206ms by subroutine

display

to the W register
display

to the W register
display

to the W register
display

to the W register
display
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1 #include pl6fda.
2

3 ports  equ oxe6

4 trisb  equ oxes

5

6 status  equ oxe3

7 weo equ s

8 RP1 equ s

s

1

11 count equ exec

12 nCount equ oxed

13 mCount equ oxee

1

15

16 RST code 0x@

17 goto Start

5

1

2 P& code

2

2 start

2 bef  status,RPe
2 bef  status,RPL
2

% bsf  status,RPe
2 movlw  exo0

= mowwf  trish

2 bef  status,RPe
EY

31 clrf  ports

2 clrf  count

E

34 get_count

35 movf  count, w
S

37 movlw  b'11000000°
E) mowwf  ports

S call  pause

o

a1 movlw  b'11001111°
2 mowwf  ports

s call  pause

-

45 movlw  b'10100100°
% mowwf  ports

. call  pause

Include register definition file

ports address
trish address in register bank 1

status register
bit 5 of status register
bit 6 of status register

counter 0 to 255
pause routine inner Loop counter
pause routine outer Loop counter

Reset Vector

clear bank selection bits in the status reg
clear bank selection bits in the status reg

select bank 1
Load w with 6x00
Load it into trisb to make portb all outputs
reselect bank 0

clear all Lines Low
initialize counter to 6

move count to i

move the following binary data to the W register
move W to port B to update the display
delay subroutine by 200ms

move the following binary data to the W register
move W to port B to update the display
delay subroutine by 200ms

move the following binary data to the W register
move W to port B to update the display
delav subroutine by 206ms
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movw

call

movw

call

movw

call

movw

call

movw

call

movw

call

movw

call

movw

call

movw

call

movw

call

movw

call

movw

b’ 1011000

ports
pause

b’ 1001100

ports
pause

b'100100

ports
pause

b’ 100000

ports
pause

b'1111100

ports
pause

b' 10000000

ports
pause

b'1001100

ports
pause

b’ 10001000

ports
pause

b’ 100000

ports
pause

b'11000
ports
pause

b'10100
ports
pause
b’ 10000
portB

.

10

10°

110

110

001"

110

; move the following binary data
: move W to port B to update the
; delay subroutine by 206ms

; move the following binary data
: move W to port B to update the
; delay subroutine by 206ms

; move the following binary data
: move W to port B to update the
; delay subroutine by 206ms

; move the following binary data
: move W to port B to update the
; delay subroutine by 206ms

; move the following binary data
: move W to port B to update the
; delay subroutine by 206ms

; move the following binary data
: move W to port B to update the
; delay subroutine by 206ms

; move the following binary data
: move W to port B to update the
; delay subroutine by 206ms

; move the following binary data
: move W to port B to update the
; delay subroutine by 206ms

; move the following binary data
: move W to port B to update the
; delay subroutine by 206ms

; move the following binary data
: move W to port B to update the
; delay subroutine by 206ms

; move the following binary data
: move W to port B to update the
; delay subroutine by 206ms

; move the following binary data
i move W to port B to update the

to the W register
display

to the W register
display

to the W register
display

to the W register
display

to the W register
display

to the W register
display

to the W register
display

to the W register
display

to the W register
display

to the W register
display

to the W register
display

to the W register
display
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85 call  pause s delay subroutine by 260ms

%
o7 movlw  b'10001110°  ; move the following binary data to the W register
£ mowwf  ports } move W to port B to update the display

£ call  pause 3 delay subroutine by 200ms

100

101

102 goto  get_count 3 repeat forever

103

104 pause

105 movlw  exfff 3 set w = 255 decimal

106 movwf  mCount  mCount = w: outer Loop counter

107 loadn

108 movlw  exff 5 set w = 255 decimal

109 movwf  nCount  nCount = w: inner Loop counter

10 dec

1 decfsz nCount, 3 nCount-

12 goto  dech 3 if nCount I= 0 then repeat nCount--

13

13 decfsz mCount, 3 else decrement Count

115 goto  loadn 3 if mCount != 0 then reload nCount to 255 and decrement
15

7 return 3 else exit subroutine

118 end
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#include p16fada.

porta
trisa

ports
trish

status

RPe.
RPL

count.
nCount.
nCount.

RST

PG
Start

Loop:

equ oxe:
equ oxa:

5
s

equ exos
equ exas

equ exe3

equ s
equ s

equ exoc
equ exed
equ exoe

code 0x0

goto Start

code

bef
bef

bsf
movw
movwf
bef

elrf
lrf

status,RPe
status,RP1

status,RPe
oxo0

trish
status,RPe

ports
count.

BTFSS porta,@
GoTo L

BTFSS porta,1
GoTo

movlw b'11111111°
mowwf ports
call pause

Include register definition file

port A address
trisa address in register bank 1

port B address
trish address in register bank 1

status register
bit 5 of status register
bit 6 of status register

counter 0 to 255
pause routine inner Loop counter
pause routine outer Loop counter

Reset Vector

clear bank selection bits in the status reg
clear bank selection bits in the status reg

select bank 1
Load w with 6x00
Load it into trisb to make portb all outputs
reselect bank 0

clear all Lines Low
initialize counter to 6

if button ‘0" pressed then complete next command
continue in Loop 'L’

if button '1' pressed then complete next command
continue in Loop 'r"

move the following binary data to the W register
move W to port B to update the display
delay subroutine by 200ms
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GOTO LoOP

movlw b'11000111°
mowwf ports

call pause

GoTO Loop

movlw b'10101111°
mowwf ports

call pause

GoTO Loop

pause

movlw  exfff
movwf  mCount

Loadn

dectt

end

movlw  exff
movwf  nCount

decfsz nCount, ©
goto  dectl

decfsz mCount, ©
goto  loadll

return

continue in Loop 'LOOP"

move the following binary data to the W register
move W to port B to update the display

delay subroutine by 200ms
continue in Loop 'LOOP"

move the following binary data to the W register
move W to port B to update the display

delay subroutine by 200ms
continue in Loop 'LOOP"

set w = 255 decimal
nCount = w outer Loop counter

set w = 255 decimal
nCount = w: inner Loop counter

nCount -~
if nCount !

0 then repeat nCount--

else decrement Count
if mCount = @ then
reload nCount to 255 and decrement
else exit subroutine
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portA  equ exes

trisa  equ exes

portB  equ exes

trish  equ exo6

status  equ exe3

RPe. equ s

RPL equ s

count  equ exac

nCount equ exed

mCount equ @xoe

RST  code 0x@

goto Start

PG code

Start
bef  status,RPe
bef  status,RPL
bsf  status,RPe
movlw  exo0
mowwf  trish
bef  status,RPe
clrf  ports
clrf  count

Loop:

BTFSS porta,o
GoTO oN

BTFSS porta,1
GoTO 0FF

GOTO LOOP

Include register definition file

port A address
trisa address in register bank 1

port B address
trish address in register bank 1

status register
bit 5 of status register
bit 6 of status register

counter 0 to 255
pause routine inner Loop counter
pause routine outer Loop counter

Reset Vector

clear bank selection bits in the status reg
clear bank selection bits in the status reg

select bank 1
Load w with 6x00
Load it into trisb to make portb all outputs
reselect bank 0

clear all Lines Low
initialize counter to 6

if button ‘0" pressed complete next command
continue in Loop 'ON'

if button '1' pressed complete next command
continue in Loop OFF"

‘continue in Loop ‘LOOP"
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EEER:]

oFF:
movlw b'11111111°
mowwf ports
GoTO Loop

pause
movlw  exfff

movwf  mCount
Loadn
movlw  exff
movwf  nCount
dectt
decfsz nCount, ©
goto  dectl

decfsz mCount, ©
goto  loadll

return
end

i setw
: mCount = w: outer Loop counter

i setw
: nCount = w: inner Loop counter

; move the following binary data
: move W to port B to update the
; continue in Loop "LOOP"

; move the following binary data
: move W to port B to update the
; continue in Loop "LOOP"

255 decimal

255 decimal

; nCount--
} if nCount !

; else decrement Count
: if mCount != @ then reload nCount to 255 and decrement

; else exit subroutine

to the W register
display

to the W register
display

0 then repeat nCount--
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THRE

movw

call
call
call

BTFSS.
Goto

BTFSS.
Goto

BTFSC
BTFSC
GoTO

(R
ports
pause
pause
pause

porta,e
FOUR

porta,1
porta,0

porta,1
THREE

move the following binary data to the W register
move W to port B to update the display

delay subroutine by 200ms

delay subroutine by 200ms

delay subroutine by 200ms

if button ‘0" pressed then complete next command
continue in Loop "FOUR"

if button '1' pressed then complete next command
continue in Loop 'THO"

if button ‘0" is not pressed then complete next command
if button '1' is not pressed then complete next command
continue in Loop 'THREE'
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#include p16fada.

portA  equ exes

trisa  equ exes

portB  equ exes

trish  equ exo6

status  equ exe3

RPe. equ s

RPL equ s

count  equ exac

nCount  equ exed

mCount  equ exee

RST code 0x0

goto Start

PGM  code

Start
bef  status,RPe
bef  status,RPL
bsf  status,RPe
movlw  exo0
mowwf  trish
bef  status,RPe
clrf  ports
clrf  count

2ER0:

movlw  b'110,

mowwf  ports

call
call
call

pause
pause
pause

BTFSS  ports,o

Goto

one

BTFSS  porta,l

GOTO

ZERO

Include register definition file

port A address
trisa address in register bank 1

port B address
trish address in register bank 1

status register
bit 5 of status register
bit 6 of status register

counter 0 to 255
pause routine inner Loop counter
pause routine outer Loop counter

Reset Vector

clear bank selection bits in the status reg
clear bank selection bits in the status reg

select bank 1
Load w with 6x00
Load it into trisb to make portb all outputs
reselect bank 0

clear all Lines Low
initialize counter to 6

move the following binary data to the W register
move W to port B to update the display

delay subroutine by 200ms

delay subroutine by 200ms

delay subroutine by 200ms

if button ‘0" pressed then complete next command
continue in Loop 'ONE"

if button '1' pressed then complete next command
continue in Loop ‘ZERO®
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THRE!

BTFSC
BTFSC
Goto

movw

call
call
call

BTFSS.
Goto

BTFSS.
Goto

BTFSC
BTFSC
Goto

movw
call

call
call

BTFSS.

Goto

BTFSS.
Goto

BTFSC
BTFSC
Goto
movw
call

call
call

BTFSS

porta,0
porta,1
25R0

b'11001111"
ports
pause
pause
pause

porta,0
W

porta,1
25R0

porta,0
porta,1
one
b'10100100"
ports

pause
pause
pause

porta,e
THREE

porta,1
one

porta,0
porta,1
W

b'10110000"
ports
pause
pause
pause

porta,e

if button ‘0" is not pressed then complete next command
if button '1' is not pressed then complete next command
continue in Loop 'ZERO"

move the following binary data to the W register
move W to port B to update the display

delay subroutine by 200ms

delay subroutine by 200ms

delay subroutine by 200ms

if button ‘0" pressed then complete next command
continue in Loop ‘ThO"

if button '1' pressed then complete next command
continue in Loop 'ZERO"

if button ‘0" is not pressed then complete next command
if button '1' is not pressed then complete next command
continue in Loop "ONE"

move the following binary data to the W register
move W to port B to update the display

delay subroutine by 200ms

delay subroutine by 200ms

delay subroutine by 200ms

if button ‘0" pressed then complete next command
continue in Loop 'THREE"

if button '1' pressed then complete next command
continue in Loop 'ONE"

if button ‘0" is not pressed then complete next command
if button '1' is not pressed then complete next command
continue in Loop 'ThO"

move the following binary data to the W register
move W to port B to update the display

delay subroutine by 200ms

delay subroutine by 200ms

delay subroutine by 200ms

if button ‘0" pressed then complete mext command
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95
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100
101
102
103
104
105
106
107

109

1

BEEEEERAEEBESREERER

5

141

FOUR:

FIve:

s1x:

GoTO

BTFSS.
Goto

BTFSC
BTFSC
Goto

movw

call
call
call

BTFSS.
Goto

BTFSS.
Goto

BTFSC
BTFSC
Goto

movw
call

call
call

BTFSS.

Goto

BTFSS.
Goto

BTFSC
BTFSC
Goto

movw

call
call

FOUR

porta,1

porta,0
porta,1
THREE

b'10011
ports
pause
pause
pause

porta,e
FIve

porta,1
THREE

porta,0
porta,1
FOUR

b'1001
ports
pause
pause
pause

porta,e
s1x

porta,1
FOUR

porta,0
porta,1
FIve

b'100
ports
pause
pause

10

10

continue in Loop 'FOUR"

if button '1' pressed then complete next command
continue in Loop 'THO"

if button ‘0" is not pressed then complete next command
if button '1' is not pressed then complete next command
continue in Loop 'THREE'

move the following binary data to the W register
move W to port B to update the display

delay subroutine by 200ms

delay subroutine by 200ms

delay subroutine by 200ms

if button ‘0" pressed then complete next command
continue in Loop 'FIVE"

if button '1' pressed then complete next command
continue in Loop 'THREE'

if button ‘0" is not pressed then complete next command
if button '1' is not pressed then complete next command
continue in Loop "FOUR"

move the following binary data to the W register
move W to port B to update the display

delay subroutine by 200ms

delay subroutine by 200ms

delay subroutine by 200ms

if button ‘0" pressed then complete next command
continue in Loop 'SIX'

if button '1' pressed then complete next command
continue in Loop "FOUR"

if button ‘0" is not pressed then complete next command
if button '1' is not pressed then complete next command
continue in Loop FIVE"

move the following binary data to the W register
move W to port B to update the display

delay subroutine by 200ms

delay subroutine by 206ms
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173
17
175

ETGHT

NINE:

call

BTFSS.
Goto

BTFSS.
Goto

BTFSC
BTFSC
Goto

movw

call
call
call

BTFSS.
Goto

BTFSS.
Goto

BTFSC
BTFSC
Goto

movw

call
call
call

BTFSS.
Goto

BTFSS.
Goto

BTFSC
BTFSC
Goto

pause

porta,0
SEvEN

porta,1
FIve

porta,0
porta,1
s1x

b'11111000"

ports
pause
pause
pause

porta,e
ETGHT

porta,1
s1x

porta,0
porta,1
SEvEN

b' 1000000

ports
pause
pause
pause

porta,e
nIne

porta,1
SEvEN

porta,0
porta,1
ETGHT

delay subroutine by 206ms

if button ‘0" pressed then complete next command
continue in Loop 'SEVEN'

if button '1' pressed then complete next command
continue in Loop 'FIVE"

if button ‘0" is not pressed then complete next command
if button '1' is not pressed then complete next command
continue in Loop 'SIX"

move the following binary data to the W register
move W to port B to update the display

delay subroutine by 200ms

delay subroutine by 200ms

delay subroutine by 200ms

if button ‘0" pressed then complete next command
continue in Loop 'EIGHT"

if button '1' pressed then complete next command
continue in Loop 'SIX'

if button ‘0" is not pressed then complete next command
if button '1' is not pressed then complete next command
continue in Loop 'SEVEN'

move the following binary data to the W register
move W to port B to update the display

delay subroutine by 200ms

delay subroutine by 200ms

delay subroutine by 200ms

if button ‘0" pressed then complete next command
continue in Loop 'NINE'

if button '1' pressed then complete next command
continue in Loop 'SEVEN'

if button ‘0" is not pressed then complete next command
if button '1' is not pressed then complete next command
continue in Loop "EIGHT'
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pause

Loadn

dectt

end

movlw
call

call
call

BTFSS.
Goto

BTFSS.
Goto

BTFSC

BTFSC
Goto

movw

movw

decfsz
goto

decfsz
goto

return

b'10011¢
ports
pause
pause
pause

porta,e
nIne

porta,1
ETGHT

porta,0
porta,1
nIne

oxtff
nCount.

oxtf
nCount.

nCount,
dectt

nCount, ©
loadn

move the following binary data to the W register
move W to port B to update the display

delay subroutine by 200ms

delay subroutine by 200ms

delay subroutine by 200ms

if button ‘0" pressed then complete next command
continue in Loop 'NINE'

if button '1' pressed then complete next command
continue in Loop EIGHT'

if button ‘0" is not pressed then complete next command
if button '1' is not pressed then complete next command
continue in Loop 'NINE'

set w = 255 decimal
nCount = w outer Loop counter

set w = 255 decimal
nCount = w: inner Loop counter

nCount -~
if nCount = @ then repeat nCount--

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

else exit subroutine
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“main.asm £3

1 #include pl6fada.inc ; Include register definition file
2

3 porta  equ oxes ; port A address

4 trisa  equ oxes } trisA address in register bank 1

5

6 ports  equ oxe6 ; port B address

7 trisb  equ oxes } triss address in register bank 1

5

9 status  equ oxe3 ; status register

0 Ree equ s 3 bit 5 of status register

u o ReL equ s 3 bit 6 of status register

2

13 count equ exec 3 counter 0 to 255

14 nCount equ oxed } pause routine inner Loop counter

15 mCount equ oxee } pause routine outer Loop counter

15

7

18 RST code 0x0 ; Reset Vector

18 goto Start

2

2

2 p@  code

2 start

2 bef  status,RPe 3 clear bank selection bits in the status reg
2 bef  status,RPL

%

2 bsf  status,RPe 3 select bank 1

= movlw  exo0 3 Load w with ox00

2 mowwf  trish 3 load it into trish to make porth all outputs
EY bef  status,RPe 3 reselect bank 0

31

2 clrf  ports 3 clear all Lines Low

E clrf  count } initialize counter to 0

34

35 Loop:

S

37

E)

S movlw b’ s move the following binary data to the W register
o mowwf  ports } move W to port B to update the display

a1

2

s BTFSS  ports,o ; if button 0" pressed complete next command
- GOTO  SPEAKER  continue to 'SPEAKER' Loop

45

% BTFSC  porta,o  if button "0" is ot pressed complete next command

BTFSC  porta.1 % if button ‘1" is not pressed complete next command
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GOTO  LOOP ; continue to 'LOOP' Loop (start again)

SPEAKER:
movlw  b'01111111°  ; move the following binary data to the W register
mowwf  ports  complete at ‘ports’

pause
movlw  exfff 3 set w = 255 decimal
movwf  mCount  mCount = w: outer Loop counter

Loadn
movlw  exff 5 set w = 255 decimal
movwf  nCount  nCount = w: inner Loop counter

dectt
decfsz nCount,  nCount—-
goto  dech 3 if nCount I= 0 then repeat nCount--
decfsz mCount, 3 else decrement Count
goto  loadn  if mCount I= 0 then reload nCount to 255 and decrement
return 3 else exit subroutine

end
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#include p16fada.inc

portB  equ exes
trish  equ ex06

status  equ exe3
RPe. equ s
RPL equ s

; Include register definition file

sport B address
triss address in register bank 1

;status register
ibit 5 of status register
ibit 6 of status register

count equ @xdc  jcounter @ to 255

nCount equ @xed  :pause
mCount equ @xde  pause

; Reset Vector
RST  code 0x@

goto Start

PG code

Start
bef  status,RPe
bef  status,RPL
bsf  status,RPe

movlw  exo0
mowwf  trish
bef  status,RPe

clrf  ports
clrf  count

get_count.
movf  count, w
mowwf  ports
addlw 1
movwf  count

call  pause
call  pause
call  pause
call  pause
call  pause

goto  get_count

pause
movlw  exfff

movwf  mCount

routine inner Loop counter
routine outer Loop counter

; clear bank selection bits in the status reg

select bank 1
Load w with 6x00
Load it into trisb to make portb all outputs
reselect bank 0

3 clear all Lines Low
} initialize counter to 0

; move count to W

} move W to port B to update the display
 add +1 to W

3 save W in count

; delay subroutine by 200ms

; five pause executions equals ~ 1 second

3 repeat forever

 set w = 255 decimal
. mCount = we outer Loop counter




