ACDA4004 Student ID2204725

by Gabriel Pan

Submission date: 08-Jan-2025 11:02AM (UTC+0000)

Submission ID: 247607565

File name: 52080 _Gabriel_Pan_ACDA4004 Student_ID2204725 621295 661476613.docx (2.04M)
Word count: 4510

Character count: 23139



Using and Programming the 7 Segment Display
Prototype Circuit

ACDA4004: Micros, Peripherals and Interfaces

Student ID: 2204725 Word count: 4510

1|Page




Contents:

LI LRSS 1
CONEENTS. ...ttt ettt e e e e et e s s eenn e e sressneesen s 2
INEFOAUCTION ...ttt e et e e eae s 3-4
SECLION Lt e et e e e e 5-13
Y=ot u Lo o OSSR 14-17
SECLION 3 e e e e 18-29
REFEIENCES. .. oo e e e s e e s 30

2|Page




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.
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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
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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.

*main.asm [£J
1  #include pl6f84a.inc ; Include register definition file
2
3 portB equ @xes ;port B address
4 trisb equ @exes ;trisB address in register bank 1
5
6 status equ @xa@3 jstatus register
7 RPO equ 5 ;bit 5 of status register
8 RP1 equ 6 ;bit 6 of status register
9
10 count equ @xéc jcounter @ to 255
11 nCount equ @xéd ;pause routine inner leop counter
12 mCount equ @xee ;pause routine outer loop counter
13
14 5 Reset Vector
15 RST code @x@
16 goto Start
17
18 PGM code
19 Start
20 bef status,RP@ ; clear bank selection bits in the status reg
21 bef status,RP1
22
3 bsf status,RP@ ; select bank 1
29 movlw  @x8a ; Load w with 8x@a
25 mowwf  trisb ; load it inte trisb to make portb all outputs
2% becf status,RP@ ; reselect bank @
27
238 clrf portB ; clear all lines low
29 clrf count ; initialize counter to @
30
31 get_count
32 movT count, w ; move count to W
33 movwf  portB ; move W to port B to update the display
34 addlw 1 ; add +1 to W
35 movwf  count ; save W in count
36
37 call pause ; delay subroutine by 200ms
38 call pause
39 call pause
40 call pause
41 call pause ; five pause executions equals ~ 1 second
42
43 goto get_count ; repeat forever
49
45 pause
4% movlw  @xfff ; set w = 255 decimal
7 movwf  mCount ; mCount = w: outer loop counter
48 loadN
45 movlw  @xff ; set w = 255 decimal
50 movwf nCount ; nCount = w: inner loop counter
51 decN
52 decfsz nCount, ¥ ; nCount--
53 goto decN ; if nCount != @ then repeat nCount--
54
55 decfsz mCount, ¥ ; else decrement Count
56 goto loadN ; if mCount != @ then
57 ; reload nCount to 255 and decrement
58 return ; else exit subroutine
59 end

Fig. 2

Fig. 3
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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:

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 PICI6F84A; 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).

[1] Fig. 4
U1

In this circuit, however, the PIC16F84A is acting as the 10 =
brain of the circuit and has complete control of all 12 oscarcLkouT RA1 :
operations and outputs occurring in the circuit =3 b yroy) ﬁ _§
simulation. As you may notice in the fig. 5 all of the 1 [
pins have identifiers next to them, this is to help show RBG;';: ?
their possible functions and designate them in later RE2 g
programming. Not all pins have to be used in any :ﬁ 10
given circuit, for example pins RA2, RA3 and RA4, this gx :12
is simply because there is no need in this circuit for RB7 =13
any additional inputs or outputs for the eventual FIC1BFE4A ‘I
outputs required.

Fig.5
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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 RBO, 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 PICis 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:

[3] Fig.6

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:

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.

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 8t pin powers the component with the
necessary amount to light up any combination of
segments to achieve the desired display.

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
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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 ‘0SC2/CLKOUT’ ensuring that the code is followed to any required timings demanded

by the code in the PIC controller. In the

Tl

CRYSTAL

Fig. 9

Sounder/Speaker:

1 Edit Component ? x
example of the . “ tadders O | (oK
simulation, the Part Value: CRYSTAL Hodor: O |
crystal is set to et Hew
oscillate at the Frequency Ttz Hde A

PCB Package XTAL18 - |[38] tige
frequency of

Otther Properties

1MHz, as seen in
fig. on the right.

Fig. 10

[ Exclude from Simuation
[C] Exclude from PCB Layout

Exclude from Curent Variant

| Attach hisrarchy module

de comman pins
) Edit all properties as text

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

Cs
Eow,

function.

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.

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

[7] Fig. 11

The simulated component is shown as the symbol in fig.

on the right.

LS1
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SOUNDER

Fig. 12
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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.

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 seenin fig. 14 on the left.

(8] Fig. 13

Voltage Regulator:

Q1

BC107

Fig. 14

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.

[9] Fig. 15
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8-Resistor Chip:

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.

RN1
1 [ s
2 15
3 14
4 13
5 12
[-] 11
i s 7 10
' Y =] [
| i ! Z20R
[10] Fig. 17 Fig. 18

Resistor:

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.

R1

10k

[11) Fig. 19 Fig. 20
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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.

[12] Fig. 21 Fig. 22
Button:

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. é

[13] Fig. 23 Fig. 24
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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

__~00

Fig. 26

[14] Fig. 25

Power Input:

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.

Er—

a1wing

[15) Fig. 27 Fig. 28
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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.

2 1an

[16) Fig. 29 Fig. 30
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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 | 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, | 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.

15 portB equ @x@6 ;port B address Fig.31
16 trisb ;trisB address in register bank 1

17

To explain:

e 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 6
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.
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The next modification | 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.

54 movf count, w ; move count to W
55
56 movlw b ; move the following binary data to the W register
57 movwf  portB ; move W to port B to update the display
58 call pause ; delay subroutine by 200ms
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
‘moviw’. 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’.
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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
‘lgfedcba’; 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, RB(’, see fig. below for clarification.

e TAINT

REOINT 8 1 18
7 2 15

RB1
RE2 2 3 14
o L 13

RB3
10 5 12

RB4
RES 11 [« 11
RES 12 7 10
RET 13 8 ]

| 220R
[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.
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54 mov T count, w ; move count to W

55

56 mov 1w ; move the following binary data to the W register
57 movwT ; move W to port B to update the display

call ; delay subroutine by 200ms

59

&0 movlw b'11881111 ; move the following binary data to the W register
61 movwf  portB ; move W to port B to update the display

62 call pause ; delay 286ms by subroutine

63

64 moviw b'l 3 ; move the following binary data to the W register
65 movwf ; move W to port B to update the display

66 call ; delay 286ms by subroutine

67

mov 1w ; move the following binary data to the W register
69 movwT ; move W te port B to update the display

70 call ; delay 208@ms by subroutine

71

72 movlw b'leelleal ; move the following binary data to the W register
73 movwf  portB ; move W to port B to update the display

7 call pause ; delay 28éms by subroutine

75

76 movlw b'leeleel ; move the following binary data to the W register
77 movwf  portB 3 move W to port B to update the display

g call pause ; delay 28@ms by subroutine

79

80 movlw b'lee ; move the following binary data to the W register
81 movwf  portB ; move W to port B to update the display

82 call pause ; delay 286ms by subroutine

a3

84 movilw b'1111108 ; move the following binary data to the W register
85 movwf  portB ; move W to port B to update the display

86 call pause i delay 2806ms by subroutine

87

88 mov 1w ; move the following binary data to the W register
89 movwf ; move W to port B to update the display

90 call ; delay 28@ms by subroutine

91

92 mov 1w ; move the following binary data to the W register
93 movwT ; move W to port B to update the display

94 call ; delay 28@ms by subroutine

95

96 movlw b'leeelee ; move the following binary data to the W register
97 movwf ; move W to port B to update the display

98 call ; delay 2@8ems by subroutine

99

100 mov 1w 1 ; move the following binary data to the W register
101 movwf  portB ; move W to port B to update the display
102 call pause ; delay 28eéms by subroutine
103
104 movlw ; move the following binary data to the W register
105 movwf ; move W to port B to update the display
106 call ; delay 200ms by subroutine
107
108 movlw ; move the following binary data to the W register
109 movwf ; move W to port B to update the display
110 call ; delay 286ms by subroutine

111

112 movlw b'leeeelle ; move the following binary data to the W register
113 movwf  portB ; move W to port B to update the display

114 call pause ; delay 2e8éms by subroutine

115

116 movlw b'leeal ; move the following binary data to the W register
117 movwf  portB ; move W to port B to update the display

118 call pause ; delay 28@8ms by subroutine

Fig. 35 and 36
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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
(0to 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.

main.asm [
1 #include pl16f84a.inc ; Include register defimition file
equ @x8s ;i poriB oddress
equ @x8s ; trisB address in register bank 1
equ 8xe3 tatus register
equ 5 i 5 of status regi
equ 6 ; bit 6 of status register
11 count equ @xac ; counter @ to 255
12 nCount equ @x@d 3 outine inner loop counter
13 mCount equ Bxde : routine outer lLoop counter
14
15
16 RST code @x@ ; Reset Vector
17 goto Start
18
19
20 PGM code
21
22 Start
23 bef ; clear bank selectio status reg
24 bef ; clear bank selectior in the status reg
25
26 bsf status,RP@ ; select bank 1
27 movlw  @xee ; Load w with exee
iz} movwf is ; load it into trisb to make portb all outputs
29 bef ; reselect bank @
30
31 clrf portE ; clear all Lines Low
32 clrf count ; initialize counter to @
33
34 pget count
35 movT count, w ; move count to W
k]
37 movlw b ; move the following b to the W register
38 movwf portE ; move W to port B to e the display
39 call pause ; delay subroutine by 2@ems
40
41 moviw b ; move t to the W register
42 movwf  portB ; move W to port B to y display
= call pause ; delay subroutine by 288ms
44
45 movlw b ; move the following binary data to the W register
46 movwf  portE ; move W to port B to u e the display
47 call pause ; delay subroutine by 2eems
Fig. 37
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45
49 movlw b'l@lleees’ ; move the following binary data to the W register
50 movwf  portB ; move W to port B to update the display
51 call pause ; delay subroutine by 208ms
52
53 movlw b'leelieel ; move the following binary data to the W register
54 movwf  portB ; move W to port B to update the display
55 call pause ; delay subroutine by 206ms
56
57 movlw b'le018018" ; move the following binary data to the W register
58 movwf  portB ; move W to port B to update the display
59 call pause ; delay subroutine by 288ms
&0
61 movlw b'leeeeele ; move the following binary data to the W register
62 movwf  portB ; move W to port B to update the display
63 call pause ; delay subroutine by 266ms
64
65 movlw b'll 808’ ; move the following binary data to the W register
66 movwf  portB i move W to port B to update the display
67 call pause ; delay subroutine by 208ms
&8
69 movlw b'lescosee ; move the following binary data to the W register
70 movwf  portB ; move W to port B to update the display
71 call pause ; delay subroutine by 200ms
72
73 movlw b'l@ellees ; move the following binary data to the W register
74 movwf  portB ; move W to port B to update the display
75 call pause ; delay subroutine by 286ms
7%
77 movlw b'leeelees ; move the following binary data to the W register
78 movwf  portB ; move W to port B to update the display
7 call pause ; delay subroutine by 200ms
81 movlw b'leeeeell’ ; move the following binary data to the W register
82 movwf  portB i move W to port B to update the display
83 call pause ; delay subroutine by 208ms
84
85 mov 1w b'118608118 ; move the following binary data to the W register
86 movwf  portB ; move W to port B to update the display
87 call pause ; delay subroutine by 208ms
89 movlw b'l@1006 ; move the following binary data to the W register
90 movwf  portB ; move W to port B to update the display
91 call pause ; delay subroutine by 206ms
92
93 movlw b'leeeslle ; move the following binary data to the W register
94 movwf  portB ; move W to port B to update the display
Fig. 38 and Fig. 39
a5 call pause ; delay subroutine by 286éms
96
97 mevlw b'leeeille’ ; move the following binary data to the W register
98 movwf  portB ; move W to port B to update the display
99 call pause ; delay subroutine by 286ms
100
101
102 goto get_count ; repeat forever
103
104 pause
105 movlw  @xfff ; set w = 255 decimal
106 movwf  mCount ; mCount = w: outer lLoop counter
107 1loadn
108 moviw  @xff ; set w = 255 decimal
109 movwf  nCount ; nCount = w: inner Loop counter
110  decN
111 decfsz nCount, f ; nCount--
112 goto decN ; if nCount != @ then repeat nCount--
113
114 decfsz mCount, ¥ ; else decrement Count
115 goto loadN ; if mCount != @ then reload nCount to 255 and decrement
116
117 return ; else exit subroutine
118 end
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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 ocutputs. 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.
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#include pléefs4a.inc ; Include register definition file

.

portA equ 8x@s5
trisa equ @xa85

; port A address
; trisA address in register bank 1

-

portB equ @xe6
trisb equ @x86

; port B address
; trisB address in register bank 1

[

status equ @xe3
RP@ equ 5
RP1 equ 6

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

[

NEBwownwmbswme

; counter @ to 255
; pause routine inner Loop counter
; pause routine outer Loop counter

count equ 8xec
nCount equ @xed
mCount equ @x@e

.

RST code @x@ ; Reset Vector

.

BUBLRERNRNEGBYGLED

goto Start
PGM  code
Start
bef status,RP@ ; clear bank selection bits in the status reg
bef status,RPL ; clear bank selection bits in the status reg
bst status,RP@ ; select bank 1
2 movlw  Bx88 ; load w with 8x08
30 movwf  trisb ; load it into trish to make portb all outputs
31 bef status,RP8 ; reselect bank @
32
33 clrf portB ; clear all Llines Low
34 clrf count ; imitialize counter to @
35
36 LOOP:
37
38 BTFSS portA,® ; if button '8' pressed then complete next command
39 GOTO L ; continue in loop ‘L'
40
41 BTFSS portA,l ; if button '1' pressed then complete next command
42 GOTO r ; continue in loop 'r'
43
44 movlw b ; move the following binary data to the W register
45 movwf portB ; move W to port B to update the display
46 call pause ; delay subroutine by 288ms
47
Fig. 40
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48 GOTO LOOP ; continue in loop 'LOOP'
49
5 L:
51 moviw b ; move the following binary data to the W register
52 movwf portB ; move W to port B to update the display
53 call pause ; delay subroutine by 286ms
54 GOTO LOOP ; continue in Loop 'LOOP®
55
56 r:
57 movlw b ; move the following binary data to the W register
58 movwf portB ; move W to port B to update the display
59 call pause ; delay broutine by 200ms
60 GOTO LOOP ; continue in loop 'LOOP'
61
62
63 pause
64 movlw  @xfff ; set w = 255 decimal
65 movwf  mCount ; mCount = w: outer loop counter
66 loadN
67 movliw  @xff ; set w = 255 mal
68 movwf  nCount ; nCount = w: inner loop counter
69 decN
70 decfsz nCount, f ; nCount--
71 goto decN ; if nCount != @ then repeat nCount--
72
73 decfsz mCount, f ; else decre t Count
™ goto loadN ; if mCount @ then
75 ; reload nCount to 255 and decrement
76 return ; else exit subroutine
77 end
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.
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main.asm [£J

Bwomuoubwiem

-
=y

LEEEYR YUY REURN BN REER

#include pl6f84a.inc

portA equ @xas

trisa equ @xas

portB equ @xes

trisb equ 8x06

status equ @x@3

RP@ equ 5

RP1 equ 6

count equ @x@c

nCount equ @xed

mCount equ @x@e

RST code @x@

goto Start

PGM  code

Start
bef status,RP@
bef status,RP1
bsf status,RP@
movlw  ©x0e
movwf  trisb
bef status,RP@
clrf portB
clrf count

LOOP:

BTFSS portA,@
GOTO ON

BTFSS portA,l

N

port A address

.

port B address

[

[

status register

[

[

counter 8 to 255

LT

[

Reset Vector

'R

[

select bank 1

load w with @xeé

load it into trisb to
reselect bank @

(S

[

clear all Lines Low
initialize counter to @

'

.

if button '8' pressed
; continue in Loop "ON'

'R

pressed

[

if button "1°

Include register definition file

trisA address in register bank 1

trisB address in register bank 1

bit 5 of status register
bit 6 of status register

pause routine inner loop counter
pause routine outer lLoop counter

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

make portb all outputs

complete next command

complete next command

GOTO OFF ; continue in loop "OFF'
42
43
4“4 GOTO LOOP ; continue in loop 'LOOP’'
47 ON:
48 movlw b'12000008 ; move the following binary data to the W register
49 movwf portB ; move W to port B to update the display
50 GOTO LOOP ; continue in Loop "LOOP"
51
52 OFF:
53 movlw b ; move the following binary data to the W register
54 movwf portB ; move W te port B to update the display
55 GOTO LOOP ; continue in loop "LOOP'
56
7
58 pause
59 movlw  @exfff ; set w = 255 decimal
60 movwf  mCount ; mCount = w: outer loop counter
61 loadN
62 movlw  @xff ; set w = 255 decimal
63 movwf  nCount ; nCount = w: inner loop counter
64 decN
65 decfsz nCount, f ; nCount--
66 goto dech ; 1if nCount != @ then repeat nCount--
&7
68 decfsz mCount, T ; else decrement Count
69 goto loadn ; if mCount != @ then reload nCount to 255 and decrement
70
71 return ; else exit subroutine
72 end

Fig. 42

Fig. 43
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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.

86 THREE:
87 movlw b egister
88 movwf  portB update the display
89 call pause 268ms
S0 call pause 268ms
91 call pause 280ms
a2
93
94 BTFSS  portA,@ ; if button '@’ pressed then complete next command
a5 GOTO FOUR ; continue in loop ‘FOUR®
S8
97 BTFSS pertA,l complete next command
a8 GOTO TWO
95
100 BTFSC  portA,@
101 BTFSC portA,l
102 GOTO THREE
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’.
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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.

main,asm [£J

1 #include p16fB4a.inc
2

equ 8x05

equ @xa@s

equ 8x86

equ 8x06

equ 8x93

equ 5

equ &

equ 8xBc

equ @xdd

equ Bxde

code  @x@
18 goto Start
19
20
21 PGM  code
22 Start
3 bef status,RPe
24 bef 15 ,RPL
25
2% bsf status,RPE
27 moviw  @xed
2 movwf  &risb
29 bef status,RP@
30
3L clrf portB
32 clrf count
33
34
35 ZERO:
36 movle b
ET movuf portd
38 call pause
39 call pause
a0 call pause
41
12
43 BTFSS portA,@
a4 GOTO ONE
4
4% BTF55 portA,l
AT GOTO ZERO

; clear bit
; clear bank selection bits in the

i if butt

; Include register definition file

register bank 1

register bank 1

register
& of stotus register

8 to 255
stine inner Loop counter
use routine outer Loop counter

: Reset Vector

ank selection n the s

; select bank 1

ith éxee
t into trisb to moke porth all outputs
bank @

e W register

‘@' pressed then complete mext command

; continue in Loop "ONE'

pressed then complete next command
in Loop 'ZERO'

Fig. 45
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e
- BIFSC  porta,® s if button '@" is not pressed then complete next command
50 BTFSC  portd,l ; if button '1' is not pressed then complete next command
51 GOTO ZERD ; continue in loop 'ZERO®
52 OME:
53 movlw  b'1ice: ; move the following binary data to the W register
54 mowvwf  portB 3 move W to port B to update the display
55 call  pause ; delay subroutine by 206ms
56 call pause ; delay subroutine by 286ms
57 call  pause ; delay subroutine by 280ms
58
£l
] BTFSS  portd,@ i if button '8 pressed then complete next command
61 GOTO THO ; continue in Loop 'TWO'
82
&3 BTFSS  porta,l ; if button '1" pressed then complete next command
&4 GOTO ZERO ; continue in loop 'ZERD"
65
66 BTFSC  portd,@ i if button '8" is not pressed then complete next command
&7 BTIFSC  portd, ; if button '1' is not pressed then complete next command
68 GOTO ONE ; continue in Loop "ONE®
58 TwWo:
m movlw  b'i@le6188 ; move the following binary data te the W register
71 mowvwf  portE ; move W to port B to update the display
n call  pause ; delay subroutine by 206ms
3 call pause i delay subroutine by 2ééms
74 call  pause ; delay subroutine by 286ms
75
%
77 BTFSS  porth,® ;i if button '8' pressed then complete next command
» G0TO THREE ; continue in Loop ‘THREE®
=
80 BTFSS  porta,l ; if button '1' pressed then complete next command
B1 GOTO ONE ; continue in Loop "ONE'
82
83 BTFSC i if button '@ is not pressed then complete next command
84 BTFSC ; if button '1" ic not pressed then complete mext command
85 G0TO ; continue in Loop "TWO'
B6 THREE:
87 movlw  b'i@lleecs i move the following binory date to the W register
88 movuf portB ; move W to port B to update the display
8 call  pause ; delay subroutine by 26Gms
%0 call pause ; delay subroutine by 2eems
91 call pause ; delay subroutine by 268ms
32
93
94 BTFSS  porti,® ; if button '8' pressed then complete next command
Fig. 46 and 47.
95 GOTO FOUR j continue in loop "FOUR®
9%
97 BTFSS  porta,l ; if button '1' pressed then complete next command
98 G0To THO ; continue in Loop "TWO'
9
100 BTFSC  porth,@ ; if button '8' is not pressed then complete next command
101 BTFSC  porta,l 3 if butten '1' is not pressed then complete next command
102 GOTG  THREE ; continue in Loop 'THREE®
03 FOUR:
104 wovlw  b"18011881 ; move the following binory dato to the W register
105 movwf  porth ; move W to port B to update the display
106 call pause ; delay subroutine by 206ms
107 call  pause ; delay subroutine by 206ms
108 call pause i delay swbroutine by 208ms
109
110
11 BTFSS  portA,8 ; if button '8' pressed then complete next command
12 GOTO FIVE ;i continue in loop "FIVE®
13
14 BTFSS  porta,l ; if button '1' pressed then complete next command
115 GOTO THREE ; continue in Loop "THREE"
116
17 BTFSC  porth,@ ; if button '8' is not pressed then complete next command
118 BTFSC  porta,l 3 if butten '1' is not pressed then complete next command
19 GOTO  FOUR ; continue in Loop "FOUR'
120 FIVE:
121 movlw  b"18018018 ; move the following binory dato to the W register
122 movwf  porth ; move W to port B to update the display
123 call pause ; delay subroutine by 206ms
124 call  pause ; delay subroutine by 206ms
125 call pause i delay swbroutine by 208ms
16
7
128 BTFSS  portA,8 ; if button '8' pressed then complete next command
129 GOTO SIX ; continue in loop "5IX*
130
131 BTFSS  porta,l ; if button '1' pressed then complete next command
132 GOTO  FOUR ; continue in Loop "FOUR"
133
134 BTFSC  porth,@ ; if button '8' is not pressed then complete next command
135 BTFSC  porta,l 3 if butten '1' is not pressed then complete next command
136 GOTO  FIVE ; continue in Loop "FIVE'
137 SIN:
138 movlw ; move the following binory dato to the W register
139 movwf ; move W to port B to update the display
140 call ; delay subroutine by 206ms
141 call ; delay subroutine by 208ms
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142 call pause ; delay subroutine by 200ms
143
144
145 BTFSS  porth,8 ; if button '@" pressed then complete next command
196 GoTO SEVEN ; continue in Loop '"SEVEN®
147
148 BTFSS  portA,l s if button "1° pressed then complete next command
198 GOTO FIVE ; continue in loop 'FIVE'
150
151 BTFSC portA,8® i if button '@' is not pressed then complete next command
152 BTFSC  porth,l ; if button '1' is not pressed then complete next command
153 GOTO SIX ; continue in Loop 'SIX’
154 SEVEN:
155 movlw b'l s move the following binary data to the W register
156 movwf porth ; move W to port B to update the display
157 call pause ; delay subroutine by 208ms
158 call pause ; deloy subroutine by 26éms
159 call pause ; delay subroutine by 208ms
160
151
182 BTFSS  portA,@ ; if button '@" pressed then complete next command
163 GOTO EIGHT ; continue in Loop 'EIGHT'
164
165 BTFSS portA, 1 ; if button '1" pressed then complete next command
166 GOTO SIX ; continue in loop 'SIX’
167
168 BTFSC porth, 8 ; if button '@' is not pressed then complete next command
169 BTFSC portA,l s if button ‘1" is not pressed then complete next command
17 GOTO SEVEN ; continue in Loop 'SEVEN'
171 EIGHT:
i movlw b'L ; move the following binary datao to the W register
173 movwf poertd ; move W to port B to update the display
174 call pause ; delay subroutine by 206ms
175 call pause ; delay subroutine by 208ms
176 call pause ; delay subroutine by 206ms
177
17
i BTFSS  porta,@ ; if button '@’ pressed then complete next command
180 GOTO NINE ; continue in Loop 'NINE'
181
182 BTFSS portA,1 i if button '1' pressed then complete next command
183 GOTO SEVEN ; continue in loop 'SEVEN'
184
185 BTFSC porth,® ; if button '@° is not pressed then complete next command
186 BTFSC  portA,l ; if button ‘1" is not pressed then complete next command
187 GOTO EIGHT ; continue in loop 'EIGHT'
188 NINE:
Fig. 48 and 49.
189 movlw  b'le@l ; move the following binary data to the W register
130 movwf  portB ; move W to port B to update the display
191 call pause : delay subroutine by 208ms
192 call pause i delay subroutine by 200ms
193 call pause ; delay subroutine by 208ms
194
195
136 BTFSS  portd,@ ; if button '@' pressed then complete next command
197 GOTO NIME ; continue in Loop 'NINE'
198
199 BTFSS  portad,l i if button '1' pressed then complete next command
200 GOTO EIGHT ; continue in Loop 'EIGHT"
201
202 BTFSC  porta,@ ; if button “@° 1is not pressed then complete next command
203 BTFSC  portA,l i if butten "1' is not pressed then complete next command
204 GOTO NINE ; continue in Loop 'NINE'
205
206
207 pause
208 movlw  @wfff ; set w = 255 decimal
209 movwf  mCount ; miount = w: outer Loop counter
210  loadN
211 movlw  @xff ; set w = 255 decimal
212 movwf  nCount ; nCount = w: inner loop counter
213 decN
214 decfsz nCount, f i nCoumt--
215 goto decl ; if nCount != @ then repeat nCount--
218
27 decfsz mCount, i else decrement Count
218 goto loadn i if mCount != @ then reload nCount to 255 and decrement
215
220 return ; else exit subroutine
221 end
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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.

*main.asm E:
1 #include pl6fsda.inc
2
3 equ @x85
4 equ @xas
5
6 equ @x86
i equ @xe6
8
9 status equ 9x@3
0 RPo equ 5
11 RP1 equ 6
12
13 count equ @xac
14 nCount equ @xad
15 mCount equ @xBe
16
17
18 RST code @x@
19 goto Start
20
21
22 P@GM code
23 Start
24 becf
25 bef
26
27 bsf status ,RP@
28 moviw
-] movwt
30 bef
31
32 clrf portB
33 clrf count
3
35 LOOP:
36
37
38
39 movlw b
490 movwf
4
2
43 BTFSS portA,8
44 GOTO SPEAKER
45
46 BTFSC
47 BTFSC

; Include register definition file

; port A address

; trisA address in register bank 1

; port B address

; trisB address in register bank 1

; clear bank selection bits in the status reg

; select bank 1

; Load w
; Load it into trisb to make portb all outputs

; initial

; if button '@’

with 8x08

reselect bank @

L lines Low
counter to @

clear

to port B to update the display

pressed complete next command

; continue to 'SPEAKER' Loop

following binary data to the W register

Fig. 50
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AREUNNEES

SPEAKER:

pause

loadN

decN

GOTO LOOP
mov 1w b
movw

movlw  @xfff
movwf  mCount

movlw  @xff
movwf  nCount

decfsz nCount, f

goto decN

decfsz mCount,

goto loadN

return

; continue to 'LOOP" loop (start again)

move the following binary data to the W register
complete at 'portB’

set w = 255 decimal

mCount = 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

Fig. 51
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