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INTRODUCTION

This report will cover the PIC16 circuit, each component’s purpose within the circuit

and how the PIC controller communicates with its inputs and outputs. It also covers
how to work out Hexadecimal values from binary codes, along with how to get the

binary codes for each pattern. Finally, it will show the code for different tasks that the

PIC16F84A must complete and their matching flowcharts describing the logic.

CIRCUIT FUNCTION

The overall circuit that is used in this report is shown below in figure 1. It can be split
into six different sections: the Linear Voltage regulator input, the PIC16X84, A timing
circuit, the button inputs and the outputs
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Linear Regulator input

The first section of the circuit shown in figure 2 below is the Linear voltage regulator.
The original circuit uses the 7805 Linear voltage regulator.

Linear Power Suﬁl’y
+5V
VCC U2 zs
SW1 e
1 i VO 3
SW-SPDT

C3 j_ ——C4
Izznn 2200

Figure 2 - Linear voltage regulator input

The original circuit from figure 1, [1]uses a single pole change over switch, like SPDT
switch however with a stable off. [n the figure above, an SPDT (single pole double
throw) switch was used in its place. The switch is there to turn the circuit on and off.

[2]The switch then goes to the 7805 linear regulator, with an input and output
capacitor. [3]The input capacitor is needed if the regulator is an appreciable distance
away from a power supply filter. It acts as a filter to help reduce noise and ripple from
the input power source. This capacitor’s value depends on the regulator’s input
impedance and maximum input ripple voltage. [2]The output capacitor isn't needed
but can help stability as well as improving the regulators transient response - [4]which
is how fast it returns to steady-state conditions after a load change.

The 7805 Linear regulator provides a stable +5V supply to the rest of the circuit. [5]It is
a three terminal IC with a fixed 5V output. It can deliver up to 1.5A, and has protection
features such as: internal current limiting and thermal shutdown.

PIC16X84

[6]Within the PIC16X84 family, there are the PIC16F84 and PIC16C84. The original
circuit uses the 16C84 and the proteus recreation uses the 16F84. The 16F84 is an
enhanced version of the 16C84. This chip is a mid-range 8-bit microcontroller which
can be interfaced with different inputs and outputs.

The PIC16X84 family architecture can be seen in figure 3 below.
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Figure 3 - PIC16X84 Family architecture

[7]The PIC16F84 is an 8-bit microcontroller that has 1792 bytes of flash EEPROM
program memory, 68 bytes of RAM data memory and 64 bytes of non-volatile
EEPROM data memory.

[7]When the programming is compiled into the PIC, it is stored as binary code
instructions inside of the EEPROM program memory. These instructions then get
fetched from the memory and placed in the instruction register before being executed.
An instruction is executed every four clock cycles since the PIC in the circuit is
running at 4MHz.

[8]When interfacing a PIC, each I/O pin can be configured in software as an input or
an output. This is useful since it allows the user more flexibility with the chip. The [/O
pins may also be multiplexed with other functions to access further features of the PIC.

¢ [9]A multiplexer (MUX) takes 1 of multiple inputs and connects it to a single
output. The MUX can be seen in figure 3 going to the Arithmetic logic unit
(ALU), connecting to the [/O port pins.

[8]These I/O ports are combinations of TTL and CMOS devices, which have current
and voltage limitations that must be factored in when communicating the inputs and
outputs to the PIC.
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[10]TTL is a logic family made up of BJT transistors meanwhile CMOS uses
complementary and symmetrical p-type and n-type MOSFETs. [8]All [/O pins that are
configured as inputs interface through the TTL input buffer (pins RAo-3 and RBo-7) or
through the Schmitt trigger input buffer (pin RA4).

Since the input pins are TTL buffered, interfacing a TTL device or gate to the PIC can
be done directly to the pin if it has one of the transistors pulling the output high. If the
device has an open-collector/drain output - this will require an external pull-up
resistor. An example of the differences can be seen below.

l‘(inside uc +Vop l“'inside uc \I
I : | |
| | | I
I P-type | I I
| | | |
I | | |
IV, | | I Vour
| o—u-—g |

| | |

| | |

| | |

| | |

I N-type | I

] | |

\_ = _

push-pull output open-drain output
[u]Figure 4 - Open-collector/drain vs push-pull
[8]For interfacing output devices with the PIC, Pins RAo to RA3 are full CMOS output
drivers and RA4 is an open-drain output. RBo-RB7 are TTL buffered output drivers.
The outputs have a maximum current source of 20mA per pin, 50mA for the entire

PORTA and 10omA for PORTB. This is useful for powering the LEDs straight from the
pins.

The PIC from the circuit can be seen in figure 6.

Figure 6 - PIC16F84
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[7]The PIC microcontroller above shows the I/O pins mentioned previously with
inputs and output devices connected, as well as the +5V to power the microcontroller
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on MCLR, which is a master clear (reset) input/programming voltage input. This pin is
an active low, meaning that grounding this pin will restart the program stored in the
EEPROM. It needs to be held high during normal program execution.

Timing circuit

The timing circuit used for clocking the PIC can be seen below.

PIC Micro
+5V
A
—||><1I u L I
: A 12 OSCI/CLKIN
lcgslw_ 4 ] wcR
1 C2 !
22pF

PIC1GF84A
Figure 7 - timing circuit on the CLKIN/CLKOUT pins

The timing circuit is made up of a crystal oscillator and capacitors. [13]The Capacitors
determine the value of the crystals load capacitance. One side of the oscillator goes to
OSC1/CLKIN and the other side to OSC2/CLKOUT, which stands for oscillator 1/2 and
Clock In/Out. These pins can also be seen in the PIC16X84 architecture diagram from
figure 3. [14] This clock source will drive all the peripherals and instructions.

Button inputs

Next section are the button inputs on pins RAo and RA1, which can be seen below in

figure 8.
Buttons
5 5V
R8 R9
10k 10k
—le —e
% el

Figure 8 — Buttons circuit going to RAo (SWz2) and RA1 (SW2)

This is a simple circuit containing push buttons that go to ground and have pull up
resistors to ensure that when the button is released, the input pin is high. When the
button is pressed, it shorts the pin to ground, setting the pin low. Code will read it’s
been set to low and follow up with a set of instruction
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7-segment display output

This section covers the 7 segment LED display and resistor network shown below.

— 17 +5V
RAD ﬂ 5W2
RA1 1 SwW3
- ¢
RA3 [
WTOCKI [—=—
RBO/AINT ?
RB1 [—
RB2 [—
RB3 [—
RB4 [—7
RBS [F]
RE6

re7 2> Buz 220R

Figure g — 7-segement display output

PORTB of the PIC is set to outputs in this case, with RB7 as an output to the sounder.
The rest of PORTB (RBo-6) output to the 7-segment display. In this circuit, there is a
set of 22002 resistors that function as current limiting resistors for the LEDs in the

display. They drop a voltage across them and protect against voltage increases, which
can be calculated using R = —whele Vis voltage to be dropped (V145 — Vy of 1£p), L is

the current the LED needs and R is the resistor value required. In this case, V5, = 5V
and [15]the forward voltage V; of the LEDs can range but it is safe to assume it is
around 2V. The current of the LED’s are usually around 10-20mA, therefore a value
resistor between 150(2 and 30002 would work. It is important to note that the value
should ideally not be less than this to protect the LED, but great can cause the LEDs to
get dimmer since less voltage is across the LED.

The 7-segment display is an array of LEDs that have a common anode for each LED,
with the anode going to the pins. This means that to activate each segment of the LED,
the Pin corresponding to the segment must be set to low in the code and the pin must

GFComAB

38 Com 38 Com

" TR TR

7642 19105 5
- 7 6 42 1910
Common Anode Common Cathode
E D

com C DP
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nominally be logic level 1, otherwise the display will always be on. Figure 10 shows an
example of common anode vs common cathode displays

[16]Figure 10 — 7-segement display example of common anode and cathode types

Sounder output

The sounder output makes use of a low side switch, which switches a high current
device to ground using a low current - in this case the PIC controller’s pin RB7 is the
low current device switching the buzzer which requires more current than the PIC pin
can supply. The circuit for this can be seen in figure 1.

Buzzer
+5v
LS1
Ve
R11 11
1k

SOUNDER

R10 Q1
BUZ BC107

4K7

Figure 11 — sounder circuit

The B]JT NPN transistor is used for the low side switch, which switches the sounder to
low (ground). The resister Rio is a current limiting resistor, which the BJT’s base
requires. This prevents too much current causing it to overheat. The pin RB7 switches
between logic 0 and 1, with the length of the pause changing levels, changing the
sound/pitch of the sounder

The second part of this circuit is the sounder with a parallel resistor. [17]The resistor is
in place to return the sounder to an unenergized state when the BJT is switched off by
charging and discharging the sounder. The sounder is always at high, then when the
BJT switches, the lower pin is ground since the BJT allows the current to pass and the
sounder makes a sound.

HEXADECIMAL CHARACTERS

PortB and display segments correlation

The first stage of working out the Hexadecimal characters for o-F on the 7-segment
display, is to workout which PORTB pin corresponds to which LED segment of the

display. Since the display has a common anode, the pins need to be low (o) for the LED
to be on and high (1) to turn the LED off.
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Since the Binary to hex conversion is:

Binary Hex
) 0
1 1
2 2
3 3
1 1
5 5
6 6
7
8 8
9 9
10 A
1 B
12 C
13 D
14 E
15 I3

The Hex values were calculated by separating the 8-
bit binary into 2 nibbles (4-bits) and writing 8,4,2,1
above the binary. For example:

84218421
0110 0001

If the binary is o, then to calculate hex it is a o, If it
is a 1, then whatever number is above the 1is added
in the calculation. For the example above, the sum
would look like this:

(0+4+2+0) (0+0+0+1)

The first bracket represents the 37 letter in the hex
and the second bracket represents the 4" letter in
the hex. In this case the first bracket equals 6 and
the second bracket equals 1. Therefore, the hex
value for this example comes out to be:

ox61

Using the method above, I ran through the following binary numbers to get the hex

values to put into the PIC16:

Binary

Hex code

Picture of result

0000 0001

0OX01

+5v
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0000 0010

0OX02 +5V

i
0000 0100 0OX04
0000 1000 oxo8
0001 0000 0X10
0010 0000 OX20
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0100 0000

0X40

This means that the Pins can be noted on what segment they relate too:

Hexadecimal codes o-F

Figure 12 - Display pinout

Now it is known what PORTB pins go to what LED in the display, it is possible to
figure out what LEDs need to be on, or off, to create the patterns for o-F. The Binary
and hex codes can be seen below.

Number/letter displayed Binary Hex Picture of result
0100 0000 0X40 i
n
0111 1001 0X79

PAGE n




0010 0100 0OX24
0011 0000 0X30
0001 1001 ox19
i
0001 0010 OxX12 M
i
5V
0000 0010 0oxoz2
i

PAGE 12




0111 1000 ox78 Y
i
v
0000 0000 0X00
i
0001 1000 ox18
0000 1000 oxo8
0000 0011 0X03
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0100 0110

ox46

sslilesINRWINNG

0010 0001 0x21
0000 0110 oxo06
0000 1110 oxoE

B

PAGE 14




ASSEMBLY PROGRAMS

Program 1

Program 1 task is to start from o and count to F with 0.2 second increments. The first
stage to write this code is to create a flow chart of what it does. This can be seen below.

Start of Program

A

R
Initialise the Status
reg and reset the

count
E—

EEE—

run the get_count
subroutine

Is the count on F

L4
Clear the count and increment to the next
start at 0 again value

delay of 200ms

Figure 13 - Flowchart for counting o-F

The code written using this flowchart can be seen in appendix 1.
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Program 2

Program 2 uses buttons to display an L or R temporarily. Before writing this code, a
flow chart was created to get describe the operation plan, which can be seen below

Start of Program

Y
.y

1N
Initialise the Status
reg, set PoriB to 1,
reset the count
-~

Y

run the Buttons
subroutine

 —

>
r o
A

is button 1 pressed Is button 2 pressed

Load 7 segment
display with an "L"
then turn off

Load 7 segment
display with an "R"
then turn off

Figure 14 — Howchart for displaying L and R

The code written for this can be seen in appendix 2.
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Program 3

Program 3 uses a button to turn all LEDs of the display on and one to turn them all off.
A flowchart was written for this to describe its logic and operation, which can be seen
below

Start of Program

Initialise the Status
reg, set PortB to 1,
reset the count
-~ @/

fi‘r—‘\

run the Buttons
subroutine

A —

3
>
Y

is button 1 pressed Is button 2 pressed

Load 7 segment
display with 0x00 to
turn all LEDs on

Load 7 segment
display with 0x7f to
turn all LEDs off

Figure 15 — Flowchart for turning all LEDs on and off on the display

The code for program 3 can be seen in appendix 3.
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Program 4

Program 4 starts at 5 on the display and uses buttons to count up and down between o

and g. A flowchart was drawn to show its logic and operation and can be seen in figure

17

Start of Program

Initialise the Status
reg, set PortB to 1,
reset the count

A
Run the get_count |
<

subroutine

Load 5 into the 7
segment display

is button 1 pressed

go to the increment
subroutine

is the count at 9

Increment down the
lookup table by 1

No

go to the decrement
subroutine

is the count at 0

Decrement up the
lookup table by 1

Figure 16 — Flowchart for counting between o and o starting at 5

The code to run this program can be seen in appendix 4.
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Program 5

Program 5 uses a button to trigger a tone from the sounder. A flowchart was written to

describe its operation and can be seen below. Changing the tone of the sounder is

done by adjusting the nCount and mCount values in the Pause subroutine from the

code in appendix 5.

Start of Program

Initialise the Status

reg, set PortB fo 1,
reset the count

el

Run the buzzer
subroutine

—_—
b

Is button 1 pressed

Load W with Oxff to
turn sounder on

short pause
(length of delay
determines tone),

Load W with 0x7f to
turn sounder off

Figure 17 - Flowchart to activate the sounder

The code of this flowchart can be found in appendix 5.

CONCLUSION

To conclude, the circuit for this microcontroller is a simple circuit with a linear

regulator for a constant +5V supply, a timing circuit for timing the PIC, buttons for

inputs as well as a 7-segment display and a low side switch for the sounder as outputs.

The Hex values wer

e calculated from working out the binary codes for each pattern

and the Assembly codes were written along with flowcharts for each task to describe

its operation.
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Appendices

Appendix 1 - Count from o-F on 7 segment display code (1)
; FILE:
; AUTHOR:

; DA

RIPTION:

list p=1

radix hex

#include

count.asm

JMY

24th March 2005

Count to 255 at 1 second intervals and display on a seven
segment display in binary
The pause subrcutine takes apx. 0.2
Pause is called 5 times

sec.

; select processor type
; define radix as hexadecimal

"plefE4.inc"

i cpu eguates (memory map)
portB equ ; peort B address in register bank 0
trish equ ; trisB address in register bank 1
PCL equ ; PCL address in register bank 0
status ; status register
RPO ; bit 5 of status register
RP1 ; bit & of status register
Z equ ; bit 2 of status register
count equ ; counter 0 to 255
nCount equ ; pause routine inner leoop counter
mCount equ ; pause routine cuter leoop counter
org ; indicates start cof ccde
start ; start routine
bef status,RP0 ; clear bank selection bit 5 in the status reg
bef status,RP1 ; clear bank selection bit & in the status reg
bsf status ,RP0  ; select bank 1
movlw x ; load w with 0x00
movwt trisb ; lead it into trisb to make portb all ocutputs
bef status,RP0 ; reselect bank 0
clrf portB ; clear all lines low
clrf count ; initialize counter te 0O
get_count 7 get _count subroutine
movlw B —arting number from lockup table
addwf count, w ; move counkt toe W
call sevenseg_lockup ; call the lock up table
movwE ports ; move W to port B to update the display
incf count, £ ; increment the count £
; checks for if we are at F from the lockup table
mov £ count, W ; move the current count into the w reg
sublw ; subtract 16 from the w reg to check if the count is at
F (léth Hex wvalue in lookup table)
btfsc status, Z 7 if the count is at 16, 16-16=0, do clrf
clrf count ; clears the count, going back te the lst hex walue in

the lockup table

call
goto

pau
get

; go to the pause if not on the 16th hex value

sa

_count

; pause of 200ms

; repeat forever

;subroutine pause: le
jinputs:
soutputs:

nothing
nothing
;does: nothing but wa
;jcorrupts: register W

;jdescription: two loo

ts waste

ste some time

ps using "mCount

some time....

and "nCount" register files

PAGE 22




to zero)
(255 down to zero)

i "nCount" is the inner loop

sevenseg_loockup ; lookup table

addwf PCL, £ ; creates the offset for the lockup table to move down
values, stored in £

RETLW 0O 70 Hex value

RETLW 71 Hex value

RETLW ;2 Hex value

RETLW ;3 Hex value

RETLW ;4 Hex wvalue

RETLW 0x12 ;53 Hex value

RETLW 0x02Z ;& Hex value

RETLW 0x78 ;7 Hex value

RETLW value

RETLW value

RETLW value

RETLW value

RETLW value

RETLW value

RETLW value

RETLW value
pause

movlw xf ; set w = 255 decimal

movwE mCount ; mCount = w: cuter loop counter
loadl

movlw ; set w = 255 decimal

movwE nCount ; nCount = w: inner loop counter
dech

decfsz nCeount, £ ;7 nCount--

goto decl 7 if nCount != 0 then repeat nCount--

decfsz mCeount, £ H rement Count

goto loadi H != 0 then

B sunt te 255 and decrement
return ; else exit subroutine

; power-up timer on

Appendix 2 - Buttons displaying L and R code (2)
; FILE: count.asm
R JMY

24th March 2005
IPTION: Count te 255 at 1 s
egment display
H The pause subroutine takes apx. 0.2
; Pause is called 5 times

nd intervals and display on a seven
y in b

list p=lorsd ; select processor type

radix hex H radix as hexadecimal
i #i ude "pl6f84.1
i cpu eguates (memory map)
porth 1 3 ; port A add in er bank 0
porth ; port B addre in ter bank 0
trisa ; trishA addr in register bank 1
trish ; trisB address in register bank 1
status equ Ox ; status register
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RPO ; bit 5 of status register

RP1 ; bit & of status register

count ; counter 0 to 255

nCount ; pause routine inner loop counter
mCount ; pause routine cuter loop counter

org X ; indicates start of code
start ; start routine

bef status,RP0 ; clear bank selection bit 5 in the status reg

bef status,RP1 ; clear bank selection bit & in the status reg

bsf status ,RP0 ; select bank 1

movlw * ; load w with 0x00

movwE trisb ; load it inte trisb to make portb all ocutputs

moviw x03 7 leocad w with 0x03, leoading 1 con AQ and Al

movwE trisa ; lead it into trisa to make the RA0 and RAl inputs for the
buttons

bef status ,RP0 ; reselect bank 0

clrf portl ; clear all lines low on portB

comf portB, 1 ; inverts all lines high on portB

clrf count ; resets the value of count
buttons ; buttons routine

btfsc porth, ; Bit test - if the button on A0 is pressed, movf count

goto display r ; skip is clear - if button on A0 is not pressed, go
straight to display r subroutine

movE  count, w ; if button was pressed, move the current count to the w reg

movlw Oxd7 ; leoad w with 0x47 to create L on 7 seg display

movwE portB ; move W to pert B to update the display

movwE count ; move the count back into the f reg

call pause ; pause of 200ms

movE count, w ; move the current count to the w reg

movluw (=7l 7 lead w with 0x7f to turn all LED's off

movwE porth ; move W to port B to update the display

movwE count ; move the count back into the f reg

call pause ; pause cof 200ms
display r ; display r subroutine

bt fse porth, ; Bit test - if the button on Al is pressed, movf count

goto  buttons ; skip if clear - if the button on A0 is not pressed, loop
back to the buttens routine

movE count, w ; if butteon was pressed, move the current count to the w reg

moviu Jx2f ; lead w with Ox2f to create r on 7 seg display

movwE porth ; move W to port B to update the display

movwE count ; move the count back into the f reg

call pause ; pause cof Z200ms

movE  count, w ; move the current count to the w reg

moviw (=i ; lead w with 0x7f to turn all LED's off

movwE porth ; move W to port B to update the display

movwE count ; move the count back into the f reg

call pause ; pause of 200ms

gotoc  buttons ; loop back to buttons routine for endless loop

;jsubroutine pause: lets waste some time....
jinputs: nothing

;joutputs: nothing

;does: nothing but waste some time
;jcorrupts: register W
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ipticn: twoe loops usi
; "mCount" i
[

“ount" register files
ounter (255 down to zero)

ng "mCount" and "r
the ocuter loop
cunt" is the inner leoop counter (255 down to zero)

pause

movlw (xff ; - W

movwE mCount ; mCount = w: cuter loop counter
loadi

mov1lw xff ; set w = 255 decimal

movwE nCount ; nCount = w: inner loop counter
decH

decfsz nCeount, £ ; nCount--

goto dech ;7 if nCount != 0 then repeat nCount--

decfsz mCount, £ ; else decrement Count

goto locadN ; if mCount != 0 then

; relead nCount te 255 and decrement
return ; else exit subroutine
end

; Configuration! Important!

; at blast time, select:

i memory uprotected

; watchdog timer disabled
; standard crystal (4 MHz})
i power-up timer on

Appendix 3 - Buttons turning all LED’s on and off code (3)

; FIL

count.asm

; IR

H IPTION: Count to 255 at 1 s ond intervals and display on a seven
; segment displ in binary.

i The pause subroutine takes apx. 0.2 sec.

i Pause is called 5 times

>r bype
ne radix as hexadecimal

i cpu eguates (memory map)

porth equ Ox jport A address in register bank O

porth ;port B addr in register bank 0

trisa jtrishA address in registe

trish ;trisB address in registe

status ;status register

RPO ;bit 5 of status register

RP1 ;bit 6 of status register

count ; counter 0 to 255

nCount ; pause routine inner loop counter

mCount ; pause routine cuter loop counter
org ® B start of code

start 7 start routine
bef status,RPO bank selecticon bit 5 in the status
bcf status,RF1l bank selecticn bit & in the

reg
reg
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bsf status ,RP0 ; select bank 1

movlw x ; load w with 0x00
movwt trisb ; lead it into trisb to make portb all ocutputs
mov 1w x03 ; load w with 0x03
movwE trisa ; lead it into trisa to make the two lsb's inputs
bcf status,RP0 ; reselect bank 0
clrf portd ; clear all lin
comf portB, 1 ; inverts high
clrf count ; resets the wvalue of count
buttons ; buttons routine
btfsc porth, ; Bit test - if the button on A0 is pressed, movi count
goto display r ; skip if clear - if button on A0 is not pressed, go
straight to display r subroutine
movE count, w ; if button was pressed, move the current count to the W reg
movluw O i lead with 0x00 to turn LED's on
movwE portB ; move w to port B to update the display
movwE count ; move the count back inteo £ reg
call pause ; pause of 200ms
display r ; display_r routine
btfsc porta, | ; Bit test - if the butten on Al is pressed, movi count

gotoc  buttons ; skip if clear - if the button con A0 is not pressed, loop
back to the buttons routine

movE count, w ; if button was pressed, move the current count to the w reg

movlu (x7f ; lead w with 0x7f to turn LED's off

movwE portB ; move W to port B to update the display

movwE count ; move the count back inte £ reg

call pause ; pause of 200ms

gotoc  buttons ; loop back to buttons routine for endless loop

;subroutine pause: lets waste some time....
jinputs: nothing
joutputs: nothing

;jdoes: nothing but waste some time
scorrupts: register W

jdescription: two loops using "mCount" and "nCount" register files
; "mCount™ is the cuter loop counter (255 down to zero)
; "nCount"™ is the inner loop counter (255 down to zero)

pause

movlw xf ; set w = 255 decimal

movwE mCount ; mCount = w: outer loop counter
loadi

movlw wff 7 set w = 255 decimal

movwE nCount ; nCount = w: inner loop counter
decN

decfsz nCeount, £ ; nCount--

goto dech ; if nCount != 0 then repeat nCount--

decfsz mCeount, £ ; else decrement Count

goto loadh ; if mCount != 0 then

;7 relead nCount te 255 and decrement
return ; else exit subroutine
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; at blast time, select:

i memory uprotected

H watchdog timer disabled
H standard crystal (4 MHz)
i power-up timer on

Appendix 4 - Counter starting at 5 using buttons code (4)

; FILE: count.asm
;5 AUTHOR: JMY
; DATE: 24th March 2005

RIETION: Count te 255 at 1 second intervals and display on a seven

H segment display in binary
; The pause subroutine takes apx. 0.2 sec.
; Pause is called 5 times
list p=lorsd ; select processor bype
radix hex ; define radix as hexadecimal
i #include "plef84.inc

i cpu eguates (memory map)
porth equ Ox ; port A address in register bank 0

portB equ ; port B address in register bank 0
trisa equ ; trisA address in register bank 1
trishb equ ; trisB address in register bank 1
PCL equ ; PCL address in register bank 0
status ; status register
RPO ; bit 5 of status register
RP1 ; bit & of status register
Z equ 2 ; bit 2 of status register
count ; counter 0 to 255
nCount ; pause routine inner loop counter
mCount ; pause routine cuter loop counter
org ® ; indicates start of cede
start ; start routine
bef status,RP0  ; clear bank selection bit 5 in the status reg
bef status,RP1 ; clear bank selectiocn bit & in the status reg
bsf status,RP0 ; select bank 1
movlw x ; load w with 0x00
movwE trish ; load it into trisb to make portb all cutputs
bef status ,RP0 ; reselect bank 0
clrf ports ; clear all lines low
movlw *® ; lead w with 5 from the lockup table
movwt count ; move w to £ - load it inte the seven segment display
get_count ; get count subroutine
mov £ count, w ; move the current count to the W reg
call sevenseg loockup ; call the look up table
movwE portd ; move W to port B to update the display
btfsec porth, ; is the butten on RAQ pressed?
goto decrement ; if the butten on RAQ is not pressed, goto decrement
goto increment ; if the butten on RAQ is pressed, goto increment
increment ; increment subroutine
call pause ; pause to avoid the button debouncing, counting up by
just 1 when PIC is set to 4MHz
mov £ count, w ; move the current count inte the W reg
sublw ® ; subtract 9 from the w reg to check if the count is at 9
btfsec status, 2 ;7 if the count is at 8, 9-9=0, jump to check upper
goto get count ; goete get count if the count is at 9
incf count, £ ;7 Increment the counter - move down the lookup
table
call pause ;7 pause for a while (200ms)
goto get count ;i gote get count
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decrement ; decrement subroutine

btfse porth, ; is the butten on RAl pressed?

goto get count ; if the button on RAl is not pressed, loop back to
get_count and wait for a button press

call pause ; if pressed, pause to aveid the buttons debouncing,
counting up by just 1 when PIC is set to 4MHz

mov £ count, w ; move the current count to the w reg

sublw ® ; subtract 0 from the w reg to check if the count is
already at 0

btfsec status, 2 ; if the result from the sum is 0, goto get count

goto get_count : goto get_count to wait until the display isnt at 0

decf count, £ ; decrement the counter - move up the lockup table

call pause ; pause of Z200ms

goto get_count ; repeat forever - go back to get_count

subroutine

;subroutine pause: lets waste some time....

sinputs: nothing

joutputs: nothing

;jdoes: nothing but waste some time

jecorrupts: register W
jdescripticon: twe lcoops using
i "mCount" i

"mCount" and "nCount" register files
the ocuter leocp counter (255 down to zero)
; "nCount" is the inner loop counter (255 down to zero)

sevenseg_loockup ;lockup table

addwf PCL, £ ;jcreates the offset for the lockup table to move down
values, stored in £

retlw 0x40 ;0 hex value

retlw ;1 hex value
retlw ;2 hex value
retlw ;3 hex wvalue
retlw ;4 hex wvalue
retlw ;53 hex value
retlw ;6 hex value
retlw 0x78 ;7 hex value
retlw Ox 78 hex value
retlw 0x18 ;9 hex wvalue
pause
mov1lw xf ; set w = 255 decimal
movwE mCount ; mCount = w: cuter leoop counter
loadl
movlw x i ; set w = 255 decimal
movwE nCount ; nCount = w: inner loop counter
decH
decfsz nCeount, £ ; nCount=--
goto dech ;7 if nCount != 0 then repeat nCount--
decfsz mCecunt, £ ; else decrement Count
goto locadN ; if mCount != 0 then
; relead nCount te 255 and decrement
return ; else exit subroutine
end
; Configuration! Important!
; at blast time, select:
; memory uprotected
i watchdog timer disabled
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; standard crystal (4 MHz)
; power-up timer on

Appendix 5 - Piezo Sounder Code (5)

; FILE: count.asm
; AUTHOR: JMY
i : 24th March 2005
i CRIPTION: Count te 255 at 1 second intervals and display on a seven
i segment display in binary
i The pause subroutine takes apx. 0.2 sec.
H Pause is called 5 times
list p=lorsd ; select processor type
radix hex ; define radix as hexadecimal

; finclude "pl&f&4.inc"

i cpu eguates (memory map)

porth < ; port A address in register bank 0
portB ; port B address in register bank 0
trisa ; trisA address in register bank 1
trisb ; trisB address in register bank 1
status egqu Ux03 ; status register

REQ equ - ; bit 5 of status register

RP1 equ f ; bit 6 of status register

count ; counter 0 to 255

nCount ; pause routine inner leoop counter
mCount ; pause routine cuter leoop counter

and INTERRUPT VECTORS

org ® ; indicates start of cede
start ; start routine

bef status,RP0 ; clear bank selectiocn bit 5 in the status reg

bef status,RP1 ; clear bank selectiocn bit & in the status reg

bsf status ,RP0 ; select bank 1

mov 1w x7f ; load w with 0x7f, turning all LED's on display off

movwE trish ; load it into trisb to make portb all cutputs

movlw x03 7 lead w with 0x03

movwE trisa ; lead it inte trisa to make the two lsb's inputs

bef status ,RP0 ; reselect bank 0

clrf portB ; clear all lines low on portB

clrf count ; resets the value of count
buzzer ; buzzer routine

btfsc porta, ; Bit test - if the butten on A0 is pressed, Bit test portd
again

goto buzzer ; skip if clear - if the butteon on A0 is not pressed,
loop back to buzzer routine

clrf portB ; if button was pressed, clear all lines low on portB

movE count, w ; move the current count to the w reg

movlw Oxff ; lead w with Oxff

movwf porth ; move W to port B to turn buzzer on

movwE count ; move the count back into £ reg

call pause ; pause cof 200ms

movE  count, w ; move the current count to the w reg

moviw (=i 7 lead w with 0x7f

movwE portB ; move w to pert B to turn buzzer off

movwE count ; move the count back into the f reg

call pause ; pause of 200ms

goto buzzer loop back to buzzer routine for endless loop
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ubroutine pau lets waste some time....

sinputs: nothing
soutpu nothing

te some time

jdoes

nothing In

jecorrupts: register W

ription: (= “ount" and "nCount" register files

i the cuter leoop counter (255 down to zerc)
H the inner loop counter (255 down to zero)

; mCount of 8 and nCount of of approx 2.4kHz

pause
mov 1w 08 ; set w = B decimal, ange this value to ange sounder
tone
movwE mCount ; mCounkt = cuter loop counter
loadl
mov 1w xch ;o set w = 200 ange this value to change sounder
tone
movwE nCount ; counter
decH
nCeount, £ H
decM ; -
decfsz mCecunt, £ ; else rement Count
loadN ; if mCount != 0 then
; relead nCount te 200 and
return ; else exit subroutine

ration! Important!

; iatchdeg timer disabled
standard ystal (4 MHz)
i power-up timer on
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ENGAGEMENT WITH LITERATURE
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f Good range of relevant sources cited. 78
Note that its not standard practice to put the [1]



citation at the start of the sentence - see things
like IEEE published papers for typical usage.

KNOWLEDGE AND UNDERSTANDING

(

4 Averygood level of K&U derived from the EWL.
Excellent breakdown of all the components.

COGNITIVE AND INTELLECTUAL

78

[

y‘ All but one programming tasks attempted ok.
Reasonable level of though put into the code with
sensible flowcharting.

PRACTICAL APPLICATION

70

[

y‘ Circuit well implemented. 5 out 6 tasks done.

TRANSFERABLE SKILLS
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y‘ Very Well written and presented.
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