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A-F 4 gated buffer

I Active high

Allows info to go from A to Y

based on info from G

in the case of Active high, A goes to

Y if G is 1 (high) , whereas in Active

low
,

A goes to Y if G is O llow) ·

A G Y

1 d I Kilobyte-20
20

0 I O megabyte -> 2

O 30
X O hi-Z gigabyte - 2

↳ high impedance terabyte -> 240

level 1 (high)
E
-- -- V

rising ② * clock signal
edge &

falling edge ↳> level O (low)

Instruction cycles = 4 Talk

ex: CIR + 1

Talk = Fros self - I

gotol -> 2

self portA-1

= I. C = 5 x 4 X Talk



Numbering systems bit

① Binary number (0-1) nibble = Y bits

② decimal number (0-1) byte = O bits

③ octal number (0 -7) word = 16 bits

④ hexadecimal (0-1)(A-F)

* How to convert from binary to Hexadecimal

1 Hey number takes 4 bits

110 I dool = (37EE)H

Decimal Binary Hexadecimal (H)- -- -m -

O oooo O

1 0001 1

2 00 1 0 2

3 00 11 3

Y O 100 4

S 0 1 0 I

s01 10

7 O 1 1 /

8 100 o

& 1001 ·
10 10 10 A

II 10/1 B12 1100

13 1 / 0 I

14 II I 0 B
15 1 1 I I F



Mcrocontroller
-

> Microprocessor

> prepherals

* we study PICIOFXX2

* Microcontroller

> I/0 ports
· Analog
Timers

prm

· serial port

memory

* Memory < program memory -> for instructions

> Data memory -> for information

> special function registers
- General purpose register

* I/0 ports Digital I/
> Analog Input



1/0 -> input/output ports

Tris registers => configures the pins as input or output

(1-> input, 0 -> output)

Lat registers= Connects the output pins to high or low voltage
-

(1-Vnd ,
o - Vss) ground

port registers => Reads the state of the pins

(12Vdd ,
o -> Vss)

-> There are 5 ports (A-E)

* EX : CLRF TRISA - TRISA = OXOO
W

Hey

* This way ,
we defined all

pins on port A (Ao-Az) to be

output

· port A 7 bit (Ao-A6) SETF TRISA

· port B => &bit (Bo -B7) TRISA = OXFF

· port c => &bit (Co-(7) Ao-7o are inputs
· port D = Obit (Do-D7) bef TRISA,
· port E - 3 bit (Eo-E2) bit clear file 11/1011/

+3
I

1As-A2) input

As output

toRead the new value on the port (Ay - A7) input
bsf TRISB ,

2

morf portB
, 0 ->

Read the information and put it in the WREG



DATARAM has -> General Purpose RAM (GPR)
↳ Special Function Registers (SFRs)

SFRs are fixed and must-have , GPR's size is what varies and

changes the RAMS size.

GPR - for read/write and data manipulation
↳ sizes multiples of 256 B

* ROM is used to store the program

working register (WREG)
can store 8-bits

up to 201=

765432 O

> used for arithmatic and logic operations

MOVL W

↳ moves 8-bit data into the working register

&
MORLW X size of X must be 8-bit

MOVLW 25H

↳ Hexadecimal



ADDLW

↳ ADD literal Value K to WREG (K + WREG)

ADDIW K => takes the value stored in the WREG

and adds k to that value then stores

the resault back in the WREG

* Example

16H2 MOVEW 12H o 0 0 1 0 0 1 0 12H

0001 0110 ADDLW 16H O

!i 18:
O 28H

0001 0001 ADDLW 11 H O I 34 H

0100 00 1/ ADDLW 43H O I 1 I I I 0 o 7C H

* After running the above code/instruction what's
the value stored in the WREG ? ->7CH

~
maximum

address

locations.



The Pic Register = Data Memory

↳ Read/Write (Static RAM)

~ a collection of * Used for data storage

registers

memory

1 0 1 0 1 1 1 0

each location->

is considered

a register
and each location

has an address

---

I address I ia

Atomsene bitsis => number of bits i need

to represent the last

address location
.

special Function Registers
↳ a bunch of registers inside the data

memory.

* specific functions as timers
, 1/0 ports ,

serial

communication.. etc.



The file register in PICIP has maximum 4096 22:Y9G bese

byte /4K), which has addresses 000 - FFFH

which is divided by banks ,
each bank has

256 bytes

1096 = 16 maximum number of banks
wavailable

* there is th least bank called the access bana

* How can we access all banks ? by a method called

Bank Switching
000H

BankO
7FH 128 bytes

Access

Bank
f

GPRAM

SFR
7

128 bytes

FOOH

Bank 15
FFFH

* The 256-byte access bank is divided by 2 equal sections
of 128 bytes



* Byte-oriented Instructions

> Bit-oriented Instructions * W - working register
·

control Instructions F -> File register

* Using instructions with the default access bank

(to access other locations in the file register for ALU

and other operations

MOVWF

↳tellsthe<PutoCopythesourceregistereer
MovwF ess

↳ can be in SFR or GP RAM

↳ the address of the destination

* Example WREG Address Bata

MOVLW 99H 012H
49H

copies the contents & MOVWF 12H 013H

of WREG to a MOVLW 85H 014H

file register that MOVWF 13H 85H
015 H emptyhas address I2H MOULW 3FH

MOVWE 14H 3FH

MOULW 63H Address Bata

MOVWE 15H
63H 012H 99H

013H 85H

* Note: we cannot move literal values 014H 3 FH

(numbers) directly into the general purpose 015 H 63H

RAM location
.

It must be moved via WREG



ADDWF

↳ Adds together the content of WREG and a file register
location

* takes two parameters : Address
, D

d

from Register File

1 > 0
,
w or not specified -> WREG

Result will be saved in WREG

↳ 1
,
5 -> address

Result will be saved in the same address

* Example : What are the contents of the WREG after

running the following program

MOVLW O oof & I2H3 = 00H

MOVWF 12H OOH & I2H3 = 00H

MOVLW 22H 22H & 12H3 = 00H

ADDWF I2H,
F 22H [ 12 H3 : 22H

ADDWF I2H,
F 22H [ 12 H3 = 44H

ADDWF I2H
,

F 22H 5 12 H3 = 66 H

ADDWF 12 H
,
F 22H & I2H 3 = OPH

↑ contents of WREL

after each instruction



COMF

↳ complements the contents of file register and

places the result in WREG

COMF address , D - 1
,
F

↳
o, w

* Example : write a simple program to toggle the SFR

of portB continuosly forever.

MOVLW 55H

MOVWE Port B
-> copies 55H from WREG to portB

BI COMF portB
,
F

-

gLABEL
L Gol B1 ↑ will go to this line

(that has the BI label)

* portB is just an address location that has a

name ,
its address is F8IH so we can also

do MOVWF -PIH which would be the same.

·

complement the contents of port B .

it was -> 0101 01 01

then becomese 10101010 and gets
stored in theFile register (portB itself)



MOVF

MOUF address , PL D = 0 .: Copies the contents of file

↳ register (from 1/0 pin) to WREG

D = 1 :. The content of file register
is copied to itself

* Example : write a simple program to get data from the

SFRs of portB and send it the SFRs of portC

continuously

AGAIN MOVF PortB
,

w

MOVWF portC

GOTO AGAIN

* To move values from port A to port B

① MOVFF portA , port B

or - &2 MOVF port A
, w

MoUWF portB



Input : 2 digital RCo= start
Se input

output : 1 output RC1 => Stop (push Button)

RC2 = LED -> output

input 1

- Vss Active

15↳↳ start

--

RCo low cat

RCo - 15 b
RC,

- 16

RC2 -17 I
input 2 -s

-- -

& ↳active
R

high cat d b
↳ stop -

I
Main :

17 RC2 -

; Initialization *-MD-↑
bsf TRISC

, o can also be

bsf TRISC,
1 done by :

bef LATC , 2 bef LATC,
2

bef TRISC ,
2 MovIW 0x03

CLRF TRISD

&
MOUWF TRISC

CIRF LATE

L2 btfSC portc,
I

L1 bEfSC portc, o & to search for goto 12

goto LI ON command bat portc , 2

bst port c, 2 goto L1

i
- end .

i



* weak pull-up only available * it's better to clear the LAT

in port B before defining any output incase

(which means internally there is it has anything from a previous

a current limiting resistor) file.

active

SFR = INTCON2
B*

#IIIbTCON2, 7 - Initialization
&notActive

RB3 = Input -> start Main :

RBs => Input - stop ; Initialization

RB7 => output -> LED bsf TRISB
, 3

we will use weak pull-up bsf TRISB , 5

bef LATB , 7

-Tree
bef TRISB

,
7

CLRF TRISD

LI btfSS port B , 2

goto LI

bst port B, 7-B L2 btfSS port B
, 5

goto 12

activeie bat portB , 7

goto L1

RB7
*-I end .



I: C

delay 2 assume fo = /MHz

MOVIw s I Tck = IMS

Mounf count I TI. c = 4 Tak = Y MS

12 decfSt count |N - 1 x 1 + 3

goto 12 (N- 1)* 2

NO P I 128 64 32168 42 /

Return 2

3N + 7 maximum value of N can

be 256

: No. I . C = 775

Total = No . I . C A TE . C = 3 .
1mS

but what if we want to delay
more ? We can add another loop

I : C

delay 2

Movlw M

Movf count2

LS MOVIW N I

Mounf count I M= 2

* M- 1 N = 2

12 decfSt count |N - 1 x 1 + 3

goto 12 (N- 1)* 2 M = 1

decfs countl (M - 1) + 1 +3z

goto 13 (M - 1) * 2

Return 2





active active

High low



ex : 451 -> (01000101/BCD

&
How can we get this using code ?

we need to count the number of s

w = 45

45 - X =1 first 10

10
-

35
SWAP X

&

↳ - 00000100

↳
35 X = 2

-

o ⑮> 00000101

s X = 3

After swap :

#o -01000000

↳ + 00000101

-
X = Y

we do R between x and w

MSB&00000 se
E -

I 4 5E:I 27-segments
LSB*

since it's negative we add w = - 5 + 10 = 5

a 10 back and save the value in WREG



~ 10-90 -0- 4

(201 = (00010100)e·
X
↳E

we use BCD (20)1 = (00100000/B
2

(596 = (01011001) BCD

BCD
Movef BCD1

CLRF W

CLRF count

MOVLW (103, 0

11 subwf BCD1 , 1 i BCD1 = BCD1 - W

BN L2 · will check if negative bit is 1
,
if it is

INCE count then branch to 22 (same as goto)

goto L1

12 ADDWf BCD1 , Wi w = BCD 1 + W

SWApf count
,

=

XORWF count
,

F

MOVFF count
, port B

return



common Anode common cathode

Digit a bcdefg a bcdefg

O 00 000 of 1 11 I I Io

I 100 1 / / / O 110000

2 00 100 10 1 1 0 / 1 0 /

3 0000110 1 / I 1 0 0 I

4 100 1100 · 1 100 11

E · 100 100 10/10/1

6 o 100000 1011 / I I

7 000111I I 110000

E 0 000 000 11 / I / I I

4 0000100 1 I / I 011

&
we need to &

we need to

supply VCc and supply ground and
&Low) to turn 1 High) to turn

on the segment on the segment
common cathode

&
a a a

oi f gb i f
g

b f
g

b

ea e
d

C

ed



Flow charts

start or stop

Ito operations

condition test

process

call sub

#
In PICIDFXX2 microprocessor ,

there is a built-in

analog to digital module to convert an analog input
signal (ex : Voltage) to a 10-bit digital number.

* computers can only understand digital signals.

-> Resolution : number of discrete values produced over

the range of analog valuess



N-bit Digital

* Note :

- AD code : the

time-Eig a e

output of the

vref- -> -> & A/D code A/D convertor

Described by
number of output

ADCode= * (Vin-Vefe bit .

[Vref- , Vref+ ] =>> The range of analog value that the A/D

Low high f convertor can detect

Voltage resolution= The smallest change in voltage an ADC can

detect

voltage resolution : Vref-i N : number of bits

Ozv-> Quantization levels

* our ADC has a 10-bit resolution so N = 10
.

Example : Full scale measurement of 10 v

ADC Resolution is 12 bit =>> 4096

ADC Voltage resolution => 10 - 0/4096 = 0 . 00244 V

~>
Internal (inside the PIC) Vref+ - Su

Vref Vief-- Ov

- External (must be provided by the user)



only for AF4X2

↓ The result of conversion is stored in SRADRES-

* SERs used :n

TRISA ,
TRISE for initialization

ADCONO
, ADCONL I

ADRESL Store the Result (stores the ADCODES

ADRESH I

* we need to define port A and portE as input or output

d as Analog or digital .



controlles theSER
↑operatiofeule
*

-

*
-

-

bit resolution

Table 1



* X

Table 1

Table2



* Initializationprocedure :

TRISA
, TRISE Bits from

1 . choose the analog pins ADCONK 10 : 3)L o to 3

2.
Choose Vref internal or external -> ADCON1 (0: 3)

3. Choose A/D conversion clock -> ADCONO (7, 6)

↳ ADCON1(6)

TAD > 1 . 6 MS * TAD is the time that the A/D

convertor needs to finish

IO7 . Tos > 1 . 6 MS converting from analog to digital .

Facto
r

and in PIC18FXX2 it must be

AT LEAST 1 .6Ms ·



Example : Fos = 4 MHz

: TAB = X . Tox = X z = X . 0 . 25M/s 7 16 s

X >6. 4

* out of the options in Table 1
, we can choose X

to be 8
,

16
, 32, 64 which any of them works

but the best thing is to choose the smallest .

: X = 8 * Fos/8

-> we take ADCSO ,
ADCS1 and ADCS2 bits that

corresponds to Fosc/8 and put them in bits 6 and 7

of ADCONO and bit 7 of ABCON1

Q :In the A/D module for 187452 what is the

maximum frequency for the converion clock

(foss = 4 MHz)

maximum -> Fosc/ &



A/D Example :- a temperature sensor (M35 is used to measure the Room
-

temp. the sensor gain is 10mV/c and the temp. range

is from10-100% )

piE LM35
- Von

sensor voltage range = L

temp range X sensor gain Input is temp

= 0 - 1V output is voltage
a

3

No
1074 2 which is the

>
Wreft input to the

LM3 - microcontroller.
-

start
- Read the analog value

↓ and store the temp in

Initialization
a register called

> L

w "Temperature".
start conversion

-

calculate temp.

I



Initialization procedure :

Q we need to determine Vief ,
do we want internal or

external .

Internal Vref - Voltage resolution = 5/1024 = 0 . 0048 /ACODE

4.8 MV/ADCODE

=>. temp resolution

emADCO
= 0. 48 C

%

/ADCODE

External voltage= > (we need to choose the value)
let Vref- = o and Vref += /

: Voltage resolution = 1/1024 = 0 . 00047 V/ADCODE

= 0 .97 MV/ADCODE

· temp resolution = 0 .097c/Adcode

* so we will choose the External voltage since it

gives higher precision

② calculate conversion clock where fose = YMHZ

TAD >, 1 . 6 MS X. Talk > 1 . 6 MS

X- Ms > 1 . GMs X 7, 6 . 4 ... X = &

from the ADCS2 ADCS 1 ADCSO Fosc,&
Data sheet O O I &

M



③ choose the analog pin that will be used

=> we will choose analog pin ANO

* in this case ,
we could've used AN2 since we

don't want an external Vref-AUT , since we want

an external vreft then we can't use AN3 .

-

=> now we need to choose a PCF6 (from Table 2) that has

an analog pin at ANO and an external Vref+ at

AN3. Available options : 000l

Ooll v & I can choose

0101 any

1010

④ ADEM

-> we want to store the conversion output using
Left justification

,
so ADFM = O

CSI <So cHS2 CHS1 CHSO

o 1 0 0 0 0 X
.

1 ADCONO
--

4 1 h

ADFM CS2 P(FG3 PCFGG

O O Yo X
O

O · 1 = ADCON1

O 3 h

* CHS2 : CHSO are analog channel select bit, which

we get based on the analog pin we chose.

ANO -> Channel 0 = 000

L
CH2

↳
CHSO



-> calculate the relation between ADCODE and the room

temperature

Let's say that the temp is 100: which means that

Vin = 1 Volt = ADCODE = (IIIIIIII)2 = (1023) / 0

but how will we read the temp from the ADCODE ?

we need a way that converts ADCODE to temp.

&
The input voltage to

Vin = sensor gain * Room temp the PIC which is the

Vin = 10 x 18 * T output voltage of the

temp sensor.

ADCODE : * Vin = 1023 * IOX10# T
& --
w

Vreft-Vref- T = POPETHIS CODE AOD
E

* Note : In the instruction set there is No diresion

so will use RR (Rotate Right) = Shift Right X by

one bit = N2

now we need to find a way to do ADCODE/10

⑨RR 3 time
-> stime

6 timea

* = * -
-

&
L L 64

0- 125X 0. 03125X 0 . 015625X = 0 . 104X

↳
This is close to 0 . 1x that we're looking
for but we can be more accurate.



Main

; Initialization

bsf TRISA
,

O Value 1 = ADCODE/O

Move 0x41 Value 2 = ADCODE/32

movef ADCONO&Value 3 = ADCODE/64

Movl 0x03

MoUWf ADCON1 pin 0 of port A is set to

↳ bsf ADCONO , 2 be an input.

L2 btfSC ADCONO , 2

goto 22

Morff ADRESH,
Value 1= ADCODE/4

RRNC Value 1
,

F

3
Both of these will

bif Value 1
,

7 do a shift right => ADCODE1

Morff Value 1
,

Value 2

RRNC Value2
,I

bef value2. 7 3 = ADCODE116

RRNC Value 2
, =3bef Value 2

,
7 => ADCODE/32

Morff value2 , values

RRNC Value 3 ,
I

bef values ,

73
=> ADCODE164

Morf Value2
,

w

subf value , W e w = Value -
We

Valued

ADDWf Value 3 , W -> W = Value 3 + w = Value 3 + Value1 - Value 2

Mouwf Temperature - I ADCODEXIO



some code explanation :

① Morff ADRESH ,
Value 1= ADCODE/4

when initializing ,
we chose Left justification which

would look like :

& L.J

X x X X X X
- .........

ADRESH ADRESL

usually when we do a shift Right (for division)
we lose that first bit .

when we tooky the contents of ADRESH , it's

like we lost the 2 first bits (shift right twice)
which means divided by 2 twice : ADCODE/4 .

② RRNC Value 1
,

F

bef value 1
,

7] = ADCODETO

in the instruction set, there is no shift right ,
but there

is a rotate right.

* everything shifts

to the right , but

& the first bit goes to

the last bit so we

->

need to clear that last

bit to do a real shift
.



pulse width modulation (PWM)

-Tony Duty cycle-
-Toff-

I t I

- R Q -

down
-

Q -

S

·I
& Built-in in

PIC 18FXX 2

& must be less than 255 so we can put
it in a 8-bit register



SFR's : * < 3 : 0> -> bits

3, 2 , 1 , 0
&

TRISC ,
2

RC2 -> The only pin that can output the prm's waveform .

prescale value < 1 : 0

Tecon TMR2oN <2)

LSB's of Duty cycle 25: 4)

CCPICON Espwn module -3 : 04

CCPR11 - MSB's of Duty cycle
PRI -> A period register in the timer module

.

Towm = [PR2 + 1] A 4 A Tos A prescale

Tow = [X] * Tos * prescale

bi

* = [PRIL":pIcoN 25:] a 10 bit number.

xample : fos = 1 MHz Torm = 30MS Duty cycle = 50 %

?? ??

30M/s = [PR2 + 1] * 4 * 1 Ms * Prescale\
7.5 = [PR2 + 17 * Prescale * we choose

PR2 = 6 .5 the prescale( value l : I

C if > 255 we should think of a [ 1 : 4

prescale value that is larger than 1.
1 : 16

we don't haveo.s so either PR2=I or 6



Tow = [X] * Tos * prescale Duty cycle = 50%

15 Ms = [x] * 1 Ms * 1 = 0 . 5 =T
.. Tow = 15 MS

= 3 h

X = 15 = 0000001111
-

CPR1L CCPICON 25 : 4)

Main:

O TM20N

bef Late , 2 TICON X O 0 0 1 0 o

bef TRISC ,
2 postscale prescale :

MOVIW Ox7 00 -> 1 : I

Moref PR2 01 -> 1 : 4

MovLW 0x 03 1 X -> 1 : 16

movef CCPR1L
Pwn mode

Movin 0x3C

MOVIN CCPICON CCPICON X X
°

I 1 I I X X
---

CIRF TICON 3 C

bsf TICON
, 2

& to get 00000100 and turn the timer on .

Example : Towm = 300MS fos = 4MHz Duty cycle = 50%
-

300M/s = [PR2 + 17 * ** - M * Prescale

-> if we choose prescale 1 : 1 then PR2 = 249

which is > 255 so we need to choose another

prescale
,

if we chose then PRI = 74
=°°Δ

butif wechose 16 the
17

.Iresults

in PR2 being an integer.



TON = [X] * Tos A prescale

150m) = [x2 * [ M/s * Y
E

X = 150 = 0010010110
--

25 h

TICON X 0 0 0 0 1 0 1

Main :

CCPICON
X° X° 1 0 1 I X

° x

bef LATC, 2

baf TRISC, 2

MOVEW OXHA

Morwf PR2

Movin OX2C

Movef CCPICON

MOULW OX25

Movwf eCPRIL

Movlw 0x05

movef TICON



-*
O o 00 o -

prescale



x X

O O -

& The LSBs of the

Duty cycle



J



Interrupts

-> an interrupt is a sub routine (function) that gets called

automatically when a certain condition is met and when it's

done
,
the code resumes from the line it was last on in

the main code.

( it will interrupt the main code when a

condition is met)

Interrupt name :

-

-

-

-

n

n

reffie-> "return from interrupt"

SFRs used :

RCON

INTCON

INTCON 2

INTCONE

PIR1 , PIR2

PIE1 , PIEZ

IPR1, IPR2



RBORBnorising
~

Externale u falling
Interrupt ↳

on change RB4: RB7 edge

Internal -> Timer
, <p , AlD ,

<
serial communicationn....

The signal/condition that

will trigger the interrupt

to be called can be external

or internal

in external interrupt, each bit is independent from bits

o to 3 .
Whereas the onchange takes 4 bits (4 : 7)

as e data
, so if it was 0010 and became 0000

it will trigger the interrupt for example.

&

for example portB < 4 : 7 >

C
20 0000

< H : 77

becomes 0010 0000
-

changed -> so there is an interrupt

* If there is at least one bit that changes from bits < 4 : 77

an interrupt will occur



For each interrupt has :

2. Enable bit IE

2. Flag bit IF -> Automatically set, manually reset
3. priority bit Ip

* The enable bit is to tell the microcontroller which

interrupt registors we want to use

* if a certain condition is met, the microcontroller

automatically sets the flag bit and we have to manually
reset if (clear) before we return from the interrupt

because if we didn't and we returned from the interrupt,
the microcontroller will see that the flag bit is still set so

it will enter the interrupt again.

-> To enable the priority feature : IPEN bit (RCON<7)

↳ in general

1 : 2 levels of

priority
Default- > 0 : I level of

priority

risingedge

⑦falling edge-



INTEDG 0
, 1

, 2 & in INTCON2

& Edge bits for port Bo : B2

o -> falling

1 -> rising

-> Hardware decides the falling or rising

1 : IPEN (set)

-

n- GIEH bit (INTCON17)) enable all 1 t
. high priority

- GIEL bit (INTCON16)- Low

2 : IPEN (clear)

- GIE bit (INTCON17)) enable all interrupt source

- PEIE bit (INTCON16) enable peripherals interrupt

* NOTE : There is no bit for priority selection of external

INTO . Its always at high interrupt level and can't

be changed to low

















To compare the value

of PR2 and TMR2









we only

need
bit7I-

& 1: The mc will look for

which interrupt has

a High priority and

which has a low one

0 : me will not look

for priorities
and will generate
interrupts at the same

time with no bias .



Example write Interrupt program to measure motor speed.

optical encoder 1000 pulse/rev-resolution

Ts

Active O
O

0000 Every 1ms the program will
High O

-

O find the speed
O

↑ 80 O Fosc = 4 MHz

Rising O 6
O

Edge number of revolutions
-

motor speed-CountiTs

= ulsecount x Tos revis

1000

Motor speed = pulse count

-> we want to count the number of pulses by counting each

rising edge.

-> Each time period we want to see how many pulses we counted.

we need 2 Interrupts to count rising edges

↳ External ; to count the pulses. RBI
M

[ (since an optical sensor is not inside the

micro controller itself).

Internal ; to access the timer. TMR2



1 :2
,

1 : 4
,

1 : /6

Fos-prescaler-> TMR2-posiser-TMR2IE
↑ ↓

PR2

we don't use it in

the pwn but we

do use it in the Interrupt.

T= [PR2 + 1] * 4 * Tos * prescale * post scale

Note : If want to use the prm as well as the Interrupt

first we need to find PR2 and initialize the

pwn and keep the prescale as is without adding the

post scale-yet . When we start initializing the Interrupt

we find the new PR2 by taking the same prescale and

adding postscale .

&

10

IX10
= [PR2 + 17 * / x 10 * presale A postscale

[PR2 + 1] = 100 d
: PR2 = 99 we chose 10

but we can

prescale
o also useFor &

=

X 10 o 100 o TICON = 48h
-

post scale & 1 : 1 -> 00

1 : I 1 : 16

0000 -> /11/

: 1 : 10 = 1001



Initialization :-

BSF INTCON3 , INTIIE ; -> Because we chose External
=

BSF PIE1 ,
TMRIIE * and port BI we had

BCF RCON
, IPEN * to look for the bit that

BSF INTCON2,
IN EDG1 enables the interrupt for

MOVLW 99 Thatbit in the data sheet

MOVWF PR2 and found that it's in

MOVLW 0 X 48 INTCON3 .

MOUWF TICON

BSF INCON
, PEIE * * we don't need priority so

BSF INCON , GIE * we clear that bit
,

it's

BSF TICON
,

2 * clear by default but just

to make sure.

return

~ we're assuming radix to be

decimal which means if i

* Note that these file registers put a number like 99 or

have named bits
, so we can 48 the program will consider it

access them using the bit number to be decimal so if we want

or the name of the bit
.

Hexadecimal just put 0x48 .

* To start the timer .

(TMR2)

* To Activate timer and

portB (enable) .

* To Enable TMR2



Int-Handler :

BTFSC INTCON3
,
INTLIF

goto pulse count

MOVFF count
,
speed ; count = No. of pulses

CHRF count

BCF PIR1 , TMR2IF *

goto LL

pulse count INCF count
,

I

BCF INTCON3
,
INTLIF *

LL RETFIE

* The optical encoder's output is pulses and we

found a relation based on the resolution to find the

speed , in this example it's the same as the pulse count

* There are 2 things that will cause an interrupt, external

and the timer

* we need to clear the flag bit of each interrupt ,

otherwise the microcontroller will go back into the interrupt

because it saw that the flag bit is set. (flag bit set =

trigger an interrupts .

* Note -> that pwn is already initialized



-> we will create a proportional controller to trol

the speed.

volts Motor
-

speed *- -G

speeddesired1e
-error = desired - actual

U = Veff = Ion * Vs *C
RC2

T

-

* Note that T = 10Ms ↳ constant
I

Ton = [CCPRIL : <CPICON <5, 47] x

o

* Prescale
1

Ton = error X 4 x + MS x I
-

↳
Because we saved the error only in <CpRIL

so it's like we did shift left twice

Ton : error Ms

u = Ms o

u = error .. K = 1



Main :

CALL Initialization

MOVLW 100 The desired speed we want (decimal)

MOVWF desired - speed
MOV F speed ,

w

subwf desired-speed , wi w = desired-speed - w

MOUWF CCPRIC

PID for continuous Time

PID = Kp2 + KiSed+ + KdA

Note that e is error

PID for Discrete Time

PID = Kpek + Ki Fek . Ts + kdek
Ts

Note that K is sampling instant

Note that is is sampling time

Ts = 1 mS

GPR

E
errori =>2, + 12 + e3 + ey .... + ek

error => Ek

error d = Ex+

errord = error - errorp



Main :

CALL Initialization

L MOVLW 100 The desired speed we want (decimal)

MOVWF desired - speed
Move speed ,

w

subf desired-speed , wi w = desired-speed = w

Mowf error

Addwf errori ,
I

Morf errorp , w previous error
-

subf error , wi w = eK-CK-1
Movwf errord d

P -
addrof error

, wi W = e + ek-ekt

addurf errori
, w = W = P + d + I

movef CPRLL
MOVFF error, error p

goto L



serial communication

USART E Universal Synchronous Asynchronous
Reciver Transmitter

1. Synchronous => Information + Clock

2 . Asynchronous = Just information

* Parallel and serial information

1. Parallel : Information appear at once
-x

B7 Bo

Ex CLRF TRISB DATA · 1 0 1 0101

MOVLW OXO8
start

MoUWF portB Bo B2 By B6 stop

-Wcow
M WB > B3 BS BE

* we start from LSB to MSB

start -> 8 bit -> stop bit

DATA 1000 1000

B3

-B.
Stre

By

2. series : Information Bit by Bit .



used SFRs :

TXSTA RCSTA SPBRG TYREG

used pins:

RC6 /TX -> Transmitter (output)

RC7/RC - Receiver (input)

parity Bit :Esoddparity AifNo.ofonesa
is

dain DATA

* The goal of the parity Bit is to make sure that

the Receiver received the information correctly

Example

X = 1010 1000 Parity Bit = 1 lodd)

X = 10101010 parity Bit = o levens



Band Rate Generator

- Asynchronous low speed (BRGH = O

Band Rate = isI

- Asynchronous high speed (BRGH = 1)

Band Rate : itst

movl X

movf SPBRG

BCf ↑XSTA
, Sync

BSF RCSTA, SPEN

BSF TYSTA
,

TXI

BCF TXSTA , 0 -> The C' data is zero

morlw Y

moverf TXREG

BSE TXSTA
,

TXEN





->
we choose if we want a or 8 bits

-> Automatic











Desired
Baud
rate



-> in PIE







Questions :-

Q1 : Write a code that subtract the value of the working
register from a file register called VALUE and returns

the result to the file register VALUE.

MOVLW 5 H

MOVWE VALUE

MOVLW 10H ; put IOH in the WREG as an example

SUBWF VALUE,
F

Q2 : write a code that divid the value of a file register
called count by 2

,
and returns the result to the

working register.

MOVLW EGH -> 11100110

MOVWF COUNT

RRCF COUNT , W

count will have value of 611100112 which is

73 H (EGH = I = 73 H)



Q3 : write a code that compares County and Count file

registers and returns the greater value to the WREG.

Main :

MOVE COUNTI
,

W ; WREG : COUNTI

CPFSGT COUNT2 i skip if COUNT27COUNTA

C
GOTO LAST

MOVF COUNTI
,

W

LAST end

skip iff > W

Q4 :write a code that Multiply the value of file register
called Reg 1 and file register called Reg2 and store

the results in file registers called Reg H and Reg L

respectively.

MOULW 50H

MOVWF Reg 1

Movew A5H

MULLWF Reg 1

MOVFE PRODH , RegH
MOVFF PRODL , RegL



A For USART for Asynchronous mode of the BRGH = 1
,

what value should be stored in the SPFRG if the

band rate is 9600

X = 214 (from the tables)

Q5 : for A pressure sensor that is connected to ANA as

input where the output voltage of the sensor analog
Vo = 40 mV/P (P is the pressure in psi)

A) if the pressure set point is 20 psi ,
writ a code that

controls the motor speed such that the duty cycle will be

equal to the error signal

Vo = pressure x sensitivity
= 20 psi x 40 MV/psi

= 2 mV

desired -
volts Motor

-> K pespeed o -

speed1e-
error = desired - actual -RC2 ·

U -f Tow
-I= Vef =

- G ⑭
T

I
duty cycle = I = error

-

& Simi *



B) write initialization code for the A/D module. Assume

that uref is internal Fos = 4 MHz

ADCONG
7 &

ADONTADY, 1 . 6 Ms --

01 1 I I O X I
X. Tosc >, 1 . 6Ns

↳ Go

X >, 1. 6 x 4 CHO : CH2

X 7, 6 . 4 Because ANZ

: X -> Foscl8
& I
--

I O X * o o 1 o

-

ADCONI

↑ PCfG

d

* Assuming right justified

Initialization :

Morlw 0x 71

Movwf ADCONO

movlw ox 82

movwf ADCONI

return



c) Write initialization code such that prm module will

operate at 20KHz assuming Fos : YMHz
k

Fpum & Duty cycle : 50 %

Towm = [PR2 + 17 * 4 * Tos A prescale

↓ x 03 = [PR2 + 1] # 4 * + * 15
°

* I

20

PR2 = 4 &

Duty cycle :In
Tow = [X] * Tos * prescale

0 . 5 *1 x163 =* * 4 x 18
°

x)
20

= 19h

X = 100 = o o 0 1100100
--

CCPRLL CCPICON <5 : 47

Initialization :

TM2ON

bef late
,

2 TECON*bof Trisc , 2 prescale
= I

MovIw 49 = 0 at first

Movwf PR2 and to turn ona bit 2 set

movlw ox 19

moUwf <CPRIL CCPICON X X 0 0 1 1 x X

movl OXOC I O
12

O C h
Move CCPICON

CIRF TICON

BSF TICON
, 2 ; to turn on the timer

return



Q6 : write initialization code TM2 interrupt to read the

analog input every 500Ms and store the pressure

value Fosc = 4 MHE

T= [PR2 + 1] * 4 * Tos * prescale * post scale

500x1 = [PR2 + 13 *** # */ * 1 * &

post scale
: PR2 = 99 - or

scale

X 0 1 0 0o 0 o

--

Initialization : 2 oh

post scale : 1 : 5 = 0100

BSF INTCON3 , INTLIE
BSF PIE1 ,

TMRIIE

BCF RCON
, IPEN

BSF INTCON2,
IN EDG1

MOVLW 99

MOVWF PR2

MOVLW Ox 20

MOUWF TICON

BSF INCON
, PEIE

BSF INCON , GIE

BSF TICON
,

2

return



Q : write a code to solve the function

f(w) = 5 + Sw

↳ = X

mortu X

mull w S · w = 5 X

movef f(w) ;
f(w) = Sx

morlw 5

addwf f(w)
,

1 ; f(w) = 5 + 5x

Q : write a subroutine that read port B (Bo : B7) and

store the second complement of port B in a file register
-f

called second-complement
"

don't use

& second complement = first complement + 1)

Comp :

morlw of FF

-
ones = 1 I I I
-

movwf ones # F h

morf portB, w ; read contents of port B and save

XORWF ones ,
w it in WREG

movwf first-comp

morlw oxof if port B = 00101101

Addurf first-comp , w

movef second-complement first.Aputo
-

return second-compe /101001/


