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What is a Microcontroller !

* A microcontroller is a compact integrated circuit designed to
govern a specific operation in an embedded system.

* A typical microcontroller includes a processor, memory and
iput/output (I/O) peripherals on a single chip.

* Sometimes referred to as an embedded controller or
microcontroller unit (MCU), microcontrollers are found 1n
vehicles, robots, office machines, medical devices, mobile
radio transceivers, vending machines and home appliances,
among other devices.

* They are essentially simple miniature personal computers f
(PCs) designed to control small features of a larger k.
component, without a complex front-end operating system %

(0S).




How do microcontrollers work?

Microcontroller (MCU)

=,
4

* A microcontroller i1s embedded inside of a
system to control a singular function in a

Flash

device.

(program) Processor

* It does this by interpreting data it receives
from 1ts I/O peripherals using its central
Processor.

The temporary information that the microcontroller receives is stored in its
data memory, where the processor accesses 1t and uses 1nstructions stored in
its program memory to decipher and apply the incoming data.

It then uses 1ts I/O peripherals to communicate and enact the appropriate
action. :
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What are the elements of a microcontroller?

* The processor (CPU): A processor
can be thought of as the brain of the e B
device.

Counter

l

l
- » It processes and responds to various | T
1nstructions that direct the \
microcontroller's function. 1
Bus

* This involves performing basic osc M /O Ports
arithmetic, logic and 1/O operations. It I I I I

PO P2 P1 P3

* It also performs data transfer (rcrespe
operations, which communicate
commands to other components 1n
the larger embedded system.

Inputs

R
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What are the elements of a microcontroller?

Memory: A microcontroller's memory 1s used to store

the data that the processor receives and uses to

respond to instructions that it's been programmed to
carry out. A microcontroller has two main memory

~ types:

External Interrupts

Counter

information about the instructions that the CPU 1
carries out. Program memory is non-volatile
memory, meaning it holds information over time 0oscC s I/ Ports 'y

without needing a power source. HH I I I I
_T_‘L _IT'_. TXD RXD

b.  Data memory, which is required for temporary R
data storage while the instructions are being s
executed. Data memory 1s volatile, meaning the
data it holds 1s temporary and 1s only maintained
if the device is connected to a power source.

Inputs

R

which stores long-term
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What are the elements of a microcontroller?

1/O peripherals: The input and output devices are the

interface for the processor to the outside world.
External Interrupts

* The input ports receive information and send it to the

Counter

ROM RAM

T
1

processor in the form of binary data. The processor Inputs

receives that data and sends the necessary instructions to

R

output devices that execute tasks external to the

microcontroller.
* While the processor, memory and I/O peripherals are the osc il I/O Ports 'y
defining elements of the microprocessor, there are other HH I I I I
Bk
elements that are frequently included. = XD RXD
PO P2 P1 P3
: : : (Address/Data)
* The term /O peripherals itself simply refers to f
supporting components that interface with the memory

and processor.

* There are many supporting components that can be

classified as peripherals. ¢
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Microcontroller features

* A microcontroller's processor will vary by
application. Options range from the simple ¢ PIC® Microcontroller Family
4-bit, 8-bit or 16-bit processors to more hcRooe Roadmap

complex 32-bit or 64-bit processors.

~ dsPIC® DSC

\_ (16-bit instruction word), "

* Generally, microcontrollers are designed to
be readily usable without additional
computing components because they are
designed with sufficient onboard memory
as well as offering pins for general I/0
operations, so they can directly interface
with sensors and other components. - 5

/Performance

Enhanced PICT6
(14-bit instruction word)

PIC106
14-bitinstruction word))

{(12-bit instruction word)
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Microcontroller applications

* Microcontrollers are used in multiple o= = g .
industries and applications, including in — 5:/ = & =l o
- the home and enterprise, building p.cmm . N .

automation, manufacturing, robotics, « Tl
automotive, lighting, smart energy, . 231210 © o
industrial automation, communications e °© e
and internet of things (IoT) o o e .
deployments. e o e

o . .

e .

256512 K8/ ® © ® ®

32-64 KB

* The simplest microcontrollers facilitate the operation of electromechanical systems
found 1n everyday convenience items, such as ovens, refrigerators, toasters, mobile
devices, video game systems, televisions and lawn-watering systems.

10
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Microcontroller Archltecture

* Microcontroller architecture can be
based on the Harvard architecture or
von Neumann architecture, both von Neumann memory Adreay

offering different methods of Busass

exchanging data between the processor

and memory.

I : Instruction
nstruction Address,

Memory

; Harvard
Instructions < CPU

 With a Harvard architecture, the data Yo NeumannI
. . “bottleneck”
bus and instruction are separate,

allowing for sitmultaneous transfers. Data Data space

: Address,
Address, Data Data and

 With a Von Neumann architecture, one Data and Mesicry Status

Status Busses

bus 1s used for both data and Busses
1nstructions.

11
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, Microcontroller Architecture

Microcontroller processors can be based on complex
instruction set computing (CISC) or reduced RISC

instruction set computing (RISC).
FEW INSTRUCTIONS

CISC generally has around 80 instructions while

RISC has about 30, as well as more addressing
modes, 12-24 compared to RISC's 3-5. MORE

MICROPROGRAMMING

LESS REGISTERS

When they first became available, microcontrollers e ———
solely used assembly language. Today, the C PER INSTRUCTION
programming language is a popular option. Other ARDINAREFOCUSED
common microprocessor languages include Python
and JavaScript.

The PIC microcontroller is based on the Harvard
with RISC architecture

Vs CISC

MULTIPLE INSTRUCTIONS

MORE REGISTERS

. MORE COMPLEX
COMPILERS
ONE CYCLE TIME

PER INSTRUCTION

SOFTWARE FOCUSED

12
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Microcontrollers vs. microprocessors

Microcontrollers can be said to function usefully on their own, with a direct

connection to sensors and actuators, where,

Microprocessors are designed to maximize compute power on the chip, with
internal bus connections (rather than direct I/0O) to supporting hardware such as
RAM and serial ports.

Simply put, coffee makers use microcontrollers; desktop computers use

MICTOProcessors.
Microcontrollers are less expensive and use less power than microprocessors.

Microprocessors do not have built-in RAM, read-only memory (ROM) or other
peripherals on the chip, but rather attach to these with their pins.

A microprocessor can be considered the heart of a computer system, whereas a
microcontroller can be considered the heart of an embedded system.

Microprocesser: CPU
and several supporting chips.

Microcontroller: CPU
on a single chip.

Serial
Interface

Serial
Interface

13
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Choosing the right microcontroller

* There are a number of technology and business considerations to keep 1n mind
when choosing a microcontroller for a project.

* Beyond cost, 1t 1s important to consider the maximum speed, amount of RAM
or ROM, number or types of I/O pins on an MCU, as well as power
consumption and constraints and development support. Be sure to ask
questions such as:

* What hardware peripherals are required?

* Are external communications needed?

* What architecture should be used?

* What sort of community and resources are available for the microcontroller?
* What 1s the market availability of the microcontroller?

14
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Skills/’knowledge required to build a Microcontroller based system

* To build a microcontroller based system you MUST be familiar with

1. Hardware circuit design (analog and digital circuits design)

Ohm’s law, Joule law
KVL, KCL, voltage/current divider equation
R, L, C, Diode, Transistor, relay

~
—

Numbering systems,
Logic gates, combination/sequential circuit
Boolean algebra

~—

—_

Fundamental of C programming

Embedded C language

2. Firmware Programming languages (Assembly and/or C language)
B Apalqg/electronics o

Circuit

Hardware design
Digital Circuit —

Microcontroller |
systems

C language —

Firmware design ;

NEW

Assembly language

15
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Skills/’knowledge required to build a Microcontroller based system

Thus, 1n this course you will learn how to design a Firmware using assembly
and C languages to perform a specific task.

* An assembly language 1s a type of low-level programming language that 1s
intended to communicate directly with a computer’s hardware.

* Assembly languages are designed to be readable by humans.

* Assembly language 1s a necessary bridge between the underlying hardware of
a processor/controller and the higher-level programming languages—such as
Python or JavaScript—in which modern software programs are written.

16
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Numbering Systems

Three main numbering systems are required to build/understand low level
coding... numbers are mainly described in 3 different formats such as

1: Decimal numbers: Base 10 [0, 1, 2, 3, ...., 9], total of 10 digits
the last digit 1s 9 which 1s the base — 1 =10-1=9

2: Binary numbers: Base 2 [0, 1], total of 2 digits
the last digit 1s 1 which 1s the base — 1 =2-1=1

3: Hexadecimal numbers: Base 16 [0, 1, 2, 3.....15], total of 16 digits
the last digit 1s 15 which 1s the base — 1 =16-1=15

18




Lecture 2 / Numbering systems and logic oper:

Numbering Systems (Decimal numbers)

* Decimal numbers are used by programmer due to its simplicity (Human being count
number on their 10 fingers)

A simple decimal number 1s a number between 0 and 9
After 9, the decimal number becomes a combined number made of two digits

After 99, the decimal number becomes a combined number made of three digits ... etc.
Each digit 1s represented by its value multiplied by its base weight (position)

For example, 125 1s written as 1 x100 + 2 x10 + 5 x1

where 100, 10, and 1 are the base weights of the numbersl, 2 and 5, respectively

19
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Numbering Systems (Decimal numbers)

The number 125 can be written as

Il x100 + 2xI0 + 5x1

% Weights

1 x10¢2 + 2x10! + 5x10°

T

Base
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Numbering Systems (Binary numbers)

* Binary numbers are used by the microcontroller (they represent True or false state of
current, i.e. 1 or 0 availability of current)

A simple binary number 1s a number made of 0 or 1 (it 1s called bit)
After 1, the binary number becomes a combined number made of two digits

After 11, the binary number becomes a combined number made of three digits... etc.
Each digit 1s represented by its value multiplied by its base weight (position)

For example, 101 1s writtenas 1 x4 +0x2 + 1 xI

where 4, 2, and 1 are the base weights of the numbers 1, 0 and 1, respectively

21




Lecture 2 / Numb

Numbering Systems (Binary numbers)

The number 101 can be written as

x4 + 0x2 + 1xlI

/// Weights

1 x22 + 0x2! + 1 x2Y

\I/'

Base
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Numbering Systems (Binary numbers)

[t 1s important to remember the 16
first binary numbers...this will
reduce the programming complexity
and time.

 (Consider that

* 0+0=0
¢ 0+1=1
¢ 1+0=1
* 1+1=10

* Thus the first 16 binary numbers are
generated from the 16 sequential
increments

»0000

»0001

»0010

>0011

>0100

>0101

>0110

»0111

|

— 111 — 0111

+1

1000 ——> 1000
+1

1001 > 1001
+1

1010 —> 1010
+1

1011 >1011
+1

1100 > 1100
+1

1101 —+ 1101
+1

1110 ——> 1110
+1

1111 »1111

23
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Numbering Systems (Binary numbers)

* A BIT is a binary digit, the smallest increment of data on a computer.
~ * Bits are usually assembled into a group of 4 bits to form a Nibble

* Also assembled into a group of 8 bits to form a BYTE. A byte contains enough information
to store a single ASCII character, like “A, h @, 1, 6, !".

* If bits are assembled in a group of more than 8 bits then 1t will form a WORD

* For example 1010,0001 isa BYTE
11,0010,0001 1s a WORD of 10 bits
0010,0000,1111 1s a WORD of 12 bits

24
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Numbering Systems (Hexadecimal numbers)

* Hexadecimal numbers are used to easily read binary numbers.
* A simple Hexadecimal number 1s a number made of 0 to 15

* In order not to confuse between decimal and hexadecimal numbers, the hex numbers made of two
digits are replaced by letters.

* Thus the simple hex numbers are 0, 1, ....9, A, B, C, D, E, F, where A to F represents 10 to 15.
» After F, the hex number becomes a combined number made of two digits

» After FF, the hex number becomes a combined number made of three digits... etc.
* Usually, Hex numbers are used to express the 4-bit nibbles for simplicity
* For example 1010,1001 in binary 1s A9 in Hexadecimal

11,0010,0001 in binary 1s 321 in Hexadecimal
0010,0000,1111 in binary 1s 20F in Hexadecimal -
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Conversion between numbering Systems

* During programming, it will be required to make conversions between different numbering
systems.

* You have to learn how to make mental conversion from binary «<» decimal and from binary <
hexadecimal

Decimal

-
\ 4 N

. 4

Binary

* DON’T do direct conversion from hex to decimal and vice-versa. Always pass through binary
26




1101,0110

=1x27 + 1x20+0x2> + 1x2% +0x23+1x22+1x2t + 0x2Y
=1x128 + I x64 + 0x32 + 1x16 +0x8 +1x4 +1x2 +0x1

=214 1n decimal

You have to remember 27=128, 20=64, 2°=32, 24=16, 23=8, 22=4 21=2  20=]

27
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Conversion from Decimal to Binary

* Having for example a decimal number 214. To convert it to binary, follow the steps

214

~ Keep in mind the following numbers 128 64 32 16 8 4 2 1
. And prepare the binary number b7 be bs bsa bs b2 b1 bo

Does 214 contain 128 ? Yes — replace b7 by 1 — calculate 214-128 = 86
Does 86 contain 647 Yes — replace bs by 1 — calculate 86-64 = 22
Does 22 contain 327 No — replace bs by 0

Does 22 contain 16? Yes — replace b4 by 1 — calculate 22-16 =6

Does 6 contain 8? Yes — replace b3 by 0
Does 6 contain 47 Yes — replace b2 by 1 — calculate 6-4 =2
Does 2 contain 2? Yes — replace b1 by | — calculate 2-2 =10

28

Does 0 contain 1? No — replace bo by 0
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Conversion from Hex to Binary and vice-versa

e Aswe already know the first 16 values in binary,

Hexadecimal and decimal, as shown in the table, Binary ~ Hexadecimal Decimal

we can use our memory to make direct conversion 0000 0 0
from/to binary to hexadecimal 0001 1 1
0010 2 2
0011 3 3
* For Example: 0101 0000 in binary 1s 50 in Hex 0100 4 4
[111 1111 in binary is FF in Hex 0101 > 5
0110 6 6
0111 7 7
* Or for example FAB3 in Hex is 1000 8 8
S 1001 9 9
1111,1010,1011,0011 in Binary 1010 A 0
1011 B 11
1100 C 12
1101 D 13
1110 E 14

1111 F 15
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Conversion from Hex to Decimal and vice-versa

* In case we need to convert from decimal to Hex or

from Hex to decimal for a value below 16, the Binary _ Hexadecimal Decimal
table can still be used. 0000 0 0
0001 1 1
0010 2 2
* But in case we need to convert a bigger value 0011 3 3
from/to decimal/hex, It is highly recommended to 0100 4 4
pass through binary. 0101 5 5
0110 6 6
0111 7 7
1000 8 8
: 1001 9 9
Decimal 1 1010 A 10
1011 B 11
1100 C 12
1101 D 13
1110 E 14
1111 F 15 39




Lecture 2 / Numbering syste

Conversion from Hex to Decimal and vice-versa

* Example: Convert decimal 120 to Hex

Binary Hexadecimal Decimal
0000 0 0
e Stepl: From decimal to binary 0001 1 1
e 120 contains 64 — be=1, 120-64 = 56 0010 2 2
« 56 contains 32 —  bs=1, 56-32=24 0011 3 3
e 24includes 16 -  ba=1,24-16=38 0100 4 4
* 8includes 8§ — b3 =1, 8-8=0 0101 5 5
» All other bx are zeros 0110 6 6
* Thus the binary value will be 0111,1000 0111 7 7
1000 8 8
1001 9 9
* Step 2: From binary to Hex (using table) 1010 A 10
0111,1000 = 78 in Hex 1011 B 11
1100 C 12
1101 D 13
 Thus decimal 120 1s 78 in Hex 1110 E 14
1111 F 15 =1




Conversion from Hex to Decimal and vice-versa

* Example: Convert Hex C7 to decimal

* Stepl: From Hex to binary (From table)
C7=1100,0111

* Step 2: From binary to Decimal
the number 1100,0111 has
128+64+4+2+1=199

e Thus Hex C7 1s 199 1n decimal

Binary Hexadecimal Decimal
0000 0 0
0001 1 1
0010 2 2
0011 3 3
0100 - -
0101 5 5
0110 6 6
0111 7 7
1000 8 8
1001 9 9
1010 A 10
1011 B 11
1100 C 12
1101 D 13
1110 E 14
1111 F 15 22




Logic Gates/Operations

- ® [ ogic gates are the basic building blocks of any digital system. It 1s an electronic circuit having one or
more than one input and only one output. The relationship between the input and the output is based on
a certain logic. Based on this, logic gates are named as AND gate, OR gate, NOT gate etc.

u7 NOT gate
[ o {>c E A ouT
INVERTER G 1
1 0
AND gate NAND gate
Q0

A B ouT h Ua A B ouT
0 0 0 0 0 1
0 1 0 . 0 1 1
1 0 0 D“ 1 0 1
1 1 1 1 1 0

OR gate NOR gate
A B ouT A B ouT
0 0 0 0 0 1
0 1 1 0 1 0
1 0 1 1 0 0
1 1 1 1 1 0

XOR gate XNOR gate
A B ouT A B ouT
0 0 0 0 0 1
0 1 1 0 1 0
1 0 1 1 0 0
1 1 0 1 1 1 33
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Logic Operations

* In 8-bit microcontroller, the main logic operations are AND, OR and XOR.

* The operations are made as byte with another byte, 1.e. 8 bits with another 8
bits.

* Example, ANDing 1010,0001 with 11011100 1s

Byte 1 1 0 1 0 0 0 0 1
Byte 2 1 1 0 1 1 1 0 0

Byte 1 AND Byte 2 1 0 0 0 0 0 0 0

34
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Logic Operations
* Example, ORing 1010,0001 with 11011100 1s

Byte 1 1 0o 1 0 0 0 0 1
Byte 2 S O O I
Byte 1 OR Byte 2 A O O B

* Example, XORing 1010,0001 with 11011100 1s

Byte 1 1 0 1 0 0 0 0 1
Byte 2 1 1 0 1 1 1 0 0

Byte 1 XOR Byte 2 0 S A O I O A

35




Lecture 2 / Numbering systems and

Arithmetic Operations

Full adder

u10

* Arithmetic operations are such

Addition, Subtraction, Multiplication, \)§ ) 2
Division... caryin [ "o
A 00 L Q14 carry out
D) > >j D —
B D.. XOR AND-2 OR 2
* For a 1bit added, the circuit and the e
truth table are as follow
Carry In A B Sum |Carry out
0 0 0 0 0
0 0 1 1 0
0 1 0 1 0
0 1 1 0 1
1 0 0 1 0
1 0 1 0 1
1 1 0 0 1
1 1 1 1 1
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Arithmetic Operations (Addition)

* Microcontroller can also solve 8-bit arithmetic operations like Addition and
Subtraction (Advanced microcontroller can also make Multiplication/Division)

* Example, ADDing 1010,0001 with 11011100 1s '
Start from
the LSB

Byte 1 1 0 1 0 0 0 0 1
Byte 2 1 1 0 1 1 1 0 0

Byte 1 + Byte 2 A ) N I O T O O A

37
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Arithmetic Operations (Subtraction)

* The PIC microcontroller can do Subtraction but with a special technique. The
- Subtraction is based on Addition and thus reducing the complexity/cost of the
- chip. Thus no real Subtractor circuit inside the chip.

* The method 1s called two’s complement.

* For Example: Bytel — Byte2 is achieved as

Step 1: do the complement of Byte2
Step 2: Add 1 to the result
Step 3: Then do simple addition of Bytel with the result of step 2

* We will do 3 examples of different values of Bytel and Byte2 and check what
will happen to the Carry bit

38




Lecture 2 / Numb

Arithmetic Operations (Subtraction)
* Let’s assume that Bytel = 60 and Byte2 = 50 (case of Bytel > Byte2)

Bytel = 60 o o0 1 1 1 1 0 0
Byte2 =50 0 0 1 1 0 0 1 0
sep1 BYte2 is flipped= 205
Step 2 Add 1
result =206

sep3 Add to Bytel = 60
Bytel + Byte2 = 266 1

I =IO =
I =IO =
OS|I= OoOIo0 O
OS|I= OoOIo0 O
(G N K R
Ol = | =
—_— o = O O
OO O =

Value is
positive -
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Arithmetic Operations (Subtraction)
* Let’s assume that Bytel = 60 and Byte2 = 60 (case of Bytel = Byte2)

Bytel = 60 o o0 1 1 1 1 0 0
Byte2 = 60 o o 1 1 1 1 0 0
sep1 BYte2 is flipped= 195
Step 2 Addl
result = 196

sep3 Add to Bytel = 60
Bytel + Byte2 = 256 1

SO =IO =
SO =IO =
oS- oo O
oS- oo O
oS- oo O
Sl =IO O
oS OO =
OO O =

Value is zero

40
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Arithmetic Operations (Subtraction)
* Let’s assume that Bytel = 50 and Byte2 = 60 (case of Bytel < Byte2)

Bytel =50 0 0 1 1 0 0 1 0
Byte2 = 60 o o 1 1 1 1 0 0
sep1 BYte2 is flipped= 195
Step 2 Add 1
result =196

sep3 Add to Bytel = 50
Bytel + Byte2 = -10 0

—_O = O
—_ O = O
—_——_— 0o O
—_——_— 0o O
oo oo O
—_—o = O O
—_—— OO
SO O =

The result is a number that

represents a negative number
of 246-256 = -10
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Arithmetic Operations (Subtraction)

* So, as a conclusion on the Subtraction operations

 If Bytel > BYTE2, Carry = 1
* [f Bytel <BYTE2, Carry =0

 IMPORTANT NOTE: Other microcontrollers may have another subtraction
methods and the Carry bit may vary compared to the PIC subtraction.

42




Test your knowledge

Lecture 2 / Numbering systems and logic operations Microcontroller Systems

1. Convert from Binary to Decimal the following numbers
« B’11010001°
« B’11111111°
« B’O111111°
* B’1000000°

2. Convert from Decimal to Binary the following numbers
e D128’
« D’255°
e D127’
* D16’
3. Convert from Hex to Decimal the following numbers
« H’AB’
* H’FF°
« H’IF
« H7F’




Test your knowledge

Lecture 2 / Numbering systems and logic operations

4. Convert from Decimal to Hex the following numbers
e D128’
e D127’
 D’255°
e D’16°
5. Convert from Hex to Binary the following numbers
« H’I1”
« H7F’
« H’'FF’
« H’AC’
6. Convert from Binary to Hex the following numbers
« B’11001111°
« B’11111°
* B’10101010°
« B°01010101°

Microcontroller Systems




Test your knowledge

Lecture 2 / Numbering systems and logic operations

7. Calculate D’128” AND D127’
8. Calculate HAF’ OR B’10100001°
9. Calculate D’128° — H’1F’ using two’s complement

Microcontroller Systems

45
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Lab 0/ Installing MPLAB

PIC programming languages

* PIC can be programmed using the official languages provided by the
manufacturer or using third-party languages.

* Official languages: Assembly language, C language (Free tools)

* Third-party languages: mikroC, Flowcode, PICBASIC, mikroBasic,
mikroPascal and many others (paid or partially free)

* In this course we will focus only on the official languages

47




Lab 0/ Installing MPLAB

PIC programming software

* The official software used to write assembly or C
languages 1s MPLABX IDE

* IDE means an Integrated Development Environment:
a software application that helps programmers
develop software code efficiently.

e It increases developer productivity by combining
capabilities such as software editing, building,
testing, and packaging in an easy-to-use application.



https://www.microchip.com/en-us/tools-resources/archives/mplab-ecosystem

Lab 0/ Installing MPLAB

PIC programming software

. 1(\3/IPLaABX IDE nieds 2 compiler/assembler to convert the assembly or
codes mto machine language. MPI. AB

* What 1s a compiler: It is a translator that convert the C coding into a 0/1 X I D E

files ready to be deployed on the chip. v

* What 1s an assembler: It is a translator that converts the assembly
coding into a 0/1 files ready to be deployed on the chip

* What 1s a machine lanﬁuage: It 1s the set of binary values that will be
loaded in the PIC Flash memory. It is generated by the assembler and
the compiler.

* Lately, Microchip created a compiler called XC8 used to translate the C
and assembly codes for the midrange family

49
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Lab 0/ Installing MPLAB

PIC programming software

Demo code written 1n assembly language

MPLABE X IDE v5.50 - test_code : def:

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- search (Cirl+1)

= 3 N = : R A g ! H : . 1 S W B
PEES DO e VTH LT D000anaaddd W O Q& oo e woomo] ovwon
Projects xT Files [Servim I o || startPage x|k MAIN.S x| L=O
E6 test code Asmsource Hisory |BE-H-Q@S5BN|F L %20 O] 3
Header Files
[ tmportant Files 16 ~
i Linker Files 17 Al EQU 0X021
Source Files
S MAIN.S 18 A2 EQU 0X022
=& Libraries 19 A3 EQU 0X023
& Loadadles 20 INTCNTR EQU 0X024
21
22 PSECT TIMERINTERRUPT, CLASS=CODE ,DELTA=2,ABS, OVRLD
23
24 ORG 0X000
25 GOTO MAIN
26
27 ORG 0X004
28 BCF TOIF
29 MOVILW -125
30 MOVWF TMRO
31 DECFSZ INTCNTR,F
MAIN.S-... x| test_code-.. G| 32 RETFIE
© mam 23
© Rrep
g SETUP 34 MOVLW 125
TIMER1S 35 MOVWE INTCNTR
36 MOVLW 00000010B
37 XORWF PORTB v
< >
Output - test_code (Build, Load) XIP g ion Bits TProgram Memory B
u> Lata space usea oo uj or 17un DYTEs T u.uxy ~
EEPROM space used Oh ( 0) of 100h bytes { 0.0%)
Configuration bits used 1h 1) of 1h word (100.0%)
ID Location space  used Oh ( 0) of 4h bytes ( 0.0%)
make[2]: Leaving directory 'C:/Users/User/Documents/led uni_fall 22/HW3/test_code.X’
make[1]: Leaving directory 'C:/Users/User/Documents/led uni_fall 22/HW3/test_code.X'
BUILD SUCCESSFUL (total time: 2s)
Loading code from C:/Users/User/Documents/led uni fall 22/HW3/test code.X/dist/default/production/test code.X.production.hex...
Program loaded with pack,PICl6Fxxx DFP,1.2.33,Microchip
Loading completed
5 50
&) 35:18 INS




Lab 0/ Installing MPLAB

PIC programming software

Demo code written 1n C language

1! MPLAB X IDE v5.50 - timer0 : default
File Edit View Navigate Source Refactor Production Debug Team Tools Window Help Q- Search (Ctri+1)

PEHES 9D e YT ML R0 H0COARaadAE [ M O D W e oo e woo ko] wwwn

Projects xTFilm [Ser\ncm I = || Start Page x]newmam.c xl EO
=@ fimen source | wisoy MR H-B-ABSFEEIP LT o9 B/ 460 g
Header Files 24 Description:
[ tmportant Files @
Linker Files 30 * the main function is used to generate a PWM signal with tweo different duty cygele
SOHTCE!F\‘E}S 31 = *‘k****‘k**‘k**‘k**‘k**‘k**‘k****‘k‘k*‘k**‘k**‘k**‘k*******‘k**‘k**‘k**‘k**‘k***********************/
ﬁ' Libraries — . R
& Loadables 32 £ void main() {
33 Init(); // Call the Init function to set up pic
34 // this function generates a pwm signal with two sequencial on time of 9ms and l4ms with a period of 20ms
35 while (1) {
36 TOIF = 0;
37 TMRO = 186; // calculated is 186.5 for 9ms
38 RB1 = 1;
39 while (!TOIF);
40 RBl1 = 0;
41 _ delay ms(11); // 20 -9 = 1lims
42
43 TOIF = 0; i
44 TMRO = 146; // calculated wvalue is 146.625 for l4dms
main() - N... *| tmer0-Da... | = 12 RB1 = 1;
@ it 46 while (!TOIF);
i _XTAL_FREQ 47 RBl = 0; =
@ main()
48 _ delay ms(6); //20-14 = 6ms
a9 |
50 v
B > @ manp x
Output XIP fig ion Bits [ 0g Memory =
W configuration Loading Error x  Project Loading Warning = timerD (Build, Load) x
See http://www.microchip.com/MPLABACcompilers for more information. S
make[2]: Leaving directory 'C:/Users/User/Desktop/TON 2022/nigil lab/timer0.Xx'
make[1l] : Leaving directory 'C:/Users/User/Desktop/TON 2022/nigil lab/timer0.X’
BUILD SUCCESSFUL (total time: 1s)
Loading code from C:/Users,/User/Desktop/TON 2022/nigil lab/timer0.7/dist/default/production/timer0.%.production.hex. ..
Program loaded with pack,PIC18F-K DFP,1.4.87 Miecrochip
Loading completed
v
= 2 51
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Lab 0/ Installing MPLAB

PIC programming software

Microchip also designed other compilers
* for the 16bit MCU like the PIC24 family
* and other compilers for 32bit MCU like PIC32 families

MPLAB
XC8

8-bit PIC® MCUSs |+

»
ﬁ\ MICROCHIP
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Lab 0/ Installing MPLAB

PIC Programming tools

* After writing and compiling a code, it 1s time to move the binary file to the
PIC flash memory. This can be done using a PIC programmer

* Again we have lot of choices
 Official programming tools
* Third-party programming tool
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Lab 0/ Installing MPLAB

PIC Programming hardware

Official programmer

* The MPLAB PICkit Programmer allows fast and easy
debugging and programming of PIC, dsPIC, AVR, SAM and
CEC flash microcontrollers (MCUs) and microprocessors
(MPUs), using the powerful graphical user interface of
MPLAB X Integrated Development Environment (IDE)

@ MicrocHir B
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Lab 0/ Installing MPLAB

PIC Programming hardware

PICKit can be connected to the microcontroller through 5
wires only, which represents the programming bus.

The PIC 1s already placed on the breadboard with the necessary
components

4
L]
.
.

e
.
|
- .
L
L)
L)
L)
LN
L)
L)
L)
LI
+

2
w _;v,'
. !
H
His
4
LS
e
' ® ® 30
&
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Lab 0/ Installing MPLAB

PIC development tools

In order to reduce the hardware complexity, Microchip
and other third party companies designed Development
tools.

These tools can be easily attached to the programmer or
it can be designed to be a programmer and a
development tool at the same time.

Development boards have some on board switches, Push
buttons, Leds, LCD and many other sensor/actuators.

i

o =
diddisdiie "

BLoa11  BER
PIC Programmer

)
EsLocks2 |

LTI

LS
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Overview on the PIC16F887




Week 2, Lecture 3 / Overview on

What is the microcontroller PIC16F887

* The PIC16F887 1s one of the devices manufactured by Microchip.
* This PIC 1s 1n the midrange family 14bit instruction word

e It 1s an 8bit Microcontroller

RE3/MCLR/VEP —-.[ 1 U 40 :] RB7/ICSPDAT @ PIC® MlcrocontrO"er Famlly
RAO/ANO/ULPWU/C12INO- =—[] 2 39[] <—— RB6/ICSPCLK MicrRocHIP Roadmap
RAT/AN1/C12IN1- ~——[]3 38[] <— RB5/AN13/T1G —— @
RA2/AN2/VREF-/CVREF/C2IN+ =——= [ 4 37[] <= RB4/AN11 —
RA3/ANI/VREF+/C1IN+ =[5 36 RB3/ANY/PGM/C12IN2- @
RA4/TOCKI/C10UT =——=[]6 351 «— RB2/AN8 o R
RA5/AN4/SS/C20UT =——[]7 3401 RB1/AN10/C12IN3- o dsPIC® DSC
REO/ANS <——[]8 - 33 ] =— RBO/AN12/INT ® - -
RE1/ANG <[] g 3 32[] VDD £ '
RE2/AN7 <= []10 3 31+ Vss S
VDD — =[] 11 E 3007 RD7/P1D o
Vss —=[]12 5 29[ ] =——— RDB/P1C o
RA7/OSC1/CLKIN «——[713 o 28[] RD5/P1B Enhanced PIC16
RAB/OSC2/CLKOUT «—— [ 14 271 RDA4 (14-bit instruction word)
RCO/T10SO/T1CKI ~—[] 15 26 ] RC7/RX/DT .
RC1/T10SI/ICCP2 <[] 16 25[7 RCB/TX/CK
RC2/P1A/ICCPT <[] 17 247 RC5/SDO R
RC3/SCK/SCL =———=[]18 23] RC4/SDI/SDA '1_2-bitinstructionwoq
RDO ——[]19 221 RD3 :




Week 2, Lecture 3 / Overview o f

What is the microcontroller PIC16F887

- The most important specifications of this chip are
1: 35 input/output pins

: Flash memory (Program memory) of 8K Word

: Ram of 368 bytes

: EEPROM of 256 bytes

: 8 internal crystals (oscillators)

: 14 Analog to Digital channels

: Three timers

: Max running frequency of 20Mhz

: Wide operating voltage ( from 2 to 5.5 volts)

O 0 3 O D B W N

* From now on, you have to use the PIC datasheet for extra information.
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https://www.microchip.com/en-us/product/PIC16F887

Week 2, Lecture |

What’s

11181

de the Chip

-

Flash Memory

-
/

3 timers

Configuration

13

PORTA

Direct Addr 7

Data Bus
Program Counter
Flash @
4KBK X 14
Program RAM
Memory 8-Level Stack 256111368 Bytes
(13-Bit) File
Registers

1

PORTS

PORTD K

Internal
Oscillator
Block

Power-up MU
~ e K4
Instruction Oscillator
Decode and Start-up Timer ALU
Control
Power-on I
OSC1/CLKIN Reset 8 1
Timing <=:> Watchd
Generation 1'|mar°g WWiteg
0sC2ICLKOUT Brown-out CCPZ\ZQI.
Reset 4 \~: 1

Arithmetic
Logic Unit

Working
register

WCLR Voo P_ORTE
In-Circuit
Debugger K=
(ICD)
11081 F——  Timert =
32 kHz < 5
T1080 IZI— Oscillatos a <
ok X 5 3 S 2
e 2 heow o 228 p.
TOCKI T1G T1CKI = 5 O a a a [Z 7] IVJ
Master Synchronous
Timer0 Timer1 Timer2 EUSART ECCP Serial Port (MSSP)

iL it ir

i it

i

b

4

A2D converter |

VREF+| Analog-To-Digital Converter
VREF-| (ADC)

| 2 Analog Comparators ai:
and Reference CVker

ey

AL [
zgz82525
SZZZZ050
OQJNNN=Oq

00000 " ©

i @
8 EEDATA
256 Bytes

Data
EEPROM

EEPROM

|
|
|
|

EEADDR

L&
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Week 2, Lecture

What’s inside the Chip

-

Configuration

13

Flash
4KBK X 14
Program
Memory

Program Counter

8-Level Stack

(13-Bit)

Data Bus

PORTA

L

Program 14
Bus

Direct Addr 7

RAM
2561117368 Bytes

File
Registers

STATUS Reg

Av4
Instruction
Decode and
Control

OSC1/CLKIN

0OSC2/CLKOUT i

Internal
Oscillator
Block

Timing
Generation (<>

Power-up
Timer

Start-up Timer

Oscillator

MUX

1

PORTA

RA6  RAS RA4 RA3 RA2 RA1 RAO

RA7
Vv

Power-on
Reset

Watchdog
Timer

Brown-out
Reset

MCLR VoD Vss

ALU
I

In-Circuit
Debugger
(ICD)

1

T108I Z}—- Timer1
32kHz <
T1080 Oscillats a
X— scillator w i &
= $ S & @00
TOCKI TIG | TicKI g 3 o & a a
Master Synchronous
Timer0 Timer1 Timer2 EUSART ECCP Serial Port (MSSP)

iL it

it

it

it

i

L 4 i
VREFH Analog-To-Digital Converter 2 Analog Comparators wz: 8 EEDATA
VREF- (ADC) and Reference CViRer
256 Bytes
Data

DDA M EEPROM

2333333333323z 22222323 EEADDR
OrrrwrrnOd
00000 " ©

N S
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Week 2, Lecture 3 / Overvie

What’s inside the Chip

In order to program any microcontroller, you have to be aware of the hardware
structure of the chip. Just imagine that you have the following items inside the

PIC
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Week 2, Lecture 3 / Oy

‘What’s inside the Chip

i : :
This guy is the Timers used to RAM is used to
DIt v}vlho W11<H do count time and save temporary
The Code is the tas make schedules data
saved in the
Flash memory @ @ &
e e EEPROM used
ALU is a - to save
calculator S e e permanent data
S I =
Ports are used to
send/receive . -
data to/from Working place =
\actuators/ Sensors

gogpdppddppodpdoog) -
rvi rrvrrrvyr rvrhrvrvrrerbrbyr by




Week 2, Lecture 3 / Overview on the

What’s inside the Chip (Flash Memory)

* The Flash memory 1s like an Armoire with a set of drawers. It 1s the
location in which the machine language code 1s saved.

'« The machine language 1s the translated version of the code written in
Assembly or C languages...

£££r

* The Flash memory holds the instruction required to make a special
process. Every instruction is saved in a drawer.

* Like for example, how to make a pizza, how to control the temperature of
a room or any other process.

* Since this memory is used to save the operating program, it 1s also called
program memory

* NB: this memory 1s programmed using a special programmer Ny




Week 2, Lecture 3 / Overview on the PIC16f88

What’s inside the Chip (Flash Memory)

* The Armoire of the PIC16F887 has 8192 drawers (8K)
* Each drawer can hold 14bits (spaces)

* So, it is called 8K Word of 14 bits Drawer number 0 ——m o
\ =
* The total number of spaces 1s 8192 x 14 = 114688 spaces -
* Or more precisely, 114688 bits
* To know what is the byte size, we divide this number by 8
Drawer number 8191 \\\ A

* 114688/8 = 14336 Bytes = 14Kbytes
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Week 2, Lecture 3 / Overview on the PI(

What’s inside the Chip (Flash Memory)

* As mentioned before, the Armoire of the PIC16F887 has 8192
drawers (8K)

* Each drawer has an address (0, 1, 2...8191)

* We need 13 address lines to access these memories. 213 =8192

Drawer — |

number 0

e The address of the first drawer 1s 0,0000,0000,0000 (0 in decimal)
* The address of the last drawer is 1,1111,1111,1111 (8191 in decimal)

££££’

* It 1s better to describe the address in Hex format, so,
e The address of the first drawer will be 0000 1n Hex
* The address of the last drawer will be 1FFF in Hex

Drawer '\\
number 8191
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Week 2, Lecture 3 / Overvie

What’s inside the Chip (Flash Memory)

* As per the datasheet, the flash memory starts by a reset vector, in which the program will start from
address zero when the chip 1s powered up.

* Also the flash memory 1s made of 4 pages (will be discussed later)

| PC<12:0> |
a - [NEEN
CALL, RETURN 13 Drawer nu
RETFIE, RETLW
AN
Stack Level 1 (NN
Stack Level 2
- AU\
L]
Stack Level 8 I
/
Reset Vector 0000h
Interrupt Vector 0004h
4 0005h
Page 0
O7FFh
o ; 0800h
) age
On-Chip i OFFFh
Program < 1000h
Memory
Page 2
17FFN '\\
1800h
Page 3 Drawer n e ] A
" iFFFR |

67
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Week 2, Lecture 3 / Overview on the

—

What’s inside the Chip (RAM)

e The RAM is also like an Armoire with drawers. It 1s made of 4 banks called
bank0, Bank1, Bank2, and Bank3.

Each bank has 128 drawers (512 1n total)
Each drawer can hold 8 bits Y

Drawer number O 7 — — — —

Some of the drawers are not accessible — — — —

And some others are duplicated

Only 368 drawers are free to use, 1.€., 368 bytes) ~ — — —

The data inside the drawers is volatile ~ -~ -~ —
Drawer number 127

NB: Drawer is an acronym to Register, or File, Bank0O Bankl Bank2  Bank3

or Location memory 68




What’s inside the Chip (RAM)

* Some of the drawers are used for the “settings™ A emory | Omaued FILE or
of the PIC, called Special Function Registers Y Register

(SFR)

* They have special name and they should be
carefully loaded by special values

* Others registers are free to use. They can be
named by any name, and loaded by any value,
thus called General Purpose Register (GPR)

* The value that can fit into the registers ranges
from 0 to 255. (8 bit register)

e

JUANNER |
b0 CiiC

Not
available
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Week 2, Lecture |

What’s inside the Chip (RAM)

RAM (from datasheet)

File File File File
. Address Address Address Address
L] EaCh b ank has 1 2 8 drawers . thus 1n total 5 1 2 . Indirect addr. (| 00h [ indirectaddr. 'V | 80n [Indirectaddr. ™| 100h |[indirectaddr. (7| 180h
TMROD 01h | OPTION_REG | &1h TMRO 101h | OPTION_REG | 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
* Some are taken (SFR) e om [oFE | s [orE ] wom [oree T ren
PORTA 05h TRISA 85h WDTCON 105h SRCON 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC &7h CM1COND 107h BAUDCTL 187h
d And Some Others are free tO use (GPR) [ PorTD@ | oen | TRISD@ | 88k CM2COND 108h ANSEL 188h
PORTE 0%h TRISE 8%h CM2CON1 109h ANSELH 189h
PCLATH DAh PCLATH 8Ah PCLATH 104h PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIET 8Ch EEDAT 10Ch EECON1 18ch
PIRZ 0Dh PIE2 8Dh EEADR 10Dh EEcon2TT 180h
. TMRIL 0Eh PCON BEh EEDATH 10Eh Reserved 1BEh
® The total free tO usce regl Sters arc TMRIH OFh OSCCON 8Fh EEADRH 10Fh Reserved 18Fh
TICON 10h OSCTUNE 30h 110 190h
. . TMR2 11h SSPCON2 9th 111h 191h
1 . 96 m bank O (startlng from address 2OH) T2CON 12h PR2 92h 12h 192h
SSPBUF 13h SSPADD 93h 1130 183h
2. 80 1n bank 1 (starting from address AQ) e e oo
. g CCPRIL 15h WPUB 95h 115h 195h
. . CCPR1H 16h 10CB 96h General 116h General 196h
3. 96 in bank 2 (starting from address 110H) corcon | m [TRcon | om | e | | S| e
RCSTA 18h THSTA 98h 118h 198h
. . TXREG 13h SPBRG 3%h 16 Bytes 115h 16 Bytes 19%h
4. 96 in bank 3 (starting from address 190H)
CCPRIL 1Bh PWM1CON 98h 118h 19Bh
CCPRZH 1Ch ECCPAS sCch 11Ch 19Ch
PY T t 1 f 3 6 8 f CCP2CON 1Dh PSTRCON 3Dh 11Dh 19Dh
O a O ree Space ADRESH 1Eh ADRESL 9Eh 11Eh 19Eh
ADCOND 1Fh ADCON1 9Fh 11Fh 19Fh
20h Abh 120h 1A0h
aFh sfr:?:rsﬂel General General
General Registers PurPose PurPose
Purpose ADh Registers Registers
Registers 80 Bytes 80 Bytes 80 Bytes
96 Bytes BFh EFh 16Fh 1EFh
TOh ACCESses FOh accesses 170h ACCesses 1FOR
7Fh TOh-TFh FFh 70h-7TFh 17Fh TOh-TFh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3

]:] Unimplemented data memory locations, read as "0'.
Note 1: Not a physical register.
2: PIC16F887 only.
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Week 2, Lecture 3 / Overview on the

—

What’s inside the Chip (W register)

* The Working register 1s the place in which the task 1s
done.

e It is a temporary location to place some values taken
from/to the RAM of taken from the Flash memory

* The table can fit only one byte
* Thus the value that can be loaded 1s from 0 to 255 JJ
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Week 2, Lecture 3 / Overview on the PIC161

What’s inside the Chip (EEPROM)

 EEPROM i1s also an Armoire for not volatile values.

* It 1s made of 256 drawers with 8bit capacity.

« EEPROM is the abbreviation of Electrical Erasable
Programable Read-Only Memory

* This memory can be used to save some important data
during run-time and keep them saved even at power off

(T[T || ([T [IC [IT [T [IT |[T||C
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Week 2, Lecture 3 / Overview on the PIC16f88

What’s inside the Chip (ALU)

* The ALU 1s the Arithmetic/Logic unit. It 1s like a calculator

that can do:
 Arithmetic operations (Addition, Subtraction...)
* Logic operations (ANDing, ORing, XORing...) 7,
YIYT4 74
V47474
Yl 7474

* In the PIC midrange family, the ALU cannot perform
multiplication or division. Thus if we need to perform
complicated operations, we have to make 1t based on the
addition/subtraction operations using programming skills.
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Week 2, Lecture 3 / Overview on the PIC

What’s inside the Chip (ALU)

* This calculator differ from the traditional one (the Casio for ﬂg
example) and works as follows: A

1. Enter the first value
2. Enter the second value
3. Select the operation

First value second value

Operation
selector

* For example: 3 + 4 is done as follow AND
1. Enter 3 ORA/C ) _ YT
2. Enter 4 +
3. Select addition XOR l
* The result will be fetched out on the calculator output

Summation
result
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Week 2, Lecture 3 / Overview on the F

What’s inside the Chip (ALU)

* You have to imagine now that the value - y
- appearing on the calculator will be placed on £
- the table, and vice-versa, the value placed on '
the table 1s already entered as first operand JJ
on the calculator

* In other words, the operation 3 + 4 leads to 7
7 will be placed on the W register ALU
* also entered to the calculator 1
W
|

* And 1s ready for another operation
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Week 2, Lecture 3 / Overview on the PIC16{887

What’s inside the Chip (PORTS)

—

* Any chip has pins or PORTS used to exchange w1 an0
data with the external environment. For example Sp—
reading data from sensors or writing to actuators. cne 001 1007

* These are called the input/output pins

RE1//WR / AN6 5] 32| MDD
* RE2//CS /| AN7 o
' The PIC16F887 has 40 pins. Only 36 are called ke | S
1 mavss (2] 2 [29] =06 1 PSP6
PORTS. Other pins are for power supply. s e
. RA6/0SC2 / CLKO | PSP4
* PORTS are usually grouped by 8 pins et ot
/ PSPO [19] [22] I PSP3
/ PSP1 [20] [21] | PSP2
PORTA PORTB PORTC PORTE

RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO

RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO

RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO

RE3 RE2 RE1 REO

[

[

[

10

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

)



Week 2, Lecture 3 / Overview on the

What’s inside the Chip (PORTS)

- RE3 /IMCLR / VPP RB7/ PGD
P‘LC 1 6F887 has RAO / ANO RB6 | PGC
RA1/AN1 RB5/ AN13
° )OR’:"A: 8 plIlS RA2 /| AN2/VREF- | CVREF RB4 / AN11
RA3 / AN3 / VREF+ RB3 / AN9/ PGM
. —— . RA4 [ TOCKI/ C10UT RB2/ ANS
® )ORB. 8p1HS RAS5 / AN4 | /SS | C20UT RB1/AN10
REO //RD / AN5 RBO / AN12/ INT
° 1)OR'"’C- 8 lIlS RE1 / /WR / ANG . 32| NDDEE
- . ‘ p RE2/CS | AN7 o [37] NSSI
B | ﬁ [30] =07/ PSP7
mvss|[12] 2 [29] R06 / PSP6
RA7/0SC1 / CLKI [28] =05 / PSP5
° PORTE: 4 plns RA6/0SC2 / CLKO I PSP4
RC0 / T10SO / T1CK1 RC7 /RX /DT
A f o o RC1/T10SI/ CCP2 RC6 / TX/ CK
TOTAL of 36 input/output pins
RC3 / SCK / SCL RC4/SDI/ SDA
/ PSPO [19] [22] I PSP3
| PSP1 [20] [21] R02 / PSP2
PORTA PORTB PORTC PORTE

RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO

RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO

RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO

RE3 RE2 RE1 REO

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[

[
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Week 2, Lecture 3 / Overview on the PIC

What’s inside the Chip (PORTS)

* Any pin can be configured as input or
output.

* Input means that the PIC 1s reading data
- (0 or1)from a sensor.

* Output means that the PIC 1s sending
data (0 or 1) to an actuator

* The PIC reads the data in digital form.
1.e., TTL logic level
* TTL level means 0/5 volts
* Logic 01s 0 volt
* Logic 1 1s 5 volts

NB: in some new technologies, Logic 1 1s 3.3V

PIC
PORTA
N | |« out||e® IN | | e
N %5\ % %oX
%, % %% % %
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Test your knowledge

Week 2, Lecture 3 / Overview on the PIC16f887 Microcontroller Systems

1. Assume that we are dealing with a PIC having 4kWord of 14 bit Flash
memory. Calculate the total number of bits and the size 1n byte.

2. How many address lines are required to address a 64kByte memory

Having a USB flash memory of 4GByte, how many address lines are
required to access all the memory locations

What 1s the range of addresses of each bank in RAM of the PIC16F887
What 1s the abbreviation of SFR and GPR

What 1s the maximum clocking speed of the PIC16F887

How many pins and how many I/O pins the PIC16F887 has

What 1s the maximum value that can be placed in W register

If a microcontroller memory has 14-bits address lines, hence the address
range in hexadecimal will be

10. The memory of the PIC16F887 has four banks.

(Y

O XAk
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Week 2, Lecture 4 / As

Assembly Language

'« The assembly language for the PIC16F887 1s made of 35 different instructions

* An 1nstruction 1s an order to be executed by the guy

* The mstructions are placed in the Flash memory

* Each 1nstruction 1n a drawer (i.e., memory location)

N

* The guy opens the first drawer, reads the instruction and then executes it.

* When finished, he moves automatically to the next drawer and executes it....
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Week 2, Lecture 4

Assembly Language

: 14-Bit Opcode
Mnemonic, Description Cycles \%%
Operaﬂds MSh LSh A \/
BYTE-ORIENTED FILE REGISTER OPERATIONS EVCI} drawer m the
. ] ADDWFE fd |AddWandf 1 00 0111 dfff f££££|C,DC,Z| 1,2 1 1
IIlStI'llCthIlS n ANDWF f.d | AND W with f 1 00 0101 dfff EEff z 1,2 ﬂaSh memOI) 1S 14 blt
CLRF f Clear f 1 00 0001 1fff ffEf z 2 d
ass embl CLRW - Clear W 1 00 0001 OXEX XXX z w1ace
y COMF fd Complement f 1 00 100l d4fff ffff Z 1,2
DECF fd Decrement f 1 00 0011 dfff ffff z 1,2
DECFSZ f,d Decrement f, Skip if 0 1(2) 00 1011 dfff f£fff 1,2, 3
INCF f,d Increment f 1 00 1010 dfff ffif }\%2\ \
INCFSZ f,d Increment f, Skip if 0 1i(2) 00 1111 dfff f£fff \1\13\\/ .
IORWF f.d |inclusive OR W with f 1 | 0o olo0 aser fesf| oz 1,2 Machine language
MOVF fd Move f 1 00 1000 dfff ffEf z 1,2 .
MOVWF f Move W to f 1 00 o000 1fff fEEf (
NOP - Mo Operation 1 00 0000 O=xxO 0000 Equlvalent genera’ted
RLF f.d Rotate Left f through Carry 1 00 1101 dfff f£fff [ 1,2 b th
RRF f,d Rotate Right f through Carry 1 00 1100 dfff f£fff [ 1,2 y e
SUBWF f,d Subtract W from f 1 00 00l0 d4fff f£f£| C,DC,Z 1,2 .
SWAPF f,d Swap nibbles in f 1 D0 1110 dfff f£ff 1,2 Compller/assembler
XORWF f.d Exclusive OR W with f 1 o0 0110 d4fff f£fff z 1,2 /
BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f.h Bit Clear f 1 01 0O0bb bfff f££ff 1,2
BSF f.h Bit Set f 1 01 0lbb bfff ££ff 1,2
BTFSC f,h Bit Test f, Skip if Clear 1(2) 01 1obb bfff f£££f£ 3
BTFSS f,h Bit Test f, Skip If Set 1(2) 01 1lbb bfff f££ff 3
LITERAL AND CONTROL OPERATIONS
ADDLW k Add literal and W 1 11 1llx kkkk kkkk| C,DC,Z
AMNDLW k AND literal with W 1 11 1001 kkkk kkkk z
CALL k Call Subroutine 2 10 Okkk kkkk kkkk|
CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0100 | TO,PD
GOTO k o to address 2 10 1kkk kkkk kkkk
I0RLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk Z
a MOVLW k Mave literal to W 1 11  00xx kkkk kkkk
Cycle required to be RETFE - |Retum rom emupt 2 | 55 Gons bese eas
| BETLW k Betum with literal in U 2 11 0lxx kkkk kkkk
executed RETURN - |Retu 2 | oo oooo oooo 1o00|
= Go into Standby mode 1 00 0000 0110 0011 | TO,PD
// SUBLW k Subtract W from literal 1 11 110=x kkkk kkkk| C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk z 82




Week 2, Lectu

Assembly Language (MOVLW)

Syntax MOVLW k
Operands k is a literal value of 8 bit value (range from 0 to 255)
Operation Copy k to W register
Example MOVLW 20
Flash memory o RAM

MOVLW 20 w

Click to play

v 83




Assembly Language (ADDLW)

ADDLW

Syntax
Operands
Operation

Example

Click to play

ADDLW k

k is a literal value of 8 bit value (range from 0 to 255)
Add k to W and place on W (W = k+W)

ADDLW 10

Flash memory

MOVLW 20

ADDLW 10

)

RAM

Arithmetic
Operation

84



Assembly Language (SUBLW)
Arithmetie

Syntax SUBLW k Operation
Operands k is a literal value of 8 bit value (range from 0 to 255)
Operation Subtract W from k and place on W (W = k-W)
Example SUBLW 10
Flash memory RAM
MOVLW 20 -
SUBLW 30 w

Clck 0l /* /
> ) 5




Assembly Language (ANDLW)

ANDILW AND Literal with W

Syntax
Operands
Operation

Example

ANDLW k

k is a literal value of 8 bit value (range from 0 to 255)
AND k with W and place on W (W =k AND W)

ANDLW 11110000

Flash memory

MOVLW 0001,1110

ANDLW 1111,0000

)

00010000

RAM

Old W

New W

Logic Operation

= =

S | O

=2 ==

S| =

D |2|=

= |e|=

86

o 1o O



Assembly Language (IORLW)

Syntax IORLW k
Operands k is a literal value of 8 bit value (range from 0 to 255)

) ) Old W 0 001 1 1 1 0
Operation OR k with W and place on W (W =k OR W) K 1 1110 0 0 0
Example IORLW 11110000 I A I I I I

Flash memory RAM

MOVLW 0001,1110/ @

IORLW 1111,0000 w

000111100




Assembly Language (XORLW)

XORLW XOR Literal with W

XORLW k
k is a literal value of 8 bit value (range from 0 to 255)
XOR k with W and place on W (W =k XOR W)

Syntax
Operands
Operation

Example

Click to play

XORLW 11110000

Flash memory

MOVLW 0001,1110

XORLW 1111,0000

)

RAM

Logic Operation

e =)
= |=
il e i )
O = =
—_— D =
—_ D =
—_— O =

88
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Assembly Language (MOV WF)

MOVWF Move W to File
W is the register
Synt M Ff
yntax OVW W) Is the content of the register

Operands fis a file located in RAM ( 0<f<127)
Operation (W) to (f) i.e., the content of W is moved to the file
Example MOVWF REGI1

Flash memory RE Gl RAM

MOVLW 20 o
MOVWF REG1 w \
20

Click to play ”




Assembly Language (ADDWF)

ADDWF

Syntax
Operands
Operation

Example

Click to play

ADDWEF f, d

fis a file located in RAM ( 0<f<127), (d is W or F)
(destination) = (W)=+(f)
ADDWF REGI1, F

Flash memory

MOVLW 20

ADDWF REGI1, F

)

REGI1

\

RAM

Arithmetic
Operation

30

90



Week 2, Lectu

Assembly Language (ADDWF)
Operation

Syntax ADDWEF f, d
Operands fis a file located in RAM ( 0<f<127), (d is W or F)
Operation (destination) = (W)=+(f)
Example ADDWF REG1, W
Flash memory RE Gl RAM

MOVLW 20 o
ADDWF REGI1, W w o
T 30

Clck o pey A4
> ) o1




Week 2, Lectu

Assembly Language (SUBWYF)
Operation

Syntax SUBWEF f, d
Operands fis a file located in RAM ( 0<f<127), (d is W or F)
Operation (destination) = (f)-(W)
Example SUBWF REGI1, F
Flash memory RE Gl RAM

MOVLW 20 <
SUBWF REG]I, F \
30

Clck 0l /[ » /
> ) o2




Week 2, Lectu

Assembly Language (SUBWYF)
Operation

Syntax SUBWEF f, d
Operands fis a file located in RAM ( 0<f<127), (d is W or F)
Operation (destination) = (f)-(W)
Example SUBWF REG1, W
Flash memory RE Gl RAM

MOVLW 20 0
SUBWF REG1, W w S
T 30

Clck 0l AN 4
> ) o3




Assembly Language (ANDWF)

ANDWF

Syntax
Operands
Operation

Example

Click to play

ANDWEF f, d

fis a file located in RAM ( 0<f<127), (d is W or F)

(destination) = (f) AND (W)
ANDWEF REG1, F

Flash memory

MOVLW 0001,1110

ANDWF REGI1, F

REGI1

Ao

00011110

'

RAM

Arithmetic

Operation

9D |= |
S | O
=2 ==
S| =
D |2|=
= |e|=

L) (L0

94
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Assembly Language (ANDWF)

ANDWF

Syntax
Operands
Operation

Example

Click to play

ANDWEF f, d

fis a file located in RAM ( 0<f<127), (d is W or F)

(destination) = (f) AND (W)
ANDWF REG1, W

Flash memory

MOVLW 0001,1110

ANDWF REG1, W

)

eHaaeo

REGI1

RAM

Arithmetic

Operation

9D |= |
S | O
=2 ==
S| =
D |2|=
= |e|=

|
S|
\m 11110000

95
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Week 2, Lecture 4

Assembly Language (IORWE, XORWF)

Syntax [ORWF f, d Operations
Operands fis a file located in RAM ( 0<f<127), (d is W or F)

Operation (destination) = (f) OR (W)

Example IORWF REG1,W 1ORWF REGI1, F

). €0124%%) XOR W with F

Syntax XORWEF f, d

Operands fis a file located in RAM ( 0<f<127), (d is W or F)

Operation destination =f XOR W

Example XORWF REG1, W  XORWF REG1, F

96




Assembly Language (MOVYF)

If d = 0,destination is W register.

Syntax MOVF f, d If d = 1, the destination is file register ‘f’
: : : itself.
Operands f is a file located in RAM ( 0<f<127), (d 1s W or F) fl= 1 fe el o et 2 (il megisier sines
Operation (f) to (destination) status flag Z 1s affected.
Example MOVF REG1, W
Flash memory RE G 1

9
MOVF REG1,W \
20

> : :




Week 2, Lectu

LAssembly Language (CLRW)

Syntax CLRW
Operands
Operation (W)=0
Example CLRW
Flash memory ° .

CLRW w

Click to play
v 98




Week 2, Lectu

Assembly Language (CLRF)

Syntax CLRF f
Operands fis a file located in RAM ( 0<f<127)
Operation H=0
Example CLRF REG1
Flash memory [ ) RE Gl RAM

CLRF REGI1 w \

255




Week 2, Lectu

Assembly Language (INCF)

Syntax INCF £, d
Operands fis a file located in RAM ( 0<f<127), (d is W or F)
Operation (d={@+1
Example INCF REG1,F INCF REG1, W
Flash memory [ ) RE Gl RAM
INCF REG1, F w \
200
Click to play

v 100




Week 2, Lectu

Assembly Language (DECF)

Syntax DECF f, d
Operands fis a file located in RAM ( 0<f<127), (d is W or F)
Operation =0 -1
Example DECF REG1,F DECF REG1, W
Flash memory [ ) RE Gl RAM
DECF REG1, F w \
200
Click to play

v 101




Week 2, Lectu

Assembly Language (COMF)

Syntax COMF f, d
Operands fis a file located in RAM ( 0<f<127), (d is W or F)
Operation (d)=(f) (every bitin fis flipped, i.e., 1 -0 0—1)
Example COMF REG1,F COMF REG1, W
Flash memory [ ) RE Gl RAM
COMF REG1, F w \
00000 DID
Click to play

v 102




Week 2, Lectu

Assembly Language (SWAPF)

Syntax SWAPF f, d
Operands fis a file located in RAM ( 0<f<127), (d is W or F)
Operation (f<3:0>) — (destination<7:4>),(f<7:4>) —(destination<3:0>)
Example SWAPF REG1, F SWAPF REG1, W

Flash memory [ ) RE Gl RAM

SWAPF REG], F w \

H’BK

Click to play

v 103




Week 2, Lectu

Assembly Language (BSF)

Syntax BSF ﬁle’ blt# b7 b6 b5 b4 b3 b2 b1 b0
Operands fis a file located in RAM ( 0<f<127), bit# from 0 to 7
Operation 1 — (f<bit#>)
Example BSF REGI1, 2
Flash memory [ ) RE Gl RAM
BSF REG1, 2 w \ I
11]1/1/0/0]0 ol

Click to play

> ‘ 104




Week 2, Lectu

Assembly Language (BCF)

Syntax BCF ﬁle’ blt# b7 b6 b5 b4 b3 b2 b1 b0
Operands fis a file located in RAM ( 0<f<127), bit# from 0 to 7
Operation 0 — (f<bit#>)
Example BCF REGI1, 7
Flash memory [ ) RE Gl RAM
BCF REG1, 7 w \ I
0/1/1/1/0/0/0 ol

Click to play

> ) 105




Assembly Language (BTFSS)

Syntax BTEFSS file, bit# v b6 bs b4 b3 b2 bl bo
Operands fis a file located in RAM ( 0<f<127), bit# from 0 to 7

Operation Skip one line if (f<b>) =1

Example BTFSS REG1, 7

If bit7 is 0, Flash memory () RE G 1 RAM
execute this I BTFSS REG1. 7 I I
instruction 2 \

| I 1/1/1/1]0]0|0 OM

If bit7 is 1,

execute this
instruction

Click to play
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Assembly Language (BTFSC)

Syntax BTFSC file, bit# v b6 bs b4 b3 b2 bl bo
Operands fis a file located in RAM ( 0<f<127), bit# from 0 to 7
Operation Skip one line if (f<b>) =0
Example BTFSC REGI1, 5
If bit5 is 1, Flash memory o REG1 RAM
g [ rscrecie) A N |
11111/0/0/0 ol

If bits is 0,

execute this
instruction

Click to play

> ) 107




Assembly Language (INCFSZ)

In a byte, the biggest value is 255

Syntax INCFSZ file, d Thus 255 + 1 = 256 = 0
Operands fis a file located in RAM ( 0<f<127), (d is W or F)

Operation (f) + 1 — (destination), skip if result = 0

Example INCFSZ REG1, F

If REG1#£0 Flash memory [ ) RE G 1 RAM

Nataad Y | INCFSZ REG1, F | w
nstruction | I \

If REG1=0

285

execute this
instruction

Click to play

> ) 108




Assembly Language (DECFSZ)

In a byte, the biggest value is 255

Syntax DECFSZ file, d Thus 255 + 1 = 256 = 0
Operands fis a file located in RAM ( 0<f<127), (d is W or F)
Operation (f) - 1 — (destination), skip if result =0
Example DECFSZ REG1, F
If REG1#0 Flash memory o REG1 RAM
SACHIE TS |DECFSZ REGI, F I w \

If REG1=0

execute this
instruction

Click to play

> ) 109




Week 2, Lectu

Assembly Language (GOTO)

GOTO | Unconditional branch

Syntax GOTO k

Operands  k is a Flash address ( 0<k<2047)
Operation k — PC<10:0>

Example GOTO SUBROUTINE1

Click to play

FUNCT1

Flash memory

GOTO FUNCT1

110



Week 2, Lectu

Assembly Language (CALL)

CALL Call Subroutine

Syntax CALL k

Operands  k is a Flash address ( 0<f<2047)
Operation k — PC<10:0>

Example = CALL SUBROUTINEI1

Stack memory is the
place in which the Stack memory
address of the Flash

memory as saved.
8 levels of stack are
available

Address 11

Click to play

Address 10

FUNCT1

Flash memory

CALL FUNCT1

RETURN

NB: a CALL function
Pushes an address+1
onto the stack
memory

NB: a Call function
requires a RETURN
function to pop up the
flash address.

The Stack memory
follows the
sequence of Last-in,
first-out

111



Week 2, Lectu

Assembly Language (CALL)

CALL Call Subroutine Address 10

Syntax CALLk Address 11
Operands  k is a Flash address ( 0<f<2047)
Operation k — PC<10:0> FUNCT1
Example CALL SUBROUTINEI1 Address 30
Address 31
Stack memory is the
place in which the Stack memory
address of the Flash
memory as saved.
8 levels of stack are
available FUNCT2
Address 31
. Address 11
Click to play

Flash memory

CALL FUNCT1

CALL FUNCT2

RETURN

RETURN

NB: a CALL function
Pushes the address+1
onto the stack
memory

This is a “CALL
function” inside
a function.
MAX 8 nested

CALL are allowed

NB: a Call function
requires a RETURN
function to pop up the
flash address.

112



Week 2, Lecture 4

Example 1: Adding two numbers

File
Address

* Assume we want to add two numbers and save the result in a ] O
register. =
« REGC = REGA + REGB, where REGA =25 and REGB = 30 =
To do that, first we have to allocate 3 memory locations in RAM ] -
for the 3 registers.
This can be done 1n assembly as | 3 memory =
ocations are I
REGA EQU 0X020 used at REGA_| >

REGE EQU 0X021 seldiszes REGC

0x20, Ox21 Resisiers

REGC EQU 0x022 o 0x2) e

Bank 0
11D




Week 2, Lectur

Example 1: Adding two numbers

* The next step consists of loading the values in REGA and REGB.
(REGA =25 and REGB = 30)

Check the
instructions
MOVLW

MOVLW 25 ; move literal 25 to W
MOVWE REGA ; move the content of W to REGA

MOVWF
From the previous
slides

MOVLW 30 ; move literal 30 to W
MOVWE REGE ,; move the content of W to REGA

NB: W register 1s a temporary place to put values...
There 1s no way to move literal from Flash to RAM directly
1.e., there 1s no instruction called MOVLF 25, REGA in PIC16

REGA
REGB
REGC

Indirect addr. 1]

TMRD

PCL

STATUS

FSR

PORTA

PORTE

PORTC

PORTE

PCLATH

INTCOMN

PIR1

PIR2

TMRIL

TMR1H

T1CON

TMR2

T2C0ON

SSPBUF

S5PCON

CCPRIL

CCPR1H

CCP1CON

RCSTA

THREG

RCREG

CCPR2ZL

CCPR2H

CCP2CON

ADRESH

ADCOND

25

30

Registers

04 Bytes

Bank O

File
Address
00h
01h
02h
03h
04h
05h
0B8h
07h
08h
08h
0Ah
0Bh
0Ch
0Dh
OEh
OFh
10h
11h
1Zh
13h
14h
15h
16h
17h
igh
18h
14h
1Eh
1Ch
1Dh
1Eh
1Fh
20h

7Fh
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Week 2, Lecture 4 /Asseml)

Example 1: Adding two numbers

File

Address

* The next step consists of making the summation of REGA and |
REGB, then save the result in REGC ]
MOVF REGA, W ; move the content of REGA to W rr ] o
ADDWEF REGB, W ; ADD it with the content of REGE (the result is in W) o oe
MOVWE REGC ; then move the W content to REGC — o

NB: W register 1s a temporary place to put values... g

Remember that the calculator is placed on the table, thus the — §ee [

addition operation should be done on W o

Bank O
110




Example 1: Adding two numbers

Flash memory RAM

REGA 25
REGB 30
REGC 55

Click to play
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Week 2, Lecture 4 / As:

Basic Elements of Assembly Language

¢ From the previous example, the code includes lot of elements other than the
instructions. The Basic elements of assembly language are:
* Labels
* Mnemonic
* Operands
* Directives
* Comments

117




Week 2, Lecture 4 / Assembly Languag

Basic Elements of Assembly Language
Labels

. * A Label 1s a textual designation (generally an
- easy-to-read word) for a line in a program, or
section of a program where the micro can
jump to - or even the beginning of set of
lines of a program.

111111118
PORTA
DELAY 1S
PORTA
DELAY 1S
REP

* It can also be used to execute program

branching (such as Goto ....... ) SETUP:
CLRF PORTA
CLRF PORTB
CLRF PORTC

* In the new Assembler 1s pic-as, the labels CLRE  DORTD

should be terminated by “: CLRF  PORTE

118




Week 2, Lecture 4 / A

Basic Elements of Assembly Language

Mnemonic

Mnemonic is the command by itself. The
assembly language of the PIC midrange family
1s made of 35 mnemonics.

SET

CALL

MOVLW
MOVWE
CALL
CLRF
CALL
GOTO

UP :

CLRF
CLRF
CLRF
CLRF
CLRF

SETUP

111111118
PORTA
DELAY 1S
PORTA
DELAY 1S
REP

PORTA
PORTE
PORTC
PORTD
PORTE

119



Week 2, Lecture 4 / Assembly Lan; :

Basic Elements of Assembly Language

Operands MAIN:
CALL SETUP
Operands are the instruction elements for the instruction REP:M,LW 11111118
1s being executed. They are usually MOVWF | PORTA
. CALL DELAY 1S
1. Registers (PORTA, PORTB...) CIRF  PORTA
2. Variables (any defined register in GFR) e DS
3. Constant, or number represented in:
* Decimal (Digits 0 to 9 followed by D, d or nothing, Example 23D) EETUZI:RF CORTA
* Hexadecimal (Digits 0 to 9, A to F preceded by 0x or followed by H or h CLRF PORTR
 Binary (Digits 0 and 1 followed by B. 01010101B CLRF PORTC
* Ascii (any ascii letter between © “, Example ‘A’ CLRF PORTD

CLRF PORTE

120




Week 2, Lecture 4 / Assembly L 7

Basic Elements of Assembly Language

1 Directives

A directive 1s similar to an instruction, but
unlike an instruction it is independent on
the microcontroller model, and represents
a characteristic of the assembly language
itself.

Directives are usually given purposeful
meanings via variables or registers.

; CONFIG2
CONFIG |BOR4V = BOR40QV ; Brown-out Reset Se
CONFIG (WRT = OFF ; Flash Program Memo
REGA | EQU (0X020
REGE | EQU (0X021
REGC | EQU |0x022
PSECT BLABLA,CLASS=CODE, DELTA=2, ABS
ORG 0 ; upleoad the below code from res
MOVLW AT ; move literal 25 to W
MOVWE REGA ; move the content of W to REGA
MOVLW 30 ; move literal 30 to W
MOVWE REGBE ; move the content of W to REGA
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Week 2, Lecture 4 / As:

Basic Elements of Assembly Language

-~ Comments

Comment 1s a series of words that a
programmer writes to make the program
more clear and legible.

It 1s placed after an instruction, and must

n.n

start with a semicolon ";".

; CONFIG2

CONFIG BOR4V = BOR40QV ; Brown-out Reset Se
CONFIG WRT = OFF

REGA EQU 0X020
REGB EQU 0X021
REGC EQU 0x022

; Flash Program Memo

PSECT BLABLA,CLASS=CODE, DELTA=2,ABS

ORG

MOVWE

MOVLW
MOVWE

0

IAI
REGA

30
REGB

; upleoad the below code from res

; move literal 25 to W
; move the content of W to REGA

; move literal 30 to W

; move the content of W to REGA
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Test your knowledge

Week 2, Lecture 4 / Assembly Language Microcontroller Systems

What 1s the total number of assembly instruction used to program the PIC16F887
In the instruction MOVLW, what 1s L ?

MOVLW instruction is actually used to move or copy the L to W ?

What is the result of swapping H’AB’

What is the result of swapping B’11010001°

What is the result of swapping D127’

What is the result of COMF D’127°

Regl = 128, what is the result of Regl after “DECF REGI1, W”

Regl = 128, what 1s the result of W after “INCFSZ Regl, F”

AR SRR o e



Test your knowledge

Week 2, Lecture 4 / Assembly Language Microcontroller Systems

10.
11.

12.
13.

14.

e
()

. The Stack memory follows the sequence of

What 1s the size of the stack memory of the PIC16F887

What 1s the machine code of the instruction BTFSS 0x3A, 5 in 14-bit binary
representation?

Having W = B'11110000'. What 1s the result of IORLW B'00001111°.

You are given the following PIC16F887 assembly instructions SWAP Regl, 1. If Regl =
OxF3, what is the right answer when this function 1s executed?

Given an assembly language instruction COMF REG1,0 and the current values of REG =
0x13 and W = 0xC2. What will be the values of the register after the instruction?
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Lab1/LO1
MPLABX and Assembler
Code debugging




Week 2, Lab 1/ MPLABX and Assembler

Starting with MPLABX (Activity 1)

Step 1: Create new project

Ix! MPLAB X IDE v5.50

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help
PEES DE @ P2 -2 -l @

| Projects x| Files = || StartPage x|

PROJECTS

® Open Sample

® Create New

® Import Legacy
® Import Prebuilt

<No Project Open>

PROGRAMMING
CENTER

INSTALL MORE

foutput; >}

User program stopped
User program running
User program stopped
User program running
User program stopped
User program running
User program stopped
User program finished

[Q~ search (Ctrl+1)

& (7@ |PC: 0x0| |zdcc : W:0x0 : bank 0| How do T?

PO

ﬁ\ MICROCHIP

LEARN & DISCOVER | MY MPLAB® X IDE | WHAT'S NEW

MY MPLAB® X IDE

Recent Projects Microchip Login

Already Registered?
E-mail Address:

New to Microchip?

Register now to enjoy the benefits of software update alerts and easy software
purchasing, licensing and account viewing.

Password:

Forgot Password?

References & Featured Links

» Errata ®» Technical Articles and White Papers
» Product Selection Tools » Buy Direct from Microchip
ar Cuide s ad
Project Loading Warning x addition (Build, Load, ...) x Debugger Console x Simulator x
A
v

@
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Week 2, Lab 1/ MPLABX and Assembler

Starting with MPLABX (Activity 1)

Step 2: Select standalone Project

X! New Project

Steps Choose Project
1. Choose Project Q, Filter:
2 .
Categories: Projects:
i § Microchip Embedded (= Standalone Project
3 other Embedded [ 32-bit MCC Harmony Project
__@ Samples (&) Existing MPLAB IDE v8 Project
L O Generic &4 Prebuilt (Hex, Loadable Image) Project
(&4 User Makefile Project
& Library Project
ry Froj
(& Import START MPLAB Project
(& Import Atmel Studio Project
Description:
Creates a new standalone application project. It uses an IDE-generated makefile to
build your project.

< Back Finish Cancel Help

Step 3: Select PIC16887 and select
the simulator tool

3 New Project

Steps Seleck Device
1. Choose Project
2. Select Device . -
3. Select Header Family: All Families v
4. Select Plugin Board
5. Select Compiler Device: PIC16F887 v
6. Select Project Mame and

Folder

Tool: Simulator ~ | [] show All

MPLAB

X IDE
-

< Back Finish Cancel Help
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Week 2, Lab 1/ MPLABX and Assembler

Starting with MPLABX (Activity 1)

Step 4: Select the pic-as compiler Step 5: Name the project as activityl

X! New Project ! New Project

Steps Select Compiler Steps Select Project Name and Folder

1. Choose Project 1. Choose Project

2. Select Device Compiler Toolchains 2. Select Device Project Name: activityl

3. Select Header [=HXC8 3. Select Header

4. Select Plugin Board -¥C8 (v2.32) [C:\Program Files (x86)\Microchip\xc8iv2.32\bin] 4. Select Plugin Board Project Location: C:\Users\User\Desktop\micro new\CODES

5. Select Compiler -¥(C8 (v2.20) [C:\Program Files (x86)\Microchipxc8\v2.20\bin] 5. Select Compiler

6. Select Project Name and -XC8 (v1.38) [C:\Program Files (x86)\Microchip\xc8\v1.38\bin] 6. SelectProjectName Project Folder: s\User\Desktop\micro new\CODES\activityl.X
Folder and Folder

-as (v2.32) [C:\Program Files (x86)\Microchip\xc8\v2.32\pic-as\bin] ) o )
pic-as (v2.20) [C:\Program Files (x86)\Microchipxc8\v2.20\pic-as\bin] Overwrite existing project.
Also delete sources.

Set as main project
T [ Juse project location as the project folder

v- v! Encoding: 1S0-8859-1 ~

< Back Finish Cancel Help < Back Next > Cancel Help
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Week 2, Lab 1/ MPLABX and Assembler

Starting with MPLABX (Activity 1)

Step 6: Right click on Source Files

and select AssemblyFiles.s

%' MPLAB X IDE v5.50 - activity1 : default
File Edit View Mavigate Source Refactor Production Debug Team Tools Window Hel

E % I_:. \g_l default

TR -QE

22 |78 activity

¢ Device
- g PIC16F887

- & Charkenm® Rlank nn rode Inaded

i----?a Project Type: Application - Configuration: default

Projects XT Files ] =l || Stz
& activityl
- Header Files
ﬁ Important Files
Linker Files
New > @ Directory..
New Logical Folder AssemblyFiles...
Add Existing ltem... AssemblyFile.as...
Add Existing Items from Folders... AssemblyFile.asm..
Find... H  main.c..
C Header File...
Cut C Source File...
Copy C Main File...
Paste Ctrl+V pic_8b_asm_func.asm...
& C++ Class..
Remove From Project @ C++ Source File...
Rename... C++ Header File...
: Tl Makefile..
Properties
Other...
|
activityl - Dashboard XI Havigator =l |
~

Step 7: Name the file as activity|

X! New AssemblyFile.s

Steps

Name and Location

1. Choose File Type
2. Name and Location

File Name: | activity]|

Project: activityl

Folder: Browse...

Created File: |C:\Users\User\Desktop\micro new\CODES\activityl.X\activityl.s

< Back Next > Cancel Help
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Week 2, Lab 1/ MPLABX and Assembler

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

e HEEmmmmeme e .. Step 8&: Paste the Activity code and

Qr Search (Cul+T

B iee Ammserce| ooy |RE-8-AFBEIPLEFUleo 8 ua ® . I . H . ’9
3 g Impartant Files 1 ; Rctivity 1 ~
4 E Lnker Fles 2 ; This code will do the summation of two numbers
saurce Fil
& SayiE 3 ; Designed to work with pic-as compiler 2.32
5 B Ubraries 4 ; PIC used in the PIC16£887
@ Loadables C ; Written by Nabil Karami for HCT 2023 .
(3
7 #include <xc.inc>
8
9 ; CONFIG1
10 CONFIG FOSC = INTRC_NOCLKOUT ; Oscillator Selection bits (INTOSCIO oscillator: I/O function on RA6/0SC2/CLKO
11 CONFIG WDTE = OFF ; Watchdog Timer Enable bit (WDT disabled and can be enabled by SWDTEN bit of t
12 CONFIG FWRTE = OFF ; Power-up Timer Enable bit (PWRT disabled)
13 CONFIG MCLRE = OFF ; RE3/MCLR pin function select bit (RE3/MCLR pin function is digital input, MCL
14 CONFIG CP = OFF ; Code Protection bit (Program memory code protection is disabled)
15 CONFIG CPD = OFF ; Data Code Protection bit (Data memory code protection is disabled)
L 16 CONFIG BOREN = OFF i Brown Out Reset Selection bits (BOR disabled)
activityl - Dashboard * | activityl.s - Navigator w17 CONFIG IESO = OFF ; Internal External Switchover bit (Internal/External Switchover mode is disabl
8 % activityl ~| | 18 CONFIG FCMEN = OFF ; Fail-Safe Clock Monitor Enabled bit (Fail-Safe Clock Monitor is disabled)
8 %3 Project Type: Application - Configuration: default N
B L o hevice 19/ CONFIG LVP = OFF ; Low Voltage Programming Enable bit (RB3 pin has digital I/0, HV on MCLR must
g @ FICI6FR87 20
# Checksum: OxA13E .
2 CRCI2: OFFIAF2FAC 21 ; CONFIG2
& Pads 22 CONFIG BOR4V = BOR4OV ; Brown-out Reset Selection bit (Brown-out Reset set to 4.0V)
-l FIC16Fo0 DFP (1.2.33) 23 CONFIG WRT = OFF ; Flash Program Memory Self Write Enable bits (Write protection off)
§ Compiler Toolchain 24
F pic-as (v2.32) [C:\Prog . 32\pi ]
¥’ Producton Image: Optimization: 25 REGR EQU 0X020
@ Memory 26 REGB EQU 0X021
@ Usage Symbols disabled. Click to enable Load Symbols.
5 Data 368 (Dx170) bytes. 21 REGC EQU 0x022
(& Frogram 8,192 (0x2000) words 28
4% Debug Tool
@ Siotor 28 PSECT BLABLA,CLASS=CODE, DELTA=2,ABS .
e g e * You must see the below
= 90 Debug Resources 31 ORG 0 ; upload the below code from reset vector on the Flashl
o Program BF Used: 0 Free: 1000
& Data BP Used: 0 Free: 1000 32

R e — message on the output window
BUILD SUCCESSFUL

Output x|

[P Froject Loading Warning = activityl (Build, Load) x
Confiquration bits used 2h ( 2) of 2h words (100.0%)
ID Location space used O0h 0) of 4h bytes ( 0.0%)

make[2]: Leaving directory 'C:/Users/User/Desktop/micro new/CODES/activityl.x’
make[1l]: Leaving directory 'C:/Users/User/Desktop/micro new/CODES/activityl.X’

BUILD SUCCESSFUL (total time: 562ms)

Loading code from C:/Users/User/Desktop/micro new/CODES/activityl.Z/dist/default/production/activityl.¥.production.hex...

Program loaded with pack,PIC16Fxxx DFP,1.2.33,Microchip

Loading completed 130




Week 2, Lab 1/ MPLABX and Assembler

Starting with MPLABX (Activity 1)

BUILD SUCCESSFUL mean that a The Hex file 1s the machine language file generated
list of files 1s created in the destination by the compiler. We need this file to upload it to the
folder Flash memory of the PIC using a programmer
) o * micro new * CODES > activityl.X * dist > default *» production
r > micro new * CODES » activitylX
o~ Name B Date modified Type
Name s §
ess » || activitylX.production.cmf 12/10/2022 7:26 PM CMF File
build |j activity1.X.production.elf 12/10/2022 7:28 PM ELF File
I o debug s . ,“_.: activity1.X.production.hex 12/10/2022 7:28 PM HEX File
ads » it ts 0 activityl X production.hxl 12/10/2022 7:28 PM HXL File
nts » ) * |J_ activity1.X.production.sym 12/10/2022 7:26 PM SYM File
nbproject
* ,'L: activityl.s
| ] Makefile
w Open the Hex file in WordPad or Notepad and you must see
the Hexadecimal numbers representing the code written in
assembly

:100000001930A0001E30A10020082107A2000728F"7
:04400EO00OD420FF3F/C
:00000001FF
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Week 2, Lab 1/ MPLABX and As

Starting with MPLABX (Activity 1)

To see how the code 1s written 1n The instructions are listed in

Fl_ash memory, go to Windows and the Flash one by one starting
click on the Program Memory Address 0

n Debug Team Tols Wind;:L:;\;pc e . : 3 ; ; Line Rddress DPEDdE Label Diﬂﬂﬂﬂy / mﬂ 25
cwngon AT O = 1 |000o 3019 HOVLW 0x13 MOVWE REGA
') Projects Ctrl+1 2 0oagl 0oRg MOVWE 0x20 /
Files Ctrl+2 LEEN| e e @& =
(Filassis gr:+g — ; RE3/MCLR pin function se 3 nooz J01E MOVLW 0x1E \
= e ; Code Protection bit (Pxc 4 (0003 0081 MOVWE 0x21 MOVLW 30
% Dashboard ; Data Code Protection bit 5 E|E|E|4 UC'ZD H{WF EI 2E| H
© Navigator Ctrl+7 FF ; Brown Out Reset Selectic ~ X r mF REGB
[&@ Action ltems Ctrl+6 F ; Internal External Switct ﬁ UDDE U'Tz_‘l_ I-'.LD[:'HF sz_]_ H'
Tasks Ctrl+Shift+6  FF ; Fail-Safe Clock Monitor !
(& Output Ctrl+4 ; Low Voltage Programming 7 000g 00nz MOVWE Ox22
Editor Ctrl+0 2 0007 2807 GOTO 07 MOVE REGA W
Debugging b - i d
:’;i_bT | ’ORAOV ; Brown-out Reset Selectic 9 |000g JFFF ADDLW OxFF ADDWE REGE W
0ols 2 Flash Program Memory Sel ’
Target Memory Views & Program Memo 10 |0oo0s 3FFF ADDLW OxFF
Sinrijlator ¥ =] FirlzgRegisters i mF REGC
& SFRs
Configure Window & Configuration Bits
Reset Windows & EE Data Memory
. 4 Hardware Stack
o B soro. %
;Iszjn?;:f;?;ut:::ﬁents 5| i upload the below code from reset vec The free Spaces ln FlaSh Wlll be
Documents... Shift+F4

| || .?.3 ,SF’VLW 25 ; move 1j‘|.teral 25 to 7W” ﬁlled by

The opcode of ADDLW 0xFF
is 11,1111,1111,1111
1.e., free spaces are filled by 1s
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Week 2, Lab 1/ MPLABX and Asse

Starting with MPLABX (Activity 1)

Click on Debug main project button g% -

The debugger starts and focus on the reset vector

! MPLAB X IDE v5.50 - activity1 : default

File Edit View Navigate Source Refactor Production Debug Team Tools Window Help

FEHES DE e VT P-T-T-UH- D000EHHEEH G H 0T wce oo
Projects x| Files | o || StartPage x|k activityl.s x|
E‘.df_{‘:;:';ﬁles Asm Source History | @--"ﬁ%.ﬁ'%;|§>{,&>DD|gc§|g D|% =
[-[@ Important Files 16 CONFIG BOREN = OFF ; Brown Out Reset Selection bits (BOR disabled)
B Unker Files 17 CONFIG IESO = OFF ; Internal External Switchover bit (Internal/Exte
=la “;:Ni':lss 18 CONFIG FCMEN = OFF ; Fail-Safe Clock Monitor Enabled bit (Fail-Safe
- ibraries 19 CONFIG LVP = OFF ; Low Voltage Programming Enable bit (RB3 pin ha:
B Loadables 20
21 ; CONFIG2
22 CONFIG BOR4V = BOR40V ; Brown-out Reset Selection bit (Brown-out Reset
23 CONFIG WRT = OFF ; Flash Program Memory Self Write Enable bits (W
24
25 REGA EQU 0X020
26 REGB EQU 0x021
27 REGC EQU 0x022
28
29 PSECT BLABLA,CLASS=CODE, DELTA=2,ABS
30
31 ORG 0 ; uplcad the below code from reset wvector on the Flash
activityl - Dashboard * | activityl.s - Navigator = 32
% 3 activityl o _ ~ > MOVLW 25 ; move literal 25 to W
i-7g Project Type: Application - Configuration: default 24 MOVWE REGA : move the content of W to REGA
35
ps é E;‘é;“;”g”ﬁ?:?;g;g‘age 36 MOVLW 30 ; move literal 30 to W
- & Packs 37 MOVWE REGB ; move the content of W to REGA
& PIC16Pox_DFP (1.2.33) <
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Week 2, Lab 1/ MPLABX and Asseml

Starting with MPLABX (Activity 1)

Click on Debug main project button g% -

The debugger starts and focus on the reset vector

Tools Window Help

.%ﬂ. MPLAB® Code Configurator v4 )Il :@ 308
JEN— Kit Window .
& Projects Ctrl+1
Files Ctrl+2 BEEG LD REGA=0 REGB=0 REGC=0
&) Classes Ctrl+9 FF ;B
Favorites Ctrl+3 B - / /
5 Services Ctrl+5 !
?s Dashboard FE i F
Navigator Ctrl+7 i L
k@ Action ltems Ctrl+6
Tasks Ctrl +Shift+6 Lddress 0f 01 /oé 03 0B OC 0D OE OF ASCII
LSl Curi+4 OR40V i B 000 00 /oo un 00 oo |oo oo foo Joo foo Joo foo foo foo ...l
Editor ctri+0 ; F 010 0o/ Jog~joo (00 |00 (00 (00 00 (00 [00 (00 00 (00 (00 (00 |..--.... c......-
Debugging ’ 020 00 )(joo)(joo) oo Joo foo foo Joo foo oo foo Joo foo foo Joo foo [ Lol
:;EbTools z 030 0 00 |00 |00 |00 |00 o0 (o0 o0 |00 |00 (00 |00 00 [eeeeeees ceeeen--
gt Memon Vieus {© Program Memory 040 o0 o0 |00 |00 |00 oo [00 o0 |00 |00 |00 (00 |00 |00 |00 |00 |ee.eeee. seee-..-
Cimulator £ File Registers 050 o0 |00 |00 [oo |oo oo oo |00 |00 |00 |00 (00 00 |00 |00 |00 |eeeeeeen ceeeenns
& SFRs 0&0 o0 |00 |00 |00 |oo oo oo |00 |00 |00 |00 (00 00 |00 |00 |00 |eeeeeeen ceeeenns
Configure Window & Configuration Bits 070 oo oo oo oo foo foo foo foo foo foo foo foo foo foo oo foo ... ool ..
izl & EE Data Memory 020 00 [FF |00 |1 |00 [FF [FF |[FF [FF [0F (|00 [00 [0 00 10 |60 |.-..--.. 2e--..- :
— | Close Window Ctrl =W e 090 oo oo [FF o0 oo |[FF |oo oo |0z |00 |00 |00 00 0L 00 |00 |ie...e.. aeiee..s
. & User ID Memory
—_— Close All Documents Ctrl+Shift+W  ove literal )
E‘jjjn?;:f;’ju‘:::‘ems i move tne oont NB: Numbers are represented in HEX

Documents... Shift+F4

LN R I REAITT Tl FEaT I B |
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Week 2, Lab 1/ MPLABX and Asse

Starting with MPLABX (Activity 1)

Click on St r button i
C O ep Ove u O = 29 PSECT BLABLA,CLASS=CODE, DELTA=2,6ABS
30
And CheCk hOW the COde I'uns 31 ORG 0 ; upload the below code from reset vector on the Flash
32
a3 MOVLW 25 ; move literal 25 to W
34 MOVWE REGA ; move the content of W to REGA
35
The simulator must freeze at 36 MOVIW 30 move literal 30 to W
GOTO $ 37 MOVWE' REGB ; move the content of W to REGA
38
39 MOVE REGA, W ; move the content of REGA to W
NOW you can CheCk agaln the 40 ADDWF REGB, W ; ADD it with the content of REGB (the result is in W)
. 41 MOVWE REGC ; then mowve the W content to REGC
register values 2
S GOTO 5 ; do nothing
44
REGA:25 Bddress OO0 01 02 03 04 05 06 O7 085 0% OAR OB OC 0D OE OF ASCII

[co |07 12 Joo |oo oo joo joo Joo [oo |00 foo @0 00 00 [o...ee.. aeeee..

110 ad oo on oo foo oo oo joo foo foo oo joo foo foo joo foo [ olllll
020 12 )(1E)([37) Joo Joo |00 Joo joo Joo foo joo foo foo foo foo foo [..Te.e.. eeea....
130 0—0_Ja0 [oo foo Joo oo foo foo Joo Joo foo foo Joo Joo foo [l .olllll
REGB=30 « 140 0000 [oo oo foo foo Joo oo Joo foo Joo oo Joo foo foo Joo fo....... ...l
150 G0 [oo oo Joo foo Joo oo Joo foo Joo oo foo foo Joo oo foo ...l .ol

260~  [o0 [o0 [po foo foo foo foo foo foo foo foo foo foo foo foo foo ...l LLlllll

370 00 |00 oo foo foo foo foo Joo foo oo Joo feo foo foo Joo oo ... oL..lll
280 00 [FF |07 (&2 foo [FF [fF [fF [fF [oF Joo [oo (@860 o [0 [........ ..., ;
REGC=55 EL 00 (00 [FF oo joo [FF fpo oo [0z joo foo oo oo [0l [oo oo

JAO oo (0o (00 00 00 |00 Q0 00 00 00 |00 (D0 00 00 00 00 lhasassss ssammaes
JB0 oo (9o 00 |00 00 |00 (@0 00 |00 00 |00 (DO 00 00 00 00 liesassas ssasmaes
Jca oo (0o 00 00 00 |00 (OO 00 |00 00 |00 (DO 00 00 00 00 fieeeeeas seamaaes 135
JDa oo (0o 00 |00 00 |00 (OO 00 |00 00 |00 (DO 00 00 00 00 ieeeeeas seamaaes

AE i i Tl [annl i i Tl i i 1 nlnl N i 1 nlnl N
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Week 3, Lecture S/ RAM _—g

Accessing the RAM

Mnemonic, o 14-Bit Opcode Status
. . Operands Description Cycle: Affected Notes
e Jtw t truct t
dS Cicar 1I1rom tnc immstruction SE
BYTE-ORIENTED FILE REGISTER OPERATION
L] L]
that the Slze Of the O Code IS 14 ADDWF f,d Add W and f 1 0o 0111 d4fff f£fff | C,DC,Z 1,2
p ANDWF f,d AMND W with T 1 00 0101 dfff ffff Z 1,2
. CLRF f Clear f 1 00 000l 1fff fEff z 2
CLRW — Clear W 1 00 0001 OEEX =EXXX Z
1 S. COMF f.d Complement f 1 00 1001 dfff f£Efff Z 1,2
DECF f,d Decrement f 1 00 0011 dfff fEff z 1,2
DECFSZ f,d Decrement f, Skip if 0 1(2) 00 1011 dfff ffff 1,2, 3
° Th . t t' th t d l 'th fl INCF f,d Increment f 1 0o 1010 d4fff fEff Z 1,2
INCFSZ f,d Increment f, Skip if 0 1(2) 00 1111 dfff ffff 1,2, 3
C Instrucuons that deals WIthl 11CS  \wsz 18 [reenen e N s sod IR (4
. MOVF f,d Move f 1 00 1000 dfff fEff z 1,2
llke MO \/ \N/ F ADD NN/ F MOVWF f Move Wto f 1 00 0000 1fff fEff
° ° NOP — Mo Operation 1 00 0000 O==0 0000
. RLF f.d Rotate Left f through Carry 1 00 1101 dAfff ffff [ 1,2
RRF f,d Rofate Right f through Carry 1 00 1100 dAfff f£ffFf [ 1,2
AND VV F o o o are glven aS SUBWF f.d Subtract W from f 1 00 0010 d4dfff fEfE| C,DC,Z| 1,2
SWAPF f,d Swap nibhles in f 1 00 1110 dfff £ffff 1,2
XORWF f,d Exclusive OR W with f 1 00 0110 dfff fEff Z 1,2
BIT-ORIENTED FILE REGISTER OPERATIONS
13 8 7 6 0 BCF f,b Bit Clear f 1 01 00bb bfff ffff 1,2
BSF f.b Bit Set f 1 01 0lbb bfff ffff 1,2
OPCODE d f(F”_E #) BTFSC f.b | Bit Testf, Skip if Clear 1(2) | 01 10bb bfff ffff 3
BTFSS f.b Bit Test f, Skip if Set 1(2) 01 11bb bfff ffff 3
LITERAL AND CONTROL OPERATIONS
- 1 i ADDLW K Add literal and W 1 11 111x kkkk kkkk| C,DC,Z
d O fOr deStInatlon W ANDLW k AND literal with W 1 11 1001 kkkk kkkk Z
— H H CALL k Call Subroutine 2 10  0Okkk kkkk kkkk
d =1 fOI’ deStlnatlon f CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0loo | TO,PD
— H H H GOTO k Go to address 2 10  1kkk kkkk kkkk
f - 7'b|t flle rengter add ress IORLW k Inclusive OR literal with W 1 11 1000 kkkk kkkk z
MOVLW k Move literal to W 1 11 o00xx kkkk kkkk
RETFIE - Retum from intermupt 2 00 0000 0000 1001
RETLW k Retum with literal in W 2 11 0lxx kkkk kkkk
RETURN - Retum from Subroutine 2 00 0000 0000 1000
Y SLEEP - Go into Standby mode 1 0o 0000 0110 Q011 | TO,PD
SUBLW k Subtract W from literal 1 11 110=x kkkk kkkk| C,DC, Z
XORLW k Exclusive OR literal with W 1 11 1010 kkkk kkkk z

Space available in each memory location in Flash




Accessing the RAM

* This means that the instruction 1s 13 8 7 6 0

coded 1n 6 bits (from & to 13) OPCODE d F(FILE #)
L - : d = 0 for destination W

* The destination bit takes one bit =1 for dectination
s17e f = 7-bit file register address

* And the file address takes only 7 Y
bits !! (fI’OIIl 0 to 6) We can only talk to 128

registers !!!!

What about the others
registers in the RAM ?7?

* 7 bits means that the address that
can be accessed are from 000,0000

to 111,1111, 1.e., from O to 127
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Week 3, Lecture 5

Accessing the RAM

~ * Now 1f we look to the RAM, we
can see that the addresses of the

registers start from 0 to 511 (0 to
1FF, 1.e., 9 bits)

* This means that the addresses range
are 0,0000,0000 to 1,1111,1111

* The addresses of:
 Bank 0 are from 0 to 127
 Bank 1 are from 128 to 255
 Bank 2 are from 256 to 383
e Bank 3 are from 384 to 511

File
dress
Indirect addr. " || 00h | Indirect addr.
TMRO 01h OPTION_REG
PCL 02h PCL
STATUS 03h STATUS
FSR 04h FSR
PORTA 05h TRISA
PORTB 06h TRISB
PORTC 07h TRISC
PORTDI2 08h TRISDI2!
PORTE 0%h TRISE
PCLATH 0Ah PCLATH
INTCON 0Bh INTCON
PIR1 0Ch PIE1
PIR2 0Dh PIE2
TMRIL 0DEh PCON
TMR1H 0OFh OSCCON
TICON 10h OSCTUNE
TMR2 11h SSPCON2
T2CON 12h PR2
SSPBUF 13h SSPADD
SSPCON 14h SSPSTAT
CCPRIL 156h WPUB
CCPR1H 16h 10CB
CCP1CON 17h VRCON
RCSTA 18h THSTA
TXREG 19h SPBRG
RCREG 1Ah SPBRGH
CCPR2L 1Bh PWM1CON
CCPR2H 1Ch ECCPAS
CCP2CON 1Dh PSTRCON
ADRESH 1Eh ADRESL
ADCONOD 1Fh ADCON1
20h
3Fh r
(F'Bfrr;?:; 400 Registers
Registers 80 Bytes
96 Bytes &Fh
TOh accesses
7Fh T0h-TFh
Bank 0 Bank 1

File
Address
80h
81h
82h
83h
84h
85h
86h
87h
88h
89h
BAh
8Bh
8Ch
8Dh
BEh
8Fh
90h
91h
92h
93h
94h
95h
96h
97h
98h
99h
9Ah
9Bh
S9Ch
9Dh
9Eh
9Fh
Alh

EFh
FOh
FFh

File
Address
Indirect addr. (" |§ 100h | Indirect addr. (")
TMRO 101h OPTION_REG
PCL 102h PCL
STATUS 103h STATUS
FSR 104h FSR
WDTCON 105h SRCON
PORTB 106h TRISB
CM1COND 107h BAUDCTL
CM2COND 108h ANSEL
CM2CON1 109h ANSELH
PCLATH 104h PCLATH
INTCON 10Bh INTCON
EEDAT 10Ch EECON1
EEADR 10Dh EECON2("
EEDATH 10Eh Reserved
EEADRH 10Fh Reserved
110h
111h
112h
113h
114h
115h
General 116h General
Purpose 17h F'urpose
Registers 118h Registers
16 Bytes 119h 16 Bytes
11Ah
11Bh
11Ch
110h
MEh
11Fh
120h
General General
Purpose Purpose
Registers Registers
80 Bytes 80 Bytes
16Fh
accesses 170h accesses
T0h-TFh 17Fh T0h-7TFh
Bank 2 Bank 3

File
dress
180h
181h
182h
183h
184h
185h
186h
187h
188h
189h
18Ah
18Bh
18Ch
180h
18Eh
18Fh
190h
191h
192h
193h
194h
195h
196h
197h
198h
199h
19Ah
19Bh
19Ch
19Dh
19Eh
19Fh
1A0h

1EFh
1FOh
1FFh
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Week 3, Lecture 5 / RAM

Indirect addr. ™| 00h |Indirectaddr. | 80h |Indirectaddr. | 100h |Indirectaddr. (V| 180h

* Also, 1f we focus on the addresses of o | on [opiowRes] s [T | jon [oPTOnRES] o

File File File File
Address Address Address Address

the registers having the same rows, like = = w & w [ 1 w0 | w

for example PORTD, TRISD, o | on T | o ovcou| o Coaper |
CM2CONO and ANSEL, we can

PCLATH 0AhR PCLATH 8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
conclude that they have the same least
. PIR2 0Dh PIEZ 8Dh EEADR 10Dh EECON2( 180h
7 b 1tS TMR1L 0Eh PCON 8Eh EEDATH 10Eh Reserved 18Eh
TMR1H 0Fh OSCCON 8Fh EEADRH 10Fh Reserved 18Fh
T1ICON 10h OSCTUNE 90h 110h 190h
TMR2 11h SSPCON2 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
P SSPCON 14h SSPSTAT 94h 114h 194h
[ ] PORTD o ()8H f— O OOOO OOO CCPRI1L 15h WPUB 95h 115h 195h
° ) 9 CCPR1H 16h 10CB 96h General 116h General 196h
CCP1CON 17h VRCON 97h ;‘:grfs?:; 117h I'::g“i;‘t’:fs 197h
° TRISD. 88H . O 1 OOO 1 OOO RCSTA 18h TXSTA 98h 118h 198h
. I 9 o1 TXREG 15h SPBRG 99h 16 Bytes 119h 16 Bytes 199h
RCREG 1Ah SPBRGH 9Ah 11Ah 19Ah
P CCPR2L 1Bh PWMI1CON 9Bh 11Bh 19Bh
. CM2CONO: 108H ~ =1,0000,1000 == 5 == 2| |2 |Z
L 9 9 - CCP2CON 1Dh PSTRCON 9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh MEh 19Eh
® o . 1 ADCOND 1Fh ADCON1 9Fh 11Fh 19Fh
ANSEL: 188H = 1,1000,1000 2o
¢ 5 S~ F?e neral General General
General 3Fh R;Jgrrs?zfs Purpose Purpose
Purpose A0h Registers Registers
Registers 80 Bytes 80 Bytes 80 Bytes
9 Bytes &Fh EFh 16Fh 1EFh
TOh accesses FOh accesses 170h accesses 1FOh
7Fh T0h-TFh FFh T0h-TFh 17Fh T0h-TFh 1FFh

Bank 0 Bank 1 Bank 2 Bank 3 142




Week 3, Lecture

Accessing the RAM

indrectadar @1 oon () 0000,0000 indrectaad @] son (). 1 000,0000 Indiect adde. 1] 1000 ] (0000,0000 Indirect addr. @} 1800 ] 1 ()(00,0000
TMRO 01h I OPTION_REG | &1h I TMRO 101h I OPTION_REG | 181h I
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h - STATUS 83h . STATUS 103h . STATUS 183h .
FSR 04h | FSR 84h | FSR 104h | FSR 184h 1
PORTA 05h . TRISA 85h - WDTCON 105h . SRCON 185h .
PORTB 06h | TRISB 86h 1 PORTB 106h 1 TRISB 186h |
PORTC o7h . TRISC 87h . CM1COND 107h . BAUDCTL 187h .
PORTD® 08h I TRISD® 88h | CM2CONO | 108h | ANSEL 188h |
PORTE 09h . TRISE 8h . CM2CON1 109h . ANSELH 189h .
PCLATH 0Ah I PCLATH 8Ah | PCLATH 10Ah | PCLATH 184h |
INTCON 0Bh . INTCON 8Bh . INTCON 10Bh . INTCON 18Bh .
FIRT ach | PIET 8Ch I EEDAT 10Ch I EECONI 18Ch I
PIR2 0Dh . PIE2 8Dh . EEADR 10Dh . EECON2" 18Dh .
TMRIL 0Eh I PCON 8Eh I EEDATH 10Eh I Reserved 18Eh I
TMRIH OFh OSCCON BFh . EEADRH 10Fh . Reserved 18Fh
TICON 10h . OSCTUNE 90h I 110h I 190h .
™R 11h | SSPCON2 | 91h 111h 191h |
T2CON 12h - PR2 92h - 112h - 192h -
SSPBUF 13h 1 SSPADD 93h 1 113h 1 193h |
SSPCON 14h " SSPSTAT 94h " 114h " 194h -
CCPRIL 15h | WPUB 95h | 115h | 195h |
CCPR1H 16h . I0CB 96h . Efneral 116h . General 196h .
CCP1CON 17h | VRCON 97h | Regrif:fs 117h | ::g’li’;i 197h I
RCSTA 18h . TXSTA 98h . 118h . 198h .
TXREG 19h I SPBRG agh | 16 Bytes 11%h I 16 Bytes 199h I
RCREG 1Ah . SPBRGH 9Ah . 11Ah . 198h .
CCPR2L 1Bh I PWMICON | 9Bh I 11Bh | 19Bh I
CCPR2H 1ch . ECCPAS 9Ch . 11Ch . 19Ch .
CCP2CON 1Dh I PSTRCON aDh I 11Dh I 19Dh I
ADRESH 1ER ADRESL 9Eh . 11Eh . 19Eh
ADCOND 1Fh - ADCONI1 9Fh 11Fh 19Fh -
20h | ADh | 120h 1 1ADh |
. General . General " General "
o | B = | &= | = i
Purpose . . egisters . ! .
Registers I 80 Bytes | 80 Bytes | 80 Bytes |
96 Bytes 6Fh EFh 16Fh 1EFh
TOh accesses FOh accesses 170h accesses 1FOh
7w 0,0111,1111 on7eh | oren 0,1111,1111 ronten | oen 1,0111,1111 on7fh | oaern ],1111,1144B
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Accessing the RAM

Indirect addr. ™| 00h Indirect addr. 11 O O OA[Q{Q}QO{] Oh p Indirect addr. V| 180h
TMRO 01h O)OOIOO)OOOO OPTION_REG 2 TMRO 101h DOOIO()aOOOO OPTION_REG | 181h I,IQOO,OOOO
PCL 02h PCL PCL 102h . PCL 182h
STATUS 03h - STATUS STATUS 103h | . STATUS 183h -
FSR 04h | FSR FSR 104n . | FSR 184h 1
PORTA 05h . TRISA WDTCON 105h ' - SRCON 185h .
PORTB 06h | TRISB PORTB_ | 106h | TRISB 186h |
PORTC o7h . TRISC 1 1 1 dvidong 107h 1 2 7 BAUDCTL 187h .
PORTDI2) 08h 1 TRISD2) 9 M8 ond L 108k | ANSEL 188h 1
PORTE 09h . TRISE e 9h ANSELH 189h .
PCLATH 0AR I PCLATH 0 O C . MT"OGM‘ 1 2 8 PCLATH | 18Ah [
INTCON 0Bh . INTGON 7 INTCON 10Bh . INTCON 18Bh .
FIRT ach | PIET EEDAT weh | I EECONI 18Ch I
PIR2 0Dh . PIE2 EEADR 10Dh " . EECON2(" | 18Dh .
TMRIL OEh I PCON EEDATH 1en | I Reserved | 18Eh I
TMRIH OFh OSCCON EEADRH 10Fh . . Reserved 18Fh
TICON 10h . OSCTUNE 110h ' I 190h -
™R 11h | SSPCON2 111h 191h |
T2CON 12h - PR2 1 1 1 1 1 1 112h 255 192h -
SSPBUF 13h | SSPADD 2 113h 193h |
SSPCON 14h . SSPSTAT O O O’ O O O Omh 2 5 6 194h .
CCPRIL 15h | WPUB ) i5h 195h |
CCPR1H 16h . 10CB General 116h | - General 196h =
CCP1CON 17h | VRCON Purpose M. | Purpose 197h I
Registers Registers
RCSTA 18h . TXSTA 118h I . 198h .
TXREG 19h I SPBRG 16 Bytes 11%h . I 16 Bytes 199h I
RCREG 1Ah . SPBRGH 11Ah . . 198h .
CCPR2L 1Bh I PWM1CON 4 11Bh 19Bh |
CCPR2H 1ch . ECCPAS 1 1 1 1 1 1 11ch 3 8 3 19Ch .
CCP2CON 1Dh PSTRCON v T 11on 19Dh
ADRESH 1ER I ADRESL OOO’ OOOOEh 3 84 19Eh I
ADCOND 1Fh ADCON1 o IFh I 19Fh
20h | A 1200 | ' 1AOh 1
= Purpose General . General -
oo | D — w0 ! ] |
Registers 80 Bytes 808 ) | 80 Bytes
96 Bytes 6Fh I e 16Fh ! g 1EFh I
70h accesses 1 1 1 cc?se1 4 170h 5 b 1 accesses 1FOh
70h-7Fh ohf7Eh 70h-7Fh
=0,0111,1111 , ™ Lo D OLIT, 1111 e 1,1111,14011




Accessmg the RAM

0,0000,0000/ 0

111,111 127
000,0000 1.28

11,1111 255
000,0000 256

11,1111 383
000,0000 384

ITLITTT 511

For the 7 least
bits, same values
are repeated

Same addresses




Week 3, Lecture

Accessing the RAM

So, we can conclude that if we write for example

MOVWF TRISD — MOVWEF 0001000B

MOVLW 20 — MOVLW 20
v\Same least 7 bits [

* [s same as writing
MOVLW 20 — MOVLW 20
MOVWF CM2CONO — MOVWF 0001000B

e and same as
MOVLW 20 —> MOVLW 20
MOVWF ANSEL —> MOVWEF 0001000B

Actually, the 20 will be written in PORTD not in
TRISD, neither in CM2CNO and neither in ANSEL.

In fact, only registers in bank0 are accessible

File File File File
Address Address Address Address
Indirect addr !| 00h | Indirect addr )| 80h [Indirectaddr ()| 100h |Indirect addr | 180h
TMRO 01h OPTION_REG 81h TMRO 101h OPTION_REG 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h WDTCON 105h SRCON 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
BoBIC o7p T g CMICOND BALDCT
PORTD 08h TRISD 88h CM2COND 108h ANSEL 188h I
PORTE iz TS h TRETH
PCLATH 0Ah PCLATH B8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDAT 10Ch EECON1 18Ch
PIR2 0Dh PIE2 80h EEADR 10Dh EECON2(" 18Dh
TMRIL 0Eh PCON 8Eh EEDATH 10Eh Reserved 18Eh
TMR1H OFh OSCCON 8Fh EEADRH 10Fh Reserved 18Fh
TICON 10h OSCTUNE 90h 110h 190h
TMR2 11h SSPCON2 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPRIL 15h WPUB 95h 115h 195h
CCPR1H 16h 10CB 96h General 116h General 196h
CCPICON | 17h VRCON 97h [Purpose 17h Purpose 197h
RCSTA 18 TXSTA 98h g tan | REEEEE g
TXREG 19h SPBRG 99h 16 Bytes 119h 16 Bytes 19%h
RCREG 1Ah SPBRGH 9Ah AR 19Ah
CCPR2L 1Bh PWM1CON 9Bh 11Bh 19Bh
CCPR2H 1Ch ECCPAS 9Ch 11Ch 19Ch
CCP2CON 1Dh PSTRCON 9Dh 11Dh 19Dh
ADRESH 1Eh ADRESL 9Eh MEh 19Eh
ADCOND 1Fh ADCON1 9Fh 11Fh 19Fh
20h Alh 120h 1ADh
F}G:nemel General General
General 3Fh Regripsctzrs Purpose Purpose
Purpose ADh Registers Registers
Registers 80 Bytes 80 Bytes 80 Bytes
96 Bytes 6Fh EFh 16Fh 1EFh
T0h accesses FOh accesses 170h accesses 1FOh
7Fh 70h-7Fh FFh 70h-7Fh 17Fh 70h-7TFh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
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Week 3, Lecture S/ RAM addressing

Accessing the RAM

How to overcome this case and have access to ” - 0,0000,0000
other registers in the other banks ( 1, 2 ,and 3) !!

O111,1111
000,0000

The answer 1s we have to write the most 2
significant bits of the register address before
accessing the register.

J111,1111
000,0000

The 2 MSbits should be written in two bits
called RP1 and RPO

* PORTD: 08H =0,0000,1000
* TRISD: 88H =0,1000,1000
* CM2CONO: 108H =1,0000,1000
* ANSEL: 188H =1,1000,1000




Week 3, Lecture

Accessing the RAM

Thus to write on a register in
* bank 0, we have to make RP1=0 and RP0=0
* bank 1, we have to make RP1=0 and RP0=1
* bank 2, we have to make RP1=1 and RP0=0
* bank 3, we have to make RP1=1 and RP0=1

BANK RPL___| ___RPO___

0

_— e © O
—O = O

1
2
3

RP1 and RPO represent the KEYS of the banks

Now the question is where are the RP1 and RP0
and how to write on these bits !!

RP1RPO

| © [0,0000,0000

Cloi111,1111
“ 1.0000,0000

= |1,1111,1111
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Week 3, Lecture 5 / RAM

Accessing the RAM

« RP1 and RPO are located in the RAM 1itself, more
precisely in a register called STATUS.

* STATUS register 1s available in the 4 banks and

thus 1t 1s accessible whatever are RP1 and RPO.

* STATUS register includes 8 bits. RP1 and RPO

are bits #6 and 5, respectively.

Addr

Name

Bit7

03h

STATUS

IRP

Bit 6

RP1

Bit 5

RPO

Bit 3

Bit 2

Bit 1

Bit 0

DC

The remaining bits will be discussed later

File File File File
Address Address Address Address

Indirect addr. | 00h | Indirectaddr. | 80h |Indirectaddr. | 100h |Indirect addr. | 180h
TMRO 01h OPTION_REG 81h TMRO 101h OPTION_REG 181h
PCL {Eh PCL 8& PCL 10& PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
PORTA 05h TRISA 85h WDTCON 105h SRCON 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h CM1COND 107h BAUDCTL 187h
PORTDI2 08h TRISD2) 88h CM2COND 108h ANSEL 188h
PORTE 09h TRISE 89h CM2CON1 109h ANSELH 185h
PCLATH 0Ah PCLATH B8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDAT 10Ch EECON1 18Ch
PIR2 0Dh PIE2 8Dh EEADR 10Dh EECON2(" 18Dh
TMRIL 0OEh PCON B8Eh EEDATH 10Eh Reserved 18Eh
TMR1H 0Fh OSCCON 8Fh EEADRH 10Fh Reserved 18Fh
T1CON 10h OSCTUNE 90h 110h 190h
TMR2 11h SSPCON2 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
S5PBUF 13h SSPADD 93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPRIL 15h WPUB 95h 115h 195h
CCPR1H 16h 10CB 96h General 116h General 196h
CCP1CON 17h VRCON 97h ggr%?; 117h ;‘:g’%ft’:res 197h
RCSTA 18h TXSTA 98h 118h 198h
TXREG 15h SPBRG 99h 16 Bytes 119h 16 Bytes 199h
RCREG 1Ah SPBRGH 9Ah 11Ah 19Ah
CCPRZL 1Bh PWM1CON 9Bh 11Bh 19Bh
CCPR2H 1Ch ECCPAS 9Ch 11Ch 19Ch
CCP2CON 1Dh PSTRCON 9Dh 110h 19Dh
ADRESH 1Eh ADRESL 9Eh 1Eh 19Eh
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h ADh 120h 1A0R

F(’;:r:zr:; General General

General 3h Registers Purpose Purpose

Purpose A0h Registers Registers

Registers 80 Bytes 80 Bytes 80 Bytes
96 Bytes 6Fh EFh 16Fh 1EFh
70h accesses FOh accesses 170h accesses 1FOh
7Fh TOh-7Fh FFh T0h-7Fh 17Fh T0h-7Fh 1FFh

Bank 0 Bank 1 Bank 2 Bank 3
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Accessing the RAM

To conclude, writing on registers of different

BANKS will be like,

BCF
BCF
MOVLW
MOVWE

BCF
BSF
MOVLW
MOVWE

BSF
BCF
MOVLW
MOVWE

BSF
BSF
MOVLW
MOVWE

RFP1
RPO
20
PORTD

RP1
RPO
20
TRISD

RP1

RPO

20
CM2CONO

RP1
RPO
20
ANSEL

ACCESS TO BANK 0

ACCESS TO BANK 1

ACCESS TO BANK 2

ACCESS TO BANK 3

File File File File
Address Address Address Address

Indirect addr. | 00h | Indirectaddr. )| 80h | Indirectaddr. (| 100h |Indirect addr. ™| 180h
TMRO 01h OPTION_REG 81h TMRO 101h OPTION_REG 181h
PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
FSR 04h FSR 84h FSR 104h FSR 184h
PORTA 05h TRISA 85h WDTCON 105h SRCON 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTD 08h TRISD®! 88h CM2CONOD 108h ANSEL 188h
PORTE 09h TRISE 8%h CM2CON1 108h AMNSELH 189h
PCLATH 0Ah PCLATH B8Ah PCLATH 10Ah PCLATH 18Ah
INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 18Bh
PIR1 0Ch PIE1 8Ch EEDAT 10Ch EECON1 18Ch
PIR2 0Dh PIE2 aDh EEADR 10Dh EECON2( 180h
TMRIL 0OEh PCON BEh EEDATH 10Eh Reserved 18Eh
TMR1H OFh QOSCCON 8Fh EEADRH 10Fh Reserved 18Fh
T1CON 10h OSCTUNE 90h 110h 190h
TMR2 11h SSPCON2 91h 111h 191h
T2CON 12h PR2 92h 112h 192h
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
CCPR1IL 15h WPUB 95h 115h 195h
CCPR1H 16h 10CB 96h General 116h General 196h
CCPICON 17h VRCON 97h Ff:g?s?:?s 117h ;:g"i;m 197h
RCSTA 18h TXSTA 98h 118h 198h
TXREG 159h SPBRG 99h 16 Bytes 115h 16 Bytes 199h
RCREG 1Ah SPBRGH 9Ah 11Ah 19Ah
CCPR2L 1Bh PWM1CON 9Bh 11Bh 19Bh
CCPR2H 1Ch ECCPAS aCh 11Ch 19Ch
CCP2CON 1Dh PSTRCON 9D0h 11Dh 190h
ADRESH 1Eh ADRESL 9ER MEh 19Eh
ADCONOD 1Fh ADCON1 9Fh 11Fh 19Fh
20h ADh 120h 1A0h

Fh F?:r?::z; General General

General Registers Purpose Purpose

Purpose ADh Reqisters Registers

Registers 80 Bytes 80 Bytes 80 Bytes
96 Bytes 6Fh EFh 16Fh 1EFh
T0h accesses FOh accesses 170h accesses 1FOh
7Fh T0h-TFh FFh T0h-7Fh 17Fh T0h-7Fh 1EFh

Bank 0 Bank 1 Bank 2 Bank 3
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Status Register

* The STATUS register, shown below, contains:

* the arithmetic status of the ALU (Z, DC and C bits) these bits are called flags
* the Reset status

* the bank select bits for data memory (GPR and SFR)
* The Z bit 1s used to check 1f the W=0 or not. Z =1 when W =0 JJ

 This bit is very important in comparing values (equal or not)

| | | | | | | _ * The carry bit (C bit) is used to check if an
Addr Name Bit7 Bit 6 Bit 5 Bit4 Bit 3 Bit 2 Bit 1 Bit0 arithmetic operation iS leading to a Value more
03h | STATUS IRP RP1 RPO TO PD i nc C than 255 (more than 8 bltS) or a negate Value
Check the Arithmetic Operations (Subtraction) slide

bit 2 Z: Zero bit

1 = The result of an arithmetic or logic operation is zero

0 = The result of an arithmetic or logic operation is not zero
bit 1 DC: Digit Carry/Borrow bit (ADDWE, ADDLW, SUBLW, SUBWF instructions)(")

1 = A carry-out from the 4th low-order bit of the result occurred

0 = No carry-out from the 4th low-order bit of the result
bit 0 C: Carry/Borrow bit (ADDWF, ADDLW, SUBLW, SUBWF instructions)(!)

1 = A carry-out from the Most Significant bit of the result occurred
0 = No carry-out from the Most Significant bit of the result occurred o1



Week 3, Lecture S / RAM addressing

Dealing with PORTS

File File File File
Address Address Address Address
b b Indirect addr. | 00h | Indirectaddr M| 80h | Indirect addr (7| 100h |Indirect addr (| 180h
* Remember trom the previous slides that the
PCL 02h PCL 82h PCL 102h PCL 182h
. o . STATUS 03h STATUS 83h STATUS 103h STATUS 183h
PIC16F887 has 36 1/O pins distributed on 5 port SIS SHIE SHIE Sp
as plns IS rl u e On por S. . PORTA 05h TRISA 85h WDTCON 105h SRCON 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h CMICOND 107h BAUDCTL 187h
. PORTD 08h TRISD® 88h CM2COND 108h ANSEL 188h
[ ) Thes e OI‘tS are ma ed ln RAM PORTE 09h TRISE 89h CM2CON1 109h ANSELH 189h
p pp PCrAT u PCLATH 8Ah PCLATH 102h PCLATH 18Ah
INTCON 0Bh INTGON 8Bh INTCON 10Bh INTCON 188h
PIR1 0ch PIET 8Ch EEDAT 10Ch EECONI 18Ch
66 29 b b ° PIR2 0bh PIE2 8Dh EEADR 10Dh | EECON2™ | 18Dh
* “Mapped” means that accessing the ports 1s achieved [ = = =& = e =
TMR1H 0Fh OSCCON 8Fh EEADRH 10Fh Reserved 18Fh
. N . . TICON 10h OSCTUNE 90h 110h 190h
h RAM TMRZ 11h SSPCON2 91h 111h 191h
Yy accesSSing tneir regisiers 1n oon | [ P ] e 152
SSPBUF 13h SSPADD 93h 113h 193h
SSPCON 14h SSPSTAT 94h 114h 194h
. . o CCPRIL 15h WPUB 95h 115h 195h
* These registers are readable and writable, 1.e., wecan == o= o == || s o
g ’ . X CCP1CON 17h VRCON 97h gg’;?:; 117h g:g’i‘::; 197h
RCSTA 18h TXSTA 98h 118h 196h
° TXREG 19h SPBRG 99h 16 Bytes 11%h 16 Bytes 199h
write values on the ports and we can read values from | e=  » [ ==«
CCPRIL 1Bh PWMICON | 9Bh 11Bh 198h
CCPRZH 1Ch ECCPAS 9Ch 11Ch 19Ch
rt th 1 1 I t CCP2CON 1Dh PSTRCON 9Dh 11Dh 18Dh
pO S us Ca e por S, ADRESH 1Eh ADRESL 9Eh 11ER 19Eh
2 ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h AOh 120h 1A0h
gv:nerael General General
General 3Fh Reg?s(tlzrs Purpose Purpose
Purpose 40h Registers Registers
Registers 80 Bytes 80 Bytes 80 Bytes
96 Bytes 6Fh EFh 16Fh 1EFh
70h accesses FOh accesses 170h accesses 1FOh
7Fh T0h-7Fh FFh TOh-TFh 17Fh T0h-TFh 1FFh
Bank 0 Bank 1 Bank 2 Bank 3
PORTA PORTB PORTC PORTE
RA7 RA6 RA5 RA4 RA3 RA2 RA1 RAO|| RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO ||RC7 RC6 RC5 RC4 RC3 RC2 RC1 RCO RE3 RE2 RE1 REO
vvb rvirvrvvryrvy v rivrvvvri ry v ri rivrbyrybriey iy 152
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Dealing with PORTS

File File File File
Address Address Address Address
° Indirect addr. | 00h | Indirectaddr M| 80h | Indirect addr (7| 100h |Indirect addr (| 180h
* PORTS cannot be Input and Output at the same time
° PCL 02h PCL 82h PCL 102h PCL 182h
STATUS 03h STATUS 83h STATUS 103h STATUS 183h
. . FSR 04h FSR FSR 104h FSR 184h
PY ‘ N ] h PORTA 05h TRISA 85h WDTCON 105h SRCON 185h
e ave O Se eC e lrec lon lrs PORTB 06h TRISB 86h PORTB 106h TRISB 186h
“ PORTC 07h TRISC 87h CMICOND | 107h | BAUDCIL 187h
PORTD® 08h TRISD® 88h CMZCOND | 108h ANSEL 188h
o o o o o PORTE 09h TRISE 8%h CM2CON1 109h ANSELH 18%h
* This 1s done by writing on the TRIS registers located ] e ] e e
y g g INTCON 0Bh INTGON 8Bh INTCON 10Bh INTCON 188h
PIR1 0ch PIET 8Ch EEDAT 10Ch EECONT 18Ch
° PIRZ 0Dh PIE2 8Dh EEADR 10Dh | EECON2™ | 18Dh
1n B AN[< 1 TMRIL 0Eh FCON 8Eh EEDATH 10Eh | Reserved | 18ER
° TMRIH 0Fh OSCCON 8Fh EEADRH 10Fh Reserved 18Fh
TICON 10h OSCTUNE 90h 110h 190h
. . TMRZ 11h SSPCONZ 91h 111h 191h
° T2CON 12h PR2 92h 120 192h
TRIS are like the stickers. They define the PORTS to —— & ===
SSPCON 14h SSPSTAT 94h 114h 194h
CCPRIL 15h WPUB 95h 115h 195h
b e IN Or Ol IT CCPRIH 16h 10CB 96h General 116h General 196h
P I C CCP1CON 17h VRCON 97h gg’;?; 117h g:g’i‘::; 197h
RCSTA 18h TXSTA 98h 118h 198h
TXREG 15h SPERG 9%h 16 Bytes 119h 16 Bytes 199h
RCREG 1Ah SPBRGH 9Ah 11Ah 19Ah
CCPR2L 1Bh | PWMICON | 9Bh 11Bh 198h
CCPR2H 1Ch ECCPAS 3ch 11Ch 18Ch
CCP2CON 1Dh PSTRCON 9Dh 11Dh 18Dh
PORTA ADRESH 1Eh ADRESL 9Eh 11Eh 19€h
ADCOND 1Fh ADCONT 9Fh 11Fh 19Fh
20h Ah 120h 1A0h

° gv:nerael General General

S t k General 3Fh Reg?s(tlzrs Purpose Purpose

IC er \ Purpose 40h Registers Registers

TS 2 A Q Registers 80 Bytes 80 Bytes 80 Bytes
IN ?.P‘ ouT q.?‘ IN ?.P‘ 96 Bytes &Fh EFh 16Fh 1EFh
70h accesses FOh accesses 170h accesses 1FOh
7Fh T0h-7Fh FFh TOh-TFh 17Fh T0h-TFh 1FFh

'y Bank 0 Bank 1 Bank 2 Bank 3

P
PORT =
%%, 0% 0%
% % %%
® % > 153
() 0y o
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Dealing with PORTS

File File File File
. Address Address Address Address
[ TRIS _= O means that the PORT ls O' ITP' IT Indirectaddr. | DOh | Indirectaddr ™| B0k |Indirectaddr M| 100h |Indirect addr ™| 180k
TMRO 01h | OPTION_REG | &1h TMRO 101h | OPTION REG | 181h
PCL 02h PCL 82h PCL 102h PCL 182h
_ * STATUS 03h STATUS 83h STATUS 103h STATUS 183
* TRIS = | means that the PORT 1s INPUT e o
PORTA 05h TRISA 85h WDTCON 108h SRCON 185h
PORTB 06h TRISB 86h PORTB 106h TRISB 186h
PORTC 07h TRISC 87h | CMICONO | 107h | BAUDCIL | 187h
PORTD® 08h TRISD® gsh | CMZCONO | 108h ANSEL 188h
PORTE 09h TRISE gsh | CMZCONT | 10%h ANSELH 18%h
. . PCLATH 0Ah TerAT G PCLATH 104h PCLATH 18Ah
° PORT nﬁ I- d Ol ITP' |T n d 11 r O r 1 1 1 INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 188h
CO gu e aS Ca e Ve O Og C, FIRT ach PIE1 8ch EEDAT 10Ch EECONT 18Ch
. FIRZ 0Dh PIE2 8Dh EEADR 100h | EECONZ™ | 18Dh
1 e O Or 5 VOltS TMRIL 0Eh PCON 8Eh EEDATH 10Eh | Reserved | 18Eh
*™e TMRIH 0Fh OSCCON 8Fh EEADRH 10Fh Reserved 18Fh
TICON 10h OSCTUNE 90h 110h 190h
° b b TMRZ 11h SSPCONZ 91h 111h 191h
configured as INPU'T can read 0 or 1 logic, 1.e., 0 or = & == =
SSPBUF 13h SSPADD 93h 113h 193
5 O lt S SSPCON 14h SSPSTAT 94h 114h 194h
V CCPRIL 15h WPUB 95h 115h 195h
CCPRIH 16h 10CB 96h General 116h General 195h
. . CCP1CON 17h VRCON 97h ;’“’P"Se 117h RP urpose 197h
 All PORTS are digital ports e e e |
TXREG 19h SPBRG 9%h 16 Bytes 119h 16 Bytes 199h
RCREG 1Ah SPBRGH 9an 11Ah 194h
Pl C CCPRIL 18h | PWMICON | 9Bh 11Bh 198h
CCPRZH 1Ch ECCPAS 9ch 11Ch 19Ch
CCP2CON 1Dh | PSTRCON | 4Dh 11Dh 190h
ADRESH 1Eh ADRESL 9Eh 1Eh 19€h
ADCONO 1Fh ADCON1 9Fh 11Fh 19Fh
20h Ah 120h 1A0h

PORTA S:r:ir:el General General

General 3 Registers Purpose Purpose

Purpose 40h Registers Registers

. Registers 80 Bytes 80 Bytes 80 Bytes
Sthker \ 96 Bytes 6Fh EFh 16Fh 1EFh
70h accesses FOh accesses 170h accesses 1FOh
NP OIN ?,Pn' ouT ?yf\ IN ?y.“ 7Fh 70h-7Fh Frh 70h-7Fh iy 70h-7Fh Py

Bank 0 Bank 1 Bank 2 Bank 3

/'
PORT %%, %% X
0 © 00 oo
% ¢ 2 ® 2 ® 154
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Dealing with PORTS

* Some of the PORTS like PORTA, PORTB and PORTE can also be e o [ o [t o ]
analog input ports. 1.e., a voltage value between 0 and 5 can also be e | o [ome | o [Sws | on [ S | e

recognized by the PIC. PORTB 06h TRISB B6h PORTB 106h TRISB 186h

PORTC 07h TRISC 87h CM1COND 107h A
PORTD? 08h TRISD®! 88h CM2COND 108h ANSEL 188h
PORTE 0%h TRISE 83h CM2CON1 109h ANSELH | 189h

* This can be configured by the two analog select registers ANSEL and [em o oo o [Cromw | one=eomrm
s e PIRI och PIET ach EEDAT toch | EECONI | 18Ch
ANSELH located on BANK3. | means analog, 0 means digital. PR oon [ e | son [Emon | won [ eecowm | on
TMRIL 0Eh PCON 8EN EEDATH | 10Eh | Reserved | 18En
TMRIH OFh | OSCCON &Fh EEADRH | 10Fh | Reseved | 18Fh
TICON 10h | OSCTUNE | 90h 110 190
U TMR2 11h SSPCON2 91h 111h 191h
RE3/MCLR/NVPP ——[ | 1 40 ] =— RB7/ICSPDAT T2CON 12h PR2 92h 12h 192h
SSPBUF 13h SSPADD 93h 113h 193
BRAOQ/ANO/ULPWU/C12INO- =—[] 2 39[] RB6/ICSPCLK SSPCON 1ah SSPSTAT 94h 114h 194n
RATANT/C12IN1- «—[]3 381 «—— RB5/AN13/T1G Sorii ] i [ ] wn | cewa | ven | Gees | 1o
RA2/AN2/VREF-/CVREF/C2IN+ =-—[4 371 RB4/AN11 CCPICON | 17h VRCON 97h Purpose 117h Purpose 197h
— RCSTA 18h TXSTA 98h Registers | jyg | Regsters 198h
RA3/AN3/VREF+/C1IN+ =——[ |5 36 [ ] «—= RB3/AN9/PGM/C12IN2- TXREG 1%h SPBRG 9%h 16Bytes | 11%h | 16Bytes | 19%n
- RCREG 1Ah SPBRGH 94h 11Ah 194h
RAMTO%KC‘I ouT []6 351 RB2/ANS CCPRIL 1Bh | PWMICON | 9Bh 11Bh 198h
RAS5/AN4/SS/C20UT =—[]7 34 ] RB1/AN10/C12IN3- CCPRZH 1Ch ECCPAS 9ch 11Ch 19Ch
REQ/AN5 =——[8 - 33[] RBO/AN12/INT o] 1 oS ] oen e bl
RE1/AN6 .-—-[ 9 g 32 ] \DD ADCONO 1Fh ADCONT1 9Fh 11Fh 19Fh
REAG - oC0 § a0 ves B | B o | B e |
— o IFh Purpose Pl?rl;?;; PL?rr;I;z
VDD —— =[] 11 g 30 ] RD7/P1D oo | an | Ressters Registers Registers
Vss — =[]12 g 29[] RD6/P1C Eeg?s'em 80 Byles 80 Bytes 80 Bytes
RA7/OSC1/CLKIN “'—"E 13 o 28 :| RD5/P1B e g;: accesses IIZ;E: accesses 1?;: accesses 11I|:;0th
RAB/0SC2/CLKOUT «— =[] 14 270 RD4 SR ) Sl A L
RCO/T10SO/T1CKI =——=[7 15 26 [ ] RC7/RX/DT
RC1/T10SI/CCP2 ——=[ 16 25[] RCB/TX/CK
RC2/P1A/CCP1 =———=[]17 24 [ «— RC5/SDO
RC3/SCK/SCL -——=[ 18 23] RC4/SDI/SDA
RDO ——[719 22[] RD3 155
RD1 ——[720 217 RD2




Week 3, Lecture S / RAM addressing

Dealing with PORTS

File File File File
L4 Address Address Addrass Address
To conclude, in RAM we have ] o [ [ o [
. . . . PCL 02h PCL PCL 102h PCL 182h
5 port reglsters for readlng and ertlng STATUS 03h STATUS STATUS 103h STATUS 183h
FSR 04h FSR FSR 104h FSR 184h
* . * * . * PORTA 05h TRISA WDTCON 105h SRCON 185h
5 tris registers for defining the direction of the pins porms | om JIl o porms | toen | sn | 100
. PORTC 07h TRISC CM1COND 107h %
E] ]
2 analog-select register to select the mode of PORTA, PORTB and |5 = = ] e[S - ]
. . BT T L PCLATH 10AR T PR
PORT tO be dna Og or dlgltal INTCON 0Bh INTCON 8Bh INTCON 10Bh INTCON 188h
PIR1 0Ch PIE1 a8Ch EEDAT 10Ch EECON1 18Ch
— PIR2 0Dh PIE2 8Dh EEADR 10Dh EECCN2IM 180h
MR | om | osccon | e | toadRi | tom | et | 1om
TICON 10h QSCTUNE 90h 110
Addr| Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 ez | [ ssecore | oth i o
T2CON 12h PR2 92h M2h 192h
SSPBUF 13h SSPADD 93h 113h 193h
{3} ) SSPCON 14h SSPSTAT 94h 114h 194h
0oh | PORTA RAT RAG RAS RA4 RA3 RAZ RAT RAO Sormi ] [ ioce—] s e Gores oo
o6h | PORTBE! RB7 RB6 RB5 RB4 RB3 RB2 RB1 RBO COPICON | 1™ | VROON | 9™ | peguers | ' | Regetes | Lo
07h | PORTCE) RC7 RCH RC5 RC4 RC3 RC2 RC1 RCO rerce | 1 [oeeran | o | | | O] e
[3 4} CCPR2ZL 1Bh PWMI1CON 9Bh 11Bh 19Bh
08h | PORTD®: RD7 RDG RD5 RD4 RD3 RD2 RD RDO copan_| 1on | Eoopis | son in 10
09h | PORTER — — — — RE3 RE2(4) RE1(4) RE0™) e el o
9Fh 11Fh 19Fh
20h General ADh 120h 1A0h
85n | TRISA TRISA7 | TRISA6 | TRISAS | TRISA4 | TRISA3 | TRISA2 | TRISA1 | TRISAQ R i e pope e
LIFPO‘QB isters isters
86h | TRISB TRISB7 | TRISB6 | TRISB5 | TRISB4 | TRISB3 | TRISB2 | TRISB1 | TRISBO T || @ oo || wew |
96 Bytes
87h | TRISC TRISC7 | TRISCE | TRISC5 | TRISC4 | TRISC3 | TRISCZ | TRISC1 | TRISCO L ol I ool A B el B
geh | TRISDP TRISD7 | TRISD6 | TRISDS | TRISD4 | TRISD3 | TRISD2 | TRISD1 | TRISDO e e e e
80h | TRISE — — — — TRISE3 | TRISE28 | TRISE11) | TRISEQR)
188h | ANSEL ANS7) | ansel@ | anss) | ANS4 ANS3 ANS2 ANS1 ANSO
189h | ANSELH — — ANS13 | ANS12 | ANSTI ANS10 ANSO ANSS 156



Week 3, Lecture S/ RAM _—g

Speed of Instruction Execution

* From the activity, we saw the compiler executing the code line by line. But what
would be the execution speed in reality !.

* The speed on instruction execution depends on the oscillator frequency.
* Microcontrollers/microprocessors never work without oscillator.

* The oscillator generates the clocking signal for the sequential logic circuit of the
chip (remember the clock signal of flipflops in digital circuit course)

* The PIC16F887 1s designed to get clock from external generators or 1t can generates
its own clocking signals.

* From the PIC datasheet, the maximum clocking frequency is 20Mhz.
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Week 3, Lecture S / RAM addressing

Speed of Instruction Execution

External clock generators rely on external circuitry
for the clock source. RAD1 AND

RA1/AN1

RE3 //MCLR / VPP

RA2 /| AN2/VREF- | CVREF

The clock signal can be generated from:
* Oscillator modules (EC mode),

* Quartz crystal resonators or ceramic resonators (LP,
XT and HS modes)

* Resistor-Capacitor (RC) mode circuits.

RA3 / AN3 / VREF+

RA4 /TOCKI/ C10UT
RAS5/AN4//SS | C20UT
REO / /RD / AN5
RE1//WR/ AN6
RE2//CS | AN7

[nvssi[12]
RA7/0SC1/ CLKI

Oscillator 1s to be { RAG/0SC2 / CLKO
RC0/T10S0O/ T1CK1
connected here

RC1/T10SI/ CCP2
RC2 / CCP1
RC3/SCK / SCL

/ PSPO [[9]

| PSP1 [20]

1288491 JId

RB7 / PGD
RB6 / PGC
RB5/AN13
RB4 / AN11
RB3 / AN9/ PGM
RB2/ AN8
RB1/AN10
RBO / AN12/ INT
32| MDD

[31] IWSST
30] | PSP7

[29] | PSP6

28] | PSP5

| PSP4
RC7 /RX /DT
RC6/TX/ CK
RC5/ SD0
RC4 /SDI/ SDA

[22] | PSP3

21 | I PSP2
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Week 3, Lecture S/ RAM addressing

Speed of Instruction Execution

* The External Clock (EC) mode allows an externally generated logic level as
the system clock source. When operating 1n this mode, an external clock
source 1s connected to the OSC1 input and the OSC2 1s available for

general purpose 1/0.
—_—
Signal generated by any JUuuul Juuin 0SC1
oscillator circuit like @ = —

“555 timer” of any —
combination/sequential 0SC2
circuit

The instruction execution speed is ¥4 of the signal frequency i.e., if the signal 1s 1kHz,
the instruction speed 1s achieved at 250 Hz, i.e., 250 instructions are achieved in 1

second
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Week 3, Lecture S

Speed of Instruction Execution

The LP, XT and HS modes support the use of quartz crystal resonators or ceramic resonators
connected to OSCI1 and OSC2. The mode selects a low, medium or high gain setting of the
internal inverter amplifier to support various resonator types and speed.

* LP Oscillator mode: Used for low crystal frequency
* XT Oscillator mode: Used for medium crystal frequency

* HS Oscillator mode: Used for high crystal frequency. L mm

. - Lp |32KHz
1 |osct 200 Kz
_, I — _ 200 KHz [ 47-68 pF
. oo LI T Mloscz XT
— 15-33 pF
The instruction execution speed 1s ¥ of the crystal frequency i.e., if the signal 1s 4MHz, the instruction
speed is achieved at IMHz i.e., 1000000 instructions are achieved in 1 second
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Week 3, Lecture S/ RAM addressing

Speed of Instruction Execution

The external Resistor-Capacitor (RC) modes support the use of an
external RC circuit. This allows the designer maximum flexibility in
frequency choice while keeping costs to a minimum when clock
accuracy 1s not required.

* There are two modes: RC and RCIO.

* In RC mode, the RC circuit connects to OSC1. OSC2/CLKOUT outputs the
RC oscillator frequency divided by 4. This signal may be used to provide a
clock for external circuitry, synchronization, calibration, test or other
application requirements.

e In RCIO mode, the RC circuit is connected to OSC1. OSC2 becomes an
additional general purpose I/O pin.

vCC

R1

f

GND

3K <R1<100K
C > 20pF

T —

0sC1

0SC2
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Week 3, Lecture S/ RAM addre Sin:

Speed of Instruction Execution

The PIC16F887 1s also able to generate its own clocking
signals due to two internal oscillators called:

. * High speed internal oscillator: HSINTOSC
* Low speed internal oscillator: LSINTOSC IRCF<2:0>

(OSCCON Register)

8 MHz
L

nlll
A frequency divider circuit is used to divide the internal Oscillator ARz

HSINTOSC into 6 different frequencies. s ELE

1 MHz
HFINTOSC 100 X
3 Mtz |s00kHz || 2
250 kHz
e .

Thus, 1n total, 8 different internal frequencies can be [ 195 kriz
used depends on our requirement. LFINTOSC 31 kHz

31 kHz {

*
Y
Postscaler

010

H001
H 000
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Week 3, Lecture S / RAM addre

Speed of Instruction Execution

1 The selection of the clocking source (internal or external) is done using the CONFIGURATION bits
(to be discussed later). In case internal oscillator 1s used, the selection of the frequency will be
selected using OSCCON register available in BANK1. Default 1s 4MHz.

REGISTER 4-1: OSCCON: OSCILLATOR CONTROL REGISTER

u-0 RIW-1 R/W-1 R/W-0 R-1 R-0 R-0 RIW-0 FOSC<2:0>

— (1) (Configuration Word Register 1)
| rRcF2 | IRCF1 IRCFO | OSTS HTS LTS scs External Oscillator e
bit 7 bit 0

(OSCCON Register)

A

0sc2
bit 7 Unimplemented: Read as ‘0’

bit 6-4 IRCF<2:0>: Internal Oscillator Frequency Select bits 0sci X AN LP, XT, HS, RC, RCIO, EC _
111 =8 MHz
| 110 =4 MHz (default) | IRCF<2:0>

101 = (OSCCON Register) System Clock
igé = f m:i (CPU and Peripherals)

8 MHz
1= w111 INTOSC
011 =500 kHz Internal Oscillator 4 MHz
010 = 250 kHz T
001 =125 kHz 2MHz |

C o 1 MH
000 = 31 kHz (LFINTOSC) HFINTOSC =
bit 3 OSTS: Oscillator Start-up Time-out Status bit(") 8 MHz S00KHZ

1 = Device is running from the clock defined by FOSC<2:0> of the CONFIG1 register 250 kHz _ |
0 = Device is running from the internal oscillator (HFINTOSC or LFINTOSC) 125kHz |,

bit 2 HTS: HFINTOSC Status bit (High Frequency — 8 MHz to 125 kHz) LFINTOSC 31kHz

ooo
1 = HFINTOSC is stable 31 kHz o
0 = HFINTOSC is not stable
Power-up Timer (PWRT)

hit 1 LTS: LFINTOSC Stable bit (Low Frequency — 31 kHz) = Watchdog Timer (WDT)
1 = LFINTOSC is stable Fail-Safe Clock Monitor (FSCM)
0 = LFINTOSC is not stable
bit 0 SCS: System Clock Select bit
1 = Internal oscillator is used for system clock 163
0 = Clock source defined by FOSC<2:0> of the CONFIG1 register

MUX

L
=
=]
=

MUX

i
Postscaler




Week 3, Lecture S / RAM addressing

Speed of Instruction Execution

Execution speed calculation.

The internal or the external clock generators produce a square wave at predefined frequencies.
This 1s called the oscillating frequency Fosc or clocking frequency Feclk

Thus the clock period Tclk can be calculated as Tclk = 1/Fclk

Each instruction needs at least 4 clocks to be totally executed. This 1s called Tins.
Thus Tins =4 x Tclk, and Fins = Fclk/4

Clock signal generated by the crystal, RC circuit, oscillator or resonator

< » & » & » & »
< L P Ll >

Telk Telk Telk Telk

Tins ' 164
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Week 3, Lecture 5 / RAM

Speed of Instruction Execution

Execution speed calculation.

For example, 1f the crystal oscillator used 1s 4Mhz (This 1s Fosc or Fclk)
* Tclk = 1/4000000 = 0.25us

* Tins = 4xTclk = 1us (time to execute one instruction)

* Fins = Fosc/4 = 1Mhz (Speed of execution of instructions, 1.e., 1000,000 instructions/s)
(or 1 Million Instructions per Second, 1.e. IMIPS)

e Million Instructions per second 1s a measure — — — —
of the execution speed of the computer.

* The measure approximately provides the ) - - B )
number of machine instructions that could “Telk=0.25ps  Telk=0.25ps  Tclk=0.25ps  Tclk=0.25ps
be executed 1n a second by a computer.

Tins=1ps
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Week 3, Lecture S / RAM addressing

Speed of Instruction Execution

Execution speed calculation.
. The PIC16F887 can run at a maximum clocking of 20Mhz. Thus,

~ * Tclk = 1/20,000,0000 = 0.05us = 50ns (nano is 10-)

* Tins = 4xTclk = 200ns (time to execute one instruction)

* Fins = Fosc/4 = 5Mhz (Speed of execution of instructions, 1.e., 5000,000 instructions/s)
(or 5 Million Instructions per Second, 1.e. SMIPS)

\4

) Teclk=50ns R Tclk=50ns R Teclk=50ns R Teclk=50ns

i
Y

\ 4

Tins=200ns
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Week 3, Lecture S / RAM addressing

Speed of Instruction Execution

Also, from the datasheet, it can be seen from the | emone ol rearomome | s [,
. . Operands MSh LSh Affected
table that some 1nstructions need 2 CYCle to be BYTE-ORIENTED FILE REGISTER OPERATIONS
| . . ADDWF fd |AddWandf 1 00 0111 dfff ffff| C,DC,Z]| 1,2
~ fully executed. 1.e., double time of regular ANDWF  1d | ANDW wint 1|0 own aeee ere| | 1.2
J CLRF f Clear f 1 oo Q0001 1fff ffff Z 2
- b e CLRW - Clear' W 1 00 0001 O 3 z
lnSththnS COMF fd |Complementf 1 20 iooi afee feer| 2z 1,2
DECF f.d Decrement f 1 oo 0011 dfff ffff Z 1,2
DECFSZ f.d_|Decrementf Skip if0 142) | o0 1011 dffs feef 1,2,3
INCF f.d Increment f 1 00 1010 dAfff f£fff Z 1,2
INCFSZ f.d |Incrementf Skip if0 142) | o0 1111 dfff feef 1,2,3
IORWF fd _|Inclusive OR W with T 1 00 0100 dfff FEEf z 1,2
. R . R . MOVF f.d Move f 1 oo 1000 dfff ffff Z 1,2
MOVWE f M Wiof 1 oo 0000 1fff ffff
These instructions are the jump 1nstructions NoP  |NoGperaton 1 | oo oo om0 o00c
. . RLF f.d Rotate Left f through Carry 1 00 1101 dfff f£fff [ 1,2
RRF f,d Rotate Right f through Carry 1 00 1100 dfff f£fff [ 1,2
(branching ) like CALL, GOTO, RETURN, I PR
SWAPF f,d Swap nibhles in T 1 00 1110 dfff ffff 1,2
RETFIE RETL\N XORWF fd |Exclusive OR W with f 1 00 0110 dfff ffif z 1,2
? BIT-ORIENTED FILE REGISTER OPERATIONS
BCF f.b Bit Clear 1 ol 00bb bEfff ffff 1,2
BSF f.b Bit Set f 1 ol 01lbb bfff ffff 1,2
BTFSC f b |Bit Test f, Skip if Clear 1(2) | 01 10bb bfff frff 3
BTFSS T b | Bit Testt, Skip if Set T(2) | 0L 1lbb bEff frff 3
< < 141 < LITERAL AND CONTROL OPERATIONS
Or the nstructions that are conditional branching o= manows
l'k INCFSZ DECFSZ BTFSS BTFSC 1 ANDLW k AMND literal with W 1 11 1001 kkkk kkkk z
CALL k Call Subrouting 2 10 Okkk kkkk kkkk
1 e b > 2 ) On y CLRWDT - Clear Watchdog Timer 1 00 0000 0110 0l00| TO,PD
® ® GOTO k G0 to address 2 10 1kkk kkkk kkkk
1N ¢asc Of branChlng IORLW K |inclusive OR Ieral with W 1 11 1000 kkkk kkkk| Z
MOVLW k Maove literal to W 1 11  00x=x kkkk kkkk
RETFIE — Retum from intermupt 2 00 0000 0000 1001
RETLW k Retum with Iiteral in W 7 11 0lxx kkkk kikkk
RETURN = Retum from Subrouting 2 00 0000 0000 1000
SLEEP — | Go into Standby mode 1 00 0000 0110 0011 | TO,PD
SUBLW k Subtract W from literal 1 11 110x kkkk kkkk| C,DC,Z
XORLW k Exclusive OR literal with W 1 11 1010 ¥kkk kkkk| Z

10




Week 3, Lecture S/ RAM addressing

Chip reset

* All microcontrollers have a reset pin used to reset the chip and restart the code
from the beginning. This 1s mainly used in case of trouble in execution due to a
mistake in coding or due to environmental noise around the PIC (electric or
electromagnetic noise).

In PIC16F887, the reset pin in pin #1 RES/MCLRVPP —[]1 N
RAO/ANO/ULPWU/C12INO- =—[] 2

The PIN 1s called Master CLeaR and is RA2!AN2N§?§$¥EX£PNE L j

active low, i.e., it will reset the PIC if a ) -

logic 0 1s applied.
U1

Thus, to allow PIC to work, a logic 1 1 E—
level should be applied. RE3/MCLR/VPP
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Chip reset

* From the previous activity, the MCLR 1s disactivated in the CONFIGURATION bits and the

PIN 1s used as RE3 digital input.

.
CONFIG MCLRE = OFF

; RE3/MCLR pin function select bit (RE3/MCLR pin function is digital input, MCLR internally tied teo VDD)

* In case we want to use this PIN, we should turn on this bit and connect a special circuit to

reset the chip when required.

The main reset circuit is made of a push
button and a pull-up resistor.

The role of the pull-up resistor is to pull the
logic level of the PIN to 5 volt. (the PIC

will be executing the code normally)

When the push button is pressed, the PIN

will be grounded (0 logic) and the PIC is
reset.

+5

R2
10k

U1

RE3/MCLR/VPI

(o8
u

o
|

~
u

RAO/ANO/ULPV
RA1/AN1/C121
RA2/AN2/VREF
RA3/AN3/VREF
RA4/TOCKI/C1(
RAS5/AN4/SS/C:
RAG/OSC2/CL¥
RAT7/OSC1/CL¥

RBO/AN12/INT

U1

RE3/MCLR/PP

RAO/ANO/ULPWU
RA1/AN1/C12IN1-
RA2/AN2/VREF-/(
RA3/AN3/VREF+/
RA4/TOCKI/C10U
RAS/AN4/SS/C20
RAB/0OSC2/CLKO
RA7/0SC1/CLKIN

=1 RBO/AN12/INT
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Week 3, Lecture 5 / RAM

Chip reset

Sometimes, at startup, the PIC generate unexpected results as the code is not running
correctly. This is due to a non-stable oscillation of the crystal oscillator at power-up.

The manufacturer recommend adding a capacitor across the push button to make a slower
starting up of the chip. The voltage across the capacitor increases exponentially from 0 to 5V

The required time to reach 5 volt 1s SRC = 51, unit in second

R2 R2(2)

10K /<7
. @NaLogLE aNeL»sIS
4.90 U1
\ 11 RE3/MCLR/VPP
g— RAO/ANO/ULPWU,
—2—{ RAT/AN1/C12IN1-
= C1 ——— RA2AN2VREF
touF 2] RAIAN3VREF+/

€] S —{ RA4/TOCKIC10U

—L— RAS/AN4/SS/C20
141 RAB/OSC2/CLKO!

-
(%]

2.8a
d.0da 188 2d@r 3@ 4aar 5aar 608 788 8@ J88r 1.8d

RA7/0SC1/CLKIN

le |
N [

RBO/AN12/INT




Week 3, Lecture £

Chip reset

From the datasheet, the MCLR pin 1s considered HIGH at 0.8VDD which 1s 0.8x5 =4V,

The voltage occurs after 150ms from power up. This time is enough to get accurate
oscillation from the crystal.

Thus a resistor of 10k and a capacitor of 10uF are good choices to slow down the PIC
startup by 150ms.

J.A0-R22 )

4,50 VIH Input High Voltage
4,08 I/O ports:
1.5 \ D040 with TTL buffer 2.0
2.00 DO40A 025VoD+08
- D041 with Schmitt Trigger buffer 0.8VoD
- D042 MCLR 0.8 VDD
- D043 0OSC1 (XT and LP modes) 16
. DO043A 0SC1 (HS mode) 0.7 VoD
o D043B 0SC1 (RC mode) 0.9 VoD
0.0 171
7.88 186 2AEdr JAEm 4A0rM SaEAr BAEAr FAEM 230r 93 1.88




Test your knowledge

Week 3, Lecture 5/ RAM addressing Microcontroller Systems

SRR AN S e

10.
11.
12.
13.
14.

How many bits are allocated for the destination bit

How many address lines are required to access a 512 byte RAM
What should be RP0O and RP1 to access bank 2

PIC resets when a logic level 1 1s applied on /MCLR (T/F)

A PIC is connected to a 16Mhz crystal, what 1s the instruction time ?

If the instruction “MOVLW” takes 0.2us to be executed, what would be the oscillator
frequency

If the nstruction “GOTO” takes 0.4us to be executed, what would be the oscillator
frequency

HO\év many internal oscillator the PIC16F887 has and what are the frequencies that can be
used.

Why Microchip recommend to connect a capacitor to the reset circuit

What 1s the default frequency of the internal oscillator of the PIC

What 1s the name of the register used to select between the internal oscillator frequencies
What should be TRIS to configure the PORT as input

What is the instruction time 1f the used quartz is 4 kHz

What should be assigned to TRISB to have: RBO = input , RB4 = output.
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Writing on PORTS
Activity 2 Preparation




Week 3, Lecture 6 / Wl'itil_; 0

Assembly code structure (template code)

* Assembly code includes the following points with the same order :
1. Code description

. Including the xc.inc library

defining the configuration bits

writing the interrupt code (to be discussed later)

writing the main code

writing the setup function

write any other function

N oL R W
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Week 3, Lecture 6

‘Assembly code structure (template code)

* Code description

At the beginning of each code, it 1s required to add come comments about your
code task. This will help you understand the code objective for later revision.

; Template code to be used as reference

; This code will ........

; Designed to work with pic-as compiler 2.32
: PIC used is the PIC16f887

; Weitten by ........

Lo T 3 (T =S S R ' B
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Week 3, Lecture 6 / Writing o

Assembly code structure (template code)

1 * Including the PIC library

~ Including the PIC register library 1s essential in assembly programming. The file 1s called
xc.inc. The MPLAB look for the required library file of the chosen chip.

7 #include <xc_ inc>

This file 1s actually located in C:\Program Files
(x86)\Microchip\packs\Microchip\PIC16Fxxx DFP\1.2.33\xc8\pic\include\proc

This file includes all the register definition and the configuration-bit values

* This PC *» Windows (C;) » Program Files (x86) > Microchip * packs *» Microchip » PICT6Roo DFP » 1233 » %8 » pic * include * proc

5

Name Date modified Type Size

L& picl6t884anc 51472021 1:05 AM INC File 133 KB
L{" pic16f886.h 5/14/2021 1:05 AM H File 228 KB
L{" pic16f886.inc 5/14/2021 1:05 AM INC File 125 KB
L{" pic16f887.h 5/14/2021 1:05 AM H File 242 KB
L{" pic16f887.inc 5/14/2021 1:05 AM INC File 133 KB
L{" pic16f913.h 5/14/2021 1:05 AM H File 330 KB
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Assembly code structure (template code)

* Configuration bits

Configuration bits are the settings of the PIC that includes the way to programming 1t, the
method of protecting the internal code, the method of clocking the chip and many other
settings.

Configuration bits can be generated automatically by MPLABX as shown

Window Help
MPLAB® Code Configurator w4 > E -. E@
1 Kit Window e ——————
|8 Projects Cirl+1 ne Configuration Bits = Output xr Configuration Bits
g';;es g:::; BHEEN| PR RAddress Name Value Field Option Category Project Loading Warning = Config Bits Source x
Eamtis Cirl+3 § 2007 CONFIG1 3FFF FOSC ~ |0scillator Selection bits
= Services Ctrl+5 port some data . - HDTE fiatchdog Timer Enable bit ; PIC16F887 Configuration Bit Settings
% Dashboard with pic-as com - PWRTE |EXTRC_NOCLECUT Power-up Timer Enable bit
@) NEeED Tk IC16£887 £ MCLRE |INTRC_CLECUT RE3/MCLR pin function select bit . .
B Action fems . karami for HCT CP INTRC NOCLEOUT Code Protection bit ; Assembly source line config statements
Tocke CoteShifess | CrD ig Data Code Protection bit
= Output Crle4 ks BOREN r Brown (ut Reset Selec.‘.tion bita. #include <xc.inc>
cditor Ctri=0 IESO e Internal External Switchover bit
) FCMEN Fail-Safe Clock Monitor Enabled kit
eblgging ’ v ON Low Voltage Programming Enable bit ; CONFIGL
Uitz > TRC_NOCLKOUT ; | 2008 CONFIGZ 3FFF  BOR4V BORAQV Brown-out Resst Selection bit CONFIG FOSC = EXTRC CLKOUT ; Oscillator Selection b
IDE Tools g WRT OFF Flash Program Memory Self Write Enable bits CONFIG WDTE = ON ; Watchdog Timer Enable
;?;ﬁ;gf’“owv'm g ;'IZQ'{Z;:;TOW < CONFIG PWRTE = OFF : Power-up Timer Enable
€ SFRs . . . CONFIG MCLRE = ON ; RE3/MCLR pin function
Configure Window £ Configuration Bits Memory | Configuration Bits | Format |Read/Write 1 || Generate Source Code to Output CONFIG CP = OFF : Code Protection bit (B
Reset Windows G EE Data Memory CONPTR 0D — ARP + Matas Mada Dratantion h
Close Window Ctri+w @ Hardware Stack
i & User ID Memory
Close All Documents Ctrl+Shift+W
Close Other Documents FE "
Document Groups > "
Documents... Shift+F4
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Assembly code structure (template code)

* Configuration bits

Most common configurations bit are shown.

The internal oscillator 1s selected. No watch-dog timer used , MCLR pin 1s not used, code 1s
not protected....

#include <xc.inc>

; CONFIG1
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG

; CONFIG2
CONFIG
CONFIG

FOSC = INTRC_NOCLKOUT
WDTE = OFF
PWRTE = OFF
MCLRE = OFF

CP = OFF

CPD = OFF
BOREN = OFF
IESO = OFF
FCMEN = OFF
LVP = OFF
BOR4V = BOR40V

WRT = OFF

; Oscillator Selection bits (INTOSCIO oscillator:
; Watchdog Timer Enable bit (WDT disabkled and can be enabled by SWDTEN bit of the WDTCON register)

; Power-up Timer Enable bit (PWRT disabled)

; RE3/MCLR pin function select bit (RE3/MCLR pin function is digital input, MCLR internally tied to VDD)

; Code Protection bit (Program memory code protection is disabled)

I/0 function on RA6/0SC2/CLKOUT pin, I/0O function on RAT/

; Data Code Protection bit (Data memory code protection is disabled)

; Brown Out Reset Selection kbits (BOR diszabled)

; Internal External Switchover bit (Internal/External Switchover mocde is disabled)
; Fail-Safe Clock Monitor Enabled bit
; Low Voltage Programming Enable bit (RB3 pin has digital I/0, HV on MCLR must be used for programming)

(Fail-Safe Clock Monitor iz disabled)

; Brown-out Reszet Selection bit (Brown-out Reszet =zet to 4.0V)
; Flash Program Memory Self Write Enakle bkits (Write protecticon off)



Week 3, Lecture |

Assembly code structure (template code)

* Main code
The MAIN code 1s the place we write the main task of the code.

25 PSECT BLAEBLA,CLASS=CODE, DELTA=2 ,ABS ; this line is regquired in the new assembler pic-as
26

27 ORG 0 ;raset wvector

28 GOTO MAIN

29

30 ORG 0x4 ; interrupt wvector

31 RETFIE

32

33

34 MAIN:

35 CALL SETUP

36

37 ; Write your code here
38

39 GOTO 5 ; do nothing

40
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Week 3, Lecture 6 / Writing on 7

Assembly code structure (template code)

1 o SETUP function 41 SETUP: ; by default we are in BANKO
42 CLRF PORTA ; clear port at the beginning
~ The SETUP function 1s the one used to ] GRE  fomic | cless mert at the neginning
defines the modes of the PORTS and the = CLRE  EORTD  clear port at the beginning
. . 46 CLRF PORTE ; clear port at the beginning
internal oscillator frequency... and many
more tO be dlscussed later’ ji Eii izg ; access to BANK 1, RP1 = 0, RPO = 1
50 MOVLW 01100000; configuring OSCCON register to select 4Mhz oscillator
51 MOVWE OSCCON
52 MOVLW 10101010B
In this function, we usually jumps o MOVWE  TRISH
b t b k ,t k th . d t 54 ; ADD ALL OTHER CONFIGURATION RELATED TO BANK 1
clwceen banks to make tnc requirea Setup. ss
q p 56 BSF RPO
57 BSF RP1 ; access to BANK 2, RP1 = 1, RPO = 0
g()sr(:?é%)ng)le’ tO Cogl.ﬁguret thggﬁ%gland 58 ; ADD ALL OTHER CONFIGURATION RELATED TO BANK 2
m m
We uS Ju p O 23 BSF RPO
To configure the analog/digital pins = Cinp  aneEL | sonmh and SORIE sre Gigiead
(ANSEL, ANSELH) we must Jump to 63 CLRF  ANSELE ,; PORTB is digital
BANK3 :; ; ADD ALL OTHER CONFIGURATION RELATED TO BANK 3
. . 66 BCF RPO ; access to BANK 0, RP1 = 0, RPO = 0
Finally, we jump back to BANKO 67 B Rel
68 RETURN
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Week 3, Lecture 6 / Writing on Ports

Activity 2: Using PORTS to display data

* In this example, we will learn how to write values on the PORTS. We will be
using assembly language to configure the PORTS as outputs and then write
some data on.

* Also, we will be using Proteus software for the simulation.

* Proteus 1s a paid software able to simulate schematic for microcontrollers also design professional PCB
(Printed circuit board) with 3D view.

 This Activity will be implemented in the next Lab

Thus the main task 1s to send 1111,1111 to all ports and check if they are all
illegible to send 5 volts on the output.
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Week 3, Lecture 6 / Wri

Activity 2: Using PORTS to display data

IMPORTANT NOTE

* From now on, you have to consider that designing a control circuit is
achieved by
1.  Writing code (in class)
2. Simulation (in class and/or lab)
3. Implementation (in lab)

%
i
¢
i
g
T FRREFEE

BN i %‘I"I’I"I*i“l“ L_

!
:
[ |
.}—E
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Week 3, Lecture 6 / Wl'itil_; 0

Activity 2: Using PORTS to display data

; Activity 2

* Step 1: Writing assembly code

* Any code will start by some descriptive
comment, include of the library file and the
configuration bits.

* The major configuration bit are configure
to:
* Use internal oscillator
No watch dog timer
Power up timer is not used
* Mclr pin 1s not used
* No code protection required
* No power fail detection required
* Low voltage programming is off

; This code will export some data on the PORTS

; Designed to work with pic-as compiler 2.32
; PIC used i=s the PIC16£fBB7
; Written by Nabil Karami for HCT 2023

#include <xc.inc>

; CONFIG1l
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG
CONFIG

; CONFIG2
CONFIG
CONFIG

FOSC = INTRC_NOCLKOUT
WDTE = OFF
PWRTE = OFF
MCLRE = OFF

CP = OFF

CPD = OFF
BOREN = OFF
IESO = OFF
FCMEN = OFF
LVP = OFF
BOR4V = BORA4OQOV
WRT = OFF

; O=2cillator Sel
; Watchdog Timer

Power-up Timer
RE3/MCLR pin £
Code Protectico
Data Code Prot

Brown QOut Rese

; Internal Exter
; Fail-Safe Cloc
; Low Voltage Pr

Brown-out Rese

Flash Program .



Week 3, Lecture 6 / Writing on Ports

Activity 2: Using PORTS to display data

* Step 1: Writing assembly code 25 PSECT BLABIA,CLASS=CODE, DELTA=2,ABS ; this line is rec
22 ORG 0 ;reset vector
28 GOTO MATIN
* The main code consists of sending 9 oms ot tmterrese vetor
11111111 on the ports. o RETFIE
 This 1s achieved by placing the valueon 3, ..
the W register first (line37) then move = caLL  semue
the W content to all pOftS, 37 MOVLW 11111111B ; put 11111111 on W register
. . 38 MOVWE' FPORTA ; turn on all pins of the port
* In case no other duties are required from * MOVWE | FORTS ; turn on all pins of the port
. R R R 40 MOVWE PORTC ; turn on all pins of the port
the chip, 1t 1s required to freeze the code =« MOVWE  BORTD ; turn on all pins of the port
] 42 MOVWE PORTE ; turn on all pins of the port
by the GOTO $§ (line 44). . ) )

44 GOTO 5 ; do nothing

* GOTO $ means keep executing this line
address
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Week 3, Lecture 6 / Writing on Ports

Activity 2: Using PORTS to display data

° Step 1: Writing assemblv code 46 SETUP: ; by default we are in .BANI:{O
47 CLREF PORTA ; elear port at the beginning
43 CLRF PORTB ; e¢lear port at the beginning
49 CLEF PORTC ; e¢lear port at the beginning
* The SETUP function is used to configure 2 CIRE PonTE . cieas mect ot the hegimming
some 1mportant registers. 52
. . 53 BSF RPO
* First we clear all ports (lines 47 to 51). 54 Bcr ReL  aceess to BANK 1, RPL = 0, REO = 1
Preventive step to remove all junk from the 2 Mo osccon  reaisees oo scioc e esciiiacos
RAM 57 CLRF TRISA  ; Make the port OUTPUT
. 58 CLRF TRISBE ; Make the port OUTPUT
¢ OSCCON Conﬁgures the 4MhZ lntemal == CLRF ITRISC Make the port OUTPUT
crystal (since we are using the internal o Cinr  mmrer e the o oumous
oscillator in the CONFIG 2
63 BSF RPO
° All TRIS are Cleared to make PORTS 64 BSF RP1 ; access to BANK 3, RP1.=.1, RPO = 1
output e cirr  awemin . pomTe i @ieneer
A . 13 igita

« ANSEL and ANSELH are cleared to make - ScF R0 ; access to BANK 0, KL = 0, R0 = 0
PORTA, E and B as digital pins oo scr  Rel

70 RETURN
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Week 3, Lecture 6 / Writing on Ports

Activity 2: Using PORTS to display data

* Step 1: Writing assembly code

* Now we need the hex file to be generated by MPLAB. This file will be later
used to be uploaded on the Flash memory of the PIC using a programmer. Also
it will be used for the Proteus simulation.

* Click on F11, or Shift F11 to build the code. The Hex file is generate

successfully
Memory Summary:
Program space used 22h ( 34) of 2000h words ( 0.4%)
Data space used Oh ( 0y of 170h bytes { 0.0%)
EEPROM space used Oh 0) of 100h bytes { 0.0%)
Configquration bits used 2h | 2) of 2h words (100.0%)
ID Location space used Oh 0) of 4h bytes { 0.0%)

make[2]: Leaving directory 'C:/Users/User/Desktop/micro new/CODES/Activity2.X’
make[1l] : Leaving directory 'C:/Users/User/Desktop/micro new/CODES/Activity2.¥"

BUILD SUCCESSFUL (total time: EEBms}l 186




Week 3, Lecture 6 / Writing on Ports

Activity 2: Using PORTS to display data

* Step 2: Checking the Code (Simulation)

 After writing the code, and before making any hardware test, it 1s required to
~ simulate the code and check if it 1s running as expected.

* We can simulate on MPLAB (as done 1n Activity 1) or we can use schematic
based software to check the result.

* PROTEUS i1s one of the best software used to simulate microcontroller and
processor also any analog/digital circuit

Proteus 8
Professional
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Week 3, Lecture 6 / W

Activity 2: Using PORTS to display data

* Step 2: Checking the Code (Simulation)

* Open Proteus, and click on schematic capture 1con to create a new schematic.
Then click on the component icon and select P to Pick a device.

-/ UNTITLED - Proteus 8 Professional - Home Page

.. UNTITLED - Proteus 8 Professional - Schematic Capture

File System Help

File Edit View Tool Design Graph Debug Library Template System

DA ANXEBC@AE D 0 @ [

ﬂ Home Page X I Schematic Capture > ‘

Open Project MNew Project MNew Flowchart Open Sample
Recent Projects
C \WUsers\User\Documen ts\HCT Fall 2022\MicrocontrolleriMicro_codes\L AB3 pdsprj :D_

C \Wsers\User\Desktop\micro new\C ODE S\Activity?2 X\S CH pdspr) *

LL:EEl B |! DEVICES
—

Schematic and PCB (Basic)
Schematic and PCB (Advance d)
Simulation
What's New

= o




Week 3, Lecture 6 / Writing on Ports

Activity 2: Using PORTS to display data

* Step 2: Checking the Code (Simulation)

* Write PIC16F887 in keywords and search for it in the library. Double click on the found
result to add this component to the list. No other device will be needed for the moment.

E
&)
z
g
&
£

m
[16fasd] |

52 (1 fe1c16Fa87 PICMICRO PIC16 Microcontroller (8kB code, 3528 data, 2568 EPROM, Ports A-E,
Show only parts with models? [

Category:

(All Categories)
Microprocessor ICs

sttt ettt ©

L LLLFEFEE BREREH

Sub-category:

(All Sub-categories)
PIC16 Family

189

Checking the internet for more results




Week 3, Lecture 6 / Writing on Ports

Activity 2: Using PORTS to display data

* Step 2: Checking the Code (Simulation)
.+ Place the PIC 1n the workspace area, right click and edit the properties. Select the Hex file

- generated by MPLAB (available in the same project folder) and select clock frequency
4Mhz. .

U1
1 15 Edit Component
—1 RE3/MCLR/VPP RCO/T10SO/T1CKI 16 |
RC1/T10SI/CCP2 f—= Part Reference: |U1 | Hidden: D
2 17 - E
—<— RAO/ANO/ULPWU/C12INO-  RC2/P1A/ICCP1 = Pt Value PicisFes7 | tidden [] o
%] RA1/AN1/C12IN1- RC3/SCK/SCL >3 3
< RA2/AN2/VREF-/CVREF/C2IN+ RC4 :: "[‘)'r;;‘g‘b}‘mi Elcment e Data 2
—2— RA/AN3VREF+/C1IN+ e — T [piL40 cAl  ~| | [ Hiddenpms | B
=1 RA4/TOCKI/C10UT R - — —&
7_ RAS5/AN4/SS/C20UT RI K| Delete Object Program File: |Jducnun\l—\chmty2)< production h!x”@| I w EeliEiieae W
A | RAGB/OSC2/CLKOUT C' Rotate Clockwise Num-- Processor Clock Frequency: |4'MHZ e All > |
. . nce

A RA7/OSC1/CLKIN O Rotate Anti-Clockwise (i< Program Configuration Word: |0x3FFF | e Al = \C\
58 RBO/AN12/INT : iD:_te 190 cegrees - Program Configuration Word1 |0XFFFF | Hide Al b
- -Mirror T+
34 RB1/AN10/C12IN3- t VMiror Advanced Properiies:
35 RB2/ANS % cut To Clipboard Randomize Program Memory? ~ ||No ~ || Hide All ~
% RB3/AN9/PGM/C12IN2- Copy To Clipboard Other Properties
=1 RB4/AN11 ;
38 T pet
39 RB5/AN13/T1G [| Goto Part in Design Explorer
40 RB6/ICSPCLK 1> Highlight Part in PCB Layout
—1 RB7/ICSPDAT .

H

: [ Exclude from Simulation [ Attach hierarchy module
@) Display Model Help Gt |:| Exclude from PCBE Layout Hide common pins
PIC16F887 T Display Datasheet Cirl+D Exclude from Current Variant [ Edit all properties as text
# Show Package Allocation T 1 1

ntAaoTrooT

A\ \Activity2 X \dist\default\production\Activity2.X. production.hex 190




Week 3, Lecture 6 / Writing on Ports

Activity 2: Using PORTS to display data

* Step 2: Checking the Code (Simulation)
Click on the PLAY button and check the results

ST}

Observation: The pins are labeled in RED. Means that 5 volt are generated
by the pins (i.e., 1 logic).

U1
* All pins are ON unless RE3. 1= RE3/MCLRVPP RCO/T10SO/TICKI (=2
] ) ) o RC1/T10SI/CCP2 {2
* This PIN, as per the datasheet, is only INPUT pin 5| RAO/ANO/ULPWU/C12INO-  RC2IP1AICCP1 =2
T RA1/AN1/C12IN1- RC3/SCK/SCL =03
| om RA2/ANZ2/VREF-/CVREF/C2IN+ RC4/SDI/SDA 04
om RA3/AN3/VREF+/C1IN+ RC5/SDO =05

. . . RA4/TOCKI/IC10UT RC6/TX/CK
 RE3/MCLR/VPP is a special pin that can be used for 3 purposes. — RAG/ANA/SS/C20UT RC7/RX/DT |22
° Input pin RE3 13 RA7/OSC1/CLKIN RDO : ;g

. . . RD1
* Master CLeaR pin (Will be discussed later) 33~ { RBO/AN12INT RD2 2L
VPP pin for PIC programmer interfacing. ] Repans Rba [22L
7. RB3/AN9/PGM/C12IN2- RDS/P1B 00
38. RB4/AN11 RD6/P1C =30

Read only pin Zor| RBS/ANTITTG RD7/P1D

~ou| RBE/ICSPCLK g
REGISTER 3-13: PORTE: PORTE REGISTER RBTICSEOAT e [=o_
U-0 U-0 U-0 0 | Rx | Rwx R/W-X R/W-X
PIC16F887
_ — — — | res | ReE2 RE1 REO
bit 7 | I bit O
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Week 3, Lecture 6 / Writing on Ports

Activity 2: Using PORTS to display data

* Step 3: Hardware implementation

* In order to see the logic levels on the PIC pins, the easiest way 1s to connect a LED on the pins.
We will design and implement only one LED circuit. (no need to connect 35 LEDs).

* As mentioned before, 1 logic means 5 volts, 1.e., it 1s considered as a voltage source (battery) of 5
volts.

BAT1 : x
5V Part Reference: | Hidden: I:‘
Hidden: I:‘

The LED is similar to a regular diode with a forward
voltage drop of 2.2V (not 0.6 volt as regular diode).

D1
LED-RED

This means the LED cannot be connected to the source
directly, otherwise 1t will be burned.

NOTE: forward voltage changes with type of LED and  |ceiioeste, iz
color.
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Week 3, Lecture 6 / Wl'itil_; 0

Activity 2: Using PORTS to display data

* Step 3: Hardware implementation

* Ared led needs 2.2V to generate the optimum brightness. At this voltage, the current
flowing will be 10mA. (Important note: the max current a pin can deliver 1s 20mA)

* Thus we need to connect a resistor in series with the source and the LED to drop the voltage
to 2.2 volt.

Using KVL, the voltage across resistor

N
3
=}
z |2
g

VR = Vin-Vlied = 5-2.2 = 2.8V o1 e I Conce

LED-RED : igi -
The Resistor current is same as led L _ ¢ o
current (series connection), so IR = 5V v LED-RED
10mA [] R

Using ohm’s law, the resistor R 1s
. []Exelude from Simulation I:‘Atl.achhierarchy.modu\e
given as: HE e il properies sstex

R = VR/IR = 2.8/10mA = 280 €
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Week 3, Lecture 6 / Writing on

Activity 2: Using PORTS to display data

* Step 3: Hardware implementation

-+ The simulation result of the circuit is showing the same result as the one calculated.

* Thus, applying the same circuit on the PIC output will turn on the led.

+. -
D1

LED-RED Anode Cathode

@ 7 BATI( RCO/T10SO/T1CKI ==

1=0.00990264 RC1/T10Sl/CCP2 |—8
RC2/P1A/CCP1
RC3/SCK/SCL

IN+  RCA4/SDI/SDA :gi

D 1 - RC5/SDO =5
RCB/TX/CK

LED-RED Voits RC7/RX/DT |28

— 19
S RDO
- BAT1 ‘ RD1 [ =0
5\ RD2

+ RD3 |—22

1 ~oa =27
w28

RD5/P1B
280 [ +2.77 | RDE/P10 1222
Volts RD7/P1D f—2

- REO/AN5 :g
RE1/ANG [—>-
RE2/AN7

|
—
~

+
|
[e2]

280
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Week 3, Lecture 6 / Writing on Ports

Activity 2: Using PORTS to display data

* Step 3: Hardware

“ implementation e I g
* The PIC 1s placed on a breadboard, | _‘ L e
supplied by an external power source )~ , — -
of 5 volts at pins 11 (VCC, positive ; E Q7 Aana _& A A

supply pin) and 12 (VSS, ground
supply pin).

* The programmer used 1s the PIC KIT
3 connected to MCLR, VCC, VSS,

RB6 (clock data line), and RB7 (data
line).




Test your knowledge

Week 3, Lecture 6 / Writing on Ports Microcontroller Systems

1.

AN

~

Calculate the series resistor that should be connected to an ultra bright le
with 3V, 30 mA connected to the pin RCO. Is 1t allowed to connect such led
to the PIC ? Why ?

Which configuration 1s better; connect the resistor before the led or after ?
State three different ways to identify the positive and negative pins of a LED
How many ports in PIC16F887 can be used as output

How many ports in PIC16F887 can be used as input

Open the datasheet and check the role of every bit used in the configuration
bits; in CONFIG1 and CONFIG2

CONFIG words are located in RAM (T/F)



Week 3

Lab 2/LO2

Hardware implementation of
Activity 2




Implementation of Activity 2

* Tools Required
1. Breadboard x1
2.  Multimeter x 1
3. PIC programmer
4. Breadboard wires (male-male)

* Required components:
1. PIC 16F887
2. Ledxl
3. Resistor from 200 to 470 ohm x 1
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Week 4, Lecture 7/ Reading

Push button interface with PIC

* A Push button switches rely on a simple in-out actuation mechanism.

* They can be employed to break (off) or 1nitiate (on) a circuit.

* Force

| _l_ NO pushbutton
_0. O,_
o—a o0

START PUSH BUTTON START PUSH BUTTON
Normal Open (NO) Push Condition

I NC pushbutton

* Push button switches can be classified as being
* Normally Open (NO) or
* Normally Closed (NC).

* Normally Open (“OFF” position) switches complete the circuit when actuated,
* while Normally Closed (“ON” position) switches break the circuit when actuated.
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Week 4, Lecture 7/ Reading inputs

Push button interface with PIC

* PB 1s used to send command to the PIC to run certain process

* It is a digital device, thus the PIC read it as logic 0 or 1.

* As per the figure, it 1s clear that when the PB is pressed, a logic
1 1s applied on the pin. But what 1f 1t 1s not! What will be the
logic level ! 0 or 1 logic (OV or 5V) ?!

* In fact, when the push button 1s open, the RDO 1s not connected
to anything.

* In electronics, the mput pin has a high input “impedance”, 1.e.,
as 1f a very high resistor 1s internally connected to ground

RGCOM1OSOM1CKI
RC1/T10SI/CCP2

NO-  RC2/P1A/CCP1
RC3/SCK/SCL

FIC2IN+ RC4/S5DIFSDA
k RC&/SDO
RCB/MTX/CK
RC7/RX/DT

RDO
RD1
RD2
RD3
RD4
RD&/P1B
RD&/P1C
RD7/P1D

REO/ANS
RE1/ANG
RE2/ANT

+5

] L1®] [es] MMMMMMMI—N el [ el 1) PO B B
= ] [dn) [ow) Ro¥| [] By P [du) (o] [dy] E=4 PFE] [o's] Gt [a3] [dy]
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Week 4, Lecture 7/ Reading i

Push button 1nterface with PIC

* This means that if a noise surrounding the wire produces only

input pin

1uA, a voltage V = IR will be generated across the pin.

* For example, if R = 10M, the produced V = 10x10¢ * 1x106=
10V. This voltage represent a logic 1 as 1f the PB 1s pressed.

* Thus it 1s not allowed to keep the input pin “FLOATING”

* We have to pull the logic level up or down using an external
resistor, depending on the circuit.

10M

input pin

QS ¥

+
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Week 4, Lecture 7/ Reading inputs

Push button interface with PIC

* Back to our circuit, a pull-down resistor here 1s used to pull
the logic level to zero in case the push button is not pressed.

 What is the best value of R4 ?!

* The Role of R4 is do dominate the effect of noisy current,
so not to generate a logic level 1 (a voltage above 3 1s
considered 1 logic... depend on the chip in use).

* On the other side the pull down should not be very low,
otherwise a large current will flow 1n this resistor at every
button press.

* Values between 1k to 47k are good choices

+5

RCOMOSOMICKI
RC1/T10SI/CCP2

J- RC2/P1A/CCP1
RC3/SCKISCL

'C2IN+ RC4/SDI/SDA
RC5/5D0O
RCE/MTX/CK
RCF/RX/DT

RDO
RD1
RD2
RD3
RD4
RD5/P1B
RD&/P1C
RD7/P1D

REO/ANS
RE1/ANG
RE2/ANTY

PB2

i

|

R4
10k

e [1#] [==] (O] ] (] [u) [ute] |oN] TS B8 pAfRI BRI RO = = —
= fe) [l [on) | (W] B [ [da) (o] [4a] E=N IIE] [o'e] | [a3] 4]
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Week 4, Lecture 7/ Readil_; 0

Push button interface with PIC

* Also, PB can be used to deliver zero logic when
pressed (Case of PB1).

* This PB requires a pull-up resistor similar to the one
used for PB2. ¥

RS
10k

* As a summary,

 PB1 1s ACTIVE LOW and required a pull-up resistor {
* PB2 is ACTIVE HIGH and requires a pull-down resistor

Py (o= [48] [d] [d%] [a%) [aL] [eS] o b
(== [J=] [+=] o] [o] [&y] BoH) [OX] [48] B8 Rlt] Leg! [ Bod [48] W) -

U1
RE3/MCLRNVPP RCO/T10S0OIT1CKI %
RC1/T10SI/CCP2 =
RAO/ANO/ULPWU/C12INO-  RC2/P1A/CCP1 3
RA1/ANT/C12IN1- RC3/SCK/SCL [——= PBR?
RA2/AN2/VREF-/CVREF/C2IN+ RC4/SDI/SDA =57
RA3Z/AN3VREF+/C1IN+ RCS/SDO [—5=
RA4/TOCKI/C1OUT RCB/TX/CK 5= .0
RAS/AN4/SS/C20UT RCT/RX/DT [
RAB/OSC2/CLKOUT 19
RA7/OSC1/CLKIN RDO [——¢
RD1 57
RBO/AN12/INT RD2 5=
RB1/ANT0/C12IN3- RD3 57
RB2/ANS RD4 =55
RB3/ANS/PGM/C12IN2- RD5/P1B [—5= R4
RB4/ANT1 RDB/P1C [—5= []
RB5/AN13/T1G RD7/P1D p—— 10k
RBB/ICSPCLK 8
RB7/ICSPDAT REO/ANS |[—=—
RE1/ANG |——=
RE2/ANT |—— .
PIC1BF 88T -
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Week 4, Lecture 7/ Reading inputs

Activity 3: Using Push buttons

* In this Activity, we will be using a NO

Push Button connected to RDI. U1 A
— RE3MCLIRVPP RCO/T10SOTICKI —2
) RC1/T10SI/CCP2 [—15
. . . . S Ratantciant. o ReascrscL [
* In this ACthlty, we will be using a pUSh 2 RA2/AN2/VREF-/CVREF/C2IN+ RG4/SDI/SDA [—52 [IO PB2
—2—{ RA3/AN3/VREF+/C1IN+ RC5/SDO |—2=
button to turn on a Led. | RA4/TOCKI/C10UT RC6/TX/CK [—22 o
—L{ RAS/AN4/SS/C20UT RC7/RX/DT |22
. 11 rasioscaicLkouT
* The task 1s to test the Push button and turn = ramescucrxn RD0 |35
- 33 21 '
ON the LED when pressed. Nothing else 34| RBOANIZINT RD2 |57 D1
. . 35 1 rRB2/ANS RD4 | 2L i
1s required for the moment. 36| RN PGMCA2ING. RDS/P1E |28 LED-RED
LI RBYANT __ RD&/P1C [—=2 R4
£ RBSIANTITTG RD7/P1D |2 10 R
22 1 RB6/ICSPCLK o
201 RB7/ICSPDAT REO/ANS (5 280
RE1/ANG [—-
RE2/AN7 |—2
PIC16F887 -~
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Activity 3: Using Push buttons

* When a push button is connected to a
PIC, the pin should be configured as 27 oRG 0 resst vector

INPUT (TRIS — 1) 23 GOTO  MAIN

30 ORG [0). ;interrupt wvector
31 RETFIE
32

* The task of this Activity 1s to test the - e N
Push button and turn ON the LED when - REPEAT:

36 BTFSS RD1 ; TEST IF PB IS PRESSED
pressed' 37 GOTO 5-1 ; NO, RECHECK
38 BSF RDO ; YES, TURN ON LED
39 GOTO REPEAT ; REPEAT CODE
. [ . . 40
e At line 37, the instruction GOTO $-11s «  seme ; by default we are in BANKO
. * . 42 CLRF PORTD ; e¢lear port at the beginning
used. This is used to go up one line. - s REO " &P1 15 BY DEFAUT 0
44 MOVLW 01100000B ; configuring OSCCON
45 MOVWE OSCCON ; register to select 4Mhz oscillator
. . 46 MOVLW 00000010B
° In general’ GOTO $:I:‘Il }S. used tQ Jump z; :2:“ :i;sn ; access to BANK 0, RPO = 0 , RP1 IS BY DEFAULT 0
down(+) or up(-) for ‘n’ instructions i RETURN
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Activity 3: Using Push buttons

~ * To enhance our coding skills, the directive
#define 1s used.

* This allows to replace the pin number by a
significant name.

* In this example for example

“4#define LED RD0” means that we can
replace RDO by the word LED as shown in
line 42.

And at line 40, we are testing the PB which is
the same as testing RD1.

27
28
29
30
31
32
33
34
35
36
37
38
35
40
41
42
43

#define LED RDO
#define PBE RD1

ORG
GOTO

ORG
RETFIE

MAIN:
CALL

REPEAT:
BTFSS
GOTO
BSF
GOTO

0
MAIN

0x4

SETUP

PB
$-1

REPEAT

;rezet wvector

;interrupt wvector

; TEST IF PB IS PRESSED
; NO, RECHECK

; YES, TURN ON LED

; REPEAT CODE
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Activity 3: Using Push buttons

+5
U1 A
| 1. — m15
| RE3/MCLR/\VPP RCOT10SO/T1CKI ==
. . RC1/T10SI/CCP2 ==
22 RAOANO/ULPWU/C12INO-  RC2/P1A/CCP1 [
== RAT/AN1/C12IN1- RC3/SCK/SCL === O pR2
| RA2/AN2/VREF-/CVREF/C2IN+ RC4/SDI/SDA ==
= RA/AN3/VREF+/C1IN+ RC5/SDO (5=
== RA4/TOCKIC10UT RCB/TX/CK [ 5= .0
= RAS/AN4/SS/C20UT RC7/RX/DT
3| RAB/OSC2/CLKOUT a1
RA7/0OSC1/CLKIN RDO (555
33m RD1 =053 T g
=] RBOANT2/INT RD2 |55
RB1/AN10/C12IN3- RD3 D1
35 m 27
6n RB2/AN8 RD4 08 LED-RED
== RBIJ/AN9/PGM/C12IN2- RD5/P1B [5= R4 g
oo RBA/ANTT ___ RD6/P1C (5=
>o=| RBS/AN13/TTG RD7/P1D 10k R
~5o| RB6/ICSPCLK .il
RB7/ICSPDAT REO/ANS [— 280
N RE1/ANG [==
RE2/AN7

PIC16F887 =
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Activity 4: Using Push buttons

* In this Activity, we will modify the code to turn on the LED ON when the PB is pressed,
and OFF when released.

* Only the main code 1s modified as shown. U1

+5

| ReaMcIRVPP RCOT10SOTACKI %
RC1/T10SI/CCP2 f—&

%— RAO/ANO/ULPWU/C12INO-  RG2/PIAICCP1 %

—— RATAN1/CI2IN1- RCYSCK/SCL [—2 PB2

—— RAZIAN2/VREF-/CVREF/C2IN+ RCA/SDUSDA [—£2 [I

—2— RAJ/ANIVREF+/C1IN+ RC5/SDO |52 o

~2 RA4TOCKICIOUT RCETX/CK [—22 °

T+ RAs/ANA/SS/C20UT RC7RX/DT 22

44 RAGIOSC2/CLKOUT 0

13 | RA7/OSCA/CLKIN RDO [—2
38 MAIN: 33 RD1 157

| S5 RD3 |22 D1
35 CALL SETUP % RB2/ANS RD4 % LED-RED
4 REPEAT: HemewaalNe et

% Eggﬁﬁrgsﬁs RD7/P1D =22 10k R1
41 BTFSS PB ; TEST IF PB IS PRESSED 20| RROICSPOLK REO/ANS _g [] 280
42 GOTO $-1 ; NO, RECHECK - = 1
43 BSF LED ; YES, LED ON PICc16res? - —
44
45 BTFSC PB ; CHECK IF PB IS RELEASED
46 GOTO $-1 ; NO, RECHECK
47 BCF LED ; YES, TURN OFF LED
48 GOTO REPEAT ; REPEAT CODE
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Activity 4: Using Push buttons

+5
U1
[ | —_— m15
RE3/MCLR/VPP RCO/T10SOT1CKI f——==
. RC1/T10SI/CCP2 f—==
2-1 RAOANO/ULPWU/C12INO-  RC2/P1A/CCP1 [
=1 RAT/AN1/C12IN1- RC3/SCKISCL [—=3 PB2
= RA2/AN2/VREF-/CVREF/C2IN+ RC4/SDI/SDA 5=
2| RA3/AN3VREF+/C1IN+ RC5/SDO 5=
=— RA4/TOCKIC10UT RCBITX/CK [-== o
= RAS/AN4/SS/C20UT RC7/RX/DT
13| RAGIOSC2/CLKOUT a1
RA7/OSC1/CLKIN RDO |55
332 | RBO/AN12/INT EB; 221 ! ”
34 m0)
RB1/AN10/C12IN3- RD3 D1
35m m 27
. RB2/AN8 RD4 208 LED-RED
=2~ RB3/AN9/PGM/C12IN2- RD5/P1B 5= R4 i
50| RB4/ANTI ___ RD6/P1C o553
= o=| RBS/AN13TIG RD7/P1D 10k R
=57 RBE/ICSPCLK udi
RB7/ICSPDAT REO/ANS [—= 280
RE1/ANG [~
RE2/AN7

PIC16F887
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Week 4, Lecture 7/ Reading inputs

Activity 5: Using Push buttons

* In this Activity, we will add another PB. One 1s used to turn ON the LED and the other 1s
used to turn OFF the LED. PBs are defines as RD1 and RD2. Of course both pins are

| configure as inputs.

+
[%)]

+5

U1 A A
28 #define LED RDO 1| RE3MCLRVPP RCOT10SOTICKI f—=2
. ) RC1/T10SI/CCP2 [—2
29 $define PB ON RD1 —2 1 RAG/ANO/ULPWU/C12INO-  RC2/P1A/CCP1 |—L~
- —3 1 RAVAN1/C12IN1- RCISCK/SCL =2 | & o
30 #define PB OFF RD2 2| RA2/AN2IVREF-/ICVREF/C2IN+  RCA/SDI/SDA [—52 PB_ON PB_OFF
—_ 2— RAJANIIVREF+/C1IN+ regsDo (22 L] o
-8 1 RaamockiciouT RCB/TX/CK [—22
1: RAS5/AN4/SS/C20UT RC7IRXDT |- @
12— RABIOSC2ICLKOUT o
39 MATN : —=— RA7/OSC1/CLKIN RDO
: 20
RDT 22— ¢
40 CALL SETUP % RBO/AN12/INT RD2 ;; ® o1
34 1 RB1/AN10/C12IN3- RD3 22
41 REPEAT: % RB2/ANS RD4 % LED-RED
42 BTFSS PB ON ; TEST PB ON IF PRESSES 37| poaanor oMictaine Soabte 22 R4 R2
o . 38 TG 30 10k 10k
43 GOTO 5-1 ; NO, RECEHCK 39| pEe e RD7/P1D =t
44 BSF LED ; YES, TURN ON LED “4— RB7IICSPDAT REO/ANS [—-— 280
- =y | |
46 BTFSS PB OFF ; TESH PB_OFF IF PRESSED PIC16FE87 - - 4
47 GOTO $-1 ; NO, RECHCK
45 BCFEF LED ; YES, TURN OFF LED
45 GOTO REPEAT ; REPEAT THE CODE
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Activity 5: Using Push buttons

+5 +5

REO/ANS p—=—
RE1/AN6 p=——

PB_OFF

R4 R2

10k 10k

U1
= RE3MCLRIVPP RCO/T10SO/TACKI
o RC1/T10SI/CCP2
2= RAO/ANO/ULPWU/C12INO-  RC2/P1AICCP1
2—{ RAT/AN1/C12IN1- RC3/SCK/SCL
2= RA2/AN2IVREF-/ICVREF/C2IN+  RC4/SDI/SDA
2= RAS/AN/VREF+/C1IN+ RC5/SDO
2= RA4/TOCKI/C10UT RCB/TX/CK
~L= RAS/AN4/SS/C20UT RC7/RX/DT
12— RAG/OSC2ICLKOUT
RA7/OSCA/CLKIN RDO
RD1
gi: RBO/AN12/INT RD2
221 RBI/AN10/C12IN3- RD3
321 RB2/ANS RD4
251 RBIANI/PGM/C12IN2- RD5/P1B
2] RBUAN1T __ RD6/P1C
321 RBS/ANI3/TTG RD7/P1D
22— RBE/ICSPCLK
RB7/ICSPDAT
RE2/AN7
PIC16F887

f

D1
LED-RED

80
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Test your knowledge

Week 4, Lecture 7/ Reading inputs Microcontroller Systems

1.
2.

What 1s the optimal value of a pull up or pull-down resistor ?

Calculate the current flowing in a 1€2 resistor used as a pull-down when a
active high push button 1s pressed (assume Sv supply voltage). What 1s your
observation of using too small pull-down resistor ?

Open the datasheet and check the register called WPUB. What 1s it role,
advantage and disadvantage ?
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Week 4, Lecture 8/ C langus:

Creating C project in MPLABX

* Creating C project steps are similar to the assembly project. Here we have to
select the C compiler and not the pic-as.

* Also we need to create a C file to write our code. We can use the template

main.c from the list.

3 New Project

Steps Select Compiler
1. Choose Project
2. Select Device Compiler Toolchains
3. Select Header EhHXCB
4, Select Plugin Board XC8 (v2.32) [C:\Program Files (%86)\Microchip\xc8\v2.32\bin]
5. Select Compiler . ~XC8 (v2.20) [C:\Program Files (x86)\Microchip\xcs\v2.20\bin]
6. Select Project Name and . ~XC8 (v1.38) [C:\Program Files (x86)\Microchip\xcB\v1.38\bin]
Folder FHHHI-TECH PICC
[+-pic-as
MPLAB
vv

=1 demo_c

-- Header Files

ﬁ‘ Important Files

#-F] Linker Files

M FEl Source Files

ﬁ‘ Librarie
+-[EF Loadabl

demo_c - Dashl

< Back Finish Cancel

Help

22 |78 demo_c

i Bn neadn —+

New

MNew Logical Folder

Add Existing ltem...

Add Existing Items from Folders...
Find...

Cut

Copy
Paste

Remove From Project
Rename...

Properties

Ctrl+V

CEEERRREEEBED

21
22
23
24
Directary...
main.c...

AssemblyFiles...
AssemblyFile.as...
AssemblyFile.asm...

C Header File...

C Source File...

C Main File...
pic_8b_asm_func.asm..
xc8_header.h...
avr-main.c...

Text File...

Other...
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Creating C project in MPLABX

* When created, the file appears as shown. The xc.h 1s included (in pic-as, the
file 1s called xc.inc), also a main function 1s created.

newmainl.c x]

1| & /*

2 * File: newmainl.c
3 * Author: User

4 *

5 * Created on December 16, 2022, 7:25 PM
6] - */

7

g

g #include <zc._h>

10

11 void main(veid) {

12 T return;

13 }
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Creating C project in MPLABX

* Here also we need to generate the configuration bits. This step 1s exactly
similar to the one done previously in assembly. Copy the code and paste 1t in
~ the main file.

Window  Help Output x| Configuration Bits
MPLAB® Code Configurator v4 d'K'EE | Project Loading Warning * Activity4 (Build, Load) x Config Bits Source x
Kit Window |
|'8 Projects Ctrl+1 // PIC16F887 Configuration Bit Settings
[ Files Ctrl+2 s = T | e R | e
& Classes Ctrl+9 // 'C' source line config statements
Favorites Ctrl+3 5
5 Services Ctrl+5 - // CONFIGL
“3 Dashboard #pragma config FOSC = INTRC NOCLKOUT// Oscillator Selection bits (INTOSCIO oscillator: I/0 function on RA6/0SC2/CLKOUT pin, I/O function on RA7/0SC1/CLKIN)
Navigator Ctrl+7 #pragma config WDTE = OFF // Watchdog Timer Enable bit (WDT disabled and can be enabled by SWDTEN bit of the WDTCON register)
§& Action Items Ctrl+6 er 16, 2022, 7: #pragma config PWRTE = OFF // Power-up Timer Enable bit (PWRT disabled)
Tasks Ctrl+Shift+6 #pragma config MCLRE = OFF f// RE3/MCLR pin function select bit (RE3/MCLR pin function is digital input, MCLR internally tied to VDD)
B Output Cirl+4 #pragma config CP = OFF // Code Protection bit (Program memory code protection is disabled)
Editor Cirl+0 #pragma config CPD = OFF // Data Code Protection bit (Data memory code protection is disabled)
i #pragma config BOREN = OFF // Brown Out Reset Selection bits (BOR disabled)
Debugging ’ #pragma config IESO = OFF // Internal Externmal Switchowver bit (Internal/External Switchover mode is disabled)
Web Z #pragma config FCMEN — OFF // Fail-Safe Clock Monitor Enabled bit (Fail-Safe Clock Monitor is disabled)
IDE Tools > #pragma config LVP = OFF // Low Voltage Programming Emable bit (RB3 pin has digital I/0, HV on MCLR must be used for programming)
Target Memory Views 3 @& Program Memory
Simulator 3 & File Registers // CONFIG2
& SFRs #pragma config BORAV = BORAOV  // Brown-out Reset Selection bit (Brown-out Reset set to 4.0V)
Configure Window b= Configuration Bits #pragma config WRT = OFF // Flash Program Memory Self Write Enable bits (Write protection off)
Reset Windows £ EE Data Memory
£ User ID Memory // #pragma config statements should precede project file includes.
Close Window Ctrl+W // Use project enums instead of #define for ON and OFF.
Close All Documents Ctrl+Shift+W
Close Other Documents picellics el
Document Groups >

Documents... Shift+F4
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Creating C project in MPLABX

e Your code should appear like shown 3 foeen contiy WOTE = OFF 7] Weten
. . . 3 #pragma config PWRTE = OFF // Powerxr
* Only one line 1s required to define the crystal 4 #pragna config MCLRE - OFF  // RE3/M
5 #pragma econfig CP = OFF // Code
frequency as: #define  XTAL_FREQ 4000000, ¢ teraoma coneig coo =ore -/ o
. — — pragma config = rown
In case of 4MHz internal or external crystal. 6 #pragna config IESO = OFF  // Inte:
g #pragma config FCMEN = OFF // Fail-
(This will be required later for delay functions) | ETtone coRfig IVE = oF /ey
12 // CONFIG2
13 #pragma config BOR4V = BOR4OV // Brown
14 #pragma config WRT = OFF // Flash
15

// #pragma config statements should prec

e
-]
—0

// Use project enums instead of #define

=
o

19 #include <xc.h>

20

21  #define XTAL FREQ 4000000
e |

void main(veoid) {

return;

[ I o R oS
o
—0

}
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Activity 5C: Start coding with C using XC8

* In this Activity, we will repeat the Activity 5 but in C language. The activity
1s about controlling LED with 2 PBs.

* Step 1: Create the setup function This is the function

It starts by void because it will not return any value
And has empty () because it will not take any argument

void setup() {} Note: Place the function before the main function

{
setup () ;

} This 1s how we call the function in C

T void main (void)
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Activity SC: Start coding with C using XC8

* Step 2: writing the setup function

* In C language, no need to define the banks. The compiler will take care of switching
between banks.

* The binary values in assembly like 01100000B will be 0b01100000 in C

C format Assembly format

SETUP:
CLRF PORTD
BSF RPO
MOVLW 01100000B

void setup() {
PORTD = 0;
OSCCON = 0b01100000; MOVWE  OSCCON

TRISD = 0b00000110; MOVLW  00000110B
} MOVWF  TRISD
BCF RPO

RETURN
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Activity SC: Start coding with C using XC8

* Step 3: Creating the infinite loop

* In C language, the infinite loop is achieved using while(1). We used GOTO repeat to keep
on repeating the code indefinitely.

C format Assembly format
-] wvoid main(void) { MATIN -
setup() ; CALL SETUP
REPEAT :
while (1) {

GOTO REPEAT ; REPEAT THE CODE
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Activity SC: Start coding with C using XC8

* Step 4: Creating the infinite loop Reading PB and tacking decision

 In C language, the if condition is written as if(condition) {result of condition}

* We can remove the {} if the result of condition 1s one instruction

C format Assembly format
REPEAT:
BTFSS PE ON . ..
_ - 1f condition
while (1) { GOTO 5-1
if (pb_on ==1) led = 1; BSF LED result of condition
if (pb off ==l)led = 0;
} BTFSS PB OFF
GOTO §-1 if condition
BCF LED result of condition

GOTO REPEAT
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Activity SC: Start coding with C using XC8

Complete C code

1| B /* Activity 5 in C 23 #include <xc.h>

2 This code will turn on an LED when ON-PB is pressed 24

3 and OFF when OFF-PB is pressed 25 #define XTAL FREQ 4000000 // used crystal is 4MH=z

4 Designed to work with XCB compiler 2.32 26

5 PIC used is the PIC16£887 27 #define led RDO // define led as RDO

6| - Written by Nabil Karami for HCT 2023 */ 28 #define pb_on RD1 Iy

7 29 #define pb_off RD2 /7

B #pragma config FOSC = INTRC_NOCLKOUT// Oscillator Sel a0

g #pragma config WDTE = OFF // Watchdog Timer En: 21 void setup () {

10 #pragma config PWRTE = OFF // Power-up Timer En: 32 PORTD = 0; // clear portd

11 #pragma config MCLRE = OFF // RE3/MCLR pin funct 33 OSCCON = 0b01100000; // select 4MHz oscillator
12 #pragma config CP = OFF // Code Protection bi 34 TRISD = 0b00000110; // define in and out

13 #pragma config CPD = OFF // Data Code Protecti 35 }

14 #pragma config BOREN = OFF // Brown Out Reset Se 16

15 #pragma config IESO = OFF // Internal External 37 [ void main (void) {

16 #pragma config FCMEN = OFF // Fail-Safe Clock Mc 38 setup () ;

17 #pragma config LVP = OFF // Low Voltage Progr: 39 while (1) { // infinite loop

18 40 if (pb_on ==1) led = 1; // test pb, led on if pressed
19 // CONFIG2 41 if (pb_off ==l)led = 0; // test pb, led off if pressed
20 #pragma config BOR4V = BOR4OV // Brown-out Reset Se 42 }

21 #pragma config WRT = OFF // Flash Program Memc 43 Ly
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Activity SC: Start coding with C using XC8

+5 +5
U1
N [Epp— =15
RE3/MCLR/VPP RCO/T10SOT1CKI f=—12
o RC1/T10SICCP2 [—12
2= RAO/ANO/ULPWU/C12INO-  RC2IP1AICCP1 it
RA1/AN1/C12IN1- RC3/SCK/SCL
2= RA2/AN2IVREF-ICVREF/C2IN+  RC4/SDISDA =52 PB_ON PB_OFF
2= RAJ/ANS/VREF+/C1IN+ RC5/SDO |22
2— RA4/TOCKI/C10UT RCBTX/CK (=<2 .? .?
~L= RAS/AN4/SS/C20UT RC7/RX/DT
= RAGIOSC2/CLKOUT - "
RA7/OSC1/CLKIN RDO [o12
RD1 22—
22— RBO/AN12/INT RD2 [==1 & 9
=== RB1/AN10/C12IN3- RD3 |55 D1
22— RB2/ANS RD4 | o<1 LED-RED
251 RBIANI/PGM/C12IN2- RDS/P1B |50 - o
RB4/AN11 RD6/P1C
8= RBS/AN13/TTG RD7/P1D =2 10k 10k
308 51
22— RB6/ICSPCLK »
RB7/ICSPDAT REO/ANS [—2- 280
RE1/ANG =10
RE2/AN7

PIC16F887
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Remarks concerning assembly and C

* As shown previously that the assembly and C versions are 1dentical, but the generated hex
- files are not the same.

Hex file generate from C code Hex file generated from assembly code
1 :060000000A128A11FC2F 15 1 -020000000528D1
2 :100FBEAO08312031388016030831603138F000630EF 2 :1000080009000D20881C06230814081D092808105¢
3 : 100FCAOOB80008000A128A11DD270A128A11831250 3 - 1000120006228801831660308F000630880083121+¢
4 : 100FDAOOO313881CF12FF22FF32F0814081DF62F -4 A -020022000800CE
5 : 1I00FEAOOF72FEC2F0810EC2F0A128A110028830120 ¢ . 04400E00DA20FF3F7C
6 :060FFAO00AL28A11ET2F24 ; - 00000001FF
7 :04400E00D420FF3F7C
8 :00000001FF

Remark 1: The C compiler converts the C file into a machine language without
optimization (Maybe the paid version will optimize the code)
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Remarks concerning assembly and C

* Remark 2: The flash memory shows that the code in C does not starts at address 0
and we have no control on defining the location of the code in the memory

Hex file generate from C code Hex file generated from assembly code

Line Address Opcode Label DisRAssy

2012 |07DB 3FFF LDDLW OxFF COde Starts Line RAddress Opcode Label DisRAasy

2013 [07DC 3FFF ADDLW OxEF -

2014 |070D 1233 BCF STATUS, 0x5 . ad 1 |0000 28035 GOTO 0x3

2015 [07DE |1303 BCF STATUS, 0x6 at locathIl 2 |ooo1 3FFF LDDLW 0xFF

2016 |07DF [E] CLREF EORTD

2017 |07EQ 3060 MOVLW 0x&0 0X7DD A 3 |oooz SFEF ADDLW OxFF

2018 [07EL 1623 BSF STATUS, 0x5 e 4 (0003 3FFF LDDLW 0OxFF

2018 |07E2 1303 BCF STATUS, 0xé

2020 |07E3 003F MOVWF TMR1H 5 |ooo04 noos RETFIE

2021 |07E4 3006 MOVLW (X6 § |000s 200D CALL 0xD

2022 |07ES nosa MOVWF PORTD Code StaI‘tS T 0008 1cEs ETF5S PORTD

2023 [07E6 fLE] RETURN i P
2024 |07ET7 120R BCF PCLATH, Oxd t 1 t 3 |0007 2808 OTO 0x6

2025 |[07E® 1180 BCF PCLATH, Ox3 10N

2026 |07ES 270D CALL 0x70D at l1ocatio 9 |boos 1403 BSF FORID, 0Oxd
2027 |07ER 120% BCF PCLATH, Oxd 10 (000g 1Dos BIFSS BORID, ...
2028 |07EB 113n BCF PCLATH, 0x3 OXOO as 11 |oooa 2809 GOTO %0 .
2028 |07EC 1283 BCF STATUS, 0x5 - x

2030 |07ED 1303 BCF STATUS, 0x6 deﬁned by 12 |000B 1008 BCF PORTD, 0Ox0
2031 |07EE 1caa BIFS5 PORTD, ...

2032 |07EF ZFFL GOTD 0x7F1 h ORG : 13 |oooc 2308 GOTO Oxe

2033 |07FQ 2FF2 GOTO 0x7E2 t c m 14 (000D 0lss CLRF PORID

2034 |07F1 2FF3 GOTO 0x7F3 . .

035 (0782 102 S5F FORTD, 00 dlI’GCthe 15 |000E lgg3 BSF STATUS, 0x5
2036 |07F3 1D08 BTFSS PORID, ... lé |00OF 3060 MOVLW 0xg0

2037 |07F4 2FFE GOTO 0x7Fé

2038 |07F5 ZFFT GOTD 0x7E7 17 |0010 00sF MOVWE TMR1H

2033 |07F& 2FEC GOTO 0x7EC 1l (0011 3008 MOVLW Oxé

2040 |07E7 1008 BCF PORTD, 0x0 19 |ooiz EE MOVAF TORTD

2041 |07Fa ZFEC GOTD 0x7EC

2042 |07F% 120n BCF PCLATH, Oxd 20 |0013 1283 BCF STATUS, 0Ox5
2043 |07FL 113% BCF PCLATH, 0x3 371 |onla no0g RETURN

2044 |07FB 2800 GOTO 0x0

2045 |07EC 0133 CLEF STATUS

2046 |07ED 1208 BCF PCLATH, 0xd

2047 |0TEE 1182 BCF PCLATH, 0x3 229
2048 |07FF 2FET GOTD 0x7E7




Remarks concerning assembly and C

Final conclusion

* C is easier compared to the assembly language,

* Assembly has direct control on registers.

* In C, we cannot predict how much time the code will take to be executed

* In Assembly, we know how the lines are executed and how much time each
instruction needs to be executed.
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Week 4, Lecture 8/ C language

Delay function in C and Assembly

* Delay function 1s usually used in program to slow down some process. As we already know
that the speed of execution of instruction is very high due to the crystal high frequency.

* In C language there is already a ready made delay functions that can be called directly. The
original delay function in C 1s _delay(n) where n 1s the number of instruction count.

 This 1s an in-line function that is expanded by the code generator.

* When called, this routine expands to an in-line assembly delay sequence. The sequence will
consist of code that delays for the number of instruction cycles that is specified as the
argument. The argument must be a constant expression.
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Week 4, Lecture 8/ C language 7

Delay function in C and Assembly

* [t 1s often more convenient to request a delay in time-based terms, rather than in cycle
| counts.

 The macros delay ms(x) and delay us(x) are provided to meet this need.

* These macros convert the time-based request into instruction cycles that can be used with
_delay(n).

__delay ms(x) // request a delay in milliseconds
~_delay us(x) // request a delay 1n microseconds
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Delay function in C and Assembly

* If we write a code 1n C that only includes a delay function, we can conclude the assembly
format of the code that makes the same delay.

* For a small value in the delay function (100 for example), the code 1s converted to a for loop

in assembly with one variable

Line Address Opcode Labkel DiskAssy

2033 |07F0 3FFF ADDLW OxFF
2034 |07FL 3FFF LDDLW OxFF
void main(veoid) { 2035 |07F2 3FFF ADDLW OxFF
delay (100) ; Code converted to 2036 |07F3 3FFF LDDLW OxFF
- > 2037 |07F4 3021 Imvm 0x21 I
while (1) ; 2038 |07FS 00F0 fovwE 0x70 |
} 2035 |07Fs OBFQ J|pECFSZ ox70, F |
2040 [07E7 2FFé llzoTo 0x7Fé 1
2041 |07Fs 2FFS GOTO OxTES

2042

07Fs

120R

BCF PCLATH, Oxd

2043

07FA

11582

BCF PCLATH, 0x3

2044 [O7FB 2300 F0TO 0x0

2045 [0O7FC 01s3 CLEF STATUS
2048 [O7FD 1204 BCF PCLATH, Ox4
2047 [O7FE 1152 BCF PCLATH, 0x3

2045

07FF

ZFF4

FOTO 0xTF4

2045

azoo

3JEFF

ADDLW OxFF

MOVLW 0x21 takes 1 cycle } 2 cycles
MOVWEF 0x70 takes 1 cycle

DECFSZ 0x70, F takes 1 cycle }

GOTO $-1 takes 2 cycles

These are repeated 33-1 times (0x21-1),
1.e., 32x3 = 96 cycles

The last DECFSZ (when the value reaches
0) will jump and make 2 cycles, thus in
total 98

Total of 100 cycles
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Delay function in C and Assembly

* The C compiler did the calculation of the value that be loaded in address 70 so that the entire
function takes 100 cycles

* Since the register 0x70 1s an 8 bit register, the max value that can be loaded 1n 1s 255 (0xFF).

* If we redo the calculation, we can see that a function with one variable can take max 766
cycles

—_

MOVLW OxFF  takes 1 cycle | |, cycles

MOVWEF 0x70  takes 1 cycle _

DECFSZ 0x70, F takes 1 cycle | These are repeated 255 times , 1.e., 254x3 = 762 cycles

GOTO $-1 takes 2 cycles | The last DECFSZ (when the value reaches 0) will jump and
make 2 cycles, thus in total 764

Total of 766 cycles
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Delay function in C and Assembly

And this 1s proven when writing delay 766 1n C and got the assembly equivalent code

void main (void) | 2037 |07F4 30FF MOVLH OxFF
_delay (766) ; 2038 |07F5 00F0 MOVWE 0x70
while (1) : 2039 |07F6 OBFO DECFSZ 0x70, F
) 2040 |07F7 2FFé GOTO 0xTFé
2041 |07F8 2FF2 GOTO 0x7F8

If the value 1n delay is higher than 766, the C compiler will create two or more
cascaded for loops in assembly using two or more variables
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Delay function in C and Assembly

~ Important note: why the compiler is using address 0x70 and not any other register in GFR ?!!

2037 |[07F4 J0FF MOVLW 0xFF
2038 |07F3 aaFao HDWFIEIJ{TEI I
2039 |07Fo OBFO DECF5Z 0x70, F
2040 [DTET 2FFa@ FOTO 0x7Fa@
2041 |OTFE 2FF8 GOTO O0x7TFS

The answer is found in the RAM. The address 0x70 to O0x7F (16 registers) are accessible in
all banks, which means that the compiler is using these registers are GLOBAL VARIABLE

ADRESH

ADCONO

General
Purpose
Registers

96 Bytes

Bank 0

1Eh
1Fh
20h

3Fh
40h

6Fh
70h
7Fh

ADRESL

ADCON1

General
Purpose
Registers

80 Bytes

accesses
70h-7Fh

Bank 1

9Eh
9Fh
AOh

EFh
FOh
FFh

11Eh
11Fh
120h
General General
Purpose Purpose
Registers Registers
80 Bytes 80 Bytes
16Fh
accesses 170h accesses
70h-7Fh 17Fh 70h-7Fh
Bank 2 Bank 3

19Eh
19Fh
1ACh

1EFh
1FOh
1FFh
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Delay function in C and Assembly

Let’s increase now the delay to 1000,000 and check what would be the assembly
equivalent code

2025 |07ES 3FFF ADDLW OXFF
2026 |07ES 3FFF ADDLW OxFF
2027 |07EA 3FFF ADDLW OxFF
2028 |07EB 3008 MOVLW Oxe } Loading 0x6 in register 0x72
2028 |07EC 00F2 MOVWE 0x72
2030 |07ED 3013 MOVLW 0x13 , , .
void main (void) { 2031 |07EE Q071 MOVHE D1 } Loading 0x13 in register 0x71
delay (1000000) ; 2032 |07EF 304D MOVLW OxAD
while (1); 2033 |07F0 00FQ MOVWE 0x70 } Loading 0xAD in register 0x70
} 2034 |07F1 OBFO DECFSZ 0x70, F .
2035 |07F2 2FF1 GOTO 0x7F1 } First for loop
2036 |07F3 0BF1 DECFSZ 0x71, F
} Second for loop
2037 |07F4 IFF1 GOTO 0x7F1
2038 |07F5 OBF2 DECFSZ 0x72, F .
2039 |07F6 2FF1 GOTO 0x7FL } Third for loop
2040 |07FT 2FF3 GOTO 0xTFE
2041 |07F2 2FF3 GOTO 0xTFE

For big delay value, the compiler is creating 3 for loop with 3 variables 237
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Delay function in C and Assembly

 After knowing the format of the delay function in assembly, the question now 1s what should
be loaded 1n 0x70, 0x71 and 0x72 to have a particular delay time!

* The answer 1s that the variables are calculated by iterations and it 1s very hard to make it by
hand. The compiler 1s making 256 * 256 * 256 iterations to find the nearest values of
variables that lead to the desired time delay.

* Lot of online calculators can do the job and generate assembly code ready to be paste in your
code... check this link www.onlinepiccompiler.com/delayGeneratorENG.php
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Weekq

‘Delay function in Assembly

* For example, the online calculator generates a code for a 1 second delay, ready to use

DCounter1 EQU 0X0C We need to change the variable

DCounter2 EQU 0X0D

DCounter3 EQU OXOE addresses to any location in GFR

DELAY|

MQVLW 0Xac
MOVWF DCounter1
MQVLW 0X13
MOVWF DCounter2
MQVLW 0X06
MOVWF DCounter3
LOOP

AT, R~ a4 4
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Data type in C

TABLE 5-3: INTEGER DATA TYPES TABLE 5-4: RANGES OF INTEGER TYPE VALUES
* The MPLAB XC8 compiler Type Size (bits) Symbol Meaning Value
< : CHAR BIT bits per char 8
supports integer data types with  [ziz o — —
1, 2, 3 and 4 byte SiZCS as Well signed char 8 CHAR MIN min. value of a char -128
. 1 unsigned char ] SCHAR MAX max. value of a signed char 127
as a Slngle bit type' signZd —hort 16 SCHAR MIN min. value of a signed char -128
- UCHAR_MAX max. value of an unsigned char 255
° AH integer Values are urll,SJ_gnecli short 16 SHRT_ MAX max. value of a short 32767
signed int 16 SHRT MIN min. value of a short -32768
represented in little endian unsigned int 16 USHRT_MAX max. value of an unsigned short 55535
fOI‘mat Wlth the LeaSt signed short long 24 INT MAX max. value of an int 32767
INT MIN min. value of a int -32768
Signiﬁcant Byte (LSB) at the unsigned short long 24 UINT MAX max. value of an unsigned int 65535
lower address. signed long 32 SHRTLONG MAX max. value of a short long 8388607
unsigned long 32 SHRTLONG MIN min. value of a short long -8388608
. USHRTLONG MAX max. value of an unsigned short long 16777215
signed long long 32 =

LONG MAX max. value of a Long 2147483647
unsigned long long 32 LONG MIN min. value of a Long -2147483648
ULONG_MAX max. value of an unsigned long 4294967295
LLONG MAX max. value ofa Llong long 2147483647
LLONG_MIN min. value ofa long long -2147483648
ULLONG_MAX max. value of an unsigned long long 4294967295

* If no signedness 1s specified in the type, then the type will be signed except for the char
types which are always unsigned.

* Signed values are stored as a two’s complement integer value -




Week 4, Lecture 8/ C language

Data type in C

* For both float and double values, the 24-bit format is the default.
* The options --FLOAT=24 and --DOUBLE=24 can also be used to specify this explicitly.

* The 32-bit format is used for double values if the --DOUBLE=32 option is used and for float values if --
FLOAT=32 is used.

* Variables can be declared using the float and double keywords, respectively, to hold values of these types.

* Floating-point types are always signed and the unsigned keyword is illegal when specifying a floating-point
type.
* Types declared as long double will use the same format as types declared as double.

* All floating-point values are represented in little endian format with the LSB at the lower address.

TABLE 5-5: FLOATING-POINT DATA TYPES

Type Size (bits) Arithmetic Type
float 24 or 32 Real
double 24 or 32 Real

long double same as double Real 241




Test your knowledge

Week 4, Lecture 8/ C language Microcontroller Systems

. Where 1s the syntax mistake in 1f (PORTD = 20) PORTC = 20;
. What 1s the role of while(true);

1
2
3. How many cycles are required by DECFSZ Regl, F 1f Regl=20

4. How many cycles are required by DECFSZ Regl, F 1if Regl=1

5. Having Regl = 0, what would be its value after DECFSZ Regl, F
6

. Go through web and check what is the Big Endian Versus Little Endian Byte

Ordering
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Activity 6: Blinking Led

* Tools Required

.

A

Breadboard x1

Multimeter x 1

PIC programmer

Power supply 5V

Breadboard wires (male-male)

* Required components:

.
2.
3.

PIC 16F887
Led x1
Resistor from 200 to 470 ohm x 1
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Activity 6: Blinking Led

In this activity, we will blink a led with a frequency of 1Hz, 1.e., Period of 1s.

* Blink means ON and OFF .
RCO/T10SO/T1CKI f=+2
: ' RC1/T10SI/CCP2
* The ON and the OFF time are T/2, 1.e., 500ms e O
RC3/SCKISCL [=12
2IN+ RCA4/SDI/SDA | =52
RC5/SDO 22
RCB/TX/CK [=22
N RC7/RX/DT
RDO [
Led ON Led OFF RD1 =22
RD2 |21 =
RD3 |22 D1
RD4 [=2L
RDS/P1B [o=2 » HEDRED
RDS/PIC [522
RD7/P1D R1
«— > REO/AN5 —2 280
T/2=0.5s  T/2=0.5s T
j - RE1/ANG [
“ > RE2/AN7

T=lIs
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Week 4, Lab 3/ Blinking Led

Activity 6: Blinking Led

* The 3 variables are called A1, A2 and A3 and are assigned to addresses 0x70, 71 and 72,

respectively.

-
TR

* The directive EQU is used to declare the variables, 1.¢., to allocate a name to the address, so it will
be easy to call the address by its name. the Delay is generated from the link and modified to fit

our code

Variable declaration

Al EQU 0X70

A2 EQU 0X71
A3 EQU 0X72

Main function

MAIN:
CALL SETUP
REPEAT:
BSF LED
CALL DELAY 500Ms
BCF LED

CALL DELAY 500Ms
GOTO REPEAT

Delay function

DELAY S500MS:
MOVLW

DECFSZ
GOTO
DECFSZ
GOTO
DECFS2Z
GOTO
NOP
RETURN

0X54
Al
0X8Ba
A2

Variables
0X03
a3 already
AL, 1 declared
$-1
A2, 1
$-3
A3, 1
$-5
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Activity 6C: Blinking Led

* The same code 1s now written 1n C.

#include <xc.h>

#define XTAL FREQ 4000000 // used crystal is 4MHz
* The delay functions used here are the time-based #define led RDO

delay function delay ms(). This requires the

void setup() {

definition of the crystal frequency. PORTD = 0; // clear portd
OSCCON = 0b01100000; // select 4MHz osecillator
* You can check the C code of this function by right TRISD = 0b00000000; // define port
B B . . . }
clicking on the function and navigating to the
implementation. This will open the builtins.h file Fl void main(void) {
void main (veid) { SEtup() 2
setup () ; while (1} {
while (1) { Insert C Line Trace _ led = 1;
led = 1; Goto Program Memory View
__delay m Log Selected C Value _dElaY_ms (500) ;
led = 0; MNavigate Online Datasheet led = 0;
} T New Watch... Ctrl+Shift+F9 Go to Declaration/Definition Ctrl+B —'d'e:l'ay—m's (500] ’
} Mew Runtime Watch... Ctrl+Shift+F10 Go to Implementation }
Tew I_ZJa_tf':: Br_eakp_oinj[ (_Ztr?+§[1i1"t+F11 Go to Header Ctrl+5hift+A L }

#define delay ms(x) _delay((unsigned long) ((x)* {_KTAL_E‘REQ!-&GGG .0))

The delay ms(x) depends on the delay() function multiplied by x and the 4000000/4000 which is 1000
Thusa delay ms(500) will call a _delay(500,000)
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Week 5, Lecture 9/ Readil_; 0

Activity 7: Reading PORTS and comparing results

* In this activity, we will learn how to read data available on PORTs and compare them to
predefined values to achieve a specific task.

* Assume for example that we want our PIC to read 4 switches and control 3 LED based on
the table below

I T T ™ S ™

pressed Not pressed Not pressed pressed
Not pressed pressed pressed pressed ON OFF OFF
pressed pressed Not pressed Not pressed OFF ON ON
else OFF OFF OFF

* The first step 1s to assign switches to pins. We will use PORTD for switches and
PORTC for Leds
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Week 5, Lecture 9/ Reading PORTS

Activity 7: Reading PORTS and comparing results

* Step2: We have to know how the switches are
connected (Active high or active low ?)

- * Active high means when pressed, the logic level read 1s 1, i

and 0 when released (case of SW1) (more logical action) D2

SW1 LED-RED

oo

* Active low means when pressed, the logic level is 0, and 1 e i
h leased £SW?2 O I ey e R2
W en re ease (Case 0 ) g RAOANO/ULPWU/C12INO- RC2/P1A/CCP1 g [] 280
= RAT/AN1/C12IN1- RC3/SCK/SCL
R3 4 RAZIANZWVREF-/CVREF/CZ2IN+ RC4/SDISDA |25
* Step 3: We have also to know how the Leds are o | memaveeecme T scsgoo oy
. RAS/AN4/SS/C20UT RCT/RX/DT
connected (Logic 1 turns ON or OFF the Leds)? i rasioscarLour oo
. . = 3 RD1 5=
* Led D2 turns ON when the pin RC7 1s cleared, and OFF . Ros [ 22 D1
When set g RBIANSIPGMICI2ING. A % HEORED
: Ra 35| RBSAN1ATT RoTIP1D |22
* Led D1 turns ON when RDO is set and OFF when cleared f| resicseaik o |2 ” R
. . 9
(more logical connection) RE2/ANT |2
PIC16F887 1
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Activity 7: Reading PORTS and comparing results

It is assumes that we selected the more logic | ‘eimosices [
configuration of switches and leds and canv Rowsoison [ i ook Dz.m.D ’
therefore the table 1s updated as S sw3 [sw2 [sw1 [swo
* Pressed is replaced by 1 logic o mn j®8 18 (8 18 [# [#
* Not pressed 1s replaced by 0 logic RoSEA® E — | L L1
* ON i1s replaced by 1 logic e
* OFF 1s replaced by 0 logic [T] []] []] [T]
SW3 SW2 SW1 SWO Led2 Led1 LedO
RD3 RD2 RD1 RDO RC2 RC1 RCO
1 0 0 1 1 1 1
0 1 1 1 1 0 0
1 1 0 0 0 1 1
0 0 0

else
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Activity 7: Reading PORTS and comparing results

27 PORTD_TEMP EQU 0X20

* In the main code, the setup is called to configure
e MR input and outputs
35 CALL  SETUP
36 REPEAT: : -

[ ]
- MOVE  BORTD, W Then PQRTD 1s read apd ANDed with 00001111
38 ANDLW 00001111B ; MASKING ONLY THE 4 LEAST BITS to keep in the least 4 bits and remove the most 4
39 MOVWE  PORTD_TEMP ; AND SAVING IN A TEMPORARY FILE bits. This is called masking the required bits.
40 CALL  READ_SWITCHES
41 MOVWE  PORTC ; PUT THE RETURNED VALUE ON PORTC » Then it is saved in a temporary file to be used
42 GOTO  REPEAT ; REPEAT CODE at

ater

44 READ_SWITCHES :
> e eame wiTH 1001 * Inthe READ _SWITCHES function, the
= BTFSC  ZERO temporary file is compared to case 1, if are
48 RETLW 00000111B ; CASE 1, RETURN THIS VALUE TO THE MAIN CODE equa], (by testing the Zero bit), the led values are
49 .
< MOVE  PORTD TEME, W placed on W and the pode returns to the main
51 XORLW 00000111B ; COMPARE WITH 0111 code. This i1s done using RETLW (L —W +
52 BTFSC  ZERO return)
53 RETLW 00000100B ; CASE 2, RETURN THIS VALUE TO THE MAIN CODE
>4  If not equal, case 2 is tested....
55 MOVF  PORTD_TEMP, W
:j ﬁ;’ﬁ:‘: 2222”003 ; COMPARE WITH 1100  Ifnon of the 3 cases are achieved, the last
58 RETLW 00000011B ; CASE 3, RETURN THIS VALUE TO THE MAIN CODE RETLW is used to mimic the else condition
59 253

60 RETLW 00000000B ; CASE OF ELSE, RETURN THIS VALUE TO THE MAIN CODE
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Activity 7: Reading PORTS and comparing results

. - _—
B w15 ] RCO/T10SOTICKI
RCOT10S0/TICK
P I RCOT10SOT1CKI [+ - e [
" RCA/T10SIICCP2 RC1/T10SI/CCP2 = -
ROHTOSyocre [= RC2IPIAICCP1 |= RG2/PIA/GCP1 | RC2PIACCP1 |2
RC3/SCKISCL =2 D2 |1 [sDo RC3/SCK/SCL [—= D2 @1 [=DO RC3/SCKISCL [ D2 |D1 [=DO B 'Eﬁ,ss%’ff?ﬁk ¥ A A D2 |1 |=DO
N+ RCA4/SDI/SDA =22 A A LR SDUSDAY o5 ZIN* lells(:%lll:[[))g [=2: " " Rosisno [22
| 0 RC5/SDO | =22 =5 =7
RC5/SDO [ =22 5 [ 2
rosxck [£2 ROBTUCK (52 sw3 [swz [swi [swo RoriRDT |22 sSw3 [sw2 [swi [swo f& = e RETIRGDT |22 swa [sw2 [sw1 [swo Ta .
RCTRX/DT =28 SW3 |SW2 [sw1 |SWO0 m m 4 RCT/IRXIDT |—= L] £l L]
u1g u u19
. RDO RDO RDO
RDO =730 O w20
u RD1 [ ] [ ] e o RD1 @ ] ]
RD1 ) ® ® @ 280l | 280! | 280 RD1 (=57 @ L4 L d o 280 | 280/ | 280 O 280| | 280] | 280 =21 280] | 280| | 280
RD2 RD2
o7 (2 | o le lo o RO? 1223 || o (o [0 o ] ey o (o o o o e |o °
" - "
RD4 [=2L | RD4 :zg | RD4 [—5¢ | RD4 =20 |
RD5/P1B [~28 ] RDSP1B [=22 7 RDS/P1B =3¢ 1 RD5P1B =20 ]
RDGIPIC [—22 RD6/P1C = - = = RDG/P1C |=55 - = = RDEPIC (=22 - = =
RD7/P1D |20 RD7/P1D =30 RD7/P1D RDT/P1D [—=
8 ng
=g =g REQ/ANS =
REO/ANS REQ/ANS
REV/ANG [+ RETANS =35 REVANG |2y 1ok || 1ok [0k [ ] 1ok ol
RE2/ANT 10k 10k 10k 10k RE2/ANT 10k 10k 10k 10k RE2IAN7

REO/ANS
RE1/AN6
RE2/ANT 10k

Case 1 Case 2 Case 3 Case else

1 1 1
1 0 0
1 1 0 0 0 1 1
0 0 0

else




Week 5, Lecture 9

Activity 7C: Reading PORTS and comparing results in

* The same Activity 1s also made using C. At line 26, the variable 1s declared as char.

* At line 39, the bitwise AND is used to remove the most 4 bits and keep on the lowest

4 bits.

26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

char PORTD_ TEMP;

£ void setup() {

PORTD = 0; // elear portd

PORTC = 0;

OSCCON = 0b01100000; // select 4MHz oscillator
TRISD = 0b11111111; // define port as out
TRISC = 0p00000000;

-1

-] void main (veoid) {

setup() ;

while (1) {
PORTD_TEMP = PORTD & 0b00001111; // masking only the 4 lowest bits
if (PORTD_TEMP == 0b00001001) PORTC = 0b0O000O111l; // case 1
else if (PORTD_TEMP == 0b00000111l) PORTC = 0b00000100; // case 2
else if (PORTD_TEMP == 0b00001100) PORTC = 0b0000001l; // case 3
else PORTC = 0p0000000O0; // case else

- 255



Test your knowledge

Week 5, Lecture 9/ Reading PORTSs Microcontroller Systems ﬂ

1. Redo the assembly code above following the below table

SW2 SW1 SWO0 Led2 Ledl LedO
RB2 RB1 RBO RA2 RA1l RAO
0 1 1
1 0

1 0 1

else

S » —» O
© B O B

O Rk Rk R

NB: Note that the PORTB and PORTA are analog by default
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Interrupt

In general, an interrupt is an event that interrupts a main event

Imagine that you are reading a book, and suddenly you got a call. This call is interrupting
your reading.

What we do exactly is
1. Stop reading
2. Memorizing what was read so far
3. Answer the call
4. Return back to continue our reading from the same location

The PIC is able to do the same thing in the same manner.

When an interrupt event happens, the PIC
1. stops the main code,
2. saves the last executed instruction address 1n stack,
3. answer the interrupt event,
4. then return back to the main code
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Interrupt

* We, as human, have 5 senses. If we don’t hear, we will not be able to get interrupt
from phone call. Thus interrupt i1s based on senses. Similarly, the PIC16F887 has 17

sources of interrupt.

External interrupt

Interrupt on change

Interrupt on Timer zero

EEPROM write interrupt

Interrupt on Timer 1

Interrupt on Timer 2

Interrupt on A2D conversion

Interrupt on USART receive

Interrupt on USART transmit

10 Interrupt on Master synchronous Serial port

ARSI A ol e

11.
12.
13.
14.
15.
16.
17.

Int on Capture/Compare/ PWM (CCP1)
Int on Capture/Compare/ PWM (CCP2)
Oscillator fail interrupt

Comparator 1 interrupt

Comparator 2 interrupt

Bus collision interrupt

Low power wake-up interrupt

The first 3 are considered the major interrupt sources. The remaining are called peripheral interrupt

SOUrces
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Interrupt

* The interrupt 1s an event that happens in an unexpected time, but has priority over the
main routine.

* The phone call happens in an expected time. We don’t check our phone every second,
otherwise we won’t be able to read. But we have to be prepared for a call at any time.

* Similarly, We have to program the PIC to respond to the interrupt event using a
special mechanism.
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Week 5, Lecture 10/ Interrupt

General Mechanism of an Interruption

* We can say that interrupt subroutine 1s almost similar to any subroutine that you call
using CALL instruction.

- * The difference 1s that interrupt subroutine is called by the event itself.

* Therefore, the location of that subroutine should be known before the occurrence of
the event, in order to be reached.

* Assume for example that a PIC 1s dedicated to control an industrial machine and an
anti-fire system. When the fire alarm generates an interrupt event, the PIC program
counter leaves the machine control process and jump automatically to the program
that defied fire. Therefore, this program should be placed in a defined place in order
to be treated.
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Week S, Lecture

General Mechanism of an Interruption

 The PIC16 family has a fixed place on which it jumps in gR000 coTo MAN
case of interrupt.
* This point is located in the flash memory, in its fifth v |

address (address number 0x4).

Y
Interrupt
subroutine

* The address number 0x4 represents the Interrupt Service
Routine (ISR) vector, i.¢., the beginning of the interrupt _ -
function. MAIN

* As any subroutine is ended by a RETURN instruction, the
interrupt subroutine is also ended by a RETFIE.

 RETFIE i1s exactly as RETURN but it re-enables the SETUP |
global interrupt enable (GIE bit).

Y
Subroutine

RETURN
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General Mechanism of an Interruption

* The Global Interrupt Enable (GIE) is the bit that allows 02000
the PIC to answer any interrupt event.

* If GIE = 0, interruption will not happen, even if the source ,..0X%94|

of interrupt exists. In other word, the PIC will not treat the
anti-fire subroutine even if fire exists.

* When starting the process of an interrupt subroutine, the
GIE bait 1s cleared automatically, which means that no new MAIN
interrupt happened during the process of interrupt
subroutine.

e The RETFIE instruction located at the end of the
subroutine will re-enable the GIE in order to monitor
again the interrupt sources.

SETUP

GOTO MAIN

RETFIE

JL

Y
Interrupt
subroutine

Y
Main Program

Y
Subroutine
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General Mechanism of an Interruption

* One of the weakness in the PIC16 family is that all 04000 STOMEN
interrupts generated by the 17 sources (if enabled) have
the same interrupt vector 0x04. In other words all interrupt  gxgo4|
processes should be written starting address 0x04. emptreeter ]

Y
Interrupt
subroutine

* Thus, to identify what is the source of interrupt, a flag
should be tested first.

* For example, if we have two interrupts (one from the fire MAIN
sensor and another from a water leakage sensor) both will
interrupt the main code and jump to 0x04. Here, the flag
of the interrupt should be tested to know the origin
interrupt. SETUP |

RETFIE

)
Y
Main Program

Y
Subroutine

RETURN
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Interrupt registers

1 * The 17 sources of interrupt are managed through 3 registers. The main register 1s called
- INTCON. It includes the Global Interrupt Enable (GIE) bit, The Peripheral enable bit (PEIE),
and three major interrupt enable bits with their flags.

* PEIE i1s the enable bit of all peripheral sources that are enabled through PIE1 and PIE2 registers

REGISTER 2-3:  INTCON: INTERRUPT CONTROL REGISTER

R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-x
GIE PEIE TOIE INTE RBIEM ToIF(@ INTF RBIF
bit 7 bit 0
bit 7 GIE: Global Interrupt Enable bit bit 3 RBIE: PORTB Change Interrupt Enable bit(?)
1 = Enables all unmasked interrupts 1 = Enables the PORTB change interrupt
0 = Disables all interrupts 0 = Disables the PORTB change interrupt
bit 2 TOIF: Timer0 Overflow Interrupt Flag bit(?)

bit 6 PEIE: Peripheral Interrupt Enable bit
1 = Enables all unmasked peripheral interrupts
0 = Disables all peripheral interrupts

1 = TMRO register has overflowed (must be cleared in software)
0 = TMRO register did not overflow

bit 1 INTF: INT External Interrupt Flag bit

bit 5 TOIE: TimerQ Overﬂow Interrupt Enable bit 1 = The INT external interrupt occurred (must be cleared in software)
1= Enables the TlmerO lnterrupt 0 = The INT external interrupt did not occur
0 = Disables the Timer0 interrupt bit 0 RBIF: PORTB Change Interrupt Flag bit

bit 4 INTE: INT External Interrupt Enable bit 1 = When at least one of the PORTB general purpose /O pins changed state (must be cleared in
1 = Enables the INT external interrupt software)

0 = Disables the INT external interrupt 0 = None of the PORTB general purpose 1/O pins have changed state




Week S, Lecture 10

Interrupt registers

* PIE] and PIE2 includes the Enable bits of the remaining 14 peripheral interrupt sources.

REGISTER 2-4. PIE1: PERIPHERAL INTERRUPT ENABLE REGISTER 1 REGISTER 2-5: PIE2: PERIPHERAL INTERRUPT ENABLE REGISTER 2
u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0
— ADIE RCIE TXIE SSPIE CCP1IE TMR2IE TMRI1IE OSFIE C2IE C1IE EEIE BCLIE ULPWUIE CCP2IE
bit 7 bit 0 bit 7 bit 0
* The [flags of these sources are available in two registers PIR1 and PIR2.
REGISTER 2-6: PIR1: PERIPHERAL INTERRUPT REQUEST REGISTER 1 REGISTER 2-7: PIR2: PERIPHERAL INTERRUPT REQUEST REGISTER 2
u-0 R/W-0 R-0 R-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/AW-0 R/W-0 U-0 R/W-0
— ADIF RCIF TXIF SSPIF CCP1IF TMR2IF TMR1IF OSFIF C2IF C1IF EEIF ‘ BCLIF | ULPWUIF = CCP2IF
bit 7 bit0| |bit7 bit 0

All enable and flag bits are aligned
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Interrupt logic circuit

* The internal schematic of the interrupt circuit 1s presented below.

—

scteL ] Major interrupt
SSPE] )1 enable bits and
XEL flags
Raied - Wake-up (If in Sleep mode)("
Interrupt to CPU A 1 logic on this output will
—

* break the main code,

TMRZIEL_ ) s
. RO | o
Penpheral . ' noIs  save the PC in the stack
interrupt enable ClE PEIE  and replace it by 0x04
bits and flags M GIE
ADIF \
ADIEDﬁ The Global

Peripheral .
=2 enable bit enable bit

OSFIF
OSFIE

H—
CCPHFj )

CCP1IE

CCP2IF
CCP2IE

ULPWUIF j )
ULPWUIE 267

~—
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Activity 8: Interrupt on RB(

In this activity, we will apply interrupt on RBO/INT. This 1s an external
interrupt, 1.e., the event is triggered when an external pulse is applied on this

| pin. 407 RB7/ICSPDAT
39 [] <— RBG6/ICSPCLK_
* For the moment, we will assume that the pulse has a rising edge. 38 ] ~—— RBS/AN13/T1G
37 [ ] =— RB4/AN11
tgl . . . . 36| RB3/AN9/PGM/C12IN2-
* 4 conditions are required to have interrupt on this pin 25 o REANS
1. RBO should be digital input A REANTQ/CIZING-
o 33 RBO/AN12/INT
2. Enable this interrupt source INTE = 1 32[] VoD
. 31 ] «—— Vss
3. Enable the global interrupt GIE = 1 30[] RD7/P1D
. . . 29[ ] <— RD6/P1C
4. Wait for external pulse (Rising edge by default) 281 RD5/P1B
.. . 27 [ ] RD4
« Thus we have to prepare the 3 first conditions and wait for the 4™ to happen %5 RC7/RX/DT
from a push button or from a sensor. 251 RCEITXICK
24 ] RC5/SDO
23] RC4/SDI/SDA
22[7 RD3
21 ] ~— RD2
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Activity 8: Interrupt on RB(

* When all these conditions are true, a flag INTF 1s set

(INTF=1) automatically. BoLE-
* Having INTE = 1, INTF =1 and GIE = 1, the CPU will S
generate an mterrupt event. T
ES:E:E)* Wake-up (If in Sleep mode)(!)
. : . TMRIIF TotE Interrupt to CPU
* The interrupt event 1s described as: TMR2IE e
. . TMR1IF :Di
1. Leaving the main code TMRIE |
sl

Disabling GIE bit (automatically) CllE
Going to address 0x04 (The interrupt vector) calF

C2IE

Execute the code of the interrupt service routine ADIE

Return back to the main code -
EEIE

GIE

nohkwe

OSFIF
OSFIE

CCP1IF
CCP1IE

Wﬁ

CCP2IF
CCP2IE

ULPWUIE
ULPWUIE

(1
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Activity 8: Interrupt on RB(

1 * In this activity, we will blink a red led in the main
- code with a frequency of 1Hz, and we will connect a
push button on RBO to create a pulse. When the
interrupt event is triggered we will turn on a green

U1
led, 1= RE3MCLRVPP RCO/T10SOTICKI f=12
. RAANGULPWLIGIZNG:  RESIPIAICERT i
* Remember that we have to setup the 3 conditions RATANSIVRER JOVREFIC2IN® ROUSDISOA |12
RA3/AN3/VREF+/C1IN+ RC5/SDO W05
first RASIANAISSIC20UT ROTIRXIDT [ =2
RA6/0SC2/CLKOUT =
1. RBO should be input (using TRISBO) i i
o this ; B RBYIANIACTZING- RD3 o1 D2
2. Enable this interrupt source INTE = 1 REANS oo toreo QP LEvoRe
3. Enable the global interrupt GIE = 1 TS woreD - -
RB7/ICSPDAT REO/ANS [—= 280 280

RE1/AN6
RE2/AN7

PIC16F887
REGISTER 2-3:  INTCON: INTERRUPT CONTROL REGISTER - "
RAW-O R/W-0 RW-0 B0 RMW-0 R/W-0 R/W-0 R/W-x
| ce || ePeE ToE || NTE | RBE™ TOIF®) INTF RBIF
bit 7 bit 0
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Activity 8: Interrupt on RB(

~ * When an external pulse is applied through the push
button, the INTF will be set.
* And the Program counter (PC) is loaded by 0x04
. . . U1
* At this particular address, we have to write code to 1 [—— e EO
activate the green led. | 22 raoouLeUOTaNG:  Ro2PTAIGCPY .
RAZANZNREF;ICVREf/CZIN+ RC4/SDI/SDA 04
° RAGTTOCKICIOUT ROBTXIOK |22
RAG5/AN4/SS/C20UT RC7/RX/DT
- - RATIOSCHIGLKIN Roo |12
* NOTE: the push button 1s not tested using BTFSS or M o (20 L
BTFSC. The event will happen automatically e e D1 - R
RB3/AN9/PGM/C12IN2- RD5/P1B LED-RED .
RB4/AN11 __ [+ RD6/P1C
RB5/AN13/T1G RD7/P1D
RB6/ICSPCLK R1 R2
RB7/ICSPDAT REO/ANS [ 280 280
RE1/AN6 =10
= RE2/AN7

PIC16F887
REGISTER 2-3:  INTCON: INTERRUPT CONTROL REGISTER - "
R/W-0 R/W-0 R/W-0 RA-O R/W-0 R/W-0 RIW-0 R/W-x
| ce || ePeE ToE || NTE | RBE™ TOIF®) INTF RBIF
bit 7 bit 0
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Activity 8: Interrupt on RB( |

* RBO is set to input in the SETUP function. Then GIE and INTE are set at line 43 and 44.
* The ISR starts at line 37 which is at address 0x04. First thing to do every time is to clear the flag.

» At the end of the ISR, the instruction RETIFE is used. This will reactivate GIE because it was automatically disactivated
when jumping to ISR. This means that no interrupt is allowed inside the ISR. (No interrupt on interrupt)

34 ORG 0 ; reset wvector
35 GOTO MAIN
36 ORG 0xX4 ; interrupt wvector
37 BCFEF INTE ; ce¢lear the flag first
38 BEF LED GREEN ; turn on green led
39 RETFIE 52 SETUP: ; by default we are in BANKO
40 53 CLRF PORTD ; ¢lear port at the beginning
54 BSF RFO ; RP1 IS BY DEFAUT 0
41 MAIN: . . .
55 MOVLW 01100000B ; configuring OSCCON register
42 CALL SETUP 56 MOVWF  OSCCON ; to select 4Mhz oscillator
43 BSF GIE ; required condition 57 MOVLW 11111111B ; RBO is input (required condition)
44 BSF INTE ; required condition 28 MOVWE  TRISB
45 REPEAT - : blink red led 59 MOVLW 0Q0000000B ; portD is out
&0 MOVWE TRISD
46 BSF LED_RED = BSF RP1
47 CALL DELAY 500Ms 62 CLRF ANSELH
45 BCFEF LED RED 63 BCF RPO ; access to BANK 0, RP0O = 0 , RP1 = 0
49 CALL DELAY 500MS 64 BCF RP1
- 65 RETURN 272

50 GOTO REPEAT ; REPEAT CODE
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Activity 8 C: Interrupt on RB(

* The same Activity is also designed in C.

 The interrupt() function is the replacement of the
ORG 0x04.

* my isr_routine() can be replaced by any name

28
29
30
31
32
33
34
33
36
37
38
39
40
41
42
43
44
45
4
47
45
49
50
51
52

void  interrupt() my_isr routine() {
INTF = 0; // elear the flag
led green = 1; // led on

] void setup() {

PORTD = 0; // elear port

PORTB = 0;

OSCCON = 0b01100000; // select 4MHz oscillator
TRISBE = 0bl111111l1l; // define port as in

TRISD = 0b0Q000000; // and z= out

ANSELE = 0; // PORTB digital

-] void main (void) {

setup();
GIE = 1;
INTE = 1;

while (1) {
led red = 1;
__delay ms(500);
led red = 0;
__delay ms(500);
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Activity 8 C: Interrupt on RB(

After doing this activity in assembly and C, the generated hex files are compared as below.
It is clearly obvious that the C compiler in doing hidden instructions.

In fact the Compiler is programmed to generate extra instructions that may be used in more advanced task. In this
activity, the main task is just to blink and the ISR task is just to turn ON the led, and no need for the extra instructions.

The extra instructions will be treated in the next activities

Hex file generated by the C compiler Hex file generated by the PIC-as assembler

1 :060000000A128A110C280F 1 :020000000828CE
2 : 100002800FEO0030EF0000A08F1000A128A114D285A 2 :100008008B1008148815090010208B170B168814FC
3 :100012000A128A110F2883010A128A1113280A125¢ 3 :100018001D2088101D200B288801831660308F0052
4 :100028008A113E200A128A118B170B1683120313AA 4 :10002800FF3086000030880003178901831203130C
5 :1000330088140330F4008A30F3005530F200F20BD4 5 :1000330008005430F0008A30F1000330F200F00B7 1
6 :100048002328F30B2328F40B23282A2883120313CD 6 :0E0048002328F10B2328F208232800000800C%
7 :1000530088100330F4008A30F3005530F200F20BEE 7 :04400E00D420FF3F7C
8 :100065003328F30B3328F40B332583A2581A280A125A 8 :00000001FF
9 :100075008A110C28831203138801860160308316C5

10 :10002880003138F00FF30860088018316031789014%

11 :1000920008008B1083120313081471088A00700E6D

12 :0800A8008300FEOETEOE09002C

13 :04400E00D420FF3F7C

14 :00000001FF 274



* Activity 9 1s a modified version of Activity 8. The only difference 1s to turn off the green led after 500ms. Thus when the
PB is pressed, the led will turn on for 500ms then off. The same code is written in assembly and C.

ORG 0X4

BCF INTF

BSF LED GREEN
CALL DELAY 500Ms
BCF LED GREEN

RETFIE

r

r
r

r

interrupt vector void  interrupt() my_isr routine() {
clear the flag first INTF = 0; // clear the flag
turn on green led led green = 1; // led on

FOR 500MsS
THEN OFF

__delay ms(500); // for 500 ms
led green = 0; // then off
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)

Activity 9: Interrupt on RB(/ Effect oftf common variables

* It is clear from the videos that the two similar codes lead to different results. The C code is showing a logical output
compared to the assembly code that freezes for about 50 second somewhere in the loop.

ORG 0X4 ; interrupt wvector void interrupt() my isr routine() {
BCF INTF ; clear the flag first IEE‘ = 0; // clea; th; flag

BSF LED GREEN ; turn on green led led green = 1; // led on

CALL DELAY 500MS ; FOR 500MS __delay ms(500); // for 500 ms
BCF LED GREEN ; THEN OFF led green = 0; // then off
RETFIE } -

 This malfunctioning of the assembly code is due to the common delay function that is called from the main code and
from the interrupt code.

* When the PB is pressed, the delay function is interrupted with arbitrary values of A1, A2, A3 that are the variables of the
delay function. In the ISR, the same delay is used and the variables are loaded with new values and decremented until
reaching zeros ( the condition that terminated the delay function). When returning back to the main code, more precisely
to the main code, the variables will be loaded by different values of the one before interrupt

e Thus, as a conclusion, the SHARED VARIABLES are the reason if the mal functioning of the program.
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Activity 9: Interrupt on RB(/ Effect off common variable

* The C compiler is smart by creating different variables for the delay function used in the main code and the delay used in

the ISR. 75 DELAY A 500MS:
. . ) . . ) 76 MOVLW  0X54
* The assembly code 1s then modified to have two delay functions with different variables. 77 MOVWE Al
78 MOVLW 0X8a
39 ORG 0 ; reset vector 79 MOVWF A2
40 GOTO MATN 80 MOVLW  0X03
41 ORG 0xX4 ; interrupt wvector o MOVWE A3
42 BCF INTFE ; el the £f1 £i t o DECFSZ AL, 1
; clear = ag firs a3 coTO §-1
43 BSF LED_ GREEN ; turn on green led 54 DECFSZ a2, 1
29 Al EQU 0X70 44 CALL DELAY_B_5DDMS ; FOR 500Ms 85 GOTO $-3
30 A2 EQU 0X71 15 BCF LED GREEN . THEN OFF 86 DECFSZ A3, 1
31 A3 EQU 0X72 - ! 87 GOTO $-5
32 Bl EQU 0X73 46 RETFIE aa NoP
33 B2 EQU 0X74 47 89 RETURN
3 0X75
o B3 EQU OX 48 MAIN: 91 DELAY B S500MS:
45 CALL SETUP 92 MOVLW  0X54
. L 93 MOVWF Bl
50 BSF GIE ; required condition o MOVLW  0XBa
5l BSF INTE ; regquired conditicon 95 MOVWF B2
52 REPEAT : ; blink red led = MOVLW  0X03
97 MOVWE B3
23 BSF LED_RED 98 DECFSZ B1, 1
54 CALL DELAY A 500Ms 99 GOTO $5-1
== BCF LED RED 100 DECFSZ B2, 1
- 101 GOTO $-3
56 CALL DELAY A 500Ms 102 DECFSZ B3, 1
57 GOTO REPEAT ; REPEAT CODE 103 GOTO $-5
104 NOP

105 RETUEN




Test your knowledge

Week 5, Lecture 10/ Interrupt Microcontroller Systems

1.
2.

What 1s the difference between RETFIE and RETURN

The Interrupt vector address is at the 5™ memory starting from address 0
(T/F)

. In the ISR, the GIE 1s automatically disabled (T/F)

What should be cleared manually at the beginning of the ISR ?
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Activity 8 C: Interrupt on RB(

* Tools Required

.

A

Breadboard x1

Multimeter x 1

PIC programmer

Power supply 5V

Breadboard wires (male-male)

* Required components:

.

ke

PIC 16F887

Led x1

Push button for breadboard
Resistor from 200 to 470 ohm x 1
Resistor from 1k to 10k ohm x 1
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Timers

1  The PIC16F887 has three timers, called Timer 0, Timer 1 and Timer 2.

* You can imagine these timers as wall clock with only one arrow.

* Timer 0 and Timer 2 count from 0 to 255 (same as clock counts from 0 to 23), 1.e.,
these timers are 8bits

 Timer 1 counts from 0 to 65535, 1.e., 16bits

* Count means counting the pulses of the oscillator, thus counting the time as we know

the period of the pulses.
::E‘I?:Yn Data Memory 10-bit A/D | ECCP/ Ti
. -bi imers
Device 1O EUSART | MSSP |Comparators| -
Flash SRAM | EEPROM (ch) CCP b 8/16-bit
(words) (bytes) (bytes)
PIC16F887 8192 368 256 35 14 m 1 1 2 21
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Timer Zero

 TimerO 1s an &-bit counter. It counts from
0 to 255.

 Actually, timerO counts the pulses
generated by the internal or external
oscillator, divided by 4, 1.e., Each four

PIC16F887

clocks increment the timer by 1. 0sc1
* In other words, the speed of TMRO 1s g—_—
four times less than the oscillator speed. g 0sC2

 If the used oscillator is 4 MHz, the
timerO runs at 1 MHZ.

* This means that the timer increments
every lus
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Timer Zero

* When the arrow reaches the position of
256 (timer overflow), a flag is raised
automatically. This 1s like an alarm in a PIC16F887
real clock.

* This flag is called TimerO interrupt flag
or TOIF osc1

* Thus flag can be used with or without &L
interrupt. &—r— 0sC2

* This flag should be cleared in software
every time 1s raised.
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Timer Zero

. . . REGISTER 5-1: OPTION_REG: OPTION REGISTER
* Unfortunately, Timer0 has no special configuration -

. . RAN-1 RAW-1 R/W-1 R/MW-1 RAN-1 R/AW-1 RAV-1 RAW-1
register to control it. RBPU | INTEDG | Tocs | TosE | Psa | pPs2 | Pst PSO
bit 7 bit 0
* The register used to configure this timer 1s called _ o |
OPTION_REG which 1s also used for different setup. bit 5 TOCS: TMRO Clock Source Select bit
) ) ) 1 = Transition on TOCKI pin
* Only bit 0 to bit 5 are used to configure the timer. Other 0 = Internal instruction cycle clock (Fosc/4)
bits have another duties (to be treated later). it 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
* Also, this timer cannot be stopped. It has no ON/OFF ? = Increment on low-to-high transition on TOCKI pin
t’ 1 1 It . 1 . h th PIC . bit 3 PSA: Prescaler Assignment bit
control line. It is always running whenever the is 1 = Prescaler Is assigned to the WDT
powered. 0 = Prescaler is assigned to the Timer0 module
bit 2-0 PS<2:0>: Prescaler Rate Select bits
PIC16F887
BITVALUE TMRORATE WDT RATE
000 1:2 101
001 1:4 1:2
010 1:8 1:4
= 011 1:16 1:8
® Fosc /4 100 1:32 1:16
3 101 1:64 1:32
110 1:128 1:64
111 1:256 1:128
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Timer Zero

File
Addres
. . . . . . . ire r
* In reality, timer0 is nothing more than an auto-incrementing register called [T on)
. . . STATUS 03h
TMRO located in bank 0 of the RAM. When the TMRO overflows, a carry bit is | o
. . PORTB 06h
set... which 1s called flag (TOIF) FoRTc | am
PORTE 0Sh
Ao oon
PRz aon
Fosci4 TMRIL 0Eh
Data Bus Ticon ] 1o
TMR2 11h
8 T2CON 12h
: Y
| orseel, SPoN ] n
. ™ 5 Tey - TMRO Tv PIC16F887 CCPRIL 15h
TOCKI F
P T0CS - D Set Flag bit TOIF cvicon ]| m
TOSE Preas-,ggler PSA on Overflow EFEEE E
. T S| 1o
8 2 Fosc /4 CCP2CON | 1Dh
WDTE PSA o ADRESH 1Eh
SWDTEN — ADCOND 1Fh
20h
PS<2:0> L
General 3Fh
16-bit ™ Time out b |
J Prescaler -2 0 9 Bytes 6Fh
31 kHz Watchdog 70h
INTOSC Timer PSA s TFh

WDTPS<3:0> 288
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—

Activity 10: Signal generation using Timer (

* In this activity, we will be using Timer0 to generate a square wave signal on
RDO at a frequency of 10Khz. TOIF

e For F=10Khz, T = 1/10000 = 10*s = 100us, i.e., 50us ON and 50us OFF. y

50 steps

* Thus it is required to tune our timer to generate a flag (the alarm) after 50us
after which we toggle the RDO state.

* In this example, we will assume that the oscillator 1s running at 4Mhz, hence
the timer 1s incremented every 1us

* Therefore, to count 50us , it is required to place the timer arrow at 256-50
which is 206. After 1us the arrow will be at 207... and so on after 50us , the
alarm will be triggered.

Thus the register TMRO should be loaded by 256 - ”’the required time”
And as 256 =0, TMRO could be loaded by 0 - ’the required time” = - ’the required time”
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Activity 10: Signal generation using Timer (

* Based on the experimental results, the led
is not showing any blinking effect. In fact
it 1s blinking but human eyes cannot
detect more than 20 ON/OFF per second
(20Hz)

 The second remark is that the measured
frequency 1s not 10KHz as expected. This
1s due to some instruction execution time

loss inside the loop. The TMRO 1s tuned
experimentally to be -39
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Activity 10: Signal generation using Timer (

The code works as follow:

The other bits will be explained later

RDO is toggle using the XOR gate. The code is repeated to generate the next state

REGISTER 5-1: OPTION_REG: OPTION REGISTER
RW-1 R/W-1 R/W-1 R/W-1 RIW-1 RAV-1 RIW-1 RIW-1
RBPU | INTEDG | Tocs | TosE | pPsa | ps2 PS1 Ps0
bit 7 bit 0
bit 5 TOCS: TMRO Clock Source Select bit
1 = Transition on TOCKI pin
0 = Internal instruction cycle clock (Fosc/4)
bit 4 TOSE: TMRO Source Edge Select bit
1 = Increment on high-to-low transition on TOCKI pin
0 = Increment on low-to-high transition on TOCKI pin
bit 3 PSA: Prescaler Assignment bit
1 = Prescaler is assigned to the WDT
0 = Prescaler is assigned to the Timer0 module
bit 2-0 PS<2:0>: Prescaler Rate Select bits

BIT VALUE TMRORATE  WDT RATE

000 1:2 1:1

001 1:4 1:2
010 1:8 1:4

01 1:16 1:8

100 1:32 1:16
101 1:64 1:32
110 1:128 1:64
1 1:256 1:128

33
34
35
36
S
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55

MAIN:
CALL

REPEAT:
BCF
MOVLW
MOVWE
BTFSS
GOTO
MOVLW
XORWFE
GOTO

SETUP:

CLRF
BSF
MOVLW
MOVWE
MOVLW
MOVWE
MOVLW
MOVWE
BCF

RETURN

SETUP

TOIF

-39

TMRO

TOIF

5-1
00000001B
PORTD, F
REPEAT

PORTD

RPO
01100000B
OSCCON
00000000B
TRISD
11011000B;

OPTION_REG

RFPO

r

blink red led
clear the flag
load TMRO with 217 to count

wait the flag

toggling RDO
using XOR
REPEAT CODE

by default we are in BANKO
clear port at the beginning
RP1 IS BY DEFAUT 0
configuring OSCCON register
to select 4Mhz oscillator
portD is out

; no prescaller used

accezss to BANK 0, RPO = 0 ,

* 1: In the setup, at line 52, the OPTION REG (in bank 1) is loaded by xx011000. the first 2 bits are not dedicated for timer 0 setup.

e 2:TOIF i1s cleared at the beginning , 3: TMRO register is loaded by -39; 4: The code keeps on testing the alarm (TOIF), if set, the

39 steps

RP1 = 0 291
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* As seen 1n the code that some instructions are involved in the loop and thus contributed in
few microseconds loss. The TMRO is loaded by 39 to compensate this loss, although the

result is not perfect at high frequency.

S Bl Tria'd M Pos: 0.000s CH1
3 :

| Coupling

{ "BY Limit
{ [
100MHz

o4 Volts/Div
Coarse
1

1 Probe
1
Voltage

Invert

R - T e
20-Dec-22 17:17

4
1
4 ) |
1D

33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
45
50
51
52
58
54
55

MAIN:
CALL

REPEAT:
BCF
MOVLW
MOVWE'
BTFSS
GOTO
MOVLW
XORWE
GOTO

SETUP:
CLRF
BSF
MOVLW
MOVWE
MOVLW
MOVWE'
MOVLW
MOVWE
BCF

RETURN

SETUP

TOIF

-39

TMRO

TOIF

5-1
00000001B
PORTD, F
REPEAT

PORTD

RPO
01100000B
OSCCON
00000000B
TRISD
11011000B;

OPTION_REG

RPO

; blink red led
; e¢lear the flag
; load TMRO with 217 to count

; wait the flag

; toggling RDO
; using XOR
; REPEAT CODE

; by default we are in BANKO
; c¢lear port at the beginning
; RP1 IS BY DEFAUT 0

; configuring OSCCON register
; to select 4Mhz oscillator

; portD is out

; no prescaller used

; access to BANK 0, RPO = 0 ,

39 steps

RP1 = 0
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Activity 10 C: Signal generation using Timer (

* Now we will apply the same scenario using C but
1 we will use the extra options of the timer 0. PIC

e As shown before that the maximum value that can
be loaded in the timer is 256, 1.e., the maximum
time that can be counted 1s 256us (in case of
4MHz oscillator).

T

* Timer O can be slowed down using a prescaler; a 2, ===
circuit that divide the oscillator frequency using 8 °
cascaded flipflops.

OSC1

* The prescaler has 8 possible settings. It can divide
the oscillator frequency by 2, 4, 8, 16, 32, 64, 128,
256, depends on PS2, PS1 and PSO bits.

* If it required to get the oscillator signal without
division, a switch (bit) called PSA is used to 2660 prescaler
connect the timer 0 directly to the oscillator pulses
(of course Y4 of the frequency)

Prescaler choice

PSA | PS2

vYYYYYUYY

OPTION_REG
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—

Activity 10 C: Signal generation using Timer (

* Timer0O has much more options and the real block diagram is shown below.

* Other than timer, Timer0 can be also used as counter. It can count the pulses applied on pin RA4/TOCKI (Timer
zero clock input). Also the counter increment can be selected on high-to-low transition on TOCKI pin or low-to-
high transition.

* Furthermore, the prescaler of timer0 (if not used for timer0) can be used for another timer called watch dog timer.
Check datasheet for more info. NB: the watch dog timer is usually disabled in the configuration bits in our codes

Data Bus
8@
1

Fosc/4

E_? - g‘% —»|  TMRO RE3/MCLR/VPP — 11
o ; Tv RAO/ANO/ULPWU/C12INO- =—[ 2

dose T0CS e Set Flag bit TOIF
o B0 L on Overllow RA1/AN1/C12IN1- — 3
' RA2/AN2/VREF-/CVREF/C2IN+ =—[]4
PEA 8 RA3/AN3/VREF+/C1IN+ 1A/

WDTE
SWDTEN —| RA4/TOCKI/C10UT =—[]6
PS<2:0> ’ L wor RAS/AN4/SS/C20UT -—[]7
. 16-bit| ; Time-out
31 kHz Watchdog J h

INTOSC Timer PSA

294
WDTPS<3:0=
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Activity 10 C: Signal generation using Timer (

* Thus, we can now understand the bits of OPTION REG. In this activity, we will use the
. timer0 as timer, so TOCS =0, we don’t care about TOSE as TimerO0 is a timer. We need to
use prescaler (PSA = 0) and select PS2,PS1, PSO for the prescaler division value

REGISTER 5-1:  OPTION_REG: OPTION REGISTER

RIW-1 RIW-1 RAV-1 RAW-1 RIW-1 RIW-1 RIW-1 RIW-1
RBPU | INTEDG | Tocs | TosE | pPsa | ps2 | psi PSO
bit 7 bit 0

Fosc/4 | - N _ .
Data Bus bit 5 TOCS: TMRO Clock Source Select bit
0 8@ 1 = Transition on TOCKI pin
o 1 0 = Internal instruction cycle clock (Fosc/4)

D 1 - :?5‘% —»  TMRO bit 4 TOSE: TMRO Source Edge Select bit
TOCKI TY
pin

{ ; | [ 0 1 = Increment on high-to-low transition on TOCKI pin
TOSE TOCS e 8-bit

Set Flag bit TOIF 0 = Increment on low-to-high transition on TOCKI pin

—™|  Prescaler piA on Overflow bit 3 ?SLA: F’rescale_r Assignment bit
— 11 1 = Prescaler is assigned to the WDT
| 0 = Prescaler is assigned to the Timer0 module
piA bit 2-0 PS<2:0>: Prescaler Rate Select bits
WDTE

BIT VALUE TMRORATE  WDT RATE

SWDTEN —

PS<2-0= 1 0oo 1:2 1:1

WDT 001 1:4 2

16-bit Time-out g;‘? : ?G : ‘;

0] : :
Prescaler 16 100 - 32 16
31 kHz Watchdog 101 164 " 32
INTOSC Timer PSA 10 2128 S 64
111 1256 2128

WDTPS<3:0=

O R S
U A A A A
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Activity 10 C: Signal generation using Timer (

* In this activity, we need to generate a signal at 10Hz, 1.e., 100ms (50ms ON, 50ms OFF)

~ + In fact we need the flag to be set after 50ms.

* This flag will set after 1us x Prescaler x “time taken by timer0” = 1us x Prescaler x (256-
TMRO) (case of 4Mhz oscillator).

* For a general oscillator, the equation will be time = Tins x Prescaler x (256-TMRO)
* In this case 1us x Prescaler x (256-TMRO0) =50000us
* For example if Prescaler = 256, (256-TMRO0) = 50000/256 = 195, so TMRO0O =-195 or 61

296




Week 6, Lecture

Activity 10 C: Signal generation using Timer 0

* Option_reg is tuned at line 31 with a prescaler of 256 (PS2=1, PS1=1, PS0=1)

66")

* The toggling 1s achieved using the

25 #define XTAL FREQ 4000000 // used crystal is 4MHz

26

27 [ void setup() {

28 PORTD = 0; // clear port

25 OSCCON = 0b01100000; // select 4MHz oscillator
30 TRISD = 0b00000000; // and as out

31 OPTION_REG = 0bl1010111; // prescaler 256

32 =}

33

34 [H wveid main(veid) {

35 setup () ;

36 while (1) {

37 TOIF = 0; //eclear the flag

38 TMRD = =195; // load TMRO by 61 to make 195 steps
35 while (!TOIF) ; // wait TOIF to be 1

40 EDO = 'RDO; // toggle RDO

41 }

12 Ly 297
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Interrupt on Timer zero

* As shown 1n the previous activities, the code keeps on
checking the timer flag to take decision.. Thus the code 1s  scie
pending and no other process can be done. This scenario oo
18 similar to the delay function in which no other process =™

can be done. TXIE

* Thus, timer zero 1s best used with interrupt. The flag will RCie
trigger the interrupt event every time the timer overflows. e
In the meanwhile the main task can be processed. TRIE

Wake-up (If in Sleep mr::-de}{”

TOIF

Interrupt to CPU

H{ ) —

ﬁw??

C1lF
CllE

=

C2IF

1)
* To activate the interrupt 3 conditions are required CE'EEE/
1. GIE=1 ADIE
2. TOIE=1 EEF{ |
3. Timer overflow => TOIF is triggered OSFE]
When these conditions are satisfied, the PC switches to 0x04 CCpIlE |
(Interrupt vector) CCP2|F:D

CCP2IE

ULPWUIF
ULPWUIE

(1l
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Activity 11: Multi tasking using Timer( interrupt

* In this activity, we’ll design a multitasking process using Timer0 interrupt

- * The first task 1s located in the main code in which we’ll blink a led at 1Hz.

* At the same time, will configure Timer0 to blink another led in the ISR at 10Hz.

Multitasking in a computer is based on a
scheduler which 1s based on timer trigger
events.

For example when running internet explorer, | 5 e
media player, office application or any other T A\
applications on your PC, the Processor, due 5 B Ve ' Y
to the operating system, schedule the
processes based on their priority. You have
the feeling that all applications are running
at the same time but in fact, every
application is operating in a time frame.




Week 6, Lecture 11/ Timers

Activity 11: Multi tasking using Timer( interrupt

* Two conditions are set in the SETUP function; GIE =1, TOIE =1 (line 61, 62).

* One condition 1s missing is the timer overflow. No need to check the flag here. The
interrupt event 1s triggered whenever the flag is raised .

51 SETUP: ; by default we are in BANKO U1
53 BSF RPO ; RP1 IS BY DEFAUT 0 | RPN R‘é‘ég@'ﬁgggﬁ =
54 MOVLW 01100000B ; eonfiguring OSCCON register %: R e AN ng%fgjgggé
55 MOVWF  OSCCON ; to select 4Mhz oscillator ] RasnarssicoouT RoTRXIDT |2
56 MOVLW 00000000B ; portD is out I wwoscrcin Roo |12
23] RBO/ANAZ/INT RrD2 |21
57 MOVWE TRISD % RB1/AN10/C12IN3- RD3 % D1 D2
== RB2/AN8 RD4 [—= -
58 MOVLW 11010111B; ; 256 prescaller used %ggi{ﬁ:sﬁpewcmwz_ Sgg:ﬁ:gﬁ LED-RED LED-GREEN
59 MOVWF  OPTION REG g (G TS T
- 20 [ REO/ANS [—2- R1 H R2
60 BCF RPO ; access to BANK 0, RPO = 0 , RP1 = 0 ggyzmsj 280 280
6l BSF GIE ; enable global int PIC16F887
62 BSF TOIE ; enable timer0 int - B
63 RETURN
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Activity 11: Multi tasking using Timer( interrupt

e The first task 1s located in the main
code. It consists of blinking a led
connected to RD1.

* The second task is located in the ISR.
it 1s called every 50ms to flip the led
connected to RDO and return back to
the main code.

* This is the appropriate application of
timers with interrupt in which 1s
mainly used for multitasking process.

43
44
45
46

45
49
50
51
52

CORG
BCF
MOVLW
MOVWE
MOVLW
XORWF
RETFIE

MATIN:
CALL
BCF
MOVLW
MOVWE'

REPEAT:
MOVLW
XORWE
CALL
GOTO

0X4

TOIF

-195

TMRO
00000001B
PORTD, F

SETUP
TOIF
-195
TMRO

000000108
PORTD
DELAY_ 500MS
REPEAT

; interrupt wvector

; relocad TMRO by 61 to count 159 steps

; toggling RDO
; using XOR

; clear first the flag
; load TMRO by 61 to count 159 steps

; blink red led
; toggle RD1

; REPEAT CODE
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Test your knowledge

Week 6, Lecture 11/ Timers/ Timer0 Microcontroller Systems

1.

~

AN

It 1s required to generate a signal using Timer0O With a period of 1ms, findWhe
appropriate values of prescaler and TMRO if the oscillator 1s 8MHz. Try to
find the most accurate combination (integer number)

Timer O can be used as timer only ('T/F)

TimerO without prescaler can count from 0 to

Timer O with 1ts prescaler can count cycles

It 1s required to make a delay of 1s using timer0O ? Is 1t possible? Why?

What 1s the value that TMRO register should be loaded to generate an

interrupt after 100 microseconds? Assume Prescaler 1s 256 and the
Xtal=4Mhz

A square wave 500 Hz signal has to be generated using timer O interrupt.
Find the value of TMRO and its prescaler for a PIC running at 16Mhz
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Week 6, Lecture 1

Timer 1

 Similar to timer0, timerl is also able to count time and external pulses, thus it is also
used as timer and counter.

» Timerl is a 16bit counter, i.e., the range is from 0 to 65535 (2'¢) with a max 1/8
prescaler. It is controlled by a special register called T1CON.

* Because of the 2 byte size, Timerl] is divided into 2 registers in RAM, called TMRI1L
and TMR1H.

TMR1IF

OSC1
¥ prescaler
F- -
» Fosc /4
&—T— osc2

T1CKPS1
T1CON

T1CKPS1

File
Address
Indirect addr. ()| 00h
TMRO 01h
PCL 02h
STATUS 03h
FSR 04h
PORTA 05h
PORTB 06h
PORTC 07h
PORTD(2) 08h
PORTE 0%h
PCLATH 0Ah
INTCON 0Bh
PIR1 0Ch
e RIR 20Dk
TMR1L OEh
TMR1H OFh
T1CON 10h
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Timer 1

* The Timerl Control register (T1CON), i1s used to control Timerl and select the various features of the Timer1 module

such as timer or counter. In this course we are mostly concerned in timer mode.

REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
T1GINVIT \ TMR1GE® | T1CKPS1 | T1CKPSO | T1OSCEN | T1SYNC TMR1CS TMR10ON
bit 7 bit 0
t TI1GINV
Set flag bit
TMR1IF on To C2 Comparator Module
Overflow (2) Timer1 Clock
L TMR1 = T < Synchrpnized
TMR1H TMRIL | clock input
1|-——
QOscillator
________ (1 T1SYNC
T10SOM1CKI X——9——¢— [@ —
! Prescaler Synchronizel)| |
: & _)‘_del
T10SI Xf—+—" ,T/ 2
T1CKPS<1:0>
TMR1CS
716 [X] L
INTOSC
Without CLKOUT :Di SYNCC20UTH#— 0
T10SCEN Fosc/4
Internal T1GSS

Clock

bit 7

bit 6

bit 5-4

hit 3

hit 2

hit 1

hit 0

T1GINV: Timer1 Gate Invert bit(")

1 = Timer1 gate is active-high (Timer1 counts when gate is high)
0 = Timer1 gate is active-low (Timer1 counts when gate is low)
TMR1GE: Timer1 Gate Enable bit!?)

If TMR1ON = 0:

This hit is ignored

If TMR1ON = 1:

1 =Timer1 counting is controlled by the Timer1 Gate function
0 = Timer1 is always counting

T1CKPS<1:0>: Timer1 Input Clock Prescale Select bits

11 = 1:8 Prescale Value

10 = 1:4 Prescale Value

01 = 1:2 Prescale Value

00 = 1:1 Prescale Value

T10SCEN: LP Oscillator Enable Control bit

1 = LP oscillator is enabled for Timer1 clock

0 = LP oscillator is off

T1SYNC: Timer1 External Clock Input Synchronization Control bit
TMRICS = 1:

1 = Do not synchronize external clock input

0 = Synchronize external clock input

TMRI1CS = 0:

This bit is ignored. Timer1 uses the internal clock

TMR1CS: Timer1 Clock Source Select bit

1 = External clock from T1CKI pin (on the rising edge)

0 = Internal clock (Fosc/4)

TMR1ON: Timer1 On bit

1 = Enables Timer1
0 = Stops Timer1



Week 6, Lecture

Timer 1

* In timer mode, the block diagram can be simplified as shown and some bit are canceled. We are concerned in the
prescaler, the on/off control bit and the clock source bit.

. . . 1
REGISTER 6-1: T1CON: TIMER1 CONTROL REGISTER bit 7 T1GINV: Timer1 Gate Invert bit!
1 = Timer1 gate is active-high (Timer1 counts when gate is high)
RAW-0 R/W-0 0 = Timer1 gate is active-low (Timer1 counts when gate is low)
TMR1CS TMR1ON bit 6 TMR1GE: Timer1 Gate Enable bit(?

bit 0 If TMR1ON = 0:
This hit is ignored

R/W-0 RW-0
) | T1CKPS1 T1CKPSO0 ‘

hit

If TMR1ON = 1:
b 1 =Timer1 counting is controlled by the Timer1 Gate function
——TMR10ON 0 = Timer1 is always counting
Set flag bit bit 5-4 T1CKPS<1:0>: Timer1 Input Clock Prescale Select bits

TMR1IF on 1= 1:8 Prescale Value
Overflow L TMR1(2) 10 = 1:4 Prescale Value

S 01 = 1:2 Prescale Value
EN =4
TMR1H TMRAL ) 00 = 1:1 Prescale Value
bit 3 T10SCEN: LP Cscillator Enable Control bit
1 1 = LP oscillator is enabled for Timer1 clock
0 = LP oscillator is off
hit 2 T1SYNC: Timer1 External Clock Input Synchronization Control bit

Prescaler TMR1CS = 1:
,2. 4, 1 = Do not synchronize external clock input
0 0 = Synchronize external clock input
/l‘/ 2 TMRICS = o
T1CKPS<10> This bit is ignored. Timer1 uses the internal clock

TMR1CS bit 1 TMR1CS: Timer1 Clock Source Select bit
1 = External clock from T1CKI pin (on the rising edge)
0 = Internal clock (Fosc/4)
hit 0 TMR1ON: Timer1 On bit
1 = Enables Timer1
0 = Stops Timer1

T1SYNC

Fosc/4
Internal
Clock
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Activity 12: Signal generation using Timer 1

* One of the advantage of Timerl compared to timer0 1s the timing range. Timer0 with its prescaler
can count up to 256x256 = 65536 cycle (i.e., 65536 us i1f the oscillator i1s 4MHz). Whereas, timerl
with its prescaler can count up to 65536 x 8 = 524288 cycles (or 524288 us for 4MHz oscillator).

* In this Activity, we are interested in generating a signal of 1Hz (500ms ON/ 500ms OFF) for a PIC
running at 4MHz

* The task is to find the prescaler and the TMRI1 values to generate a flag after 500ms
* Time = Tins x Prescaler x (65536-TMR1) = 500,000 us
* For a prescaler =8 and Tins =1 us
65536-TMR1 = 500000/(8x1us)
— TMR1 = 3036 (value in decimal) corresponds to H'OBDC’  osc:

TMR1IF

crysta

Thus we have to load TMRIL by 0xDC T1CKPTS1 E—
and  TMRIH by 0x0B
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Activity 12: Signal generation using Timer 1

 First the TICON is configured to set the prescaler
to 8 and turn ON the timer.

B
— rsT
. : ‘ =15
* Next the values are loaded in TMRI1L and TMR1H I i [ [coigoomick [z =
A/ SPiecet [T  nnnn
as already calculated. g L @ 8 om —
j || S ReSisDO oo —c
M o . Thamed B | Channet EmKﬂé uharsdee,
* We keep on testing the flag TMRI1IF which is e “m” e e —i2
. . a M s RODD |-
located in PIR1 register, If set, we toggle the led. | —lt J": ot (222 .
- - oo D2
Y. | R, | . RDS’E?E ::j{, LED-GREEN
@ Al 3
5 . . ‘ ) [
33 MATN: (=10
RE2/ANT p—
34 CALL SETUP PIC1GFS87
35 BCF TMR1IF ; CLEAR FLAG BEFORE STARTING -
36 MOVLW 00110001B
37 MOVWE T1CON ; TIMER IS ON WITH PRESCALER B
38 REPEAT :
39 BCF TMR1IF
40 MOVLW 0x0B ; load 3036 in TMR1
41 MOVWE TMR1H ; which is 0BDC in hex
42 MOVLW 0xDC
43 MOVWE TMR1L
44 BTFSS TMR1IF ; wait the flag located in PIR1
45 GOTO $-1
46 MOVLW 00000001B ; toggle RDO
47 XORWEF PORTD

48 GOTO REPEAT ; REPEAT CODE 308




Test your knowledge

Week 6, Lecture 12/ Timers/ Timerl Microcontroller Systems

1.

A S

It 1s required to generate a signal using Timerl With a period of Ims, fin W
appropriate values of prescaler and TMRI1 if the oscillator 1s 20MHz. Try to
find the most accurate combination (integer number)

Timer] can be used as timer only ('T/F)
Timer]l without prescaler can count from 0 to

r

I'he TMR1 with 1ts prescaler can count cycles

It 1s required to make a delay of 1s using timerl ? Is 1t possible? Why? What
should be changes in the circuit to make 1t possible?
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Multitasking using timer0
Application with DC motor




Week 6, Lab S/ Timer zero Multitasking

Activity 11: Multi tasking using Timer( interrupt

e Tools Required

Breadboard x1

Multimeter x 1

PIC programmer

Oscilloscope 2 channels
Power supply 5V and 12V
Breadboard wires (male-male)

SRRl i i

* Required components:
1. PIC 16F887
Led x2
Resistor from 200 to 470 ohm x 2
Resistor from lk to 10k x 1
NPN transistor TIP120 or any equivalent (or use 2n2222 in case of small motor)
Fast recovery diode UF4001 or any equivalent (use any regular diode if you don’t have)
Any DC motor (measure the motor current before choosing the transistor)

NN
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Week 6, Lab S/ Timer zero Multitasking

Activity 11: Multi tasking using Timer( interrupt

* To make the design more attractive, a DC motor 1s added to the circuit and connected to RD1
(the low speed led).

U1
| reamCLRVPP RCO/T10S0/T1CKI %
) RCUT10SIICCP2 [—=
—5—| RADANO/ULPWUIC12INO-  RC2P1AICCP1 f—=
—| RAVANT/C12IN1- RC3/SCKISCL [—=
——| RA2/AN2/VREF-ICVREF/C2IN+ RC4/SDI/SDA [—5=
—5—{ RAJ/AN3IVREF+/C1IN+ RC5/SDO [—5=
——| RA4/TOCKI/C10UT RCE/TX/CK [—5=
7] RASIAN4/SS/C20UT RC7/RX/DT ===
75— RABIOSC2/CLKOUT 19
—— RA7/OSC1/CLKIN RDO
20
33 RD1 =53
<3 RBOAN12IINT RD2 [ 1
<= RBUAN10/C12IN3- RD3 == D1 D2
55| RB2/ANS RD4 —== LED-RED LED-GREEN
<>—| RBI/ANI/PGM/C12IN2- RD5/P1B 5= -
5| RB4/ANT1 RDBIP1C [—5&
55— RBS/AN13/TTG RD7/P1D ==
45— RBB/ICSPCLK s R1 R2
==— RB7/ICSPDAT REO/ANS f—=— 280 280
RE1/ANG [——= ZN D3
RE2/AN7 [—
PIC16FS87 UF4001
R3 Q1
—1 TIP120
43K
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Activity 11: Multi tasking using Timer( interrupt

The design of the brushed DC motor is quite simple. A permanent magnetic field is created
in the stator by either of two means:

1. Permanent magnets
2. Electro-magnetic windings

 If the field 1s created by permanent magnets, the motor is said to be a "permanent magnet
DC motor" (PMDC).

 If created by electromagnetic windings, the motor is often said to be a "shunt wound DC
motor" (SWDC). + -

* Today, because of cost-effectiveness and reliability, the PMDC motor is the motor of '
choice for applications involving fractional horsepower DC motors, as well as most N
applications up to about three horsepower. — T




Week 6, Lab S/ Timer zero Multitasking

Activity 11: Multi tasking using Timer( interrupt

How to design an amplifier circuit to drive a motor

 Assume that we have a 12V DC motor with internal resistance of
12Q).

* The current required by the motor will be

V, 12

I —=—=14

™R, 12

* This current cannot be supplied by the Arduino pin and thus a

transistor amplifier circuit 1s required.

* The transistor will be used to amplify the Arduino current to be able to
drive the motor.
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Week 6, Lab 5/ Timer zero Multitasking

Activity 11: Multi tasking using Timer( interrupt

How to design an amplifier circuit to drive a motor

* The first thing to consider 1s the current of the transistor
* In this case, we are using the TIP120 (Darlington transistor) that has a collect 2
current of SA continuous

lc Collector Current (DC) 5 A
lcp Collector Current (Pulse) 8 A
hpg * DC Current Gain Veg =3V,Ic = 0.5A 1000
Ve =3V, I =3A 1000 NPN
COLLECTOR
2.4 Q1 C

TIP120

TO-220
CASE 221A 1
STYLE 1 BASE .

3
EMITTER —_
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Week 6, Lab 5/ Timer zero Multitasking

Activity 11: Multi tasking using Timer( interrupt

How to design an amplifier circuit to drive a motor

* The saturation current required 1s the motor current Im which is the collector
current Ic

+12

* Knowing Ic, we can calculate the base current Is using

_fe_ 1 — 0.0014 = 1mA
~ 8 1000 - m

* With beta 1s the grain in current of the transistor (also called %ef)

Ig

Q1 C

TIP120

e NOTE: the base current will be delivered from the PIC and should be less that
20mA (as recommended by the PIC Datasheet)
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Week 6, Lab 5/ Timer zero Multitasking

Activity 11: Multi tasking using Timer( interrupt

How to design an amplifier circuit to drive a motor

+12

* Knowing IB, we need now to find the series resistor between
the PIC pin and the base of the transistor. This is required to
drop the PIC voltage (5 volt) to the VBE of the transistor
which 1s around 0.7 volt (voltage across the BE pins which
1s a PN junction)

1=0.944631
¢) ‘D/ @

* The value of the resistor can be calculated using KVL and T i
Ohm’s law as: O ¢

1=0. 000838299—.

VPIC -V 5 - 07 4300
R = BE — = 4300Q = 4.3kQ
I 0.001 =
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Week 6, Lab S/ Timer zero Multitasking

Activity 11: Multi tasking using Timer( interrupt

How to design an amplifier circuit to drive a motor

The circuit need enhancement to protect the transistor for the Inductor current of the motor.

Assume that the motor 1s normally running and a 1A is flowing through the transistor.
When switching it off by sending the BCF instruction, the current should be zero (logical analysis)
But the fast switching will generate a high voltage from the motor that can be modeled as:

dip

.
V=V =L =1y

Taking some numerical values for L=ImH , AiM=1A, and At=1ps

Vy =V, = 1000V which represents the voltage across the CE pins of the transistor.
The VCE voltage of the transistor will be given in the datasheet

Vce=1000V

Q1

TIP120

—

| Vceo | Collector-Emitter Voltage : TIP120 60 \ Y |




Week 6, Lab 5/ Timer zero Multitasking

Activity 11: Multi tasking using Timer( interrupt

How to design an amplifier circuit to drive a motor

* Thus it 1s required to find solution for the high voltage generated by the inductor of the motor when

switched off.
: di Ai :
* [t can be seen from the equation Vy, =V, =L % =L A—; that the only parameter that can be controlled 1s
time +12

* Thus increasing At will decrease the voltage VL

* This can be done by using a fast diode (fast recovery diode) o

* The role of the diode is to open a path for the current to circulate inside the l UF4001
Motor winding (made of inductor and resistance) L1

* The current will drop slowly until the energy is fully dissipated inside ke

the resistance of the motor

The diode here is called free-wheeling diode
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Week 7, Lecture 13/ Timers/ Timer2

Timer 2

* Timer2 is an 8bit timer with a prescaler and a postscaler. Unlike Timer0 and timer1, timer2 does not have the
ability to count external pulses. It is used for timing only.

The clock input to the Timer2 module is the system instruction clock (FOSC/4). The clock 1s fed into the
Timer2 prescaler, which has prescale options of 1:1, 1:4 or 1:16.

* The output of the prescaler is then used to increment the TMR2 register.
* The values of TMR2 and PR2 are constantly compared to determine when they match.
* TMR2 will increment from 00h until it matches the value in PR2.

* When a match occurs, two things happen:
« TMR2 is reset to 00h on the next increment cycle

Flag used for pwm TMR2IF

* The Timer2 postscaler is incremented R erstion 4 A
* The match output of the Timer2/PR2 comparator is =
then fed into the Timer2 postscaler. T Prescaler _.I TMR2 |¢
* The postscaler has postscale options of 1:1 to 1:16 5 i
inclusive. o 4. .1
* The output of the Timer2 postscaler 1s used to set the e e
TMR2IF interrupt flag bit in the PIR1 register. }

I PR2 I




Week 7, Lecture 1

Timer 2

REGISTER 7-1: T2CON: TIMER2 CONTROL REGISTER bit 7 Unimplemented: Read as ‘0’
u-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 bit 6-3 — TOUTPS<3:0>: Timer2 Output Postscaler Select bits
— TOUTPS3 \ TOUTPS2 \ TOUTPS1 \ TOUTPSO \ TMR20ON \ T2CKPS1 | T2CKPSO 0000 = 1'1 Postscaler

bit 7 bit 0 0001 = 1:2 Postscaler

0010 =1:3 Postscaler
0011 =1:4 Postscaler
0100 = 1:5 Postscaler

TMRZIFA 0101 = 1:6 Postscaler

0OSC1 0110 =1:7 Postscaler

= — 0111 =1:8 Postscaler

g 1000 = 1:9 Postscaler
O s TAA1 =1-

E 0SC2 1001 = 1:10 Postscaler

1010 =1:11 Postscaler
1011 =1:12 Postscaler
Comparator postscaler 1100 = 1:13 Postscaler
1101 =1:14 Postscaler

1110 =1:15 Postscaler
“ L 1111 =1:16 Postscaler
bit 2 TMR2ON: Timer2 On bit
1 = Timer2is on

0 = Timer2 is off

e The total number of cycle that the timer2 module can DIt EC_KPPS“ :IO":_ Ti;"erz Clock Prescale Select bits
count is 16x256x16 = 65535. Which is same as timer0 L Preconior o 4
module. Thus timer2 is mainly used for PWM signal 1x = Prescaler is 16
322
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Week 7, Lecture 13/ Timers

PWM signal generation

A PWM signal or Pulse Width Modulation 1s a digital signal with fixed period and variable duty cycle.

The duty cycle (a) is the positive time over the total period.

_Ton
T
* The TTL signal duty cycle 1s 50%, which means the Ton
positive part 1s half of the period. In other words, the —
time of the logic 1 is equal to the time of the logic 0.  “~'"*
* Any PIC can generate such as signal by software. « T >
* This can be done by setting and clearing any pin for a
delay time. The example below show the assembly of Ton
a PWM signal with a period of 1s with a duty cycle =~ F .
equal to 100ms/1000ms or 10%. — -
REFPEAT: T
BSF RDO
CALL DELAY 100MS J Ton R
BCF RDO weooe [ 1
CALL DELAY 900MS .
GOTO REPEAT < >
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Week 7, Lecture 13/ Timers/ Tim

PWM signal generation

Why PWM signal 1s so important !! In fact when this signal 1s applied on a Led at high frequency,
. the intensity of light can be controlled depends on the signal average, i.e., on the duty cycle.

Same for motors, the PWM signal can control the speed of the shaft. Also in Power electronics, this

signal 1s usually used in converters/inverters. As well in communication systems, PWM is used in
modulation.

The average value can be calculated using the integration of the signal over period

VA
Vin

|
I
|
I
I
L

1 (T 1[ caT T :
Vavg = = Jo Vindt = 2| [ Vindt + [ Vindt| = aVy, with0 <a <1
=0
* Thus we can say that the average voltage 1s part of the input voltage
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Week 7, Lecture 13/ Timers/ Tim

PWM signal generation

* In PIC16F887, the generation of that signal 1s made by hardware. This means that this PIC contains a

. module dedicated for this job.

~ + All what 1s required is to configure the period and the duty cycle, and the module generates signal

automatically.

* The module is called CCP or
Capture/Compare/PWM module.

* The PIC contains two modules.

* The CCP module can do many tasks. It can
Capture the signal time, Compare times, and
generates a PWM signal.

* The generation of a PWM signal is related
to the TIMER2 and its PRESCALER that
define the period, also, related to CCPRIL
register that defines the duty cycle.

 The POSTSCALER of TIMER?2 1s not used
in PWM generation.

Average = 10% of
the max voltage

Average = 50% of
the max voltage

Average =90% of
the max voltage

Ton
<—>
o= 10%
T
Ton
o= 50%)_ - -y _______4
T
Ton
«=9% | ] ]

\ 4
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Week 7, Lecture |

PWM signal generation

The block diagram of the CCP module is
merged with the timer2 module (without the
postscaler)

The block diagram shows 2 comparators; the
first one compare TMR2 with PR2 and the
second compares TMR2 with CCPR1H.

Both comparators generates events to the RS
flipflop connected to the output pin
RC2/CCPRIL

The whole module 1s controlled by
« T2CON
« CCPICON
« CCPRIL
« PR2

OSC1

CCPR1L

R

CCPR1H

Comparator 2

Prescaler

TMR2

Comparator 1

S

Q

Flip Flop

RC2
CCP1



Week 7, Lecture -.

PWM signal generation

 PWM Generation Mechanism

The TMR2 1s incremented on every prescaler
overflow.

When TMR2 =PR2 value, the first comparator
does the following

1. Set the RS-flip-flop, (RC2=1)
2. clear TMR2, and

3. Fetch the CCPRI1L value to CCPRI1H.

This time represents the signal period defined by
the equation:

Period T = (PR2 + 1) X T;,s X prescaler

RC2

CCP1 4

CCPR1L

CCPR1H

A\ TMR2 =
PR2
A

TMR2 =
PR2

A

Comparator 2 > R RC2
CCP1
* Q— @
Prescaler —DI TMR2 I(-—P S
* Flip Flop
Comparator1 —

A

v
TMR2 =
CCPR1H

Period

\

\
TMR2 =
CCPR1H

327
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PWM signal generation

CCPR1L

 PWM Generation Mechanism

CCPR1H
*  When TMR2 becomes equal to the CCPR1H, 7
the second comparator resets the CCP pin via Comparator2 | ——-| R Rez
the RS-flip-flop (RC2=0). 4 Qe
— Prescaler—bl TMR2 I‘-—P S
 The pulse width is given by the formula: E v i
E’ Comparator1 —
Pulse width T,,, = CCPR1L X Tj,s X prescaler [ Ptz |
RG2 TMR2 TMR2
A = =
e In fact, the TMR2 reaches the value of CCPR1H cer PR2 PR2
before reaching the value of PR2 since the
signal period 1is bigger than its positive portion.
Therefore, to understand the scenario of the flip- -
flop, start by its reset position where the TMR2 value Y v t

TMR2 = TMR2 =

is equal to CCPR1H. CCPR1H CCPR1H
328
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PWM signal generation

CCPR1L

 PWM Generation Mechanism

Having T = (PR2 + 1) X T;,s X prescaler 7
Comparator 2 » R RC2
And * ak» .ccp1
_.I — I‘_> SFIip Flop

T,, = CCPR1L X T;,, X prescaler E v

E’ Comparator1 —

° 4

CCPR1L

The duty cycle a = T I
« NBI1: The CCPRIL is 10 bit wide, here 1s used CRCCPZ1  TuR - THR -

in 8 bit mode. 4 4
 NB2: the PIC has two PWM modules, in which
the timer2 module is common for both. Thus the

PIC is able to generate 2 PWM signal but with | ! t

. TMR2 = TMR2 =
same period. CCPR1H CCPR1H

\
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PWM signal generation

REGISTER 11-1:

CCP1CON: ENHANCED CCP1 CONTROL REGISTER

REGISTER 11-2:

CCP2CON: CCP2 CONTROL REGISTER

R/AW-0 R/W-0 R/W-0 R/W-0 R/W-0 RWW-0 R/W-0 R/W-0 U-0 U-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0
P1MA1 P1MO DC1B1 DC1BO CCP1M3 CCP1M2 CCP1M1 CCP1MO — — DC2B1 DC2B0 CCP2M3 ccP2m2 CCP2M1 CCP2MO
bit 7 bit 0| | bit7 bit 0
bit 7-6 P1M<1:0>: PWM Output Configuration bits bit 7-6 Unimplemented: Read as "0’
if CCP1M<3.2> = 00. 01 10: _ _ _ bit 5-4 DC2B<1:0>: PWM Duty Cycle Least Significant bits
zx = P1A assigned as Capture/Compare input; P1B, P1C, P1D assigned as port pins Capt de:
If CCP1M<3:2> = 11: -apture mode.
00 = Single output; P1A modulated; P1B, P1C, P1D assigned as port pins Unused.
01 = Full-Bridge output forward; P1D modulated; P1A active; P1B, P1C inactive Compare mode:
10 = Half-Bridge output; P1A, P1B modulated with dead-band control; P1C, P1D assigned as port pins Unused.
11 = Full-Bridge output reverse; P1B modulated; P1C active; P1A, P1D inactive PWM mode:
bit 5-4 DC1B<1:0>: PWM Duty Cycle Least Significant bits These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPR2L.
Capt de: . .
T bit 3-0 CCP2M<3:0>: CCP2 Mode Select bits
Compare mode: 0000 = Capture/Compare/PWM off (resets CCP2 module)
Unused. 0001 = Unused (reserved)
PWM mode: 0010 = Unused (reserved)
These bits are the two LSbs of the PWM duty cycle. The eight MSbs are found in CCPR1L. 0011 = Unused (reserved)
bit 3-0 CCP1M<3:0>: ECCP Mode Select bits 0100 = Capture mode, every falling edge

0000 = Capture/Compare/PWM off (resets ECCP module)

0001 = Unused (reserved)

0010 = Compare mode, toggle output on match (CCP1IF bit is set)

0011 = Unused (reserved)

0100 = Capture mode, every falling edge

0101 = Capture mode, every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCP1IF bit is set)

1001 = Compare mode, clear output on match ECCF’HF bit is set)

1010 = Compare mode, generate software interrupt on match (CCP1IF hit is set, CCP1 pin is
unaffected)

1011 = Compare mode, trigger special event (CCP1IF bit is set; CCP1 resets TMR1 or TMR2

1100 = PWM mode; P1A, P1C active-high; P1B, P1D active-high

1101 = PWM mode; P1A, P1C active-high; P1B, P1D active-low

1110 = PWM mode; P1A, P1C active-low; P1B, P1D active-high

1111 = PWM mode; P1A, P1C active-low; P1B, P1D active-low

0101 = Capture mode. every rising edge

0110 = Capture mode, every 4th rising edge

0111 = Capture mode, every 16th rising edge

1000 = Compare mode, set output on match (CCP2IF bit is set)

1001 = Compare mode, clear output on match (CCP2IF bit is set)

1010 = Compare mode, generate software interrupt on match (CCP2IF bit is set, CCP2 pin
is unaffected)

1011 = Compare mode, trigger special event (CCP2IF bit is set, TMR1 is reset and A/D
conversion is started if the ADC module is enabled. CCP2 pin is unaffected.)

1lxx = PWM mode.
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Week 7, Lecture 13/ Timers/ Timer:

e

Activity 13 C: Timer 2/PWM application

* In this Activity, we will generate two PWM signals with different duty cycles. As previously mentioned that
these signal cannot be generated at different frequency because the timer2 module 1s common for both CCP
modules.

* We will assume that the used oscillator is 4Mhz, the PR2 = 255 (highest value) and the timer 2 prescaler 1s
16, the period is then calculated as:

T = (PR2+ 1) X Ty X prescaler = 256 X 1us X 16 = 4096us
* The frequency will be 1/T = 1000000/4096 = 244.14 Hz

* Changing CCPRI1L and CCPR2L from 0 to 255 will change the Ton time from 0 to 4095us, 1.e. from 0 to
100% duty cycle.

* In this activity we'll change CCPRIL from 0 to 255 and CCPR2L from 255 to 0 with 10ms step.
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Week 7, Lecture 13/ Timers/ Timer2/PWM

Activity 13 C: Timer 2/PWM application

* In the setup function, PR2, Timer2, CCPxCON and TRISC are configured.

23 #include <xc.h>
24
25 #define _XTAL FREQ 4000000
26
27 [ void setup() {
28 PORTC = 0; Channel C :'%:
29 OSCCON = 0b01100000; ' ‘ B 32[;
30 TRISC = 0b00000000; it o |3 < ore =
31 PR2 = 255; ' — Higwe ﬂg‘m;
: 708 0D 705 22 oS || Rewmiosicer (= =
32 T2CON = 0p00000111; é R | A N Poriccet i e
o[ 2iN+ RC4/SDIISDA [o22 2ie
33 CCP1CON = 0b00001100; - e 1. u
mv v 2 mv RC7T/RXDT .—28
34 CCP2CON = DbODDC‘llDC‘; Channel B Channel D :g?::;g L
L Position Position | =21
36 i e ool meeEs
— 7P1D 2
37 0O void main(veoid) { g0 iover | R fimver .,
REOQ/ANS ——
38 setup () ;
39 CCPR1L = 0;
40 CCPR2ZL = 255;
41 while (1) {
42 CCPR1L++;
43 CCPRZ2L--;
44 __delay ms(10);
45 }

46, -} 332




Test your knowledge

Week 7, Lecture 13/ Timers/ Timer2/PWM Microcontroller Systems

1. Calculate the PR2 value in order to have f = 500 Hz, using an SMHz cryé
and a prescaler 16.

2. Having a 10MHz crystal and a prescaler of 1, calculate the best frequency of
the PWM signal (best frequency happens at PR2 = 255)

3. What is the average voltage of a pulsating 5 volt signal at 500Hz with
Ton=500 LLS

4. It1srequired to have 3V from a 12 volt source. The PWM signal has
1000Hz, calculate PR2 and CCPRIL of a PIC running at 4Mhz. Select the
best prescaler.

)

What to put in PR2 to generate a flag after 500 microseconds from the timer
2 module of a PIC running at 1Mhz. Assume that Prescaler 1s 1 and
Postscaler 1s 5.
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Activity 13 C: Timer 2/PWM application

* Tools Required

1. Breadboard x1
Multimeter x 1
PIC programmer
Oscilloscope 2 channels
Power supply 5V and 12V

A

Breadboard wires (male-male)

* Required components:
1. PIC 16F887
Resistor from 1k x 2
NPN transistor TIP120 or any equivalent (or use 2n2222 in case of small motor)
Fast recovery diode UF4001 or any equivalent (use any regular diode 1f you don’t have)

ke

Any DC motor (measure the motor current before choosing the transistor)

335




—
£y

ey
(%]

Py B (] [A5] L] [a%] [4] (48]
(=1 [Is] [w=] Lot] [wx] (4] o (6]

U1

Activity 13 C: Timer 2/PWM application

* Same code as Activity 13C but with different components

The PWM signal with different duty cycle 1s usually applied on DC motors. In this activity you will see the
effect of duty cycle on the speed of the motor.

CLK
CE
RST

RE3/MCLRNVPP RCO/M10SOM1CKI
RC1/T10SI/CCP2
RAOAND/ULPWU/C12INO- RC2/P1A/CCP1

RA1/AN1/C12IN1- RC3/SCKISCL
RA2IANZVREF-/CVREF/C2IN+ RC4/SDI/SDA
RAZIANINVREF+C1IN+ RC5/SDO
RA4/TOCKI/C10UT RCB/MTX/ICK
RASBIAN4/SS/C20UT RC7/RX/DT
RAB/OSC2/CLKOUT
RAT/OSC1/CLKIN RDO
RD1
RBO/AN12/INT RD2
RB1/AN10/C12IN3- RD3
RB2/ANS RD4
RB3/ANS/PGMIC12IN2- RD5/P1B
RB4/AN11 RD&/P1C
RBS/AN13/T1G RD7/P1D
RB&/ICSPCLK
RBT7/ICSPDAT REO/ANS
RE1/ANG
RE2/ANT

g 2] [22] (o] [e] (%] (o] (] (o] [p%] B0 ] (] %] ) ER
= (=] [{a] [oa] L] 6] BoE) [an] [{a] o) feajco [~

PIC16F887
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Week 9, Lecture 15/ A/D conversi

Analog to Digital Conversion

* Analog-to-digital conversion (ADC) is an electronic process in which a continuously variable, or analog,
signal 1s changed into a multilevel digital signal without altering its essential content.

* An analog-to-digital converter changes an analog signal that's continuous in terms of both time and
amplitude to a digital signal that's discrete in terms of both time and amplitude.

* The analog input to a converter consists of a voltage that varies among a theoretically infinite number of
values.

* Examples are sine waves, the waveforms representing human speech and the signals from a conventional
television camera.

* The output of the analog-to-digital converter has defined levels or states. The number of states 1s almost
always a power of two -- that is, 2, 4, 8, 16, etc. The simplest digital signals have only two states and are
called binary. All whole numbers can be represented in binary form as strings of ones and zeros.

\\-p>

B
» 00111101
-
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Week 9, Lecture 15/ 2

Analog to Digital Conversion

* Two things to be considered when converting an analog
signal into digital
1. Quantization
2. Sampling rate

* Quantization is the measure of quantity (voltage) of the
analog signal. Higher quantization accuracy requires
higher resolution and number of bits of the A/D
converter. (These represent the segments on the Y axis-
usually voltage)

*  Sampling rate 1s how much shots can the A/D
converter takes of the analog signal. Highest sample
per sec rate assure a best recovery of information
included in the analog signal.(These represent the
segments on the X axis- usually time)

1001

1000
0111

0110

0101

0100

oo1r

0010

0001
0000

N

7

k7]

01 02 03 04 05 06 07 08 09 10 11 12 13
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Week 9, Lecture 15/ 2

Analog to Digital Conversion

Quantization

* Assume for example that a butterfly is moving in
a room of Sm height. At one moment I asked a
kid to describe me the position of the butterfly in
the space... the silly answer will be HIGH or
LOW.

* Thus the silly description of the analog position
of the butterfly 1s in its digital form HIGH or
LOW.

* High means above the reference located virtually
in between the 0 and max height.

* Low means below the reference

* This is actually an analog to digital conversion
using 1 bit.
1 bit can be 0 (LOW) or 1 (HIGH)

Om
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Week 9, Lecture 1

Analog to Digital Conversion

* Actually, the opamp in comparator mode 1s the
native analog to digital convertor with 1 bit.

* The comparator compares (as the kid) the voltage
on V+ (position of the butterfly) with the reference
voltage applied on V-. The Output 1s HIGH or
LOW depends on who’s bigger

e [If V+> Vref => output is high
e If V+ < Vref=> output is low
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Analog to Digital Conversion

For a better assumption now, we’ll divide the
room into 4 portion through 3 references.
* FromOto 1.25m is very low
From 1.25 to 2.5m is low
From 2.5 to 3.75 is high
From 3.75 to 5 is very high

Thus the position is described in 2 bits which can
be:

3.75

2.5m

°
1.25m

A
5m

Very HIGH

Very LOW

1. 00 for very low

2. 01 for low om
3. 10 for high

4,

11 for very high

We can conclude that the precision increases as the number of bits increases. Thus, the resolution of the
ADC i1s the number of bits it uses to digitize the input samples. For an n bit ADC the number of discrete
digital levels that can be produced is 2. Thus, a 2 bit digitizer can resolve 22 or 4 levels.
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Week 9, Lecture 15

Analog to Digital Conversion

* The PIC16F887 ADC resolution is 10 bits, 1.e., it can Vref+ 5V 1023
recognize the analog signal with 1024 different level. o
* Assuming for now that the range of voltage is from 0 to 35,

the digital value range will be from 0 to 1023, or in binary
between 00,0000,0000 to 11,1111,1111.

* Thus the ADC can recognize a variation of 5/1024 =
4.88mV change 1n the analog signal.

* Usually, the border of the voltages is called Vret and Vref™.
We are assuming for now that they are 0 and 3.

orrrrrrrrrrrrrrrrrrrrrn‘rrrrrrrrrrrrrn‘rrrnﬂ IImrITIITTr— " " =rrrn
sdajs 20l

- 00,0000,0000 VY

Vref- 0V
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Week 9, Lecture 15/ 2

Analog to Digital Conversion

The PIC16F887 also has 14 analog inputs. They enable the
microcontroller to precisely measure its voltage and convert it into
numerical value, 1.e. digital format.
One of the most important analog modules within the
microcontroller is an A/D converter which has the following
features:
* Conversion is performed by applying the method of successive
approximation;
* There are 14 separate analog inputs connected to the
microcontroller port pins;
* The A/D converter converts an analog input signal into a 10-bit
binary number;
e The resolution, i.e. the quality of conversion may be adjusted to
various needs by selecting voltage references Vref- and Vref+.

UM &

5+

Vref+ = 5V
Vref-=0V

f
Ox3FF

L
[Numerical Value]
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Week 9, Lecture 15/ A/D conversion

Analog to Digital Conversion

* Sampling

* Sampling rate is the speed of reading the information
from the signal. Usually, sampling is the time required to
take a copy of the signal, save it in a holding capacitor
then converting it into digital. The second shot cannot be
proceeded until the previous shot is converted.

* This scenario 1s similar to the diaphragm of a camera. It
opens to take a shot, then closes to start the image
processing. The next image cannot be taken until the

image 1s completely processed. Voo Sampling

VT = 0.6V ~ Switch

& * The circuit model of the holding circuit is given on the BN §N l [ M—1>; Bl
right. The SS switch closed to charge the capacitor Chold. @ 5 T %VT =0-6VCIPLL§8€’?%E( ) l GHow =10 pF
The time required to charge it depends on its value and - | VSS/VREF-
the series resistors connected to the source. This time 1s

called acquisition time and it is about 20us.

"M—e
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Week 9, Lecture 15/ A

Analog to Digital Conversion

- * Quantazation

» After taking the shot, it is time to process the voltage, 1.e., find its quantity using the sets of comparator inside
the A2D convertor.

* The time required to convert 1 bit is called Tad.

* Since the ADC is 10 bits, it needs 10Tad to make the conversion. Also 2Tad are required to open the SS switch
and prepare the conversion. So in total 12Tad.

* The minimum time for 1Tad is 1.6us, thus in total quantization time 1s 19.2us

Tcy to TADTap1 Tap2 Tap3 Tap4 Tap5 Tap6 Tap7 Tap8  Tap9 Tap10 Tapii,
‘IT b9 b8 b7 b6 b5 b4 b3 b2 bl b0

Conversion Starts

Holding Capacitor is Disconnected from Analog Input (typically 100 ns)

Set GO/DONE bit ADRESH and ADRESL registers are loaded,

GO bit is cleared,
ADIF bit is set,
Holding capacitor is connected to analog input 348




Analog to Digital Conversion

Sampling

The manufacturer provides the below table for different Tad at different oscillator frequency.
It is clear that the minimum time for 4MHz oscillator is 2us.

As a result, the total time required to take a shot and make the process is the sum of the acquisition time and
the quantization time = 20 + 2x12 = 44 us / sample

This means that 1deally the PIC 1s able to read almost 22700 samples in 1 second. Based on the Nyquist rate
criteria, the PIC 1s able to read a signal with a maximum frequency of 11kHz

TABLE 9-1: ADC CLOCK PERIOD (Tap) Vs. DEVICE OPERATING FREQUENCIES (VDD = 3.0V)

ADC Clock Period (Tabp) Device Frequency (Fosc)

ADC Clock Source ADCS<1:0> 20 MHz 8 MHz 4 MHz 1 MHz
Fosc/2 00 100 ns(? 250 ns(? 500 ns!2) 2.0 us
Fosc/8 01 400 ns(? 1.0 ust? 2.0 us 8.0 us®
Fosc/32 10 1.6 us 4.0 us 8.0 ust® 32.0 ps(®

FRC 11 2-6 psit4 2-6 psl1-4) 2-6 ust14) 2-6 psi1-4)

Legend: Shaded cells are outside of recommended range.
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Week 9, Lecture 15/ A/D conversi

Analog to Digital Conversion

1 * Sampling

Nyquist Sampling Rate

* In signal processing, the Nyquist rate is the minimum sampling rate required to accurately
rebuild the original analog signal from its digital representation.

* To avoid errors, the rate at which you sample a signal must exceed twice the highest
meaningful frequency contained within the signal.

Fsampling > 2Fmax

* Or, if the sampling rate is fixed (Fsampling), then the fastest signal that can be sampled
must have a maximum meaningful frequency less than half Fsampling :

F sampling
2

Fmax <
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Analog to Digital Conversion

* Sampling

Continuous sinusoidal signal Sampled at 5 KHz

AL L I VAVAVATAY:

- B -1
0.2 .

Ampltude

: WA AT
VVVUY L AN

Amplitude

Amplitude

6
x10™

0

0 1 2 3 4 5 6

Time(s) < 10™%
Here is a 10 KHz signal If we sample the signal at 5 KHz and 10 KHz, the
signal will look like as shown below (the brown
points)

It is clear that we can't get any useful information from the sampled signal.
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Week 9, Lecture 1

Analog to Digital Conversion

* Sampling

Sampled at 20 KHz (Nyquist rate)

Now, to get some information about the &5\ /]\ /I\ A\ /I
signal, Nyquist said that we must sample =

the signal at least 2 x max signal 051

frequency. Now, here are the signals . | | | | |
sampled at the Nyquist frequency and ’ 1 ? ’ * °
more than it:

amplilude

time %107
_ Sampled at 50 KHz _

It can be seen that by sampling at the .
Nyquist rate, we can get the frequency
information about the signal. However, to 05}
faithfully reconstruct the signal, we have to
increase the sampling rate even more.

amplitude
=

time =10
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Analog to Digital Conversion

[ ] [\) [E— [ ]

AD results

After doing the conversion, the PIC fetches the result in 10 bit format. As the RAM of the PIC is only 8bit

wide, the A2D result 1s saved in two registers called ADRESH and ADRESL (Analog to Digital RESult High
and Low).

In fact we have two options.

Save the 8 higher bits in ADRESH and the 2 remaining in ADRESL ( Left justified) or

Saves the higher 2 bits in ADRESH and the 8 lower in ADRESL (Right justified)
Options are selected by ADFM bit

ADRESH ADRESL
(ADFM = 0) MSB LSB
bit 7 bit 0 bit 7 bit 0
- —— - — ’
10-bit A/D Result Unimplemented: Read as "0’
(ADFM = 1) MSB LSB
bit 7 bit 0 bit 7 bit 0
“ g e —— »

Unimplemented: Read as "0’ 10-bit A/D Result 353
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Analog to Digital Conversion

* Although the Pic has 14 Analog channels, the drawback

VCFGT =10

AVss

of the module is that it has only one converter. Which VRer. = erGlo T
means the PIC can process only 1 conversion at a time. AVOD )
The reading of channel is to be done by sequence. —%
'« By default, the Vref+ and Vref- are connected to the e R
VDD and VSS. They can be connected the AN3 and AND h
AN?2 for external references. AN1 noot
* From the block diagram we can see that the analog input ::2 HR A ooy
are multiplexed through CHS<3:0>. When the channel is Aw 0100
selected, the Chold capacitor is connected. It means that 2:2 o
20us delay is required before starting the conversion. AN7 0111 -
« The ADC is controlled by the GO/DONE bit to start the ~ *"° 2 e ﬂm
AN9 1001
conversion. This bit is cleared automatically when the ANTO 1010 T
conversion is done. ANT1 1011 APPM T 1 = Rignt Justity
 ADON is used to turn on the converter. E:E o Aoon—L "
* The results are placed in ADRESH and ADRESL based CVREF e = LADRESH L ADRESL

354
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Analog to Digital Conversion

REGISTER 9-1: ADCONO: A/D CONTROL REGISTER 0 REGISTER 9-2: ADCON1: A/D CONTROL REGISTER 1
R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 R/W-0 u-0 R/W-0 R/W-0 u-0 u-0 u-0 u-0
ADCS1 | ADCSO | CHS3 | CHS2 | CHS1 | CHsO GO/DONE | ADON ADFM | — | wveret | vereo | — | — | - ] =
bit 7 bit 0| |bit 7 bit 0
hit 7-6 ADCS<1:0>: A/D Conversion Clock Select hits
00 = Fosc/2 bit 7 ADFM: A/D Conversion Result Format Select bit
01 =Fosc/8 ) . . .
10 = Fosc/32 1 = Right justified
11 = FRrc (clock derived from a dedicated internal oscillator = 500 kHz max) 0 = Left justified
bit 5-2 g;-loso-:z:z:oAnalog Channel Select bits hit & Unimplemented: Read as ‘0’
0001 = AN1 hit 5 VCFG1: Voltage Reference bit
0010 = AN2 .- .
0011 = AN3 1 = VREF- pin
0100 = AN4 0=Vss
0101 =AN5 ) i
0110 = AN6 bit 4 VCFGO0: VVoltage Reference bit
0111 = AN7 1= + pi
1500 = ANS 1 = VREF+ pin
1001 = AN9 0 =VDD
1010 =AN10 . . . )
o1t = ANAT hit 3-0 Unimplemented: Read as ‘0
1100 =AN12
1101 =AN13
1110 = CVREF
1111 = Fixed Ref (0.6V fixed voltage reference)
hit 1 GO/DONE: A/D Conversion Status it

1 = A/D conversion cycle in progress. Setting this bit starts an A/D conversion cycle.
This bit is automatically cleared by hardware when the A/D conversion has completed.
0 = A/D conversion completed/not in progress
bit 0 ADON: ADC Enable bit
1 = ADC is enabled
0 = ADC is disabled and consumes no operating current 355
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Analog to Digital Conversion

* Not to forget that ANSEL and ANSELH are the two registers dedicated to analog/digital pin configuration.

- TABLE9-2: SUMMARY OF ASSOCIATED ADC REGISTERS

Value on R
Name Bit7 Bit& Bit5 Bit4 Bit3 Bit 2 Bit 1 Bit 0 P\EIIQUEBEHR all other RE3/MCLR/VPP ——[ 11 / 40[] =— RB7/ICSPDAT
! Resets RAO/ANO/ULPWU/C12INO- =—[]2 391 RB6/ICSPCLK
ADCOND ADCS1 | ADCSD CHS3 CHS2 CHS1 CHSO | GO/DONE | ADON 0 000 0000 000 RATANT/CTZINT- =k 381 RBS/AN13/TIC
Sl M RA2/AN2/VREF-/CVREF/C2IN+ ~——= [ 4 3707 RB4/AN11
ADCON1 ADFM — VCFG1 | VCFGO — — — — 0-00 ———— | -000 ---—- RA3/AN3/VREF+/C1IN+ ~——[]5 36 [] = RB3/AN9/PGM/C12IN2-
ANSEL ANST ANSE ANSS5 ANS4 ANS3 ANS2 ANS1 ANSO 1111 1111 1111 1111 RA4/TOCKI/G1OUT ~—[16 35 RB2/ANS
ANSELH — — ANS13 ANS12 ANS11 ANS10 ANSS ANSS —11 1111 ——11 1111 RAS5/AN4/SS/C20UT =——[]7 34 RB1/AN10/C12IN3-
ADRESH | A/D Result Register High Byte [ —— unu Beun REO/ANS =——=[18 ~ 33 RBO/AN12/INT
ADRESL | A/D Result Register Low B RET/ANG Lie S 32 VoD
sl eqister Low yle HEKM HHEX uuuu uuuu RE2/AN7 E 10 g 31 ] Vss
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 D00x VoD BET © 300 RD7/P1D
[T+]
PIE1 — ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMRIIE | -000 0000 -000 0000 Vss — o [T12 5 29[ RD6/P1C
PIR1 — ADIF RCIF TXIF SSPIF_ | CCP1IF | TMR2IF | TMRUF | -000 0ooo | -000 0000 RAZ?;;%%?SL?(;KJ? —[]13 a g?% EgiIMB
— 14
PORTA RAT RAB RAS RA4 RA3 RA2 RA1 RAD KEKN HXKX uuuu uaun RCO/T10SO/T1CKI s 26 RC7/RX/DT
PORTB RBE7 RB& RBS RB4 RB3 RB2 RB1 RBO KEKN HXKX uuuu uaun RC1/T10SI/CCP2 16 257 RCB/TX/CK
PORTE — — — — RE3 RE2 RE1 RED ———— mxux ———— uuuu RC2/P1A/ICCP1 -—[]17 24 [ | «— RC5/SDO
TRISA TRISA7 | TRISA6 | TRISAS | TRISA4 | TRISA3 | TRISA2 TRISAT TRISAOD | 1111 1111 1111 1111 RC3/SCK/SCL -~ 13 23] RC4/SDI/SDA
TRISBE TRISB7 | TRISB6 | TRISBS | TRISB4 | TRISB3 | TRISB2 TRISB1 TRISBO | 1111 1111 1111 111 RDO «——=[]19 22[] RD3
RD1 «——[720 210 RD2
TRISE — — — — TRISE3 | TRISE2 TRISET TRISED | --—-- 1111 ———— 111

Legend: = = unknown, u = unchanged, — = unimplemented read as "0’. Shaded cells are not used for ADC module.
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Activity 14 : Reading Potentiometer on AN(

 In this activity, we will apply the concept on A2D conversion. It is required to read the
analog channel 0 and display the digital value (8 bit only) on PORTD.

* The analog sensor used is a potentiometer. It is a three-terminal resistor with a sliding or
rotating contact that forms an adjustable voltage divider.

A
.~ » The A2D is configured to work at Fosc/8 to get RV1 U1
i ¢« . . . B ™ — ]
the minimum Tad time (fastest conversion). ——| ResivcTR\VPP RCOTOSOMTICKI (32
2 RAOANOULPWUICH2ING-  RC2IP1AICCPY it
e el
* The left justified configuration is used (ADFM —2r| RASANSVREF+CIIN _Rosisno |22
:0) I}J-E- RA5/AN4/SS/C20UT RC7/RX/IDT f—22
-2 Ras/oSC2/CLKOUT
« Only ADRESH will be read and displayed on Wi RD1
== RBO/AN12/INT RD2
PORTD % REzANG R4
377 ] RB3/ANS/PGM/C12IN2- RD5/P1B
: : 2] Res/aNianTe RO7IP1D
* Only RAO is selected to be input (trough TRIS) 03] ResICSPCLK .
and analog (through ANSEL) il

PIC16F887




Week 9, Lecture

Activity 14 : Reading Potentiometer on AN(

28 Al EQU 0X70 52 DELAY 20Us:
29 53 MOVLW 5
30 ORG 0 ; reset wvector 54 MOVWF Al
31 GOTO MAIN 55 DECFSZ Al, F
32 ORG 0x4 ; interrupt vector 56 GOTO $-1
33 RETFIE 37 RETURN
34 28
35 MAIN: 29 SETUP: ; by default we are in BANKO
36 CALL SETUP 60 CLRF PORTD ; ¢lear port at the beginning
37 REPEAT - 6l BSF RPO ; RP1 IS BY DEFAUT O
g CALL READ ANO ; read the ana.log‘ channel 62 MOVLW 01100000B B configuring OSCCON reg‘ister
41 65 MOVWE TRISD
42 READ ANO: 66 BSF TRISAQ ; RAO IS INPUT
43 MOVLW 01000001B ; FOSC/8, CHO, ADON &7 BSE RPIO ,
4 F ADCONO 23 ::f;l? ﬁgom F EFM‘.IS EN VR;F VDD VREF VsSS
; = . + = . - =

45 CALL DELAY 20UsS

- . 70 BCF RP1
4q BSF GO ; 2tart conversion

L 71 BCF RFO ; access to BANK 0, RPO = 0 , RP1 = 0
47 BTFSC GO ; is it done ?
72 RETURN

48 GOTO 5-1 ; not yet, retest
45 MOVE ADRESH, W ; done, move ADRESH toc W
50 RETURN
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ADC-reading to voltage conversion and vice-versa

* Relating ADC reading to Voltage

* The ADC reports a ratio-metric value. This means that the ADC assumes 5V 1s 1023 (or 255 in
case of 8 bits) and anything less than 5V will be a ratio between 5V and 1023.

(V'n _ V_)

Z#Ofbits —1 . ADCreading L
Vvt —-V-

Vvt —vV- Vg — V-

* V" 1s the upper reference

- ADCreading — (Z#Ofbits_l)

* V- i1s the lower reference
* Vin 1s the mput voltage
* ADCreading 1s the A2D output result in decimal

* Analog to digital conversions are dependent on the system voltage. Because we predominantly use
the 10-bit ADC of the PIC on a 5V system, we can simplify this equation slightly:

Vin

ADCreqaing = 1023
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ADC-reading to voltage conversion and vice-versa

* On the other side, 1f we have the read value from the PIC and we need
to figure out what 1s the mput voltage, the following equation can be
used

V. — (V+ _ V_) X ADCreading V-
in — (Z#Ofbits_l) +

with
0 < ADCreqging < 27%0/Ps —1

Vo<V, <Vt
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Test your knowledge

Week 9, Lecture 15/ A/D conversion Microcontroller Systems |

1.

)

N

Calculate the ADC reading of a 3V input on a 4bit A2D having 4V Vref*uz‘-
OV Vref.

Calculate the ADC reading of a 3V input on a 4bit A2D having 2V Vref™ and
OV Vref.

. Calculate the ADC reading of a 3V input on a 4bit A2D having 2V Vref™ and

-2V Vreft.

Calculate the voltage from a sensor when the AD reading of 50 1s captured
on the output of a 10bit A2D converter with Vref™ = 3 and Vref=2

Calculate the voltage from a sensor when the AD reading of 4095 1s captured
on the output of a 12bit A2D converter with Vref™ = 3 and Vref=0.

A 10-bit ADC has Vref+ =4, and Vref- = 1, the converted decimal value 1s
230. What would be the input voltage ?




Lecture 16 / LO4
L.LCD




Week 9, Lecture 16/ ]

LCD

* An LCD character display 1s a unique type
of display that can only output individual
ASCII characters with fixed size.

* The LCD 1s controlled by a microcontroller
HD44780 from Hitachi.

* Closer look at the display we can notice that
there are small rectangular areas composed
of 5x8 pixels grid. Each pixel can light up
individually, and generates characters
within each grid.
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Week 9, Lecture 16/ LCD

LCD

Higher
Lowi%?ilt nooof{oolojo0il|0ioo(olol|0il0|ol1l)j10i0f1011 (1100)1101(1110]1111
1
wooonon || "R mene | ed e B B
ASCII TABLE =1
Decimal Hex Char Decimal Hex Char |Decimal Hex Char |Decimal Hex Char NN SESSES | ESSER 6 o
0 0 [NULL] 32 20  [SPACE] |64 40 @ 96 60 T
1 1 [START OF HEADING] 33 21 ! 65 41 A 97 61 a wox00LL | g o e e [
2 2 [START OF TEXT] 34 22 " 66 42 B 98 62 b S {51 S AR ERRH AN
3 3 [END OF TEXT] 35 23 # 67 43 C 99 63 ¢ rooox0100 oS R e
4 4 [END OF TRANSMISSION] | 36 24 % 68 44 D 100 64 d R— ilh
5 5 [ENQUIRY] 37 25 % 69 45 E 101 65 e
6 6 [ACKNOWLEDGE] 38 26 & 70 46 F 102 66  f wocntol ||
7 7 [BELL] 39 27 71 47 G 103 67 g
8 8 [BACKSPACE] 40 28 | 72 48 H 104 68 h oLl
9 9 [HORIZONTAL TAB] 41 29 ) 73 49 [ 105 69 i —_—
10 A [LINE FEED] 42 2A * 74 4A ] 106 B6A j
11 B [VERTICAL TAB] 43 2B+ 75 48 K 107 6Bk wsexxD111
12 C [FORM FEED] 44 2c 76 4 L 108 6C | ]
13 D [CARRIAGE RETURN] 45 2D - 77 4D M 109 6D m
14 E [SHIFT OUT] 46 2B . 78 4E N 110 6E n o0l
15 F [SHIFT IN] 47 2F 79 4F o 111 6F o
16 10 [DATA LINK ESCAPE] 48 30 0 80 50 P 112 70 p wsexx 001
17 11 [DEVICE CONTROL 1] 49 31 1 81 51 Q 113 71 q s
18 12 [DEVICE CONTROL 2] 50 32 2 82 52 R 114 72 r Ee | B[R e | B e
19 13 [DEVICE CONTROL 3] 51 33 3 83 53 s 115 73 s o000 | RE B e ® g e | e || andee | aneet 5 B8 | T
20 14 [DEVICE CONTROL 4] 52 34 4 84 54 T 116 74t g | e el
21 15 [NEGATIVE ACKNOWLEDGE] | 53 35 5 85 55 u 117 75 u sooex 011 o e e R e PR
22 16 [SYNCHRONQUS IDLE] 54 36 6 86 56 v 118 76 v B e e e -
23 17 [ENG OF TRANS. BLOCK] | 55 37 7 87 57 w 119 77w S
24 18  [CANCEL] 56 38 8 88 58 X 120 78 x ooxl100 | ||
25 19 [END OF MEDIUM] 57 39 9 89 59 Y 121 79y e
26 1A [SUBSTITUTE] 58 37 90 5A Z 122 m oz coeoxl 101
27 1B [ESCAPE] 59 3B 91 58 [ 123 7B { iz
28 1C  [FILE SEPARATOR] 60 3¢ < 92 5\ 124 7C |
29 1D [GROUP SEPARATOR] 61 3D = 93 5D 1 125 7D} oo 110 | | e R
30 1E  [RECORD SEPARATOR] 62 3E > 94 5E ~ 126 7JE  ~ S
31 1F  [UNIT SEPARATOR] 63 3F 2 95 5F 127 7F  [DEL] ookl 11]
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LCD

* The number of the rectangular areas define the size of the LCD.

* The most popular LCD 1s the 16x2 LCD, which has two rows with 16 rectangular areas or
characters.

* There are other sizes like 8x1, 8x2, 16x1, 16x4, 20x4, 40x4 and so on, but they all work
on the same principle. Also, these LCDs can have different background and text color.

-1} cdefahidk lmnorars
F RECDEFGHIJK LlHHFI'F‘ L
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LCD

LCD Pinout
* It has 16 pins and the first one

from left to right is the Ground S oy
. G‘é CCK X %Q\‘a'%\'e‘ (\\e)
pin. N @@;@@& 2O
. : 25 S
* The second pin is the VCC which o & 0

QO
D0-D7 (data pins) P,\°°@@
o[1[o]oo|ojo[1] | ¥

we connect the 5 volts pin on the
Arduino Board.

* Next 1s the Vo pin on which we
can attach a potentiometer for
controlling the contrast of the
display.
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LCD

* RS pin or register select pin 1s used
for selecting whether we will send

commands or data to the LCD. S
. . . %‘0\35’ 0\\6\ 000'6 e o“
* For example 1if the RS pin 1s set on fxo 6\@\%‘1 o S
low state or zero volts, then we are o e
sending commands to the LCD like: | ﬁo D7 (data pins) & 6;@6
set the cursor to a specific location, ‘0|llolololo|o| IR

clear the display, turn off the display
and so on.

* And when RS pin 1s set on High state
or 5 volts we are sending data or
characters to the LCD.
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LCD

* R/W pin which selects the mode
whether we will read or write to

Q)
the LCD &%‘0@&\@ e \?&\
) . o Géo \‘b‘l oeﬁ \@)
* Here the write mode is obvious & g‘@ %&:%\3“
and 1t 1s used for writing or o ®

3¢
DO D7 (data pins) »'\® Cb,&o
o/1/olofolo|o|1] | s

sending commands and data to the
LCD.

* The read mode 1s used to read the
CGRAM and the busy flag
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LCD

 E pin enables the writing to the
registers, or the next 8 data pins from
DO to D7.

* So through this pins we are sending
the 8 bits data when we are writing to
the registers or for example 1f we
want to see the letter uppercase A on
the display we will send 0100 0001
to the registers according to the
ASCII table.

9
» e
00D
é.o qo\“ 0‘0 e‘o\)
SO0 w1 e

\10 6\3 )

\lokg\‘e &&0‘5‘0\&

Q\ﬁ‘ 0’0% )
¢\ $¥
D0-D7 (data pins) »'\® @z@“

o|1[o[oloo[o[1] | ¥

®
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LCD

* LED Backlight (4 and K) pins
that are used to turn on and off the

LED backlight. Dy
: : (& o e
e A resistor should be connected in 6“3030\@%3::2&;;:@
. N
series to protect the LED. The O o
1 f ] 1 b » D0-D7 (data pins) P,@'o dg&o
value ot the resistor can be 1in a o[1]0l0jojoo]1] I ¥

range of 100 to 470 Ohm (when
supplied by a 5V source)
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LCD

* The HD44780 can receive data in either two 4-bit operations or one 8-bit operation, thus
allowing interfacing with 4- or 8-bit microcontroller.

* For 4-bit interface data, only four bus lines (DB4 to DB7) are used for transfer. Bus lines
DBO0 to DB3 are disabled. The data transfer between the HD44780U and the MPU 1s
completed after the 4-bit data has been transferred twice.

* As for the order of data transfer, the four high order bits (for 8-bit operation, DB4 to DB7)
are transferred before the four low order bits (for 8-bit oneration. DB0 to DB3).

MICROCONTROLLER MICROCONTROLLER
UNIT UNIT

LCD : 4 BIT MODE LCD : 8 BIT MODE
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LCD

Writing Instruction

* A set of instructions of the HD44780 are
listed in the table on the right.

* For example LCD is cleared by sending
B’00000001° while RS and RW are zeros.

* Notice the bold “1” in every instruction; this
represents the select bit of the HD44780
internal register.

BIT name Settings

I/D 0 = Decrement cursor position |1 = Increment cursor position
S 0 = No display shift 1 = Display shift
D 0 = Display off 1 = Display on
C 0 = Cursor off 1 = Cursor on
B 0 = Cursor blink off 1 = Cursor blink on

S/C 0 = Move cursor 1 = Shift display

R/L |0 = Shift left 1 = Shift right

DL 0 = 4-BIT interface 1 = 8-BIT interface
N 0=1/8 or 1/11 Duty (1 line) |1 =1/16 Duty (2 lines)
F 0 = 5x7 dots 1 = 5x10 dots

BF 0 = Can accept instruction 1 = Internal operation in progress

. Code ..
Instruction Description
RS|R/W|DB7|DB6 |DB5|DB4 | DB3 | DB2 | DB1|DB0
. Clears display and returns cursor to the home
Cl displ o o 0 0 0 0 0 0 0 .
ear cispay 1 position (address 0).

Returns cursor to home position (address 0). Also

Cursor home 0 0 0 0 0 0 0 0 1 * |returns display being shifted to the original position.
DDRAM contents remains unchanged.
Sets cursor move direction (I/D), specifies to shift

Entry mode set 0 0 0 0 0 0 0 1 | /D | S |the display (S). These operations are performed
during data read/write.

Display On/Off Sets On/Off of all display (D), cursor On/Off (C)

D B . o

control 0 0 L 2 2 z 1 < and blink of cursor position character (B).
Sets cursor-move or display-shift (S/C), shift

Cursor/display shift | 0 | 0 0 0 0 1 [SIC|RL| * * |direction (R/L). DDRAM contents remains
unchanged.

. Sets interface data length (DL), number of display
* *

Function set 0 0 0 0 1 |DL| N F line (N) and character font(F).

Set CGRAM address | 0 0 0 1 CGRAM address Sets .the CGRAM addrc?ss. CGRAM data is sent and
received after this setting.

Set DDRAM address | 0 0 1 DDRAM address Sets .the DDRAM addr.ess. DDRAM data is sent and
received after this setting.
Reads Busy-flag (BF) indicating internal operation

Read busy-flag and ol 1 |BF CGRAM / DDRAM address is being performed and reads CGRAM or DDRAM

address counter address counter contents (depending on previous
instruction).

Write to CGRAM or . .

t t.

DDRAM 1 0 write data Writes data to CGRAM or DDRAM.

Read from CGRAM

or DDRAM 1 1 read data Reads data from CGRAM or DDRAM.
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LCD

Writing Instruction

Clear Display

Clear display writes space code 20H (character pattern for character code 20H must be a blank pattern) into all
DDRAM addresses. It then sets DDRAM address 0 into the address counter, and returns the display to its original
status if it was shifted. In other words, the display disappears and the cursor goes to the left display edge

Return Home

Return home sets DDRAM address 0 into the address counter, and returns the display to its original status if it was
shifted. The DDRAM contents do not change. The cursor goes to the left display edge.

Entry Mode Set

I/D: Increments (I/D = 1) or decrements (I/D = 0) the DDRAM address by one when a character code is written into
or read from DDRAM. The cursor moves to the right when incremented by one and to the left when decremented by
one. The same applies to writing and reading of CGRAM.

S: Shifts the entire display either to the right (I/D = 0) or to the left (I/D = 1) when S is 1. The display does not shift if
Sis 0. If Sis 1, it will seem as if the cursor does not move but the display does. The display does not shift when
reading from DDRAM. Also, writing into or reading out from CGRAM does not shift the display.
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LCD

Writing Instruction

Display On/Off Control

D: The display 1s on when D 1s 1 and OFF when D is 0. When off, the display data remains in DDRAM, but can be
displayed instantly by setting D to 1.

C: The cursor is displayed when C is 1 and not displayed when C 1s 0. Even if the cursor disappears, the function of
I/D or other specifications will not change during display data write. The cursor is displayed using 5 dots in the 8th
line for 5x8-dot character font selection and in the 11th line for the 5x10-dot character font selection.

B: The character indicated by the cursor blinks when B is 1. The blinking is displayed as switching between all blank
dots and displayed characters. The cursor and blinking can be set to display simultaneously.

Cursor or Display Shift

Cursor or display shift shifts the cursor position or display to the right or left without writing or reading display data.
This function is used to correct or search the display. In a 2-line display, the cursor moves to the second line when it
passes the 40th digit of the first line. Note that the first and second line displays will shift at the same time.

When the displayed data is shifted repeatedly each line moves only horizontally. The second line display does not
shift into the first line position. The address counter (AC) contents will not change if the only action performed is a
display shift.
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LCD

Writing Instruction

 Function Set

* DL: Sets the interface data length. Data is sent or received in 8-bit lengths (DB7 to DB0) when DL is 1, and in 4-bit
lengths (DB7 to DB4) when DL is 0. When 4-bit length is selected, data must be sent or received twice.

* N: Sets the number of display lines.

* F: Sets the character font.
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Lowergbit oooo||o0i0f0o0ll|0lo0f0101(0110f0111(j10i0j1011)1100)1101{1110(1111

Writing Data bis

* The HD44780 has an internal Character Generator ROM CGROM that saves all — o | F
ASCII characters. '

* The CGROM generates 5x8 dot or 5x10 dot character patterns from 8-bit character x £ A P o 8 e o

=xxx010

codes as shown in the Table. B e e e e
-+ It can generate 208 “5x8” dots character patterns and 32 “5x10” dots character o ::_ SETa = FFa

patterns. A e e e

N || mmmng | & £ wamnE | w""n | Te

* To display the character “A” for example, you have to send B’01000001° to the LCD [ x P o )
port while RS is 1 and R/W is 0. Notice that transforming every character to binary T AT

code is very difficult especially if you want to write a phrase on the LCD. i R

w1001

 Display data RAM (DDRAM) stores display data represented in 8-bit character codes. i i s

uin! H . H Ela "a[E wf "F|TmE"
#xxx 1010 R R a2 " = EfE BiEa" = | R

Its extended capacity is 80x8 bits, or 80 characters. The area in display data RAM T S 1
(DDRAM) that is not used for display can be used as general data RAM. S e i o i it e co s A

LED 0 1 2 3 4 5 8 7 8 9 10 11 12 13 14 15 ¢+ AT s B T (e | ® g | e e R g
2*16 oo 101 11| |

[00 [01] 02 [05 [04 |05 [06 [ 07 [ 6 [05] 0A |08 [0G [ 0D [0E | 0F o || g | R

(40 41| 42 | 43 | 44 | 45 ] 46 | 47 | 48 | 49 | 4A | 4B |4C | 4D | 4E | 4F | B e e e el
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LCD

LCD Initialization

* Before being able to receive
instruction and data, the LCD
needs to be initialized to the
appropriate mode of function.
We have mentioned that the
HD44780 controller is available
for almost all sizes of LCD;
therefore, you have to tell the
HD44780 that the character type

1S “5x7” or “5x10”, the number

of display lines is 1, 2 or 4, and
the control mode is 4-bit or 8-bit.

Power on ]

Wait for more than 15 ms
after Voo rises to 4.5V

Il/ Wait for more than 40 ms \I

\ after Ve rises to 2.7 V /

FPower on

Wait for more than 15 ms
after Vpgrisesto 45V

RS RAVDB7 DBE DBSDB4 DB3DB2DB1DB0
o0 o0 0 1 1 = * = =

Wait for more than 4.1 ms

[ | BF cannot be checked before this instruction.

Function set (Interface is & bits long.)

RS RAWDBT DB6DB5DB4
o0 0 0 11

RS RAWDB7 DBEE DBS DB4 DB3 DB2 DB10B0
00 0 0 1 1 = x = =

Wait for more than 100 ps

Wait for more than 4.1 ms

[ | BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

RS RAVDB7 DB6 DB5DB4
00 0 0 11

Wait for more than 100 us

RS RANDBT DB6 DBS DB4 DB3 DB2 DB1DB0
00 0 0 1 1 = x = =

RS RWDB7 DBE DB5 DB4 DB3 DB2 DB1DB0
o 0 0 0 1 1 N F = =
0 0 0 0 0 0 1 0 00O
0 0 0 0 0 0 0 0 o0 1
0 00 0 0 0 0 1T WV S

|

Initialization ends

[ | BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

RS RAVDB7 DBSDB5DB4
00 0 0 1 1

BF can be checked after the following instructions.
When BF is not checked, the waiting time between
instructions is longer than the execution instuction
time.

Function set (Interface is 8 bits long. Specify the
number of display lines and character font.)

The number of display lines and character font
cannot be changed after this point.

Display off
Display clear

Entry mode set

RS RAVDB7DBSDB5DB4
00 0 0 1 0
00 0 0 10
0 0N F * =
00 0 0 0 0
0 0o 1 0 0 0
00 0 0 0 0
00 0 0 0 1
00 0 0 0 0
0 0 0 11D S

'

Initialization ends

{

‘ Wait for more than 40 ms |
| after Vggrisesto 2.7V

[ | BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

[ | BF cannot be checked before this instruction.

Function set (Interface is 8 bits long.)

[ | BF cannot be checked before this instruction

Function set (Interface is 8 bits long.)

BF can be checked after the following instructions.
When BF is not checked, the waiting time between
instructions is longer than the execution instuction
time

Function set (Set interface to be 4 bits long.)
Interface is 8 bits in length.

Function set (Interface is 4 bits long. Specify the
number of display lines and character font.)

The number of display lines and character font
cannot be changed after this point.

Display off
Display clear

Entry mode set

8-bit mode initialization steps

4-bit mode initialization steps
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Activity 16 : Writing msg on LCD

In this activity, we are interested in writing a message on the LCD. In order to reduce the connection complexity, the
LCD is interfaced in 4 bit mode. i.e., 6 lines are only required from the PIC (RS, E, D4...D7). The R/W line will be

grounded as the LCD required to write only.

A potentiometer of 1k to 10k is required to be connected
on VEE line to define the contract of the LCD.

In Proteus, the backlight pins (A, K) are not available. In
case of hardware implementation, these pins should be
connected to VCC though a 200-300 ohm resistor (Same
as LED connection)

U1

RE3/MCLRNVPP RCOM1OSO/T1CKI

RC1/T10SI/CCP2
RAO/ANO/ULPWU/C12INO- RC2/P1A/CCP1
RA1/ANT/C12IN1- RC3/SCK/SCL
RA2/AN2NVREF-[CVREF/C2IN+ RC4/SDI/SDA

Py (o= [ (25 [45] [9%] (4] [95]
[==] [7s] [s'=] Rut] [a3] [d5] PN (]

LCD1
LMO16L

RV1

50%

b =] [=2] oJI\JI\JlI\JlI\JI\JI\J—\ (%] (W] (%] [0%) F8 >
= (=] [{a] [os) Ea] [ )W) B ] [du] (2] [Sa] B [4%] (=] (] [a3] [34]

RA3/AN3VREF+C1IN+ RC5/SDO
RA4/TOCKI/C10UT RCB/TX/CK
RAS/AN4/SS/C20UT RC7/RX/DT
RAB/0SC2/CLKOUT
RA7/OSC1/CLKIN RDO
RD1
RBO/AN12/INT RD2
RB1/AN10/C12IN3- RD3
RB2/ANS RD4
RB3/AN9/PGM/C12IN2- RDS/P1B
RB4ANT! ___ RD6/P1C
RB5/AN13/T1G RD7/P1D ——
RB6/ICSPCLK
RB7/ICSPDAT REO/ANS
RE1/AN6
RE2/AN7

PIC16F887
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Activity 15 : Writing msg on LCD

28 Al EQU 0X70 . . . : :
°  First, the variables are declared and the pins are 74 ~ LCP_BEGIN:
29 A2 EQU 0X71 75 BCF E
30 A3 EQU 0X72 defines. 76 BCF RS
31 LCD_TEMP EQU 0X73 . : 77 CALL DELAY 20MS ; WAIT 20 MS
— . — "
- The main code includes the steps to be i ould 001100008 ' emo oxs
= #idefine RS RDO repeated. Display messages, wait, display 79 CALL  LCD_4H
34 #define E RDI1 th d .t 20 CALL FETCH_CMD
35 i#define D4 RD2 another msg and wait... 81 CALL  DELAY 4500US
36 define D5 RD3 : SRS R : .
fidefine e The LCD BEGIN is the initialization function @2 MOVLW 001100008 ; SEND 0X3
37 #define D6 RD4 . — . . 23 CALL LCD 4H
38 #define D7 RDS required to setup the LCD in 4 bits mode. These &, CALL  FETCH oMD
steps are to be respected as recommended by 85 CALL  DELRY_4500US
) ] 86 MOVLW  00110000B ; SEND 0X3
Hitachi 87 CALL  LCD_4H
ss MATN - &8 CALL  FETCH CMD
‘e CALL CETUP 89 CALL  DELAY 150US
o 30 MOVLW  00100000B ; SEND 0X2
47 CALL LCD BEGIN ; initialize the LCD
y REPEAT: = 91 CALL  LCD_4H
49 caLL LCD CLEAR ; cl lecd i CALL = FETCH HD
- poeress tee 93 MOVLW 001010008 ; SEND 0X28
=0 CALL LCD_LIN1 ; focus on line 1 94 CALL  LCD_CMD ; 2 LINES 4-BIT INTERFACE
& CALL ~ MsGL ; print mgs 1 95 MOVLW 000010008 ; DISPLAY OFF
52 96 CALL  LCD_CMD
24 CALL MSG2 ; print msg 2 98 MOVLW 00001100B ; DISPLAY ON, NO CURSOR
55 CALL DELAY 28 ; and wait 2= 99 CALL LCD_CMD
36 100 MOVLW 00000110B ; AUTO INCREMENT
57 CALL LCD_CLEAR ; c¢lear again 101 CALL LCD_CMD
58 CALL LCD_LIN1 ; focus on the line 102 RETURN
59 CALL MSG3 ; and print another msg
60 CALL DELAY 28S ; for 2s 379

6l GOTO REPEAT




Week 9, Lecture |

Activity 15 : Writing msg on LCD

« LCD CMD is the function that sends commands to the LCD 104)  LCD_4H:
- . . 105 MOVWE LCD_TEMP ; save to temporary register
« LCD WRITE is used to write data on LCD 106 BCF D4 ; clear lines first
» These functions fetch the higher and lower nibbles to the ﬁ; 22:: EZ
LCD iIl order 109 BCF D7
136 LCD CMD - 152 FETCH CMD: 110 BTFSC LCD_TEMP, 7 ; check the bit and place
- ) 153 BCF RS ; RS = 0 => INSTRUCTION 111 BSF D7 i its wvalue on the pin
137 CALL LCD—4H 154 BSF E 112 BTFSC LCD_TEM.'P, 6
138 CALL FETCH_ CMD 155 NOP 113 BSF D6
139 CALL LCD_ 4L 156 NOP 114 BTFSC LCD_TEMP, 5
140 CALL  FETCH CMD o R 115 BSF D5
141 CALL  DELAY 2000US s tie BTFSC ~ LCD_TEMP, 4
142 BRETUEN 160 FETCH DATA: 117 BSF D4
143 lel BEF RS ; RS = 1 => DATA Lt RETURN
119
162 BSF E
144 LCD_WRITE: e Nop 120 LCD_4L:
145 CALL LCD_4H 164 NOP 121 MOVWF  LCD_TEMP
146 CALL FETCH DATA 165 BCF E 122 BCF D4
147 CALL LCD 4L 166 RETURN 123 BCF D5
- 124 BCF D6
148 CALL FETCH_DATA 125 BCF D7
145 CALL DELAY_E ooQus 126 BTFSC LCD TEMP, 3
150 RETURN 127 BSF D7
128 BTFSC LCD_TEMP, 2
. 128 BSF D6
* LCD 4H and 4L are the functions that reads the data to be sent to 15 mrFsc 1 TEMP, 1
the LCD and places them on the selected pins D4...D7. these are 131 BSF DS
created so that user can modify the lcd-pic pin connection easil =2 i
u y p p Y' 133 BSF D4

134 RETURN
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Activity 15 : Writing msg on LCD |

* 4 important functions are designed to easily clear the lcd, focus on linel, or line 2 and to return home.

168 LCD_CLE.H.R:
169 MOVLW 00000001B 292 MSG3:
170 CALL LCD_CMD 293 MOVIW  'E’
171 RETURN 294 CALL LCD_WRITE
172 295 MOVLW "L
173 LCD_HOME: 296 CALL LCD_WRITE
174 MOVLW 00000010B _. MOV .
175 CALL LCD CMD

- 298 CALL LCD WRITE
176 RETUEN -_
177 299 MOVLW 137
178 LCD LIN1: 300 CALL LCD_WRI TE
175 MOVLW 10000000B ; ADDRESS 0X0 OF DDRaAM 301 MOVLW '
180 CALL LCD_CMD 302 CALL LCD WRITE
181 RETURN 303 MOVLW  '1°
182 304 CALL LCD WRITE
183 LCD_LIHZ: ‘4 1_
154 MOVLW 11000000B ; ADDRESS 0X40 OF DDRaAM 305 W
e CALL LeD_cMD 306 CALL LCD_WRITE
186 RETURN 307 RETUEN

* Finally, writing msg on LCD i1s simply done by calling the LCD WRITE while placing ASCII value on W
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Activity 15 : Writing msg on LCD

* Tools Required
1. Breadboard x1
Multimeter x 1
PIC programmer
Power supply 5V
Breadboard wires (male-male)

A

* Required components:
1. PIC 16F887
2. Resistor from 100 to 330 x 1 (for the lcd back light)
3. LCD 16 characters 2 lines x1
4. Potentiometer 10k
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Week 10, Lecture 17/ A/D in C with sensc

Activity 16C : A2D with LCD and Sensor

* In this activity we will connect a temperature sensor to the PIC, read its analog value, convert it
into a digital form and display its value on the LCD. Also a piezo buzzer will be added to
generate alarm if temperature 1s above certain limat.

* The temperature sensor to be used 1s the LM35, linear sensor with 10mV/C

1 uz2
[] R1
4k
U1 v—|N|m| <|wjo rxlco cnlolv- o=
[ 320 | . & bk b
e o —— RE3/MCLRVPP RCO/T10SOM1CKI =
2 2 RC1/T10SIICCP2 f—=
e VOuT Lt 5 RAUANO/ULPWU/C12INO-  RC2PIAICCP1 [—= LI
——| RAT/AN/C12IN1- RC3/SCKISCL [—= —
: ——{ RA2/AN2/VREF-/CVREF/C2IN+ RC4/SDI/SDA 5=
4 R2 e = RAJ/AN3IVREF+/C1IN+ RC5/SDO [—5=
——{ RA4/TOCKIC10UT RCB/TX/CK [—5%
1k 1| RASIAN4/SS/C20UT RC7/RX/DT ==
<3 RAGIOSC2/CLKOUT 1
—=— RA7/OSC1/CLKIN RDO f—=
2 = 33 RD1 21
o 7| RBOAN12/INT RD2 =55
52— RBU/AN10/C12IN3- RD3 [—5=
55— RB2/ANS RD4 [—5=
— 35— RB3/ANY/PGM/C12IN2- RDS5/P1B [—5¢ S
T RB4/AN11 RD6/P1C —5-5' /
S5—| RBS/AN13T1G RD7/P1D |—=
o RBE/ICSPCLK 8 -
—— RB7/ICSPDAT REO/ANS [—=— N
REVANG [—75 | SOUNDER
RE2/AN7 |—
PIC16F887
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Activity 16C : A2D with LCD and Sensor

~ * Let’s start first by meeting our devices.

LM35

The LM35 is a cheap temperature sensor, which can be used to measure ambient temperature.
The LM35 looks like a transistor but it is in fact an integrated circuit, with an output voltage linearly proportional to the
Centigrade temperature.

Features 1500 1
* Calibrated directly in ° Celsius (Centigrade) 1250 A
e Linear+ 10.0 mV/°C scale factor 1000 -

* 0.5°C accuracy (at +25°C)

» Rated for full —=55° to +150°C range
* Operates from 4 to 20 volts

* Output impedance 0.5 ohm

* (Can source current up to 10 mA

750 -

500 -

250

Output voltage (mV)

0 -

—250 -

—500 -

T T T T T T T T T
=50 =25 0 25 50 75 100 125 150
Temperature (°C)
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Activity 16C : A2D with LCD and Sensor

» Let’s start first by meeting our devices.

LM35

Converting the LM35 output voltage into temperature
The output scale factor of the LM35 1s 10 mV/°C. for example, it provides
an output voltage of 250 mV at 25°C... or 1V at 100°C 15007

1250 -

To convert the output voltage of the sensor into the temperature in 1000 -
degree Celsius, the following formula is used
Temperature (°C) =V,yr/ 10

750 -

500 -

250

Output voltage (mV)

with Vy,r in millivolt (mV).
So if the output of the sensor is 750 mV, the temperature is
75°C

—250 -

—500 -

T T T T T T T T T
=50 =25 0 25 50 75 100 125 150
Temperature (°C)

387




Week 10, Lecture 17/ A/D in C with sensor and LCD

Activity 16C : A2D with LCD and Sensor

* Let’s start first by meeting our devices.

Piezo buzzer e

500Hz

W1

* A piezoelectric buzzer is a loudspeaker that uses the MM—'{ = J

piezoelectric effect for generating sound. AL

* The initial mechanical motion is created by applying a
voltage to a piezoelectric material, and this motion is
typically converted into audible sound using diaphragms
and resonators.

* Compared to other speaker designs piezoelectric speakers
are relatively easy to drive; for example they can be
connected directly to TTL outputs, although more
complex drivers can give greater sound intensity.

* Typically they operate well in the range of 1 - SkHz and
up to 100kHz in ultrasound applications

) B
e

b




Week 10, Lecture

Activity 16C : A2D with LCD and Sensor

* Circuit / Coding design

LM35 Vref+ 5V_ —>1?:2311,1111,1111

Assuming that the A2D references are 0 and 5 volts

For a temperature range from 0 to 100 °C, the LM35 output
voltage ranges from 0 to 1V.

It can be seen that only 1/5 of the A2D scale 1s used.

1.e., the full range of temperature is translated in 205steps
only. Which means we are loosing resolution of reading.

__ Range not used

TTHITIIrT eI r— " — "= rrri

The resolution 1s 100/205 = 0.5 L35 outout : :
Means that the PIC can recognize 0.5 Temp = 100 °C v a: 205

degree step changes only. Only 1/5 of the

. scale is used

Temp = 0°C ov Vref- OV - 00,0000,0000
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Activity 16C : A2D with LCD and Sensor

* Circuit / Coding design

LM35 output
1V Vref+ 1V

LLM35 Temp =100 °C ) _ ] 1
Changing the Vref+ to 1V, assures that the full : : ;
range of temperature 1s having 1024 different
outputs.

N
w

11,111,111

The resolution now is 100/1024 = 0.1

Means that the PIC is able to recognize a variation [ - - g
of 0.1 degree which is 5x more better that the [ : F —
previous case : - i -

T e —  — = rmrm

Full range used

1V [ -205

Temp = 0°C o : :
P Vref- OV > 0 00,0000,0000
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Activity 16C : A2D with LCD and Sensor

* Circuit / Coding design

Designing the 1V ref voltage

The PIC circuit is supplied by a Sv source.

Usually, when designing a circuit, we don’t use different power source of different
voltages.

We use the main voltage and we design converters to satisfy the circuit needs.

A voltage divider made of two resistors is the simplest solution to provide 1V output.

e Vin=5

* Vout = 1V (the desired voltage)

* 2 resistors are to be calculated to get Vout =1 (we assume one and calculate the
second)

The voltage divider equation is

R,

Voue = —2 v, 5 R, = Ry (2 — 1) = 4,
Ri +R, Vout

For R2 = 1k, R1 =4k

+5

R1
4k

®

VOUT
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Activity 16C : A2D with LCD and Sensor

ADRESH

* Circuit / Coding design

A2D conversion in C in 10bits

The first part in coding is to read the 10bit AD
result.

To do that, we configure ADCONO and start the
conversion using the GO bit. The result will be
available in ADRESH and ADRESL.

To merge them in one variable, an unsigned
integer “digital value” is created

54 [ unsigned int READ_ANO() {

55 ADCONO = 0b01000001;

56 _delay (20) ;

57 GO = 1;

58 while (GO);

59 unsigned int digital_walue = (unsigned int) (((ADRESH) << 8) | ADRESL) ;
60 digital value = digital value >> 6;

6l return digital value;

62 -}

J—

Step 1:
Variable
created

—

Step 2: _J
ADRESH
moved to —
digital value

Step 3:
Shifted left 8
steps

Step 4:
ADRESL is
concatenated in
digital value

Step 5:
Shifted right
6 steps

ADRESL

X

X

X XIX XXX

X

X

|

|

digital value (unsigned int = 16 bit)

ADRESH

X

X

X

X

X

X

digital value = ADRESH

ADRESH

XX

X XXX

X

digital value = digital value <<8

ADRESH

ADRESL

XX

XX XX

X

X

X

digital value = digital value | ADRESL

X

X

X

X

X

X

X

digital value = digital value >> 6
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Activity 16C : A2D with LCD and Sensor

* Circuit / Coding design

Main code

e The main code includes the setup of I/O pins, and
the setup of the LCD.

* A welcome message is first displayed for 2s.

* In the while loop, the temperature is read
(ANO_value has the raw value of reading). Then
this value is converted into float to be suitable for
the mathematical operations.

* Integer to Ascii (itoa) is used to convert the
temperature value into a set of characters saved in
“phrase” ready to be sent to the LCD.

* An “if condition” is used to compare the
temperature to 40

64
63
66
67
68
69
10
71
12
13
T4
15
16
17
18
19
80
81
B2
B3
54
B5
BG
87

] woid main(wvoid) {
setup () ;
led begin() ;

led clear();

led print(linel, (char*) "I love Micro :)");
1cd_printtlin32, (char*) "-————-—-——————— "y ;
__delay ms=(2000);
while (1) {

ANO wvalue = READ ANO() ;

float temperature = (float) ANO wvalue * 100 / 1023;

itoa (phrase, 10) ;
led clear();
led print(linel,

(int) temperature,

(char*)
led print(linel + 9, phrase);

(char*)

"Temp is:");

led print(linel + 11, "a™) ;
if (temperature > 40) {

lcd_printtlinEE, {(char*) "Hot");
buzz () ;
} else led print(line2,

__delay ms(100);

{char*) "Cold");
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* Circuit / Coding design

(itoa) 1s a function available 1n stdlib; thus
needs to be included.

The buzz function is designed to generate
pulses to the piezo buzzer. The signal has a
period of 200us (5000Hz) generated for =
2000 x 100us = 0.2s

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52

L #include "stdlib.h"

unsigned int ANO wvalue;

char phrase[7];

#define buzzer RD7

}

] void setup() {

PORTD = 0; // eclear port

PORTC = 0Q;

PORTA = 0Q;

OSCCON = 0b01100000; // =select 4MHz c=cillator
TRISC = 0bO0O0OOQO0; // and a=s out

TRISD = 000000000 ;

ADCON1 = 0bO0010000;
ANSO = 1;
TRISAD = 1;

] void buzz () {

for (int i = 0; i < 2000; i++) {
buzzer = !buzzer;
__delay us(100);
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Activity 16C : A2D with LCD and Sensor

 Circuit / Coding design 1|  #define RS RDO
2 #define EN RD1
3 #define D4 RD2
The LCD functions are already placed in a header file and included ¢  #define DS RD3
Il . f.l 5 #define D6 RD4
tOt € main nie 6 #define D7 RDS
24 #define XTAL FREQ 4000000 7 const char linel = 0b10000000;
25 $include <xc.h> 8 const char line2 = 0b11000000;
26 [E #include "LigquidCrystal.h" g const char line3d = 0b10010100;
27 $include "stdlib.h" 10 const char lined = 0b11010100;
11

. . . 12 unsigned char LCD_PORT_ TEMP;
First the pins are declared and the functions prototype are defined 13| void send to port (void) ;
14 void led char (char) ;
The functions are similar to the one discussed in assembly 15  void lecd cmd(char) ;
16 void led print(char,char *);
17 void led nib(char);
15 void led clear (veoid) ;

16 veid led begin(veid) ;
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Test your knowledge

Week 10, Lecture 17/ A/D in C with sensor and LCD Microcontroller Systems

What 1s the role of itoa in C code

Design a voltage divider circuit in order to have an output voltage of 2.3V
from a source of 1000V

Check on the web the specs of the TMP36 and compare it to the LM35

1.
2.

What is the ¢

better to worl

What 1s the ¢

1fference between an NTC sensor and the LM35. Why 1t 1s
< with LM35 1n A2D conversion !

1fference between a piezo buzzer and a speaker
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USART
USART 1in TX mode




Week 10, Lecture

USART

The Universal Synchronous Asynchronous Receiver/Transmitter (USART) is a built-in hardware serial data transfer
module.

The synchronous mode is done via two communication lines. The first is for data transfer and the second is the clock
that determines the speed of communication.

In the asynchronous mode, data are transferred via one line only; the speed (bit rate) is already defined from the
transmitter and the receiver sides.

The asynchronous communication is mostly used to transfer data between PIC and PC.

When doing data communications, the condition of "0" and "1" out from the side of the sending must be able to be
recognized in the receiving side.
Asynchronous communication, starts by a START bit, then 8or 9 bits of data, then finished by a STOP bit.

B'01001011"
ARCH/

X

—| 1 1 0 1 0 0 1 0
{ .

| | -
T i } -
t

il - i - i - - - - -~

bito bit1 bit2 bit3 bitd bit5 bits Bit7
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Week 10, Lecture 18/ USART

USART

* In the asynchronous mode communication of USART, the RX port 1s used for receiving and the
TX port 1s used for the transmission, so, it 1s possible to send and receive at the same time.

* This type of communication is called Full duplex.

* The transmission 1s achieved based on a stopwatch running at the same devices. This will assure
that the devices are communicating at the same speed (same baud rate)

* The Baud rate refers to the total number of signal units transmitted in one second.

Q

Microcontroller
Computer
GPS
GSM modem
Bluetooth

X RX

Q

RX X

PIC microcontroller

GND
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USART (Asynchronous transmitter)

e The TX pin is multiplexed with RC6 (output
pin).

* The transmitter is managed by TXSTA register.

« When TXREG i1s loaded, the data 1s shifted to
the transmit shift register TSR and shifter
serially one by one (the least significant bit
first) with a start bit first and a stop bit at the

end.
 When data is fully sent, the TRMT flag bit is RCE/
raised. X

* The speed of pushing the data is managed by
the SPBRG clock generator.

User can also add the 9t bit (called parity bit)

In order to make the serial port active, the SPEN
bit should be enabled.
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Week 10, Lecture

USART (Asynchronous transmitter)

REGISTER 12-1: TXSTA: TRANSMIT STATUS AND CONTROL REGISTER

RW-0 RW-0 RW-0 RIW-0 RW-0 RW-0 R-1 RW-0
csRc | m™9 | TXeN® [ sSyNc | SENDB | BRGH | TRMT TX9D
bit 7 bit 0
bit 7 CSRC: Clock Source Select bit

Asynchronous mode: P I C
Don't care
Synchronous mode:
CSRC SYNC | SENDB | BRGH | TRMT | TX9D

1 = Master mode (clock generated internally from BRG)
Y A
TXREG LsB

0= Slave mode (clock from external source)

bit 6 TX9: 9-bit Transmit Enable bit
1 = Selects 9-bit transmission
0= Selects 8-bit transmission
bit 5 TXEN: Transmit Enable bit(!)
1 = Transmit enabled
0 = Transmit disabled
bit 4 SYNC: EUSART Mode Select bit
1 = Synchronous mode
0 = Asynchronous mode
bit 3 SENDB: Send Break Character bit
Asynchronous mode: clk| pa; -
ity
1 = Send Sync Break on next transmission (cleared by hardware upon completion) / - i o-p :rit I;S IQ

RC6/

0= Sync Break transmission completed SPBRG

Synchronous mode: t

Don't care TXEN

bit 2 BRGH: High Baud Rate Select bit <-—»| TX9
Asynchronous mode: TRMT
1 = High speed
0= Low speed RCSTA
Synchronous mode: X9

Unused in this mode D
bit 1 TRMT: Transmit Shift Register Status bit
1= TSR empty
0= TSRful
bit 0 TX9D: Ninth bit of Transmit Data 401
Can be address/data bit or a parity bit.
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USART (Asynchronous receiver)

* The RX pin 1s multiplexed with RC7 (input pin)

* The receiver is managed by the RCSTA register.

* When data is received serially, it is pushed into
the Receive Shift Register (RSR). when it is
full, the data in shifted to the RCREG and the
RCIF is raised.

RC7/
RX

 The speed of receive is also managed by the
SPBRG clock generator.
SPEN is used to enable the serial port.

NB: SPEN is used for both transmitter and
receiver. You cannot use the transmitter alone
and use RC7 is regular IO pins... same for the
receiver.

402




Week 10, Lecture

USART (Asynchronous receiver)

REGISTER 12-2: RCSTA: RECEIVE STATUS AND CONTROL REGISTER!")

RW-0 R/W-0 RAN-0 RAV-0 R/W-0 R-0 R-0 R-x
SPEN RX9 SREN CREN ADDEN FERR OERR RX9D
bit 7 bit 0
bit 7 SPEN: Serial Port Enable bit SPEN m CREN FERR | OERR | RX9D
1 = Senal port enabled (configures RX/DT and TX/CK pins as serial port pins)

0 = Senal port disabled (held in Reset)
bit 6 RX9: 9-bit Receive Enable bit

1= Selects 9-bit reception

0 = Selects 8-bit reception
bit 5 SREN: Single Receive Enable bit

Asynchronous mode:
Don't care

Synchronous mode — Master:
1 = Enables single receive -+—» RX9

0 = Disables single receive
This bit is cleared after reception is complete. PIR1
Synchronous mode — Slave
Don't care
bit 4 CREN: Continuous Receive Enable bit
Asynchronous mode:
1 = Enables receiver
0 = Disables receiver
Synchronous mode:
1= Enables continuous receive until enable bit CREN is cleared (CREN overrides SREN)
0 = Disables continuous receive
bit 3 ADDEN: Address Detect Enable bit
Asynchronous mode 9-bit (RX9 = 1):
1 = Enables address detection, enable interrupt and load the receive buffer when RSR<8> is set
0 = Disables address detection, all bytes are received and ninth bit can be used as parity bit
Asynchronous mode 8-bit (RX9 = o):
Den't care
bit 2 FERR: Framing Error bit
1 = Framing ermor (can be updated by reading RCREG register and receive next valid byte)
0= No framing error
bit 1 OERR: Overrun Error bit
1= Overrun error (can be cleared by clearing bit CREN)
0 = No overrun error
bit 0 RX9D: Ninth bit of Received Data 403
This can be address/data bit or a panty bit and must be calculated by user firmware.

S Rl i l"i’i{" «— 0 “Soe— -RRC)ZI

RCREG "

LSB MSB SPEN
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USART (bit rate configuration)

e The USART of the PIC16F887 1s an enhanced USART, means

1 that it has the ability to detect any Asynchronous data speed (baud
. rate).

* In this course, we are interested in having a fixed baud rate TKREG

configuration between the PIC and the connected device.

STA

CSRC | TX9 | TXEN | SYNC | SENDB | BRGH | TRMT | TX9D

LSB

\j Yy v

RC6/

"/i"c&w» . L ISRL L L ﬂ"’-“
* This is managed by the BAUDCTL baud control register. N
\4—» TX9 TRMT -
RCSTA
REGISTER 12-3: BAUDCTL: BAUD RATE CONTROL REGISTER o
R-0 R-1 uU-o RAW-0 R/W-0 U-0 R/W-0 R/W-0
ABDOVF RCIDL — SCKP BRG16 — WUE ABDEN
bit 7 bit 0

OERR | RX9D

RC7/

P o0 ~~oe«—(lD RX

* The Baud Rate Generator (BRG) 1s an 8-bit or 16-bit timer
that 1s dedicated to the support of both the asynchronous and
synchronous EUSART operation.

* By default, the BRG operates in 8-bit mode.

» Setting theBRG16 bit of the BAUDCTL register selects 16-bit
mode. 404

SPEN




USART (bit rate configuration)

TABLE 12-3:

Week 10, Lecture 18/ USART

The SPBRGH, SPBRG register pair
determines the period of the free running
baud rate timer.

In Asynchronous mode the multiplier of
the baud rate period is determined by both
the BRGH bit of the TXSTA register and
the BRG16 bit of the BAUDCTL register.

We can also use the table below to find out
the value of SPBRG based on our settings
For example, using a 4MHz oscillator, at
high speed bard rate, in 8 bit BRG, the
speed of 9600bit/sec is achieved by
loading SPBRG by 25

BAUD RATE FORMULAS

Configuration Bits

16-bit’/Asynchronous

BRG/EUSART Mode Baud Rate Formula
SYNC BRG16 BRGH
0 0 Q0 8-bit/Asynchronous Fosc/[64 (n+1)]
0 0 1 8-bit/Asynchronous

Fosci[16 (n+1)]

16-bit/Asynchronous

Foscl[4 (n+1)]

TABLE 12-5: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
SYNC =0,BRGH =1,BRG16=0
BAUD | Fosc = 4.000 I'-.r1Hz| Fosc = 3.6864 MHz Fosc = 2.000 MHz Fosc = 1.000 MHz
RATE | Actual % S oRC | Actual % S\':':I’L'feq Actual %  SORC | Actual % Sone
Rate Error (decimal) Rate Error (decimal) Rate Error (decimal) Rate Error (decimal)

300 — — — — — — — — — 300 0.16 207
1200 1202 0.16 207 1200 0.00 191 1202 0.16 103 1202 0.16 51
2400 2404 0.16 103 2400 0.00 95 2404 0.16 51 2404 0.16 25
9600 9615 0.16 9600 0.00 23 9615 0.16 12 — — —
10417 | 10417 0.00 23 10473 053 21 10417  0.00 11 10417 0.00 5
192k | 1923k 016 12 19.2k 0.00 11 — — — — — —
57.6k — — — 5760k 0.00 3 — — — — — —
1152k — — — 1152k 000 1 — — — — — —
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USART (bit rate configuration)

F TABLE 12-3: BAUD RATE FORMULAS
) Baud T'Clte — - Configuration Bits BRG/EUSART Mod Baud Rate F I
aud Rate Formula
16(SPBRG+1) SYNC BRG16 BRGH oce
0 0 0 8-bit/Asynchronous Fosc/[64 (n+1)]
F C ; : 8-bit/Asynch
N SPBRG — 0SC _ 0 0 1 |_ synchronous FosCI[16 (n+1)]
16Xbaud rate 0 1 0 16-bit/Asynchronous
0 1 1 16-bit/Asynchronous

Foscl[4 (n+1)]

* For example at 4Mhz and 9600 Baud rate _

4000000 TABLE 12-5: BAUD RATES FOR ASYNCHRONOUS MODES (CONTINUED)
I SPBRG = _ 1 = 2504 ~ 25 SYNC =0, BRGH =1, BRG16=0
16X9600 : =
BAUD | Fosc = 4.000 MHzl Fosc = 3.6864 MHz Fosc =2.000 MHz Fosc =1.000 MHz
RATE | Actual % S\';EI’;G Actual % S\':':I’L'feq Actual % Sf:ff Actual % Sfjf
Rate Error . Rate Error . Rate Error . Rate Error .
(decimal) (decimal) (decimal) (decimal)
300 — — — — — — — — — 300 0.16 207
1200 1202 0.16 207 1200 0.00 191 1202 0.16 103 1202 0.16 5
2400 2404 0.16 103 2400 0.00 95 2404 0.16 5 2404 0.16 25
9600 9615 0.16 9600 0.00 23 9615 0.16 12 — — —
10417 10417 0.00 23 10473 0.53 21 10417 0.00 11 10417 0.00 5
19.2k 19.23k 0.16 12 19.2k 0.00 11 — — — — — —
576k — — — 5760k  0.00 3 — — — — — —
1152k — — — 115.2k 0.00 1 — — — — — —
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USART (bit rate configuration)

TABLE 12-1: REGISTERS ASSOCIATED WITH ASYNCHRONOUS TRANSMISSION

; . - . . . - . Value on Value on

Name Bit 7 Bit 6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR all other

! Resets
BAUDCTL | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN | 01-0 0-00 | 01-0 0-00
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0000 000x
PIE1 — ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | -000 0000 | -000 0000
PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | -000 0000 | -000 0000
RCREG EUSART Receive Data Register 0000 0000 | 0000 0000
RCSTA SPEN RX9 SREN CREN | ADDEN | FERR OERR RX9D | oooo 000x | 0000 000x
SPBRG BRGT BRG6 BRG5 BRG4 BRG3 BRG2 BRG1 BRGO | 0000 0000 | 0000 0000
SPBRGH | BRG15 | BRG14 | BRG13 | BRG12 | BRG11 | BRG10 BRGY BRG8 | 0000 0000 | 0000 0000
TRISC TRISC7 | TRISC6 | TRISC5 | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 1111 1111 | 1111 1111

TXREG EUSART Transmit Data Register 0000 0000 | 0000 Q000
TXSTA CSRC | TX9 | TXEN | SYNC | SENDB | BRGH | TRMT | TXeD | ocoo 0010 | 0000 0010
Legend: = =unknown, — = unimplemented read as ‘0’. Shaded cells are not used for Asynchronous Transmission.

TABLE 12-2: REGISTERS ASSOCIATED WITH ASYNCHRONOUS RECEPTION

. . . . . . . . Value on Value on
Name Bit7 Bit6 Bit 5 Bit 4 Bit 3 Bit 2 Bit 1 Bit 0 POR. BOR all other
Resets
BAUDCTL | ABDOVF | RCIDL — SCKP BRG16 — WUE ABDEN | 01-0 0-00 | 01-0 0-00
INTCON GIE PEIE TOIE INTE RBIE TOIF INTF RBIF 0000 000x | 0ODOO 000x=
PIE1 — ADIE RCIE TXIE SSPIE | CCP1IE | TMR2IE | TMR1IE | -000 0000 | -000 0000
PIR1 — ADIF RCIF TXIF SSPIF | CCP1IF | TMR2IF | TMR1IF | —000 0000 | —000 0000
RCREG EUSART Receive Data Register 0000 0000 | 0000 QOO0
RCSTA SPEN RX9 SREN CREN | ADDEN | FERR OERR RX9D | o000 000x | 0000 000
SPBRG BRGT7 BRG6H BRG5 BRG4 BRG3 BRG2 BRG1 BRGO | oooo 0000 | 0000 0000 407
SPBRGH | BRG15 | BRG14 | BRG13 | BRG12 | BRG11 | BRG10 BRG9 BRG8 | o000 0000 | 0000 0000
TRISC TRISCY | TRISC6 | TRISCS | TRISC4 | TRISC3 | TRISC2 | TRISC1 | TRISCO | 1111 1111 | 1111 1111

TXREG EUSART Transmit Data Register 0000 0000 | 0000 QOO0
TXSTA CSRC TX9 TXEN SYNC | SENDB | BRGH TRMT TX9D 0000 0010 | 0D0DOO 0010
Legend: = = unknown, — = unimplemented read as '0". Shaded cells are not used for Asynchronous Reception.
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Activity 17 : USART (TX mode)

 In this activity, we will apply the rules of sending a message through USART.

* First we will start by sending a character serially.

* In Proteus, the “Virtual Terminal” is used to mimic the behavior of any USART receiver. This will show the
sent characters on the screen.

 In reality, if we want to interface the PIC with the PC, we have to use the USB to Serial converter as the
new PCs do not have a real serial port (the old DB9 or DB25 serial port with RS232 protocol). We can use
the FT232 module, the CH340 module or the CP2102 module

| |
—
(%]

RCO/T10SO/T1CKI
RC1/T10SI/CCP2
RC2/P1A/CCP1
RC3/SCK/SCL

N+  RC4/SDI/SDA
RC5/SDO

]
—
[o2]

u
—
~l

]
—
[os]

m23
m 04

RC6/TX/CK :gg 2 { rxp
——| RAS/AN4/SS/C20UT RC7/RX/DT .
12— RasioSC2/CLKOUT "1 L V)
RA7/OSCA/CLKIN RDO
u20 ]
. RD1 (=22 =1 RTs
23— RBOAN12IINT RD2 (== .
2] RB1ANTO/CI2ING- RD3 =22 —~Slcts
22— RB2IANS RD4 (=21
28— RB3/AN9IPGM/C12IN2- RDS/P1B (=22
ST RB4IANTT RD6/P1C (=53
22— RBS/AN1ITTG RD7/P1D
22~ RBBICSPCLK e
RB7/ICSPDAT REO/ANS =2
RET/ANG [—
RE2/AN7

PIC16F887




Week 10, Lectur

Activity 17 : USART (TX mode)

* In the Setup, the baud rate is set to
9600 through SPBRG. The TX pin 33 MAIN:

. 34 CALL SETUP
1S conﬁgpred as output. The e ovLW
USART is enabled in TX 16 MOVWF  TXREG . SEND 'H
asynchronous mode. 37 GoTo  §
* In the main code, the character H is 63 SETUP: j by default we are in BANKO
. . od CLRF PORTC
loadf.:d 1nto.the TXREG. Nothing cs BSF - . RP1 IS BY DEFAUT 0
else is required. ..all the 66 BCF TRISC6 ; TX IS OUTPUT
transmission is processed 67 MOVIW 25 ; 9600 BIT/S
. &8 MOVWE SPERG
automatically.
e9 CLEF SPBRGH
70 MOVLW 00100100B ; ENABLE TX, BRGH=1
71 MOVWE THETA
72 MOVLW 01100000B ; configuring OSCCON register
73 MOVWE OSCCON : to select 4Mhz oscillator
74 BCF RPO ; access to BANK 0, RPO =0 , RP1 =0
75 BSF SPEN ; ENABLE SERIAL PORT (BIT IN RCSTA)

16 RETURN

409
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Activity 17 : USART (TX mode)

* The code 1s modified to send a complete phrase “HCT Dubai” ., MATN -
serially. The letters are sent one by one. The simulation shows 34 CALL  SETUP
that the serial terminal is receiving only “Hi”. 35 MOVLW  'H'
36 MOVWF  TXREG ; SEND 'H’
37 MOVLW 'C’
38 MOVWE  TXREG ; SEND 'C’
39 MOVLW  'T'
-5 40 MOVWE  TXREG ; SEND 'T°
RCO/T10SO/T1CKI 516 . .
RC1/T10SI/CCP2 =17 41 MOVLW
RC2/P1A/CCP1 ;
RCySCKISCL |2 42 MOVWF  TXREG ; SEND SPACE
N+ RC4/SDI/SDA = o 432 MOVLW D’
RC5/SDO =5 -
RCB/TXICK =22 RXD 44 MOVWF  TXREG : SEND 'D’
RAS/AN4/SS/C20UT RC7/RX/DT . .
RAG/0SC2/CLKOUT "1 110 45 MOVLW u
| oL ggg’ =20 Il [ 46 MOVWF  TXREG ; SEND 'u'
gi: RBO/AN12/INT RD2 :g; . 47 MOVLW b’
2 Roang N i - ers 48 MOVWE  TXREG ; SEND 'b'
| | | |
A mese mmEg 45 wovIi
38= m—— =30
9m RB5/AN13/T1G RD7/P1D 50 MOVWE THXREG ; SEND 'a'
20" RB6/ICSPCLK g 51 MOVLW o
RB7/ICSPDAT REO/ANS 29 1
RE1/ANG . 1 a1
R e [0 52 MOVWF  TXREG : SEND 'i
PIC16F887 53 GOTO $
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Activity 17 : USART (TX mode)

* Actually, only the first and last letter 1s received. The second 33 MAIN:
letter 1s sent to the TXREG while the TSR 1is still sending the 34 CALL  SETUP
- 35 MOVLW  'H'
previous letter. It needs only 2us to send the letter to TXREG but o MOVWE | TR crp H-
. o ’
needs about 10/9600 seconds to send the data serially (10 - MOVIW ' C
because we have 8 bits, 1 start and 1 stop) = 1.04ms 39 MOVWE  TXREG ; SEND 'C'
39 MOVLW 'T'
=15 40 MOVWF  TXREG ; SEND 'T
RCO/T10SO/T1CKI =16
RC1/T10SIl/CCP2 =17 41 MOVLW b
"RoarsorsoL [ 18 42 MOVWE  TXREG ; SEND SPACE
N+  RC4/SDI/SDA =4 43 MOVLW D!
RC5/SDO
RCE/TXICK |22 = RxD 44 MOVWF  TXREG ; SEND 'D'
—— RA5/AN4/SS/C20UT RG7/RX/DT |22 . i5 MOVLW  'u
a8 RAB/0OSC2/CLKOUT %19 — TXD
RATIOSCT/CLKIN ~oq |20 T 46 MOVWE  TXREG ; SEND 'u'
33m 21 T
34| CB1ANIOICIZING- RD3 [ =22 —cts 4 MOVEW N
ECT Ros [=27 48 MOVWF  TXREG ; SEND 'b’
RB3/AN9/PGM/C12IN2- RDb5/P1B Pt
e oris 1 . wwer rmes  ; sEm e
u r a
29" RB6/ICSPCLK ) o
30~ | RB7/ICSPDAT REO/ANS (=2 51 MOVLW -
RE1/ANG . R
REANG 775 52 MOVWF  TXREG ; SEND 'i
PIC16F887 03 GOTO s
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Activity 17 : USART (TX mode)

33 MAIN:
* In order to send all letters correctly, we can wait for at least 34 CALL  sETUP
1.04ms per character, or we can check the TRMT flag bit. The - ot UenRT SEND emm H
code 1s adjusted by testing the TRMT located in bank 1. . e cmm . smm e
39 MOVLW 'T'
40 CALL USART_SEND ; SEND 'T'
41 MOVLW o
HOT =15 42 CALL USART SEND ; SEND SPACE
RCO/T10SO/T1CKI 216 43 MOVLW D'
R‘g&};ﬁigggf =17 44 CALL  USART SEND ; SEND 'D’
18 45 MOVLW "u'
N+ I;%Z%%ngk :32 46 CALL '[:IlS.??.RT_SEND ; SEND 'u’
RC5/SDO 52 . 47 MOVLW  'b
— RC6/TX/CK ._26 RXD 48 CALL USART_SEND ; SEND 'b'
Tam RAS/AN4/SS/C20UT RC7/RX/DT - 49 MOVLW 1a!
137 RA6/IOSC2/CLKOUT .1 — TXD =0 CALL  USART SEND ; SEND 'a’
RA7/0SC1/CLKIN Eg? =20 - s 51 MOVLW g
gi: RBO/AN12/INT RD2 :g; . 52 CALL USART_SEND ; SEND 'i’
5. RB1/AN10/C12IN3- RD3 o7 —t CTS 53 GOTO $
36" RB2/AN8 RD4 =08 54
37m RB3/AN9/PGM/C12IN2- RD5/P1B =25 i USART SEND:
Sao| RB4ANTT __ RD6/P1C 5= e MOVWE  THREG
RB5/AN13/T1G RD7/P1D
39m. RB6/ICSPCLK 57 BSFE RPQ ; JUMP TO BANK 1
40m RB7/ICSPDAT REO/AN5 =8 58 BTFSS TRMT ; CHECK TRMT
RE1/ANG :?O 59 GOTO 5-1 ; WAIT UNTIL DATA IS SENT
RE2/AN7 &0 BCF RPO ; BACK TO BANK 0
6l RETUEN

PIC16F887




Test your knowledge

Week 10, Lecture 18/ USART Microcontroller Systems

1.

N

Calculate the SPBRG 1n order to have a baud rate of 115200. Do the
calculation for BRGH =0 and BRGH=1 and compare the results.

Why 1t 1s required to wait after loading the TXREG by a value. What 1s the
delay required to send a byte (with start and stop bits) at 115200 bait/sec.

What 1s the time required to send a single bit at 1200 baud rate.

. What 1s the time required to send a byte at 1200 baud rate.

Check on the web what 1s the protocol used to communicate with a GSM

modem sim900, the GPS NEO 6M and the Bluetooth HC-5. Also check the
protocol used to communicate with the RFID RC522 and the nrf24L.01
transceiver.

What should be in SPBRG to have a baud rate of 19200 with a PIC running
at 4Mhz. Make sure to select the one with less error
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Week 10, Lab 8/ A2D/ LCD/Buzzer/relay

Activity 16C : A2D with LCD and Sensor

* Tools Required

Breadboard x1

Multimeter x 1

PIC programmer

Power supply 5V and 12V
Breadboard wires (male-male)

Al el

* Required components:

PIC 16F887

Resistor from 100 to 330 x 1 (for the Icd back light)
Resistor 1k x1

LCD 16 characters 2 lines x1

Potentiometer 10k x2 (one for the contract and one for the Vref+ )
LM35

Piezo buzzer

Transistor 2n2222 or any NPN equivalent x1

Any relay (5 to 12V) x1

0. Fast diode UF4001 x1

ORI B DD~

415




Week 10, Lab 8/ A2D/ LCD/Buzzer/relay

Activity 16C : A2D with LCD and Sensor

* The lab activity 1s same as the one done in 16C but with extra relay connected on RD6.

* Activate the relay when the temperature exceed 40. (2 lines of code are required)

LCD1
LMO16L
1 u2
[] R3
K
| 39.0 | Sl
o o —L RE3MCLRIVPP RCOT10SOT1CKI %
) ) RC1/T108ICCP2 [—2
VOUT S— RAO/ANO/ULPWU/C12INO- RC2/P1AICCPT [—= +12
——{ RATANT/C12IN1- RC3/SCKISCL [—= A
—— RA2/AN2IVREF-/CVREFIC2IN+  RC4/SDI/SDA [—5%
+ + RA3/AN3/VREF+C1IN+ RC5/SDO [—==
R4 3 LM ?— RA4/TOCKI/C10UT RCBTX/CK %
1k ——| RAS/IAN4ISSIC20UT RC7/RX/DT [—== 1 RLA
=5 RAsIOsC2icLKOUT 19
<2 RAT/QSC1/CLKIN RDO = ZN D1 § 12v
= - RD1
% RBO/AN12/INT RD2 %; UF4001
==— RBIAN10/C12IN3- RD3 =5
1 <2—| RB2/ANE o
— =—| RB3/ANS/PGM/C12IN2- RD5/P1B =55
= RB4IANT1 RD6/P1C [—==
=2 RB5/AN13T1G RD7/P1D R1 Q1
33 1 REs/ICSPCLK —
2N2222
20 1 pr7/icsPDAT REQ/ANS —g LS1 '"(—'
RET/ANG |—=
RE2/ANT |——
PIC16F857
SOUNDER

= _T_ > 416




Week 10, Lab 8/ A2D/ LCD/Buzzer/relay

Relay

* Arelay is an electromechanical switch that opens and closes under the control of another electrical circuit.
* In the original form, the switch is operated by an electromagnet to open or close one or many sets of contacts.

* When a current flows through the coil, the resulting magnetic field attracts an armature that is mechanically
linked to a moving contact. The movement either makes or breaks a connection with a fixed contact. When
the coil current is switched off, the armature is returned by a force approximately half as strong as the
magnetic force to its relaxed position.

417




Week 10, Lab 8/ A2D/ LCD/Buzzer/relay

Relay

* The relay 1s used if it is wanted to drive a high power motor without using a power transistor
circuits.

* The relay 1s driven using a signal transistor since its coil consumes around 30 mA and 100 mA
depending on its size and manufacturer

Relay | Relay A
OFF | ON |
i l *
/ 4 X
LY (
Motor Motor
OFF ON

Magnetic

=V =

418




Week 10, Lab 8/ A2D/ LCD/Buzzer/relay

Relay

* Due to the current of the relay that exceeds the limit
of the PIC pin, a current amplifier transistor 1s used

to drive it.
* Thus, the PIC sends 1 logic to the transistor that
amplify the relay current to switch ON... to drive the A
motor ON.
* A freewheeling diode 1s required due to the inductive
effect of the relay coil < D1

Open (NO) COM o

'y
C0|

Nomﬂbﬂy '
Open (NO)
419

UF4001 /
2 Coil {
3CoM Svmhul 7
5SNormally a B'——F— 2N2222
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Week 11, Lecture 19/ USART

Activity 18 : USART (RX mode)

* This activity 1s a continuation of the previous activity.

OSFIE

CCP1IF
CCP1IE

The USART receiver 1s now added to the code. ST
- * One of the main issue to consider in the receiver mode SR
1s that the PIC should be interrupted to read the received ),
data as it 1s unknown when it will be available. RerF S
 To enable the receiver interrupt, the RCIE bit in PIE1 Tz b ToiE et CPU
should be enabled. Also the peripheral bit and the GIE m&::&% H—
bits should be 1. cir =) {
* In this activity, the received data 1s compared to ‘H’. If gg;ggﬁ/
it 1s equal, the PIC will send ‘HCT Dubai’. If not, EElF) |
nothing will happed. ospET™y |
:Di.

CCP2IF
CCP2IE

ULPWUIF
ULPWUIE

421
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Week 11, Lecture 19/

Activity 18 : USART (RX mode)

 If all condition are meet, the PC will jump to the
address 0x04.

* The RCIF cannot be cleared (as all other flags in
PIC) by the BCF RCIF. To clear the flag, it is
sufficient to read the RCREG, even if 1t is not used
for any task.

* When the data is ready in the RSR, the information
in shifted to the RCREG and the flag RCIF is raised.

OERR

RX9D

RX9

(

SPEN

422
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Week 11, Lecture 19/ USART

Activity 18 : USART (RX mode)

e When

11

|

=AU BT g

—I—-TXD

L L]
1= L

2

35- LAISRIES R RAVANE FALL IS o l\l-la -2?
| RB2/ANS RD4 (=21
37h RB3/ANS/PGMIC12IN2- RDS5/P1B o
RE4/ANT1 ROG/P1C =30

S5=| RBS/ANISTIG RD7/P1D
RBE/ICSPCLK

407 | RR7/ICSPDAT REO/ANS =2

—] CTS

Home PgUp

End PgDn

Insert  Pause

PrtScn  Scrlk

Options  Hel P

423




Activity 18 : USART (RX mode)

58
59
60
6l
62
63
64
65
66
67
68
69
70
71
72
13
74
15
16
11
78
79
g0

When

MAIN:

CALL
GOTO

SETUP:

CLRF
BSF
MOVLW
MOVWE
BCF
BSFE
BSF
MOVLW
MOVWE
CLRF
MOVLW
MOVWE
BCF
MOVLW
MOVWE
BSF
BSF

RETURN

SETUP

PORTC

RFO
01100000B
OSCCON
TRISC6
TRISC7
RCIE

25

SPERG
SPBRGH
00100100B
TXSTA

RFO
10010000B
RCSTA
PEIE

GIE

to select 4Mhz oscillator

; by default we are in BANKO

; RP1 IS5 BY DEFAUT 0
configuring OSCCON register

TX IS OUTPUT

; ENABLE
; ENABLE

; R IS INPUT
; ENABLE RECEIVE INT

9600 BIT/S
; ENABLE TX, BRGH=1
access

tc BANK 0, RPO

PERIPHERALS

INT

28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
Zil
52
53
54
25
56

ORG
GOTO
ORG

XORLW
BTFSC
CALL

RETFIE

SEND_MSG:

MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL
MOVLW
CALL

RETURN

MAIN
0x4
RCREG, W
g

ZERO
SEND_ MSG

'IH'I
USART_SEND
'Ic'l
USART SEND
'IT'I
USART_SEND
T T
USART SEND
'ID'I
USART_SEND
'Iu'l
USART SEND
'Ib'l
USART_SEND
'Ia'l
USART_SEND
'Ii'l
USART_SEND

; reset wvector

; interrupt wvector

; SEND

; SEND

; SEND

; SEND

; SEND

; SEND

; SEND

; SEND

; SEND



Week 11, Lecture 1

Activity 19C : USART in TX and RX mode

* In this activity, the USART will be used in C in two modes.

» Itisrequired to send back the received message. The C code 1s an advance copy of the assembly
code done in the previous activity.

* The code is designed to receive and send messages, also compare some received character in the
message.

* For example, 1f the message 1s “OK”, the led on RCO will turn on.
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Week 11, Lecture 19/ USART

m15
u16
m17
=18 ——
[PE] =
24

m25 |
u 76

20MOSOMICKI
IC1T10SIHCCP2
RC2/P1AICCP1
RC3/SCKISCL
+ RCA/SDI'SDA
RC5/SDO
RCBITX/CK
RCTIRX/DT

|

u19 TXD

ROO = >0 -

e
RD3 |22 —Jcr1s
[ Erryd

RTS

Home PgUp

End PgDn

Insert Pause

PrtSen Secrlk

Options  Help




Week 11, Lectur

Activity 19C : USART IN TX AND RX MODE |

* The setup function is similar to the

47 [ woid setup() {

one in assembly. The selected baud  ; PORTC = 0;

rate IS 9600 49 OSCCON = 0b01100000; // select 4MHz oscillator
50 TRISC = 0b10000000; // and as out
51 THSTA = 0p00100100; // asyn mode
52 RCSTA = 0b10010000; // serial port enables with continious receive
53 SPBRG = 25; // 9600 bit /s
54 GIE = 1; // enable int
55 PEIE = 1;
56 RCIE = 1;
57 =}
58
59 [ woid main (veid) {
6l setup () ;
61 USART SEND ( (char*) "HCT DWC :D");
62 USART SEND NEW LINE () ;
63 USART SEND( (char*) "----—-—-—----- "y
64 USART SEND NEW LINE () ;
65 USART SEND ( (char*) "Write any phrase and press enter ");
66 USART SEND NEW LINE () ;
a7 USART SEND ( (char¥*) "RCO will turn on if you send OK");
68 USART SEND NEW LINE () ;
69 while (1);
T0, -}
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Week 11, Lecture 19/ USAR

Activity 19C : USART IN TX AND RX MODE

* A “phrase” buffer of 30 spaces 1s created with char type.

* In the ISR, every received character is saved in the buffer in the pointer location. The pointer 1s
incremented every time a new character 1s received until the characters \n or \r are received.

* This means that the user typed “enter” on the keyboard.

e Ifso, the phrase is sent 22 unsigned int pointer = 0;

back to the user. 22 char phrase[301;

32 [H wveid __interrupt() my_ isr routine() {
™ Ifthe user typed 33 phrase[pointer] = RCREG; // once a character is received store it in ch
« 99 34 pointer++; // with index pointer]
OK?”, the led turns 35 if (RCREG == '\n' || RCREG == '\r') {

ON, else 1t turns OFF 36 USART SEND ( (char*) "Sent msg was: ");
37 USART SEND ( (char*) phrase);
38 pointer = 0;
39 if (phrase[0] == '0' && phrasze[l] == "K') {
40 RCO = 1;
41 } else {
42 RCO = 0;
43 }
44 } 428




Week 11, Lecture 19/ 1

Activity 19C : USART IN TX AND RX MODE

bit 4

bit 1

The functions used to send the phrase are included in usart.h file
The USART SEND function sends a phrase starting from its pointer zero until \r

The USART SEND NEW LINE
function sends the characters \n and \r
as enter key.

NB: testing the TXIF or the TRMT
flags have almost the same
functionality in testing if the TX buffer
if full of empty to proceed with the next
transmission

TXIF: EUSART Transmit Interrupt Flag bit
1 = The EUSART transmit buffer is empty (cleared by writing to TXREG)
0 = The EUSART transmit buffer is full

TRMT: Transmit Shift Register Status bit

1= TSR empty
0= TSRfull

[ B e B L L o B e

T e T e S T S B R S
[ e e R Ve R = S [~ L2 ISR FU R X Ty S

void USART_ SEND (char *usart dat);
void USART SEND NEW _LINE() ;
[ wvoid USART SEND (char *usart dat) ({
while (*usart dat) {
if (*usart _dat == '\z') {
USART SEND NEW LINE() ;
break;

}
TXREG = *usart dat++;

while (!TXIF);

-1

[ void USART SEND NEW LINE() {

TXREG = '\n'; // once TXREG has been cleared lecad it with
while (!TXIF); // continue to loop while the TXREG still
TXREG = '\r'; // once TXREG has been cleared lecad it with
while (!TXIF); // continue to loop while the TYXREG still

new line
data
carriage

has data
429

has

return




Activity 19C : USART IN TX AND RX MODE

* The functions used to send the phrase are included in usart.h file

oo Device Manager

File  Action View Help
S e mEn B

| % | send | v & Ms| A
id Audio inputs and outputs
» 3 Batteries
6 Bluetooth
» @ Cameras
B3 computer
> wmm Disk drives
53 Display adapters
» i Firmware
Human Interface Devices
» Keyboards
. Mice and other pointing devices
» [ Monitors
ISP Network adapters
W NI Vision Acquisition Devices
v & Ports (COM & LPT)
i Silicon Labs CP210x USB to UART Bridge (COMS)
= Print queues
; D Processors
H7 security devices
r Software components
[] Autoscroll [_] Show timestamp Carriage return | 9600 baud | | Clear output l Software devices
id Sound, video and game controllers
S Storage controllers
» Em System devices

[ I T y— | Cowial Bie contenllore
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Week 11, Lecture

H-Bridge design

* The DC motor inverts its direction when the polarity of the supply voltage 1s inverted.
* This will invert the flux direction of the coil that consist the motor.
* The switches in circuit a are used to switch the polarity across the motor.

C 132




Week 11, Lecture 20/ / H-l_—ir

Brushed DC motor driver design (in different directions and speed) "

* In this application, the DC motor is driven in double directions with different speed.

» Different speed means a PWM signal and different direction means switches that switch polarity on the
motor armature.

* In fact, when merging these two techniques together we can reach what is called the H-bridge.

* We will be using 4 transistor to design an H-Bridge so we can flip the motor polarity and switch it ON
and OFF at high speed through a PWM signal
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Week 11, Lecture 20/ / H-l_—ir

Brushed DC motor driver design (in different directions and speed) "

* The Figure “a” is what we have started in switching motor polarity. We have divided each

double position switch into two simple switches in Figure “b”.
 If the switches 1and 4 are pressed, the motor will turn, and 1f 2 and 3 are pressed the motor

will turn in the other direction.
* Note that if 1 and 2 are pressed at the same time, a short circuit happened as well 1f 3 and 4

are pressed together. 'f T

434




Week 11, Lecture 20/ / H-B1

Brushed DC motor driver design (in different directions and speed) "

* In the Figure “c”, transistors replace the switches to get the H-bridge that we need to drive
our motor 1in this application.

* By connecting the transistor bases of 1 and 4 and apply a PWM signal, the motor will turn at
low speed.

* Also by connecting the transistor base of 2 and 3 and apply the PWM signal, the motor will
turn in the other direction.
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Week 11, Lecture

Brushed DC motor driver design (in different directions and speed)

The L298 and L.293 are two ships that contain two H-bridges that support 4A and 1A,
respectively.
The L298 main feature is the internal protection against short circuit and overheating.

l. - [ I | CURRENT SENSING B
14 3 OUTPUT4 Vee |
@‘ (N — OUTPUT 3 Engble 1,2
I |
12 INPUT 4 Input 1 Input 4
njl——> ENABLE B
>
10 INPUT 3 Output 1 Output 4
: s ——— > LOGIC SUPPLY VOLTAGE Vs
a | m—

GND GND
7> INPUT 2
6 : ENABLE A GND GND
s 2 INPUT 1
4 [ SUPPLY VOLTAGE Vs Output 2 Output 3

@ s —> OUTPUT 2
2 3 OUTPUT1 Input 2
L298 \ I ~ >  currenTsensinca B gt L293
i Vee 2 Enable 3,4
TAB CONNECTED TO PIN 8
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Week 11, Lecture 20/ /

Brushed DC motor driver design (in different directions and speed)

~ The L298 can be used to drive two DC motors at the same time (It has two H-bridge
circuits)

ouTi ouT2z +Vg ourI ouTs
100nF
| bl ™ e— CURRENT SENSING B q ?F_“i-
A\ 14 "3 OUTPUT4 2 3 4 B %
+¥ss 9
\V LY E— OUTPUT 3 . Vret . o
12 3 INPUT4 _L l i
1 > ENABLE B nooni
10 3 INPUT3 D _-—_)_ —C
WMultiwatt15 s ———— > LOGIC SUPPLY VOLTAGE Vss :
Mk 8 ———> oo . 2 s .
[ — INPUT 2 In! Iné
o—3 2] o
6 "> ENABLEA ) L L
52 INPUT 1
In2 ? 10 In3
fh 4 3 SUPPLY VOLTAGE Vs O— 5
3 — QUTPUT 2 EnA EnB
N o—4¢° n | Ent
2 3 OUTPUT1 ) 15
1.298 e r o

Rsg

1
— i —O
CURRENT SENSING A SENSE A 1 SENSE B | sesuz
/ - g
TAB CONNECTED TOPIN 8
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Week 11, Lecture 20 / H-Bridge/ Motor

Brushed DC motor driver design (in different directions and speed)

Inputs Function
Ven = H C=H:D=L Forward
e C=L:D=H Reverse
o l 1 C=D Fast Motor Stop
W0OnF
T LY WX & Ve = L C=X:D=X Free Running
. Motor Stop
D2
; _J_l_ L=Low H = High X =Don't care
ouT ouT2 % goone 0% %
HIED 7
Cc Qo % 4
Qm 13 14 12 . '*555. . — 2 3 3 1
'IO"'ss .L . 8
IOOnI l

H B DK DK o+

1/2 L298N
" OVen P L p
THO—= Sappe -]
TO CONTROL l" J: _I— P 0 | s

Iné
2 O

1*J

[ 1

1 8 15

Rs
E]_ D1 TO D&:1A FAST RECOVERY DIODE (t,, $200ns) SENSE m__ﬁ i _]_ $—OSENSEB i
Rsa -[l

Rsp




Week 11, Lecture 20/ H-Bri

Brushed DC motor driver design (in different directions and speed)

* The L298 module is used to reduce the
implementation time and difficulties.

* The module is already equipped with
freewheeling diodes and 5 volt voltage
regulator to supply external devices.

L298 Dual H Bridge IC

5V Linear Regulator

Motor A Motor B

12V Jumper
Remove if Vs>12V

&
w
ot o
o]
w
(9]
<
<
(54

Enable Pins

Power Pins
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Week 11, Lecture 20/

Activity 20C: Motor drive through Bluetooth

* In this activity, we will drive a motor using the L298 chip through Bluetooth command
received from cell phone.

* The Bluetooth transceiver to be used is the HC05 (Master and slave device) or the HC06
(slave device). Both work well with PIC and other microcontrollers.

 Serial Bluetooth terminal is a good Android app to send/receive raw data

' Google Play Games Apps Movies & TV Books Kids Q

Serial Bluetooth Terminal

440




Week 11, Lecture 20/ H-Bridge/ Mot

Activity 20C: Motor drive through Bluetooth

* The block diagram of the design is shown. The PIC is connected to the TX and RX of the
HCOS5 (pins 4 and 5). Enable and state pins are not used.

* At the same time, the PIC is connected to the L298 (chip or module) through 3 lines, IN1,
IN2 (for direction) and Enable (for speed).

I

HCO05

'

i

PIC
1.Enable / Key
2. Vece (+5v)

#»3. Ground

'Yy
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Week 11, Lecture 20/ H-Bridge/ Motor driver

=y
xxxx

Activity 20C: Motor drive through Bluetooth

* The Bluetooth is replaced by the serial monitor in the simulation.
* The format of data to be transferred to the PIC 1s XYYY where X is the direction and
YYY i1s the speed
* X can be:
* L for left
* R for right
* S for stop

o O m =

RE3/MCLR/NVPP RCO/T10S0O/T1CKI

U1
15 9 4 u2
* YYY can be any number between ewTosicens (8 T T

1]
2 17
—Z— RAUANOULPWUIC12INO-  RC2P1AICCP [t 5 [ vee . vs
—2 RATAN1/C12INT- RC3/SCKISCL [—22 7 na o
O and 255 —2— RAZAN2IVREF-/CVREFIC2IN+  RCA/SDI/SDA |52 KT
—2— RAU/ANIVREF+C1IN+ RC5/SDO [—2- 2] N outa -2
—=— raarToCKIC10UT RCB/TXICK |22 6 | ena
—I— Rasian4issIC20UT RCT/RX/DT ETH = outa |12
22 ras/osca/cLiouT ‘o
L2 RA7IOSCI/CLKIN Roo 3 1| sensa outa |14
+ e.g. L255 (Left full speed) v i T
-g- p 2 Re1AN10/C12ING- RD3 [ &
. 25| Res/aNaPGMCT2NG RDSP1B |25 ’ e
+ RI127 (Right half speed) e
-2 RBSAN13TTG RD7/P1D 2% 1
22 re6/ICSPCLK —
° SYYY(StO ) 40 re7icsPDAT REO/ANS [—2—
p RET/ANS [—2=

RE2/ANT

PIC16F887




Week 11, Lecture

Activity 20C: Motor drive through Bluetooth

* The main function simply calls the
setup function and send instruction
to the user.

* The setup function configures the
oscillator, the port direction, the
USART and the PWM.

* The interrupt on USART receive 1s
enabled

64
65
66
67
68
69
70
71
72
13
74
15
76
17
78
79
80
81
B2
B3
64
BS
86
87
B8

-}

£l void setup() {

PORTC = 0;
PORTD = 0; // elear port
OSCCON = 0b01100000; // =select 4MHz oscillator

TRISC = 0b10000000; // and as out

TRISD = 0b00000000;

THSTA = 0p00100100; // asyn mode

RCSTA = 0bl0010000; // serial port enables with continious receive
SPBRG = 25; // 9600 bit /=

PR2 = 255; // define the period
T2CON = 0b00000111; // prescaler 16, timer 2 on
CCP1CON = 0b00001100; // CCPl in PWM mode

GIE = 1; // enable int
PEIE = 1;
RCIE = 1;

-l woid main(veoid) {

setup () ;

USART SEND ( (char*) "Enter direction and speed");
USART SEND NEW_LINE() ;

while (1) ;



Week 11, Lecture

Activity 20C: Motor drive through Bluetooth

 The motor function is created to take 2

36 [] void motor (char direction, char speed) {

parameters; the direction and speed. - CCPRIL = speed:
38 if (direction == 'L") {
. . . 39 INL = 1;
* The direction can be L for left, R for rightand S N2 = 0
for stop. i ‘
42 if (direction == 'RE') {
43 IN1 = 0;
* The speed can be ay value between 0 and 255 as . } mz =1
the parameter 1s loaded onto the CCPRI1L 16 if (direction == 'S') {
477 IN1 = 0;
43 INZ2 = 0;
45 }

S50 -}
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Week 11, Lecture 20/ H-Bridge/ V

Activity 20C: Motor drive through Bluetooth

1 * When a value is received through Bluetooth, the interrupt fct is called. The received value
- issaved in “phrase”
* The phrase[0] represent the direction.
* Phrase[1], [2] and [3] contains the speed. These values are considered as characters and
should be converted into one value, 1.e., ‘1’ ‘2’ *5” are 3 characters that represents 125.
* Thus to make the conversion, 48 1s subtracted from the char and multiplied by its weight.

52 [ wveoid __interrupt() my_isr routine() {

53 phrase [pointer] = RCREG; // once a character is received store it in phrase

54 pointer++; // with index pointer]

55 if (RCREG == '\n' || RCREG == '\r') {

56 USART SEND ( (char*) "Sent msg was: ");

57 USART SEND ( (char*) phrase);

58 pointer = 0;

55 int speed = (phrase[l]-48)*100 + (phrase[2]-48)*10 + (phrase[3]-48);

311 motor (phrase[0], speed);

6l } 445
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Week 11, Lecture 20/ H-Bridge/ Motor driver
Activity 20C: Motor drive through Bluetooth

* The table shows the equivalent of character numbers
in decimal, hex, octal and binary.

o
Lnnnnd
™D —
ATE b —f
A
OTE P 2
H o=l anyTicsoTicn T T Uz
FoUTIOSVESP?
Moowee s L
ET I:E‘ auTy 3
L] e ouTz |
NA
e ours -
outs 14
& w2se

TFF ERERRFEE BEREEREE

Dec Hex Oct

48 30 bl 11040
49 31 61 0110001
50 32 62 011001
51 33 63 0110011
h2 34 64 01101
53 35 65 01101

54 36 66 011011
55 37 67 0110111
56 38 70 01110
57 39 71 01110




Week 11

Lab 9/ L0O4
Motor drive with Bluetooth




Activity 20C : Motor drive with Bluetooth

* Tools Required
1. Breadboard x1
Multimeter x 1
PIC programmer
Power supply 5V, 12V
Breadboard wires (male-male)

A

Oscilloscope

* Required components:
1. PIC 16F887 x1
2. L298 module x1
3. DC motor x1
4. HCO5 or HC06 module x1
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End of LO4
End of the course
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