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0.0 Introduction



What is a Microcontroller?

Microprocessor

* A small computer on a
single chip
e containing a processor,
memory, and
Input/output
 Typically "embedded"
Inside some device that they
control
« A microcontroller is often
small and low cost.

~< Microcontroller



Microcontroller Internal Structure

Oscillator
0 -20MHz

Internal
Oscillator

Program
Memory 8K

A/D N 9l (35 instructions)

Converter

Interrupts WDT EEPROM (256)

RESET

P Suppl
O s @




Examples of Microcontrollers?




What is a Development Board?

A printed circuit board
designed to facilitate
work with a particular
microcontroller.

» Typical components include:
e power clrcuit

e programming interface

* Dasic input; usually buttons and LEDs
* |/O pins




Why Arduino?

Easy to use platform
Ease of programming
Simple USB interface
Modifiable IDE

Many shields available
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Flavors of Arduino:
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» Many Flavors of Arduino
e Arduino Uno
« Arduino Leonardo
* Arduino LilyPad
* Arduino Mega
* Arduino Nano
e Arduino Mini |
« Arduino Mini Pro i
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Arduino-like Systems:

« Cortino (ARM)

e Xduino (ARM)

» LeafLabs Maple (ARM)

» BeagleBoard (Linux)

* Wiring Board (Arduino
predecessor)

* ChipKit Uno32/Max32
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Arduino Add-ons (Shields):

 TFT Touch Screen
 Data logger

« Motor/Servo shield
* Ethernet shield

« Audio wave shield
e Cellular/GSM shield
 WiFI shield

* Proto-shield
 ...Mmany more




Components of the Arduino:

ATMegal68/328

16MHz
crystal/filtering
capacitors

Onboard power
regulators

FTDI USB <->
Serial Chip

Hardware




Where to Get an Arduino Board:

« Purchase from online vendor
(available worldwide)
» Sparkfun
» Adafruit
» DFRobot

e ... 0r build your own
» PC board
» Solderless breadboard




Schematic
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Necessary parts for any circuit

 ATMegal68/328
e The ‘brain’ of the Arduino
* Program is loaded onto the chip

* Runs main loop until power is
removed

« That’s i1t! All other parts are
optional!




Optional parts: Timing

e 16Mhz Crystal

 The ‘heartbeat’ of the
ATMega chip

« Speed of crystal determines
chip speed

 Possible to over/underclock
depending on application

« ATMega series has onboard
oscillator; less precise



Power Supply

* 5Voltand 3.3 Volt
Regulators 10-220

* Filtering capacitors 2

 Automatic switching ?
between external and |
USB Power

. Leave it out if you have 1 2 GND
a filtered 5 Volt power 9 Opiput

supply



FTDI USB Chip

* Allows your Arduino to
communicate with your
computer over a simple USB link

e Abstraction

* Only necessary for
communicating with USB




Hardware

Circuit Board

« Headers

« USB port

« Sockets

- All optional, use them : 111000080 sooe cees
If you need them .‘ff“- '.?1' L:: LA LALL wé

e 54 i POLER ANALOG IN Q
& m5U Um 1234
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The Ardumo Development Board

Pin D13 LED

TWRXLEDs |\ ar=Ls
USB to serial IC . \ off _.

MADE
IN IVALY /‘..1.\):8: ::on ol R L
U O N (3L L Ll N  Power LED

D1 OO UGN, = o o

USB jack—" s ARDUINO bn-dlicult Sl

b S programming
TR ) e
Resettable ,— H-««-on-noo@ ..... : e
'"”i?ﬂ.'l'f’ L % Sl _ Atmel ATmega 328

mwl u —————————————

Svolt B 00 06 Em B8 i e e
| low dropout

‘ regulator
_—

DC // ..........

| power jack

b:"ng&‘:g:" Power pins  Analog /O pins

* Input voltage: 7-12 V (USB, DC plug, or Vin)
* Max output current per pin: 40 mA



The Arduino Microcontroller:
Atmel ARV Atmega 328

Atmel AVR
ATmega 328

(PCINT14/RESET) | 1 PCINT13/ADCS/SCL)
Reset log input A5
(PCINT16/RXD) | 2 | PDO PC4 P7] (PCINT12/ADCA4/SDA]
Digital pin DO (Rx) Analog input A4
(PCINT17/TXD) @ PD1 PC3 (PCINT11/ADC3) ' Flash ‘ RAM EEPROM ‘;mg’s
Digital pin D1 (Tx) Analog input A3 R s - Pt
(PCINT18/NTO) | 4 | PD2 PC2 P5| (PCINT10/ADC2) t t t 3
Digital pin D2 Analog input A2
(PCINT19/0C2B/NT1) | 5 | PD4 PC124] (PCINT9/ADC1)
. i 1
. e PSR s Central processing unit
(PCINT20/XCK/TO) | 6 | PD4 PCO (PCINTB/ADCO)
Digital pin D4 Analog input A0
sv | 7] vee GND P2| Gnd .
Analog-digital Analog
and [8] ano AREF m AREF Seral UART Interrupls l:onvo vior comparalor
(PCINTE/XTAL1/TOSCY) | © 5V i i f f
(crystal)
(PCINT7/XTAL2TOSC2) H( (PCINT5/SCK) A
(crystal) 10 Digital pin D13 Al HQWnes
(PCINT21/0C08/T1) 1{ 1| PDS (PCINT4/MISO)
Digital pin D5* Digital pin D12
(PCINT22/0COA/AINO) 11 2| PDS (PCINT3/MOSI/OC2A]
Digital pin D§* Digital pin D11*
(PCINT23/AIN1) H 3] PD7 (PCINT2/SS/OC18)
Digital pin D7 Digital pin D10*
(PCINT10/CLKONCP1) H 4] PBO PCINT1/OC1A)
Digital pin D8 igital pin D9*

Arduino pin mapping in blue

* denotes capable of
PWM output



How to work with Arduino?

The word “Arduino” can mean 3 things

A physical piece A programming A community
of hardware environment & philosophy
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Two methods of using the Arduino

* Working with the * Prototyping with the
Arduino to solve a Arduino to solve a need
problem

* Preparing a product for
* Temporary solution market

* One time only * Mass production




Phases of Circuit Design

Arduino Approach Stand-alone approach
*ldea *ldea
*Sketch *Sketch
*Read datasheets *Read datasheets
*Gather materials *Gather materials
*Prototype *Prototype
*Testing *Testing
*Optional ---------------- > *Refining

*Testing

*Release to manufacture



Getting Started
* Check out: http://arduino.cc/en/Guide/HomePage

1. Download & install the Arduino environment (Integrated
Development Environment = “IDE”)

2. Connect the board to your computer via the USB cable
3. If needed, install the drivers (not needed in lab)

4. Launch the Arduino IDE

5. Select your board

6. Select your serial port

7. Open the blink example

8. Upload the program


http://arduino.cc/en/Guide/HomePage

Try It: Connect the USB Cable
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Elements of the Arduino IDE:

BareMinimum | Arduino 1€ =)
-
* Text editor

» syntax and keyword
Coloring

» Automatic indentation
» Programming shortcuts

Barelinimurm

0id setup (] {

A4 put your setup code here, to run once:
}

wvold loop () {

A4 put your main code here, to run repeatedly:

« Compiler }

« Hardware Interface
» Uploading programs
» Communicating with ;
Arduino via USB

Arduino Uno on COMQ




Elements of the Arduino IDE:

| | Blink | Arduino 0021 - E=REER

1 cll ELC OO

) (o) e

el

* Text editor |
» syntax and keyword Coloring Blink
. . . Turnz on an LED on for one second, theh off for one second, repeated
» Automatic indentation
Thiz examnple code iz in the public domain.

> Programming shortcuts ;
J g ' Input / Edit Ared

0id setup() {
° Compiler F4 inditialize the digital pin az an output.

4 Pin 13 has an LED connected on most Arduino boards:
pinMode (13, OUTPUT)

H

 Hardware Interface

) oid loop ()
> Uploadlng programs digitalWrite (13, HIGH): // set the LED on
- - - - - delay(1000) ; AF wait for a second
> Communlcatlng with Arduino via digitalWrite(13, LOW:  // set the LED off

USB delay(1000) ; A4 wait for a second

See: http://arduino.cc/en/Guide/Environment for more information



http://arduino.cc/en/Guide/Environment

Select Serial Port and Board:

e@ sketch_jan12a | Arduino 1.0 -10] x|

File Edit Sketch | Tools Help
Auto Format
Archive Sketch

sketch_jan12a Fix Encoding & Reload
Serial Monitor

CErl+T

Chrl+Shift+M ”

Board

»

Programmer
Burn Bootloader

ComMiz
»

Arduino Duemilanove v ATmega328 on COME

B sctch.novota| Arcuino 20 N ==

File Edit Sketch Help

sketch_nov04s

Auto Format Ctrl+T
Archive Sketch
Fix Encoding & Reload

Senal Monitor Ctrl+5Shift+ M

Board
Senal Port

Programmer

Burn Bootloader

k| ® Arduino Uno

k

Arduine Duemilanove w/ ATmega328

Arduino Diecimila or Duemilanove w/ ATmegal&8
Arduino Mano w/ ATmega328

Arduino Mano w/ ATmegal6s

Arduino Mega 2560 or Mega ADK

Arduinc Mega (ATmegal 280)

Arduino Leonardo

Arduing Mini w/ ATrmega328

Arduing Mini w/ ATmegalsd

Arduing Ethernet

Arduing Fio

Arduino BT w/ ATmega328

Arduino BT w/ ATmegal s

LilyPad Arduino w/ ATmega328

LilyPad Arduing wy ATmegal6d

Arduing Pro or Pro Mini (5V, 16 MHz) w/ ATmega328
Arduing Pro or Pro Mini (5V, 16 MHz) w/ ATmegalbd
Arduing Pro or Pro Mini 2.3V, 8 MHz) w/ ATmega328
Arduine Pro or Pro Mini 2.3V, 8 MHz) w/ ATmegalb6d
Arduino NG or older w/ ATmegal6s

Arduino NG or older w/ ATmegal




Status Messages:

Size depends on
complexity of your sketch

Uploading worked

Binary sketch size; 1118 hv:tts. {of a 14336 byte moximm)

Wrﬂ.ng serial pnrt SEIECtEd Serlal port "fdev/ty.ushserlal-A4001ga8' not found. Did you select

Wr‘ﬂ ng bﬂard SEI E'l:tEd Wrong microcontroller found. Did you select the right board from the

DUMUDY SAELAT] JLEE. 000 yLES LUT W §LOD YLE EMLA LR

nerdy cryptic error messages



Using the Arduino IDE:

Name of sketch renimum

File Edit Sketch Tools Help

Compile sketch

/. B zre Minim prm
- 2id setwp ) {
Uplﬂad tﬂ bﬂard ffFRE == code hiews, to run

o1 Loog | § 4
i

Program area — |

New

\

- Messages/ _
% Errors

ARDUINO =

Open

Serial Monitor

Save




Arduino Reference:

oo sketch_juniss | Arduine 1001 1o )| e =131 =
Fe Edt Stetch Took | Help e e | e 0 N e kg -1 D, Lrefererosindes hind il | . 2o B
Gettirg Startad - A
Eredronment
shatch_juniBa Tr ik ating

== ‘
[ [y il 45t +HF

>
e ARDUINO

Vst Ardunn.cc

Biy Downbied Connd Stamed  LEeamind  Feference | Hardaars

abaoyt & duirg

Reforence Langeags | Ldbrares | Comparson | Chorges

Language Reference

Ardrenne prograomes can ke dnvided in thres main parts structure, vofues [varables azd cozstant=], and funchions

Structure Variables Functions
L] S'il.';]:-::l nlp LA NET “iui.l.-lJ [.'l:l
* loop() * HIGH | LOW * pinklodi)
u - - Coptrol STmactwr * INPUT | OUTPUT) ) dir-'llll"'lﬁt'ﬂll
Arduino Reference is installed locally = = INPUT_FULLUP + digalRend)
or available online at hitp //arduino cc/ R " e Analog 1/0

» inbepar comsianis

# far * |amalogFRrierenoe|]
* fhoateg point conslamts
"™ # gwated casa = pralegEeadl]
® while Jata Twpes o aralogiWeital) - FIWT
: ‘:':' vl » void Mvameend 1,01
* break s hoolen

= homel)

* gonbmee o
I char -
ﬁnnu Hu 1 " not I:'TIEI I
& mabarn

* unsigned char a ahifslmari =l




Arduino Sketch Structure:

o void setup() [wie=w0

J'".-" put your setup cCodae hlEI'“E'_1 TO run once.
— Wil be executed |»
Only When the Wﬁ ;E?_piqu main code here, to run repeatedly:
program begins |» f

(or reset button /
S pressed)

* void loop()
—Will be executed Useful IDE Shortcut: Press Ctrl-/

to comment (or uncomment) a

repeatEdly ~ selected portion of your program.

Text that follows // is a comment
(ignored by compiler)




Uploading and Running the Blink Sketch:

* Load the "Blink” example
(File> Examples—> Basics—> Blink)

| Use pin 13 as digital output \ void setup() {

ff imitialize the digital pin as an output.
/f/ Pin 13 has an LED connected on most Arduino boards:
HH“ﬂiﬂHDdEﬂl3, OUTPUT) ;

| Set output high (+5V) }
\vnid loop() {

- - digitalWrite(13, HIGH); ff set the LED on
Wait 1000 milliseconds ———_ de1ay(1008); /f walt for a second
| _~digitalWrite(13, LOW); ff set the LED off
1 delay({108@): ff wait for a second
Set output low (OV)  ~ ) ’ . o

* Compile, then upload the program
» Congratulations! you are now blinkers!



Using Arduino

void sstuply |

pirtiode { ledPin, CUTPUT ); A oseLE |
1
wioid |||| I::I -|:
digitallritelladPing, HIGH; /F zetz t
] Je Lo (1888 ; /4 waiks
® Wr'lt'E }I"ﬂ'ur SkEtCh .'Il;llECl'.']".'.E{lB:PiH, LONY; AF ::E* £
e Lo dABBAY; A waits
F
® Press Compile button
(to check for errors) compile

® Press Upload button to program
Arduino board with your sketch

upload
Try it out with the “Blink” sketch!

TX/RX flash
Load “File/Sketchbook/Examples/Digital/Blink”

e
kY
,},.'ﬁ."-

sketch runs

www.todbot.com/blog/bionicarduino



http://www.todbot.com/blog/bionicarduino

Creating and Saving a Sketch:

* Now connect your own LED

Epoxy lens/case

pin 11

Reflective cavity

Semiconductor die

A 220 Q)

z Ny u Postl } Leadframe
\ ] Flat
+ ]_ [ — Symbol: ?XZ LED

o+ -
Anode [ f] Cathode —%I—

[ I 7

— Notes:
GND Resistor is needed to limit current
» Resistor and LED may be interchanged (but
polarity of LED is important)
* Pin 13 is special: has built-in resistor and LED
« Change program and upload




Creating and Saving a Sketch:

 Using the Breadboard

~ Connected together [ AN
........
........
........

* o 0 n
lCopbecied onether



Creating and Saving a Sketch:

* Now connect your own LED

pin 11

%2200 SREEINREEEE

PN $ | f Y Y e 8 e e
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Assighment # 1:

* Change the blink rate

» how fast can the LED blink (before you can no longer
perceive the blinking?)

 How would you make the LED dimmer?
» (...without changing the resistor?)



	Slide 1
	Slide 2: What is a Microcontroller?
	Slide 3: Microcontroller Internal Structure
	Slide 4: Examples of Microcontrollers?
	Slide 5: What is a Development Board?
	Slide 6: Why Arduino?
	Slide 7: Flavors of Arduino:
	Slide 8: Arduino-like Systems:
	Slide 9: Arduino Add-ons (Shields):
	Slide 10: Components of the Arduino:
	Slide 11: Where to Get an Arduino Board:
	Slide 12: Schematic
	Slide 13: Necessary parts for any circuit
	Slide 14: Optional parts: Timing
	Slide 15: Power Supply
	Slide 16: FTDI USB Chip
	Slide 17: Hardware
	Slide 18: The Arduino Development Board
	Slide 19: The Arduino Microcontroller:  Atmel ARV Atmega 328
	Slide 20: How to work with Arduino?
	Slide 21: Two methods of using the Arduino
	Slide 22: Phases of Circuit Design
	Slide 23: Getting Started
	Slide 24: Try It: Connect the USB Cable
	Slide 25: Elements of the Arduino IDE:
	Slide 26: Elements of the Arduino IDE:
	Slide 27: Select Serial Port and Board:
	Slide 28: Status Messages:
	Slide 29: Using the Arduino IDE:
	Slide 30: Arduino Reference:
	Slide 31: Arduino Sketch Structure:
	Slide 32: Uploading and Running the Blink Sketch:
	Slide 33
	Slide 34: Creating and Saving a Sketch:
	Slide 35: Creating and Saving a Sketch:
	Slide 36: Creating and Saving a Sketch:
	Slide 37: Assignment # 1:

