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What i1s a Microcontroller

(LC, MCU)
. C_orr;?:(;csgsc())?(e(\: If;iLr;)gle integrated chip lntel Alm l

— Memory (RAM / ROM / Flash) . ©
— /O ports (USB, 12C, SPI, ADC)
«  Common microcontroller families:
— Intel: 4004, 8008, etc.
— Atmel: AT and AVR MICHDCHIP
— Microchip: PIC
— ARM: (multiple manufacturers)
 Used in:
— Cellphones,
— Toys
— Household appliances
— Cars
— Cameras
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The ATmega328P Microcontroller

(used by the Arduino)
* AVR 8-bit RISC architecture r
« Available in DIP package &EI{@

« Up to 20 MHz clock m

« 32kB flash memory
1 kB SRAM
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What is Arduino Not?

* Itis not a chip (IC)

* |tis not a board (PCB)

* Itis not a company or a manufacturer
* Itis not a programming language

* |t is not a computer architecture

(although it involves all of these things...)
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So what is Arduino?

It's a movement, not a microcontroller:

* Founded by Massimo Banzi and David
Cuartielles in 2005

« Based on “Wiring Platform”, which dates to
2003

* Open-source hardware platform

» Open source development environment
— Easy-to learn language and libraries (based
on Wiring language)
— Integrated development environment (based
_on Processing programming environment)

Available for Windows / Mac / Linux
ARDUINO




The Many Flavors of Arduino

 Arduino Uno

* Arduino Leonardo
* Arduino LilyPad

* Arduino Mega

* Arduino Nano

e Arduino Mini

e Arduino Mini Pro
 Arduino BT

0.0
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Arduino-like Systems

» Cortino (ARM)
« Xduino (ARM)

» LeafLabs Maple
(ARM)

» BeagleBoard (Linux)

* Wiring Board
(Arduino

Ergdecessor)

ARDUINO




Arduino Add-ons (Shields)

« TFT Touch Screen

« Data logger

* Motor/Servo shield

 Ethernet shield

 Audio wave shield

* Cellular/GSM shield

 WiFi shield

* Proto-shield

e ...Many more
.90,
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Where to Get an Arduino Board

* Purchase from online vendor (available
worldwide)
— Sparkfun
— Adafruit
— DFRobot

* ... Or build your own
— PC board
— Solderless breadboard o
http://ltp.nvu.edu/phvscomp/TutorlaIs/ArdumoBrea(!ng%rg
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Getting to know the Arduino:

Electrical Inputs and Outputs

* Input voltage: 7-12 V LED 14 digital inputs/outputs

(USB, DC plug, or Vin)
« Max output current per pin: 40 mA

(6 PWM outputs)

Power
.| indicator

'::DJFTAL? ‘?a; B o et R R /
nal® J N L1l-n! 1 T
USB connection (RN - % Reset
................. ‘ Button

16 MHz clock

‘‘‘‘‘‘

Voltage regulator

8 E @ =l MmN

AC/DC adapter

- jack Di:gg@ 9¢ 6 analog |7,
% (INJOUT) aputs »
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Download and Install

« Download Arduino compiler and development environment from:
http://arduino.cc/en/Main/Software

 Current version: 1.0.1

« Available for:
— Windows
— MacOX
— Linux
* No installer needed... just unzip to a convenient location

« Before running Arduino, plug in your board using USB cable
(external power is not necessary)

« When USB device is not recognized, navigate to and select the
appopriate driver from the installation directory

e Run Arduino
q'f‘,pxﬁf?'},
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Select your Board

|2 BareMinimum | Arduino 1.0

File Edit Sketch ETooIs Help

Auto Format
Archive Sketch
Fix Encoding & Reload

woid setup() Serial Monitor Ctrl+Shift+M
A4 put your

BareMinirmum

Board ©  Arduino Uno
Serial Port Arduino Duemilanove w/ ATmega328
woid loopi) { Pro Arduine Diecimila or Duemilanove w/ ATmegal68
grammer
/7 put your Arduine Mano w/ ATmega328
Burn Bootloader
Arduine Mano w/ ATmegalG8
Arduine Mega 2560 or Mega ADK
Arduinc Mega (ATmegal 280)
Arduino Miniw/ ATmega32é
Arduine Mini w/ ATmegal 68
Arduino Ethernet

Arduine Fie

Arduino BT w/ ATmega328

Arduing BT w/ ATrmegalssd

LilyPad Arduino w/ ATmega328

LilyPad Arduine w/ ATmegal68

Arduine Pro or Pro Mini (5, 16 MHz) w/ ATmega328
Arduine Pro or Pro Mini (5, 16 MHz) w/ ATmegal68
Arduine Pro or Pro Mini (3.3V, 8 MHz) w/ ATmega328
Arduine Pro or Pro Mini (3.3V, 8 MHz) w/ ATmegal68
Arduino MG or older w/ ATmegal68

Arduino MG or older w/ ATmegal

m Du IH“ . Arduina Una




Select Serial Port

-
BareMinimum | Arduing 1.0
File Edit Sketch EToaIs] Help
Aute Format Ctrl+T
Archive Sketch
Barehfinimurn Fix Encoding & Reload
void setw (] Serial Manitor Ctrl+Shift+M
4 put your
Board 4
} Serial Port 4 Com4
i v ComMa
void loop() | Programmer 4
AF put your
Burn Bootloader
b

mnu IH“ ] Arduino Uno on COMS




Elements of the Arduino IDE

¢ TeXt editor File Edit Sketch Toolselp
— syntax and keyword _
coloring "
— .automat.ic A4oput wour setup code here, to run once:
indentation }
— prog ramming vuj?’ Iljtulzpjf*ljzuui main code here, to run repeatedly:
shortcuts |
« Compiler

« Hardware Interface
— Uploading programs

— Communicating with
Arduino via USB

0.0
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Using the Arduino IDE

Name of sketch

Compile sketch

Upload to board

Program area —

- Messages/ _|
% Errors

ARDUINO

Serial Monitor

Noeatedly:




Arduino Reference

2@ sketch_jun18a | Arduine 1.0.1 =10 x| Firefox
Fle Edit Sketch Tools |Help
Getting Started
Environment
sketch_juniBa Troubleshooting
Reference
Find in Reference Ctrl+5hift+F
Frequently Asked Questions A R D U I NO
Visit Arduino.cc

& > @ file: f/C: fUsers tem farduino-1.0. 1/reference findex. himl wvce

3~ Google Ll B
- B

Buy | Download | Cetting Started | Leaming Reference | Hardware | FAQ

About Arduino

Reference Language | Libraries | Comparison | Changes

Language Reference

Arduino programs can be divided in three main parts: structure, values (variables and constants), and functions.

Structure Variables Functions
P p—— * setup() Constants Digital I/0
* loopD) « HIGH | LOW * pinMode()
) « INPUT | OUTPUT] * digitalWrite()
Arduino Reference is installed locally =~ “*" s INPUT_PULLUP * digitalRead0)
. Il [ . if - e
or available online at hitp://arduino.cc/ . i clce frue | flse Analog1/0

* integer constants

s for o floating poi
point constants
i analogRead()
"  switch case .
¢ while Data Types + analogWrite() - PWM
¢ do... while o void Advanced 1/0
* break * boolean

. * tone()
MDUIHQ [ oot * ¢ noTone()

* return .
° u.nstgne-d char o chifttmit LI




Arduino Sketch Structure

* void setup() [0 S e e <o run one
— Will be executed |»
only when the [ A ——
program begins |
(or reset button /
IS pressed)

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

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

to comment (or uncomment) a

re peated |y selected portion of your program.

) "';.p\-:ﬁ: r
,

18
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Activity 1. LED Blink

* Load the "Blink™ example
(File=>Examples->Basics—>Blink)

// initialize the digital pin as an output.
// Pin 13 has an LED connected on most Arduino boards:
\\\pinMode(13, OUTPUT) ;

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

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

] .- digitalWrite(13, HIGH); // set the LED on
Wait 1000 milliseconds ~ ——1__ ge1ay(1000); // wait for a second

|_digitalWrite(13, LOW); // set the LED off

delay(1000); it f q
Set output low (0V) — } elay(1000) // wait for a secon

« Compile, then upload the program

w Congratulations! you are now blinkers! ...

18 )5:'1
LSNPS
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Now connect your own LED

Anatomy of an LED:

Epoxy lens/case
//- Wire bond
/ Reflective cavity

Semiconductor die

/ = ) Anvil Leadframe
% _Iﬁ Post }
N

+ 11—

7 i

Anode [ ﬂ Cathode —RI—
http://www.wikipedia.org/

Flat

Symbol:

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 5

Change program and upload *

B
4I{YLF‘*e
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o
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Aside: Using a Solderless

Breadboard

® o ® ° @ ® o & o ® 0 ° @ e o @ 9
ConneCted tOgether e & o © @ e & o & ® © ® ©® e o ° 0
* o @ @ * ¢ @ @ @ o @ @ @ @ @0 9° @ o @ @ 9
o o o 9 * o 0 o @ ® o & o ° 0 0 @ . e o 0 9
e o o @ e o o o @ e @ o & © @ ® © e o o @
@ o @ e @ @0 ¢ @0 ® @ o o ® o 0 @ e @ @ @
- o @ @ ® @ @ 9 @ e o o o ® 90 0o @ e o @ 9
e @ o o e & o o @ e @ o ¢ & o & & @ © o © ° 0
* o @ @ * ¢ @ @ @ ® o @ @ @ @ ° @ ° ® 9 00
e @& o o e e o o @ e @ & o ° @ 0 @ @0 @ 0 0 ® :I 300 m I | S
Connected together
e @ & o ® e & o 0 @ e o o © @ e @ & o o e o & © @
* o @0 o 9 2 o o ° @ ® o @0 @ @ * o @0 @ 9 * @ @& o @

ARDUINO



Example: Using a Solderless

Breadboard

SCL
220 Q
GND

= L

Xy o
X1

=g

E [
N/ LED " M
PWM ©

il 1 1 N Y

PWM
PWM

20" OUINPUE MMM

“ONA': ounpay

PWM

Q)

Z

-
NI DOTYNY

[

® nom
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Experimenting

* 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?)

0.0

18 56
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Digital Input: Reading Switches

and Buttons

Writing HIGH to an input pin:
enables an internal pull-up resistor

switch

AN
void setop() {
pinMode (i1, OUTPUT); // Use pin 11 for digital out
pinMode(12y, INPUT); // Use pin 12 for digital input
DIGITAL (~ PWM) digitalWrite(12, HIGH); // Enable pull-up resistor
}
ARDUINO void loop() {

boolean state;

state = digitalRead(12); // read state of pin 12
digitalWrite(11, state); // set state of pin 11 (LED)
delay(100); // wait for a 1/10 second

}

ANALOG IN

 Turn on/off LED based on switch
* Pin 12 reads LOW when switch is closed
* Pin 12 reads HIGH when switch is open (pull-up)

_\\q'r",llxﬁf A
% Without the internal pull-up resistor, z J’*
unconnected digital inputs could B ) >

ARDUINO read either high or low %;?;JF\‘Q




Activity 2. Seven-Segment

Display

* Write a that program that counts from 0 to
9 and displays the result on a seven-
segment LED display

« Consider writing a function:

void writeDigit(int n)

that writes a single digit

1 e Sty
A &FHL ”;eq*_
I8 )5:'1
ARDUINO 20
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Seven-Segment Display Table

Digit |ABCDEFG A B C D E F G
0 0x7E on on on on on on off
1 0x30 off on on off off off off @
2 0x6D on on off on on off on @
3 0x79 on on on on off off on
4 0x33 off on on off off on on @
5 0x5B on off on on off on on @ @
6 Ox5F on off on on on on on @
7 0x70 on on on off off off off
8 Ox7F on on on on on on on
9 0x7B on on on on off on on
Useful:

* bitRead(x,n)
Get the value of the nt" bit of an integer x
Example:

w — bitRead(©x7E,7); // returns 1 (see table above);‘*‘ﬁﬁi"’@
I8 56
).
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Serial Communication - Writing

IMPORTANT: | Serial.begin(baud)
USB serial T : : .
communication is | INitialize serial port for communication (and sets baud
shared with rate)
Arduino pins 0
and 1 (RX/TX)

Note: Serial.end() command
Example: is usually unnecessary, unless

_ Serial.begin(9600); // 9600 baud Tl AT O

Formatcanbe: | Serial.print(val), Serial.print(val,fmt)

BIN, HEX, OCT, | Prints data to the serial port
or an integer

specifying the ExamDIeS:
number of digits — Serial.print(“Hi”); // print a string
el — Serial.print(78); // works with numbers, too

— Serial.print(variable); // works with variables
— Serial.print(78,BIN); // will print 1001110

=+ Serial.println(val)
% Same as Serial.print(), but with line-feed

ARDUINO ,ﬁfé.ﬁ;ﬁ?




Activity 3. Hello World!

Serial Monitor:

* Write an Arduino
program that prints the coms
message “Hello world™ | |
to the serial port e —

e ...whenever you press
a switch/button

« Use the Serial Monitor
to see the output
(Ctrl-Shift-M)

¢ Try InCFGaSIng baUd Autoscrol :I"l.ln line ending :EEUD baud
rate =

~,

1]
m | » E

-

-

A Make sure this agrees with your / %\J.mur%
program, i.e., Serial.begin(9600); a@ %
8 5t
} ]
ARDUINO 7, WS
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Serial Communication - Reading

 Serial.available()
Returns the number of bytes available to be read, if any
Example:

if (Serial.available() > 0) {
data = Serial.read();

}

To read data from serial port:

e Jletter = Serial.read()

« letters = Serial.readBytesUntil(character, buffer, length)
* number = Serial.parselnt()

* number = Serial.parseFloat()

> o/
o -
I8 } 56

—

ARDUINO 7)

a i’ S
RYLF“e



Activity 4 — User Controlled

Blinker

 When available (Serial.available), read an integer
from the serial port (Serial.parselnt), and use the
result to change the blink rate of the LED (pin 13)

Useful:

 constrain(x,a,b)
Constrains the variable x to be fromato b
Examples:
— constrain(5,1,10); // returns 5
— constrain(50,1,10); // returns 10
— constrain(e,1,10); // returns 1

e RS
™ \q,‘bl :f}_.f
3 2
I8 56
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Analog Input and Sensors

Reference Voltage (optional) . Six analog inputs:
Ao, Al, A2, A3, A4, AS
ALy ﬂJJ DR - AREF = Reference voltage
= PR | (default = +5 V)
i M » 10 bit resolution:
r,;[...‘.ﬁ_@ﬂ . : — returns an integer from 0 to
.. 50 L 1023
— result is proportional to the
pin voltage

 All voltages are measured
relative to GND

- Note: If you need additional (WERSIT
Analog Inputs digital I/0, the analog pins canbe | 5 %
re-assigned for digital use: 18 ) 56
ARDUINO pinMode(A®, OUTPUT); ,g,ﬁ:;i;eq



Reading Analog Values

* value = analogRead(pin)
Reads the analog measurement on pin
Returns integer between @ and 1023

* analogReference(type)
type can be:

— DEFAULT - the default analog reference of 5 volts (on
5V Arduino boards)

— INTERNAL — Built-in reference voltage (1.1 V)
— EXTERNAL — AREF input pin

y \ﬁf-,l’x.'ﬂ A
Note: Do NOT use pinMode(A@, INPUT) unless you want to g 2,
use AO for DIGITAL input. 18 )

ARDUINO 7,
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Aside: Potentiometers

(variable resistors, rheostats)

m \.“1‘ 'i-.'-“* 51 r »
O
[4]




Activity 5 — Volume Knob

« Connect the potentiometer from 5V to GND
 Use analogRead(A@) to measure the voltage on the center pin

« Set the LED blink rate depending on the reading

V3 sv Vin
D13 b—
Power
— AREF D11 =
e o 0 0 0 'R
® e e 0 0 R scL — [0 REF ArdL"nO D10
2234 B3 — e o [
AREF
e s 8 8 . " 9 00 GND HDB_
. e 0 0 . e 8 0 RN - w E_
e e e 0 e e 0 0 s D7
2d © .
IOREF &3 RN R1 X <] ot
e TS RESET PWM = = 10k 2 D6 p—
e o 0 0 0 “ s 0 00 V3 g < E s |pm
LI I Y O ) . "8 00 ] = = .
<5 a M 2
B 'R e = - AQ 2 pa f—
® e e 0w RN 3%:{: >3 3 Py
e s s 8 8 .. 5_”% o —_— Al D3 el
E
s o8 o0 % = —A.ZE 02 p—
e r = =] E 3 ™
.. $ s s .z - E%; —] A3 DL ==
= i
o “ s 0 00 o B Ad 2 po s
L) e o 0 00 w @ i
L s s 0 0 s = e — A5 SCL e
.« 'R " N, = DA
. ® GND




Activity 6 — Arduino

Thermometer

November 2000 TO-92
&Nﬂtinnal Semiconductor Plastic Package
+Vs Vour GND

LM35 |
Precision Centigrade Temperature Sensors

Features

m Calibrated directly in * Celsius (Centigrade) +Vs

m Linear + 10.0 mV/"C scale factor (4V TO 20V)

m 0.5°C accuracy guaranteeable (at +25°C)
m Rated for full -55° to +150°C range

m Suitable for remote applications

m Low cost due to wafer-level timming LM35 OUTPUT

m Operates from 4 to 30 volts 0 mV+10.0 mV/°C
m |ess than 60 pA current drain

m Low self-heating, 0.08°C in still air
m Nonlineanty only £%°C typical -
m Low impedance output, 0.1 £ for 1 mA load

 Build a circuit and write a sketch to

w read and report the temperature at @
arouzno 1 second intervals fé.ﬁm;jo

) 'l",px.l:t: r




Data Logging ldeas

e millis()
Returns the number of milliseconds elapsed since
program started (or reset)

Time functions O include <rine.ny
 setTime(hr,min,sec,day,month,yr)
* hour(), minute(), day(), month(), year()

Real-time Clock (RTC):

« Use an external, battery-powered chip (e.g., DS1307) to
provide clock



Activity 7 — Arduino Nightlight

* CdS Photoresistor:
resistance depends on ambient

light level

» Build a circuit and write a sketch that turns
on an LED whenever it gets dark
Hint: connect the photoresistor in a voltage
divider

™ QERSIZ,
> o/
S 2
18 5
(ot
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Analog Output?

« Most microcontrollers have
only digital outputs

* Pulse-width Modulation:
Analog variables can be
represented by the duty-
cycle (or pulse-width) of a
digital signal

0.0

ARDUINO

o

O

S

Sy
O

S¥
Oy

FPulse Widih Modulatlan
O Dty Cycle - analogiWirlted

o) I N B N

25% Dty Cyele - analogiWrite{G4)

J )

305 Duty COvcle - analogWrited 127

75% Duty Cycle - analogWrite{191)

1008 Duty Cyele - analogWrite{255)

18

4

e RS
\H'r,l If}if

http://arduino.cc/en/Tutorial/PWM 5




PulseWidth Modulation (PWM)

PWM available on pins 3, 5, 6, 9, 10, 11

MADE @ |—_—| |‘_—| |:|

IN ITALY | O FREEE:
R --tu-J-:“.... V-
l.l-l
Tll:' .
L nxwme ARDUINO
¥ ‘ [ ]

™ Note: the PWM frequency and
resolution can be changed by
re-configuring the timers

ARDUINO

analoghWrite(pin,val)
set the PWM fraction:

— val = 0: always off

— val = 255: always on

Remember to designate pin
for digital output:
pinMode(pin,OUTPUT);
(usually in setup)

Default PWM frequency:
— 16 MHz / 215 = 488.28125 Hz

e RS
‘\H'r,l fj'}__

o
e
I8
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Activity 8 — PWM LED Dimmer

« Use PWM to control the brightness of an LED
— connect LED to pin 3, 5,6, 9, 10 or 11
— remember to use 220 Q current-limiting resistor

« Set the brightness from the serial port, or
potentiometer

« Watch the output on an oscilloscope

Useful:

 newValue = map(oldvalue, a, b, c, d)
Converts/maps a number in the range (a:b) to a new number in
the range (c:d)
Example:
— newValue = map(oldvValue,9,1023,0,255);



Activity 8 — PWM LED Dimmer

(cont’d)

« Change your program to sinusoidally
modulate the intensity of the LED, at a 1
Hz rate

— Hint: usethemillis(), sin() , and
analogWrite() functions

0.0

ARDUINO
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Servomotors

Vp  Vservo Vi = microcontroller voltage supply

vdd _J Vservo = 4 to 6 VDO, regulated or battery

o White
Red VO = PWM TTL or CMOS output signal
Black from microcontroller: 3.3 t0 5V, not to
Vss ” exceed Vservo+ 02V

Microecontroller 1 Standard Serve
Pin Name Description Minimum Typical Maximum Units
1 (White) Signal Input; TTL or CMOS 3.3 5.0 Vservo + 0.2 \
2 (Red) Vservo Fower Supply 4.0 5.0 G.0 \'
3 (Black) Vss Ground 0 v

http://www.parallax.com/

« Standard servo:
— PWM duty cycle controls direction:
— 0% duty cycle - 0 degrees
— 100% duty cycle - 180 degrees

w « Continuous-rotation servo:
— duty cycle sets speed and/or direction e @)
ARDUINO s




Activity 9 — Servomotor Control

* Build a program that turns a servomotor
from O to 180 degrees, based on
potentiometer reading

» Report setting to the serial monitor

18
Vo
ARDUINO TRYLAS



Solid State Switching - MOSFETSs

I_ | B~ D Drain
% TE e (R .
: :3:.CF Arduino ng ﬁ Gate t)
gECi __*__ g E: : G I"':).r /

. gg o _ S Source
s o) S L
e n = :
- sl * Logic-level MOSFET

— (requires only 5 V)

* Acts like a voltage-
controlled switch

0’0 + Works with PWM!;*}“@;;

LSNPS
ARDUINO TRYLAS




Activity 10 — PWM Speed Control

 Build a circuit to control the speed of a
motor using a PWM-controlled MOSFET

* Enter the speed (PWM setting) from the
serial port (Serial.parselnt)

0.0

ARDUINO "thgﬁ*ﬁ




Controlling Relays and

Solenoids

switch RT series (DC Coil) e
: (SPDT) 16 Amp PC Board I_Z o 1
Coll ¢ Miniature Relay L, ok
T M. File E22575
@ File LR15734
I I I « NR 6106 ™

Coil Data @ 25°C
Voltage: 5 to 110VDC.

* Electromechanically i w

Duty Cycle: Continuous.
Initial Insulation Resistance: 10,000 megohms, min., at 25°C, 500VDC

-aCtu ated SWItCh Coil Construction: UL Class Fa{rIchI}Bs"%cI/O rel hamidity

Coil Data @ 25°C

* Provides electrical | poEns | T W

Voltage in Ohms Voltage Current

u [ ]

I S O I atl O n ‘égg 11602"10 \;D;: %;OHZ.
006 90 4.2 o
e Tvoicallv f 00 202 o 4
ypically tfew ms

024 16.8 16.7

. 1,440
response time ‘G g
060 7000 42.0 8.0
FH 110 30,250 770 4.3

% Note: Arduino cannot supply 18 @

} 5ih
enough current to drive relay coill 2, W
ARDUINO AR S
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Relay Driver Circuit

switch
ot | p A
T _|_Coil Voltage
| | T  Supply
 J
Arduino .
digital pin e——AAA, /E 2N2222 :
1 kQ \h, (or similar)
Arduino : i
GND - e

GED Collector [C)
« NPN transistor: acts like a current-controlled switch
« MOSFET will also work

» Diode prevents back-EMF (associated with inductive

Y loads)
%  Coil voltage supply and Arduino share common GND

ARDUINO




Activity 11: Bidirectional Motor

Driver

 Build a circuit (and write an Arduino
sketch) that will use a DPDT relay to
change the direction of a DC motor:

+V

|

Note: this is called an H-bridge circuit.
It can also be made with transistors

DC Motor

) 56
ARDUINO 4, é’viﬁ‘ﬂ

‘ : x : ""‘ —— GND NERSIT
(Note: control coil not shown) 18 @ 5
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Communication: 12C, SPI

* |2C (Inter-Integrated Circuit)

— Developed by Phillips

— Speed = 100 kHz, 400 kHz, and 3.4 MHz (not
supported by Arduino)

— Two bi-directional lines: SDA, SCL
— Multiple slaves can share same bus

« SPI (Serial Peripheral Interface Bus)
— Speed = 1-100 MHz (clock/device limited)
— Four-wire bus: SCLK, MOSI, MISO, SS

— Multiple slaves can share same bus
wut each needs a dedicated SS, slave select) .

5 %
18 } 56
ARDUINO 1, g &
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Connecting Multiple Devices

(1°C and SPI)

Master with three SPI slaves:

_ SCLK » SCLK
Master (uC) with three I°C slaves: MOs| » MOS| SPI
SPI MISO < MISO Slave
. Master S5l p SS
- dd B
R 552
Q?p SDA 5§53 [ —————
I I 1 —SCL L sl scik
» MOSI SPI
ucC ADC DAC uC MISO  Slave
Master || Slave || Slave || Slave | SS
http://en.wikipedia.org/ —>| | 5P
SRR

0.0
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SPI and 12C on the Arduino

SCK (13) || MISO (12) || MOSI (11) || SS (10)

SPI pins:

?:Dfmw |1 : EEEE o 9w ¢ SCK — Senal CIOCk
THEt v « MISO = master in, slave out
ik o ATOUTNO SBh{ - MOSI = master out slave in

uuuuu

« SS = slave select
1°C pins:

« SDA =data line

« SCL = clock line

SDA (A4)

SCL (A5)

ARDUINO




Basic Arduino 12C Commands

COMMAND EXPLANATION

Wire.begin() Join the I°C bus as master (usually
invoked in setup)

Wire.beginTransmission(address) Begin communicating to a slave

device
Wire.write(byte) Write one byte to I12C bus (after
request)
Wire.endTransmission(address) End transmission to slave device

% Note: you must include the Wire library: Note: pinMode() not needed

#include <Wire.h> for 1°C on pins A4 and A5
ARDUINO




Example: MCP4725 12-bit DAC

MCP4725 write command (taken from data sheet)

Byte 1 Byte 2 Byte 3 Byte 4
111100 |A2|A1|A0| O | |C2|C1|CO| x | x P[}1|P[]-[] x | |ID1D10|DS|D8|D7|D6|D5|D4| |D3|D2|{D1|DO| x | x | x
L Y J L Y J | J L . )
7-bit I°C address command power down mode data bits (MSB = LSB)
(1100000) (010) (00)

Arduino program segm nt: data >> 4: shift bits left by four positions

Note: binary numbers are preceded by B:
B1100000 = 96

Wire.
Wire.
Wire.
Wire.
Wire.

beginTransmission(Bil@ 00); // Byte 1 (Initiate communication)
write(B01000000) ; // Byte 2 (command and power down mode)
write(data >> 4); // Byte 3 (send bits D11..D4)
write((data & BO00O1111) << 4); // Byte 4 (send bits D3..D0)

endTransmission();

\ Remember: you must include the Wire library at the top:
#include <Wire.h>
and you must also use Wire.begin() in setup

ARDUINO




Additional I°C Commands

COMMAND EXPLANATION

Wire.

Wire.

Wire.
Wire.
Wire.
Wire.

Wire.
Wire.

Wire.

Wire.

O

ARDUINO

begin()

begin(address)

beginTransmission(address)
write(byte)
write(bytes,length)
endTransmission(address)

requestFrom(address, quantity)
requestFrom(address, quantity, stop)

available()
read()

Join the I12C bus as master (usually invoked
in setup)

Join the I2C bus as slave, with address
specified (usually invoked in setup)

Begin communicating to a slave device
Write one byte to I1°C bus (after request)
Write 1ength bytes to I°C bus

End transmission to slave device

Request bytes (quantity) from slave

The number of bytes available for reading

Reads a byte that was transmitted from a
slave. (Preceded by Wire.requestFrom)

‘\-»,‘!I]"al“-'l !'}_.

o
e

##include <Wire.h>

Note: you must include the Wire library:

4

Note: pinMode() not needed | N
for 1°C on pins A4 and A5 2, \y) }Q
RYLAS



Activity 12: Sawtooth Wave

* Program the MCP4725 DAC to produce a
sawtooth (ramp) wave: |~

— What is the frequency of the sawtooth wave?
— Can you make f = 100 Hz?

MCP4725
breakout Note: the I°C bus requires pull- UCC UJCC
_ up resistors on SCL and SDA
board: B (provided on the board)
- T von o) ] -
UCC
http://www.sparkfun.com/ 5 Ul
. ANALOG >~ vout PO 2
1 USS SCL < =
UDD SDA
ARDUINO 1 MCP4/25 1




Basic Arduino SPI Commands

COMMAND EXPLANATION

SPI.begin() Initializes the SPI bus, setting SCK,
MOSI, and SS to outputs, pulling
SCK and MOSI low and SS high.

byteIn = SPI.transfer(byteOut) Transfer one byte (both send and
receive) returns the received byte

Note: you must include the SPI library:
#include <SPI.h>

Note: pinMode() not needed. ltis
automatically configured in SPI.begin()

0.0

ARDUINO




Additional Arduino SPI

Commands

SPI.begin() Initializes the SPI bus, setting SCK, MOSI, and SS to
outputs, pulling SCK and MOSI low and SS high.
SPI.end() Disables the SPI bus (leaving pin modes unchanged) — in
case you need to use pins 10-13 again
SPI.setBitOrder(order) Set bit order for SPI

order = {LSBFIRST, MSBFIRST}
SPI.setClockDivider(divider) Set the SPI clock divider

divider ={2, 4, 8, 16, 32, 64, 128}

SPI clock speed = 16 MHz/divider

SPI.setDataMode(mode) Set the SPI data mode
mode = {SPI_MODE®, SPI_MODE1, SPI_MODE2, SPI_MODE3}
SPI.transfer(byte) Transfer one byte (both send and receive)

returns the received byte

™ NERSIT
% Note: you must include the SPI library: Note: pinMode() notneeded | @) 5',.1

##include <SPI.h>
ARDUINO '%R ﬁS
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Example: AD5206 Digital

Potentiometer

Functional block diagram:

Features:
cs O AD5206 Vop o
cu{(% i, %m * six independent, 3-

EN > ——( W1 . .
S| oo | Lo wiper potentiometers
wH— N Fol_= - | « 8-bit precision
\{ .o (256 possible levels)
SER . L
e H—= b ¢ Available in 10kQ,
sDI()— DI DO ELRAE!I%?-I %: :: 50kQ and 100kQ
1 6 _‘|
e | G o O * Programmed
POWER-ON )\ |

anp ()L PRESET v  through SPI interface

- F
> o/
) -
18 } 5ih
—

L S L
ARDUINO AR




AD5206 Write Seguence

Note: same as MOSI
(master out slave in)

\DI

Note: same as SS
(slave select)

CLK

\:_s

Arduino program segment:

; :XA2 XA1 XAB XDTXDEXDEXD-‘-lXDSXDZXM XDGX

RAVAVAVAVAVAVAVAVAVAVA

RDAC LATCH LOAD

A ~

SPI.begin();

// initialize SPI (in setup)

digitalWrite(SS,LOW); // hold SS pin low to select chip
SPI.transfer(potnumber); // determine which pot (0..5)
SPI.transfer(wipervalue); // transfer 8-bit wiper setting
digitalWrite(SS,HIGH); // de-select the chip

0.0
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Activity 13. Programmable

Voltage Divider

* Use the AD5206 to build a programmable
voltage divider

 Allow the user to set the resistance from
the serial port

 Measure resistance with an Ohm meter,
or using analogRead()

> o
o =)
I8 5
LN

} 56
ARDUINO “’thr:"‘*‘q



AD5206: Summary of Pins and

Commands

SCK (13) || MISO (12) || MOSI (11) || SS (10) as [ 22| B4
we | 2 23 | W4
B6 | 3 22| A4
mer o oolel 3507 TT T i e cs[5]| AP5206 |F]w:
s T TOP VIEW
iy WUINU ‘o g Vop |6 ]| (Notto Scale) || 19] A2
nxems ARDUINO £
F :1&4‘-:#10—!&4?;5 LR RN M CLK 8 17 | W1
e lal e airika "'_'___ : Vgs | 9 16 | B1
B5 |10 15| A3
""""""""""""" w5 | 11 14| W3
A5 |12 13| B3
|

Remember: SPI.begin() neededin setup() and #include <SPI.h> NC = NO CONNECT

digitalWrite(SS,LOW); // hold SS pin low to select chip
SPI.transfer(potnumber); // determine which pot (0..5)
SPI.transfer(wipervalue); // transfer 8-bit wiper setting
digitalWrite(SS,HIGH); // de-select the chip




