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Welcome to the SparkFun Inventor’s Guide

The SparkFun Inventor's Guide is your map for navigating the
waters of beginning embedded electronics. This booklet contains
all the information you will need to explore the 16 circuits of the
SparkFun Inventor's Kit for SparkFun RedBoard. At the center of
this manual is one core philosophy - that anyone can (and

should) play around with electronics. When you're done with this
guide, you'll have the know-how to start creating your own
projects and experiments. Now enough talking - let's get
inventing!

www.sparkfun.com/SIK
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is the RedBoard platform?

The DIY Revolution

We live in a unique time where we have access to resources
that allow us to create our own solutions and inventions. The
DIY revolution is composed of hobbyists, tinkerers and
inventors who would rather craft their own projects than let
someone do it for them.

www.sparkfun.com

A Computer for the Physical World

The RedBoard in your hand (or on your desk) is your
development platform. At its roots, the RedBoard is
essentially a small portable computer. It is capable of
taking inputs (such as the push of a button or a reading
from a light sensor) and interpreting that information to
control various outputs (like a blinking LED light or an
electric motor).

That's where the term "physical computing” is born -
this board is capable of taking the world of electronics
and relating it to the physical world in a real and tangjble
way. Trust us - this will all make more sense soon.

1
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RedBoard

SparkFun RedBoard

The SparkFun RedBoard is one of a multitude of
development boards based on the ATmega328. It has 14
digital input/output pins (6 of which can be PWM =
outputs), 6 analog inputs, a 16 MHz crystal oscillator, a ! L E SSS:
USB connection, a power jack, an ISP header, and a reset . AREF @
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button. Don’t worry, you'll learn about all these later. oner
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Download the Arduino IDE (integrated Development Environment)

Access the Internet

In order to get your RedBoard up and running, you'll need to
download the newest version of the Arduino software first from
www.arduino.cc (it's free!). This software, known as the Arduino
IDE, will allow you to program the board to do exactly what you
want. I¢’s like a word processor for writing programs. With an
internet-capable computer, open up your favorite browser and

type in the following URL into the address bar:

m arduino.cc/en/main/software | - case sensitive >

( N
Select the installer option appropriate

Download . .
for the operating system you are using.

+ Windows
+ MacOS X
4+ Linux: 32 bit, 64 bit

+ source

Download the Arduino Software

0 Choose the appropriate Operating System installation package for your computer.
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// Connect your RedBoard to your Computer

Use the USB cable provided in the SIK kit to connect the RedBoard to
one of your computer’s USB inputs.

// Install Arduino Drivers

Depending on your computer’s operating system, you will need to follow specific
instructions. Please go to www.sparkfun.com/FTDI for specific instructions on how to
install the FTDI drivers onto your RedBoard.
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// Open the Arduino IDE:

Open the Arduino IDE software on your computer. Poke around and get to know
the interface. We aren’t going to code right away, this is just an introduction. This
step is to set your IDE to identify your RedBoard.




GU' (Graphical User Interface)

1  Verify: Compiles and approves your code. It will catch errors in syntax (like missing semi-colons or parenthesis). ~See Diagram Below
Uploa Sends your code to the RedBoard. When you , you should see the lights on your boal

4 Ope This button will let you open up an existing sketch. See Diagram Below

5 ' Save: This saves the currently active sketch.

6 Serial Monitor: This will open a window that displays any serial information your RedBoard is transmitting. It is very useful for debugging.

7 = Sketch Name: This shows the name of the sketch you are currently working on.

8 Code Area: This is the area where you compose the code for your sketch.

9 Message Area: This is where the IDE tells you if there were any errors in your code.

10 Connection Area: This shows the board and serial port currently selected.

// The three most important commands for this guide are these:

Open Verify

Upload



// Select your board: Arduino/Genuino Uno

Arduino File Edit Sketch Help

Auto Format ®T
Archive Sketch

Fix Encoding & Reload

Serial Monitor T ®M
Serial Plotter T ¥L

Get Board Info

Burn Bootloader

Note:

Your SparkFun RedBoard and the

Arduino/Genuino UNO are interchangeable
but you won't find the RedBoard listed in

the Arduino Software. Select “Arduino
UNO” instead.

Select the serial device of the

| WiFi101 Firmware Updater
|

| Board: "Arduino/Genuino Uno*
Port: “/dev/cu.Bluetooth-Modem”

Programmer: "AVRISP mkil*

Boards Manager...

Arduino Yin

» Arduino/Genuino Uno
Arduino Duemilanove
Arduino Nano
Arduino/Genuino Mega or Mega 2560
Arduino Mega ADK

Arduino Leonardo

Arduino/Genuino Micro

Arduino Esplora

Arduino Mini

Arduino Ethernet

Arduino Fio

Arduino BT

LilyPad Arduine USB

LilyPad Arduino

Arduino Pro or Pro Mini

Arduino NG or older

Arduino Robot Control

Arduino Robot Motor

Arduino Gemma

iecimila

RedBoard from the Tools | Taoks| Help
Serial Port menu. This is likely Aute Format Chrl+T
10 be com3 or higher Bachive Sketch
Fix Encoding & Reload
COMI1 and COM2 are
( wially reserved for harduwar Serial Monitar Ctrl+Shift+h
) usually reserved for hardware Serial Plotter Ctrl+Shift+L
serial ports). To find out, you can disconnect
your RedBoard and re-open the menu; the entry Bl Yl eamim We- "
that disappears should be the RedBoard. Fort Serial ports
Reconnect the board and select that serial port. (et oard Infe comt
Prograrrer: "SWRISP rkll” com:
COMST (Arduino/Benuing Lino)
[ Bum Baotioader
L
T
Q
-~
Arduine File Edit Sketch [Rrl--l Hel
3 T e
A~ Auto Format ®T
J; S Archive Sketch
k elect the serl: Fix Encoding & Reload
S device of the Serial Monitor %M
g RedBoard from Serial Plotter 438L
'.G the Tools > WIFi101 Firmware Updater
> Serial Port
— Board: "Arduino/Genuino Uno" >
A ) THEE Of{ the Port: */dev/cu.Blustooth-Modem”
NG Mac, this should be something Get Board Info /dev/cu/Bluetooth-Incoming-Port
N with /dev/tty.usbmodem or

/dev/tty.usbserial in it.

Programmer: "AVRISP mkll"*
Burn Bootloader

k /dev/cu.usbserialDNO18JWS

hetp://www.arduino.cc/playground/Learning/Linux
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Download Arduino Code (For use with the circuits in this guide)

Type in the following URL to download the code:

sparkfun.com/sikcode

[ start —» [ Programs —» ([ arduino —3 [ examples

‘\
3

Unzip the file “SIK Guide Code”. It

should be located in your browser’s « . » . .
Copy the “SIK Guide Code” fold Ard
“Downloads” folder. Right click the S pide toce foider fio fArduinos

fold, d les”.
zipped folder and choose “unzip”. lder named examples

J— @ Contents
& (33 Resources
Find “Arduino” in your applications *
folder. Right click(ctr] + click) on o Java
“Arduino”. Select “Show Package T
Unzip the file “SIK Guide Code”. It s *
should be loacted in your browser’s 23 examples
“Downloads” folder. Right click the Arduino
zipped folder and choose “unzip”. Open

Copy the “SIK Guide Code” folder into
Arduino’s folder named “examples”.

Show Package Contents

Move to Trash

]

& http://www.arduino.cc/playground/Learning/Linux

WHAT’S NEXT? Read on to learn more about getting started with circuits. Then you can start on your first circuit on page 17!

// Copy “SIK Guide Gode” into “Examples” library in Arduino folder
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Getting Started with Circuits

What is an Electrical Circuit?

@ A circuit is basically an electrical loop with a starting point and an
ending point - with any number of components in between.
Circuits can include resistors, diodes, inductors, sensors of all sizes
$ and shapes, motors, and any other handful of hundreds of

thousands of components.

I I Circuits are usually divided into three categories - analog circuits,
digital circuits, or mixed-signal circuits. In this guide, you will
explore all three sets of circuits.

The World Runs on Circuits:

Everywhere you look, you'll find circuits. The cell )
phone in your pocket, the computer that controls

your car's emissions system, your video game I
console - all these things are chock full of circuits.

In this guide, you'll experiment with some simple

circuits and learn the gist of the world of embedded
electronics.

ODNNOEDEOEOE@IDOEDED

OODEE DEDNED DEOEE

- - + - abcde fghi;‘+ -

// Simple and Complex Circuits m= EEEe || pomne

mEEEE

. . . . . . 3
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simple circuits - but that doesn't mean you can't L emst 5 ¢
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Inventory of Parts

Jumper Wire —— LED (5mm) (l—+

Various Colors (Light Emitting Diode)

330Q2 Resistor 10KQ Resistor

§ §
* ACTUAL SIZE * ACTUAL SIZE
Potentiometer Diode
M . (1N4148)
* ACTUAL SIZE
x1
Photo Resistor Piezo Buzzer
x1 ! I x1
Temp. Sensor Transistor

(TMP36)

E (BC337)
BACK
X2

o& O
&& E

DC Motor

—
oo
.I.
—

m_.L
—
o
.I.
—
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Flex Sensor

x1

Soft Potentiometer

x1

x1

SparkFun RedBoard
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B5V
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x1

Relay

Integrated Gircuit
(ic)

LCD

Breadboard

Standard Solderless (Color may vary)
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SparkFun RedBoard

Power In (Barrel Jack) - Can be used with either a 9V or 12V wall-wart or battery.

Power In (USB Port) - Provides power and communicates with your board when plugged into your computer via USB.

LED (RX: Receiving) - This shows when the FTDI chip is receiving data bits from the microcontroller. This happens when the microcontroller is
sending data bits back to the computer.

LED (TX: Transmitting) - This shows when the FTDI chip is transmitting data bits to the microcontroller. This happens when the
microcontroller is receiving this data from the computer.

LED (Pin 13: Troubleshooting) - This LED is incorporated into your sketch to show if your program is running properly.

Pins (ARef, Ground, Digital, Rx, Tx) - These various pins can be used for inputs, outputs, power, and ground. See Diagram Below

LED (Indicates RedBoard is ON) - This is a simple power indicator LED.

Reset Button - This is a way to manually reset your RedBoard, which makes your code restart.

ICSP Pins (Uploading Code without Bootioader) - This is for "In-Circuit Serial Programming,” used if you want to bypass the bootloader.
Pins (Analog In, Power In, Ground, Power Out, Reset) - These various pins can be used for inputs, outputs, power, and ground. ~ See Diagram

RFU - This pin is reserved for future use.

// Pins Diagram

S N

The header pins are one of the most important parts for putting our
0 example circuits together. Take a moment and locate the inp pi
ports of your RedBoard.
se. |
RFU SO
AREF ARef
GND Ground
@ rru o
[— 13 Digital
IOREF
12 Digital
Reset RESET o
~11 Digital
Power Out 3.3V
~10 Digital
Power Out 5v
~9 Digital
Ground GND o
o 8 Digital
Ground GND Q
s -
1) Powerin VIN 3 7 Digital
g -6 Digital
Analog Ao ° = Digital
Analog Al - 4 Digital
> =2 -
Analog A2 § s -3 Digital
Analog A3 o E 2 Digital
Analog A4 ;. ™1 X - Out
Analog \AS O O RX <0 RX-In |

o~ =PWM/Analog out compatible (i.e.~3)
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Breadboard

1  Vertical Connection (+ Power and - Ground) - Power bus '~ See Diagram Below

2 Horizontal Connection (a-e & f-)  See Diagram Below)
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SRBNBBRBRNNEIEIs RN FIoeNcaE N =

30
eeeeeee

S 1!
il
S qﬂﬂﬁﬁlﬂ.ﬁﬂr 7l “q \\ \ |
i)

'%“ﬁ Ml

P
; aiuaaty

=

23 RN
il

1

15
A

View of the inside >>>

il

l
frey




CIRCUIT #1 - Your First Circuit

How It Works:

1 ASSEMBLE 2 WRITE 3 UPLOAD

+ Make sure the text on the RedBoard and
breadboard are facing up so you can read them.

+ Connect the USB cable.

+ Screw the RedBoard down and into place.

+ Peel sticker off back of
breadboard and stick into place.

Your RedBoard runs on 5V. This is the power that will be supplied from your computer via USB and
will be the driving force behind any components you use in your circuits. By plugging your RedBoard
into your computer, you are supplying it with just the right voltage it needs to thrive! 5V can’t hurt you,
so don’t be afraid to touch anything in your circuit. You can also power the RedBoard through the
barrel jack. The on-board voltage regulator can handle anything from 7 to 15VDC.
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RedBoard

LED
/ (Light-Emitting Diode)

A\
[

§ Resistor (330 ohm)
(Orange-Orange-Brown)

_1__ GND
= (Ground)

+ This is a schematic of your circuit.

Blinking an LED

LED:s (light-emitting diodes) are small, powerful lights
that are used in many different applications. To start off
the SIK, we will work on blinking an LED. That's right
- it's as simple as turning a light on and off. It might
not seem like much, but establishing this important
baseline will give you a solid foundation as we work
toward more complex experiments.

+ Each circuit begins with a brief description
of the what you are putting together and
the expected result.

will need to complete the circuit.

LED 330Q Wire
/ Resistor
x1 x1 x3< + This section lists the parts you

+ This is an illustration of how the
completed circuit should look. It is not
necessary to use the black holder for the
RedBoard and breadboard, but we
recommend it for the first time inventor!

+ Components like resistors need to have
their legs bent into 90° angles in order to
correctly fit the breadboard sockets. You
can also cut the legs shorter to make them
easier to work with on the breadboard.
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Circuit 1: Blinking an LED

fghij |+
===} =
O (= O O ) 2 B
0 O O O ) 3 =
O [ O O ] 4 =<0z
+ LED: Make sure the short leg, =
marked with flat side, goes into
+ 330Q Resistor: The color banding the negative position (-). =
should read orange-or- = D (
ange-brown-gold. The compo- = =
] nent legs can go in either hole. = =
) == =
= 12
13 [
) E(( - (
- mEl | I ( DR(
B I0REF 22 B = = 15 [ Flat Edge =
B RESET o B el 16 ) =
3.3V = 354 = 7 & =
o5V _ > R : 18 ) Short Leg
= = Z 3 19
=3l =S = o ;> ® HE| |, E L. =
m GND E = = § | =
BVIN = (LTI 2 B 21 _ =
5 ™ | + Jumper Wire: All jumper wires 22 [ v et
B A0 3 5 work the same. They are used to 23 [ + H
B Al A B connect two points together. This |24 [ -
> guide will show the wires with different 25 E
BA2 = » colored insulations for clarity, but using tJ @
B A3 E B different combinations of colors is 26 @ @ @ @ @ @ @ @ @ @ 26 @ @
B A oD B completely acceptable. 27@ @ @ @ @ @ E @ @ @ 27 @ @
mAs = - 28 [0 (5 [ [0 [0 00 00 0 [ (= 28 =
= 29 050 00 00 [ O HEEHE2 |55
30 D0 (=0 0 0= 0 00 D= 00 0 [0 30
+ =| abcde fghij |+
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Components like LEDs are inserted into the breadboard sockets c2(long leg) c3(short leg). Steps

highlighted with a yellow warning triangle represent a polarized c Pay special

the component’s markings indicating how to place it on the breadboard.

to

Resistors are placed in breadboard sockets only. The “-” symbol represents any socket in its
vertical column on the breadboard's power bus.

“GND” on the RedBoard should be connected to the row marked “-” on the breadboard.

+ “5V” on the RedBoard connects to the row marked “+” on the breadboard.

Component: Image Reference: = l
Eem A ([[—" [22]
330Q Resistor (ID ‘{ ’
Jumper Wire —— - <<
Jumper Wire — e 4(
Jumper Wire ——

4( + “Pin 13” on the RedBoard connects to socket “e2” on the breadboard.

+ RedBoard: The red background
represents a connection to one of
the RedBoard header pins.

+ Breadboard: The white background
represents a connection to a
breadboard socket specified by a
letter-number coordinate such as
e2. These coordinates are merely
suggestions that align with the
graphic image.




Open Up the Arduino IDE software on your computer. Coding in the Arduino
language will control your circuit. Open the code for Circuit 1 by accessing the “SIK
Guide Code” you downloaded and placed into your “Examples” folder earlier.

. [NETNEdit Sketch Tools  Help

New
Open...
Sketchbook >
1.Basics »
Close 2.Digital >
Save 3.Analog >
Save As... 4.Communication >
Upload 5.Control >
Upload Using Progammer 6.Sensors >
7.Displays >
Page Setup 8.Strings 4
Print ArduinolSP
Circuit #2
EEPROM Circuit #3
Ethernet Circuit #4
Firmata Circuit #5
Liquid Crystal Circuit #6
SD Circuit #7
Servo Circuit #8
SoftwareSerial Circuit #9
SPI Circuit #10
Stepper Circuit #11
Wire Circuit #12
Circuit #13
Circuit #14
Circuit #15
// Circuit #1

Circuit #1

Blink

Turns on an LED on for one second,
then off for one second, repeatedly.

This example code is in the public domain

void setup() {
initialize the digital pin as an output
Pin 13 has an LED connected on most Arduino boards:
pinMode(13, OUTPUT);

void loop() {

rite(13, HIGH); // set the LED on
delay(1000); wait for a second
digitalWrite(13, LOW); // set the LED off

delay(1000); wait for a second

}
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N

This compiles your code. The IDE changes it from text into instructions the computer

can understand.

J Verify

This sends the instructions via the USB cable to the computer chip on the RedBoard. The

RedBoard will then begin running your code automatically.

Upload

>

t with correct code after verified and uploaded.

ul

// The result of a completed circ.
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