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Foreword

| like to talk about electronics and microcontrollers in terms of “BA" and
“AA" (that's Before Arduino and After Arduino, by the way). In the days
before Arduino, there were microcontrollers, to be sure. But it was really,
really annoying to work with them. UV lamps, EEPROMSs, one-time writes,
high-voltage programmers! If you wanted to dabble in microcontrollers,
the equipment and knowledge requirements were a steep hill to climb.
Thanks to the beginner-friendly (but surprisingly powerful) Arduino, mil-
lions of engineers, artists, fashion designers, and more have been able to
add electronics making to their skillsets.

At Adafruit, we've been doing Arduino projects for a very long time, and
we've noticed that while some people like to push the capabilities to the
very edge, there are many people who want something simple and small. A
one-key keyboard, or an LED light-up brooch, or a servo driver. In many
cases, the Arduino is great for prototyping but is a bit chunky. A smaller,
simpler mini Arduino can do the job just fine. That's why we designed the
Trinket, a miniature microcontroller board that can do little tasks nicely,
and can be programmed similarly to the Arduino.

The Trinket builds on the great work of the Arduino team, including David
Mellis, who first added Atmel ATtiny85 chip support to the Arduino devel-
opment environment. Even though it may seem underpowered, there's
something about the tiny size and simplicity of the Trinket (and its weara-
ble sister, the Gemma) that inspires so many projects.

I'm delighted to introduce Mike Barela as the author of Getting Started with
Adafruit Trinket. Mike has the deep engineering knowledge to explain the
innards of a microcontroller or RC filter, the craftiness to detail how to
build LED goggles, and the patience to line-by-line document the dozen
projects in this book. As you read Getting Started with Adafruit Trinket,
you'll find yourself immersed in the joy of hacking and figuring things out,
learning how to tweak just a little bit more out of the little Trinket, while
gaining knowledge of the same kinds of topics you'd run into with hulking
32-bit ARM processors.

Please try to build these projects, and—better yet—improve on them!
Show them off to your siblings, parents, children, or friends. Give them as
gifts, wear them to parties, and show off how much fun it is to Make!

—Limor “Ladyada” Fried, Founder and Engineer, Adafruit






Preface

The Trinket microcontroller provides designers with custom programma-
bility in a size and price range perfect for modern projects. The number of
projects using Trinket continues to grow, as witnessed in numerous project
builds documented in social media. This book introduces you to some of
the possibilities, providing a jumping-off point for your own explorations.

Who This Book Is For

This book is for you, the enthusiast who is expanding his knowledge of
Making and controlling items through classes or self-study.

Working with Trinket is suitable for beginners, although it is assumed you
have some familiarity with what a microcontroller is and with basic pro-
gramming principles. The book steps through basic projects, working
toward more challenging circuits and code. You'll find that | adapt and add
concepts to create new functionality. After you complete the book, you can
use it as a reference for microcontrollers, sensors, and coding techniques.

You will want to learn how to use the Arduino integrated development envi-
ronment (IDE) for most of the examples in the book. Arduino compatibles
are programmed in a variation of the C programming language with vari-
ous prebuilt code in libraries. All of the code for the examples is supplied in
the book and online. For later projects, familiarity with electronics and
project assembly is helpful but not required.

You will be following diagrams illustrating point-to-point wiring of electrical
circuits. You'll be working on a solderless breadboard, which makes this
easy to complete.

Recommended Reading

There is no required reading to work with this book, but here are some sug-
gested resources that you may draw on to better understand particular
subjects:

Component soldering with a soldering iron
The book Make: Learn to Solder by Brian Jepson (Maker Media), Tyler
Moskowite, and Gregory Hayes is a great reference. An alternative is
the "Collin's Lab: Soldering" tutorial, which you can watch for free
online. Both teach the fundamentals of soldering, an essential skill for
building electronic gadgets.

xi


http://bit.ly/GettingStartedWithTrinket
http://www.makershed.com/Learn_to_Solder_PDF_p/9781449337247.pdf.htm
https://learn.adafruit.com/collins-lab-soldering/

Familiarity with Arduino
The book Getting Started with Arduino, Second Edition, by Massimo
Banzi (cocreator of Arduino), is a good resource, as is the Adafruit
Learn Arduino series, available for free online. Both offer an introduc-
tion to the Arduino open source electronics prototyping platform,
including programming.

Other resources are listed in “Learning Arduino” on page 207.

What You Will Want to Have on Hand

To program a Trinket, you will need a Windows or Mac computer with a
USB port. Linux may also work, although Adafruit does not guarantee
compatibility with all Linux variants due to USB driver issues. Internet
access is very helpful for obtaining example code, rather than typing it in
yourself. The Internet is also great for reference material on specific sub-
jects. The Adafruit Learning System and other websites post Trinket-
related projects. Here are some other things you'll need to have on hand:

A good USB type A male-to-male Mini-B cable

| cannot stress this enough: get a good USB cable for programming the
Trinket. Please consider buying a substantial USB type A male end to
type Mini-B male cable, 3 feet (1 meter) long or less. So many visitors
to Adafruit’'s Trinket support forum have repurposed old phone charg-
ing cables or other questionable cables. Such cables, more often than
not, do not have the USB data wires required for communicating
between the computer and the Trinket. Worn cables may work inter-
mittently, but a good cable will save you hours of grief.

Basic tools

Soldering iron and solder
You will need a soldering iron and solder, to attach breadboard
pins onto the Trinket and for building more permanent electrical
circuits.

Multimeter
A multimeter capable of voltage and resistance measurementsis a
staple of any toolkit and can be purchased for under $10 or equiv-
alent in most locations.

Pliers and wire cutters
Pliers and wire cutters are essential. Wires connect all the parts
used in a project. Some other tools might be handy, too, including
a drill and screwdriver. Young makers may need assistance with a
drill or other sharp tools that might be used in project packaging.
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https://learn.adafruit.com/lesson-0-getting-started
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Electrical parts for projects
Most of the parts sourced in the book come from the manufacturer of
the Trinket: Adafruit Industries. To gather the parts you are looking for,
turn to Appendix B. Adafruit has a good worldwide distribution system.
Other hobbyist websites may provide similar parts, but you'll need
more knowledge of how they work if they are not electrically the same
as the specified parts.

One advanced project uses 3D-printed parts. You can create
these yourself (at home, at work, or in a Makerspace) or
order them from a 3D printing service at a nominal cost.

Overall, working with the Trinket requires the same skills and materials as
working with other hobbyist electronic items.

Conventions Used in This Book
The following typographical conventions are used in this book:

Italic
Indicates new terms, URLs, email addresses, filenames, and file exten-
sions.

Constant width
Used for program listings, as well as within paragraphs to refer to pro-
gram elements such as variable or function names, databases, data
types, environment variables, statements, and keywords.

Constant width bold
Shows commands or other text that should be typed literally by the
user.

Constant width italic
Shows text that should be replaced with user-supplied values or by val-
ues determined by context.

/ This element signifies a tip, suggestion, or general note.

a This element indicates a warning or caution.
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Using Code Examples

This book is here to help you get your job done. In general, you may use the
code in this book in your programs and documentation. You do not need to
contact us for permission unless you're reproducing a significant portion
of the code. For example, writing a program that uses several chunks of
code from this book does not require permission. Selling or distributing a
CD-ROM of examples from Make: books does require permission. Answer-
ing a question by citing this book and quoting example code does not
require permission. Incorporating a significant amount of example code
from this book into your product's documentation does require permis-
sion.

We appreciate, but do not require, attribution. An attribution usually
includes the title, author, publisher, and ISBN. For example: “Getting
Started with Adafruit Trinket by Mike Barela (Maker Media). Copyright
2015, 978-1-457-18594-6."

If you feel your use of code examples falls outside fair use or the permis-
sion given here, feel free to contact us at bookpermissions@makerme-
dia.com.

Safari® Books Online

Safari Books Online is an on-demand digital library that delivers expert
content in both book and video form from the world’s leading authors in
technology and business.

Technology professionals, software developers, web designers, and busi-
ness and creative professionals use Safari Books Online as their primary
resource for research, problem solving, learning, and certification training.

Safari Books Online offers a range of plans and pricing for enterprise, gov-
ernment, education, and individuals.

Members have access to thousands of books, training videos, and prepu-
blication manuscripts in one fully searchable database from publishers like
Maker Media, O'Reilly Media, Prentice Hall Professional, Addison-Wesley
Professional, Microsoft Press, Sams, Que, Peachpit Press, Focal Press,
Cisco Press, John Wiley & Sons, Syngress, Morgan Kaufmann, IBM Red-
books, Packt, Adobe Press, FT Press, Apress, Manning, New Riders,
McGraw-Hill, Jones & Bartlett, Course Technology, and hundreds more. For
more information about Safari Books Online, please visit us online.

How to Contact Us

Please address comments and questions concerning this book to the pub-
lisher:
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Make:

1005 Gravenstein Highway North

Sebastopol, CA 95472

800-998-9938 (in the United States or Canada)
707-829-0515 (international or local)
707-829-0104 (fax)

Make: unites, inspires, informs, and entertains a growing community of
resourceful people who undertake amazing projects in their backyards,
basements, and garages. Make: celebrates your right to tweak, hack, and
bend any technology to your will. The Make: audience continues to be a
growing culture and community that believes in bettering ourselves, our
environment, our educational system—our entire world. This is much more
than an audience; it's a worldwide movement that Make: is leading—we call
it the Maker Movement.

For more information about Make:, visit us online:

Make: magazine: http.//makezine.com/magazine/
Maker Faire: http://makerfaire.com

Makezine.com: http://makezine.com

Maker Shed: http:/makershed.com

We have a web page for this book, where we list errata, examples, and any
additional information. You can access this page at:

http://shop.oreilly.com/product/0636920031598.do
To comment or ask technical questions about this book, send email to:

bookquestions@oreilly.com
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1/Introducing Trinket

The Arduino has revolutionized the use of
microcontrollers—programmable electronics
—in the last several years, providing easy-to-
use hardware and software at a reasonable
price point. The often-cited Internet of Things
has grown from this ubiquity of easy-to-use
programmable electronics, sensors, and
communications.

One of the few disappointments that typically comes after building a per-
manent project is, “| used my Uno in my project, and now | no longer have
my $30 board.” That, and the fact that many projects do not require all the
horsepower and connectivity an Arduino Uno or larger board offers.

This “bigger is not always best” situation offered an opportunity to Adafruit
Industries, a small company based in New York City. Specializing in innova-
tive open source hardware, Adafruit has grown to become a premier sup-
plier to hobbyists and industry. Entrepreneur magazine named Adafruit
founder Limor “Ladyada” Fried as Entrepreneur of the Year for 2012, and
she has been featured in WIRED Magazine, Popular Mechanics, and other
publications.




Ladyada has an uncanny ability to look at the needs of customers and per-
sonally oversee the design of product solutions. The need for an inexpen-
sive microcontroller that can be built into projects (without guilt) led to her

introduction of the Trinket.

Trinket Versus Arduino Uno

As many people are familiar, at least in part, with the Arduino Uno, a com-

parison may help (see Figure 1-1).

Figure 1-1. The Adafruit Trinket (left) and the Arduino Uno (right)

Table 1-1 compares the features of each.

Table 1-1. Trinket and Uno feature comparison

155x%x5

Adafruit Trinket Arduino Uno
Pins (digital/analog) 5/3 (shared) 13/6
Pulse width modulated | 3 5
pins
Pin voltage 3.3 or 5volts 5 volts
Memory (flash/RAM/ | 8KB/512 bytes/512 bytes | 32KB/2,048 bytes/
EEPROM) 1,024 bytes
Size (mm) 1.2 x 0.6 x 0.2 inch/31 x 2.96 x 2.1 x 0.59

inches/75.14 x 53.51 x
15.08

Approximate cost

$6.95

$29.95
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Using Trinket

Many projects do not require the size, power, and capabilities of larger
Arduino compatibles. Here are some categories of projects where the Trin-
ket may be a good choice:

Wearables
Wearables are a rapidly growing use for electronics. With its small size
and low power requirements, the Trinket is being used in a growing
number of clothing and body wear projects.

Sensing
The Internet of Things is composed of many small smart sensors com-
municating information about the world around us. The Trinket is per-
fect for attaching a wide variety of sensors and displaying or communi-
cating sensor status.

Tiny projects
The Trinket is well suited for any use where programmability is desired
in a small package. Very small robotics projects can be made with a
Trinket.

Lights and display
Coupled with light-emitting diodes (LEDs), the Trinket is a great choice
for DIY lighting projects. Used with smart red-green-blue (RGB) LEDs,
a Trinket can perform complex light animations. Adafruit’'s smart RGB
LEDs, NeoPixels, are controlled with only one data pin. You can drive
LED and character displays with only two pins.

New uses for the Trinket appear regularly on Internet project sites includ-
ing Instructables, Google+, and the Adafruit blog, and forums.

The ATtiny85 Microcontroller

At the heart of the Trinket is the ATtiny85 microcontroller (Figure 1-2), pro-
duced by Atmel Corporation. Despite having only eight pins in a tiny pack-
age, this controller provides the functionality of traditionally larger
processors.

The ATtiny85 was introduced by Atmel as an extremely small controller on
the outside with many of the features of larger processors inside.
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Figure 1-2. The ATtiny85 (the small black square on the Trinket)

Memory

As you can see in Figure 1-3, this chip has three different types of memory.
The ATtiny85 has 8,192 bytes of flash memory for programs. The Trinket
contains bootloader code, which occupies part of this. The bootloader
assists in loading user programs from the universal serial bus (USB) port.
Adafruit has developed a custom bootloader based on the V-USB project.
With the bootloader in flash memory, there is approximately 5,130 bytes of
program memory available for user programs. Random access memory
(RAM) is used for program variables. The ATtiny85 has 512 bytes of RAM,
which seems like a minuscule amount compared to the 4 GB on a typical
laptop, but in practice this is often more than enough for many programs.

8,192 bytes Flash Memory RAM EEPROM
Free Program Memory 512 512
5,130 bytes bytes bytes

Figure 1-3. The Trinket memory map
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Finally, the chip also contains 512 bytes of electrically erasable program-
mable read-only memory (EEPROM). You can use this memory to store
user data that remains even after the Trinket is powered off. This is useful
to save data such as setup information, state data, or critical readings. This
memory can also be useful for storing static information such as character
strings a program might use, which otherwise would occupy precious pro-
gram flash memory or RAM. However, programmers must weigh the bene-
fits of using EEPROM against the additional code the compiler may add to
manipulate data. Most programs do not use EEPROM.

Connectivity

The ATtiny85 chip uses only six pins for input and output, with two pins for
power and ground. Atmel engineers cleverly assigned multiple types of
functionality to each pin, as shown in Figure 1-4.

(PCINTS/RESET/ADCO/dW) PBS [] 1 N g []vce
(PCINT3/XTAL1/CLK1/OCIB/ADC3) PR3] 2 7 [ PB2 (SCK/USCK/SCLADCT/TO/INTO/PCINT2)
(PCINT4/XTALZ/CLKO/OC1B/ADC2) PB4 ] 3 6 [0 PB1{MISO/DO/AINL/OCOB/OCIA/PCINTI)

GND[] 4 [ PBO (MOSI/DI/SDA/AING/OCOAOTTA/AREF/PCINTO)

[

Figure 1-4. The multiple functions on the ATtiny85 pins

In the design of the Trinket, Adafruit exposes much of the chip functional-
ity. The designers added the ability to communicate over the USB serial
port, as well as status lights and a reset button. Figure 1-5 shows the Trin-
ket 5V and the functionality onboard. The pins’ functions are listed in
Table 1-2.

Data is exchanged via the pins marked #0, #1, #2, #3, and #4. The sixth
data pin (PB5) is permanently connected to the reset button and RST
input; it cannot be used as an input/output pin due to how the Trinket is
configured.

The Trinket has a power input pin, usually for a battery. There are also two
voltage output pins: one for USB power (if connected to a computer) and a
regulated power output tied to the battery input with a maximum power
draw of 150 milliamps (mA).
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Mini=3
USB Plug

] i
Green Power LED | i Red LED on Pin #1

Powerin (3.7 to 16 Volts DC)
Electrical Ground
Pin #4

| USB Power 5 Volts 500 ma
i Pin #0
| Pin #1

Pin #3 | Pin #2
ResetPin i Regulated Power Output
(5 Volts for Trinket 5V,
Reset i 3.3 Volts for Trinket 3V)
Button 150 Milliamperes Maximum

Figure 1-5. Trinket connections

Table 1-2. Trinket pin use

Trinket | ATtiny85 | digitalRead Analog Pulse width 12C SPI Pin is
pin function | digitalWrite analogRead modulation (TWI) shared
(PWM) with
analogWrite
#0 PBO 0 0 SDA | MOSI
#1 PB1 1 1 MISO | Red
LED
#2 pPB2 2 1 SCK | SCLK
#3 PB3 3 3 USB D-
#4 PB4 4 2 With USB D+
custom
code
RST | PB5 Connecting this pin to ground/GND resets the Reset
processor, similar to the reset button button
USB+ | Provides 5 volts at 500 milliamperes when a USB plug is USB
connected to the Trinket USB plug power
BAT+ | Battery power in (if not powered by USB), 3.7 to 16 volts (both Trinkets)
GND | Electrical ground connection (negative power lead)
3V or | Provides 3.3 volts (Trinket 3V) or 5 volts (Trinket 5V) at 150 milliamperes
5V

Of particular note is that the ATtiny85 does not have native USB communi-
cation capability onboard. Adafruit wanted to develop a bootloader with

6 Getting Started with Adafruit Trinket



the company’s own USB identification. This allowed the design to use an
existing computer driver Adafruit previously developed, which had the ben-
efit of not requiring changes to the program that the Arduino software uses
to transfer compiled code to the Trinket (avrdude).

Three Volts or Five Volts?

The Trinket comes in two versions. One operates at 5 volts direct current
(DC), the other at 3.3 volts DC. The functionality of each is nearly identical.
The 5-volt version can run from USB power or from an input voltage of 5 to
16 volts. The 3.3-volt version can run from USB power or an input voltage
of 3.3to 16 volts DC.

This provides a great deal of flexibility in powering a Trinket. A Trinket may
be powered from a wall-mounted DC power supply (like a cell phone
charger-type supply), of course. But it is also very suitable to being pow-
ered from a wide range of batteries. This includes batteries such as a single
3.7-volt lithium-polymer (LiPo) battery, three 1.5-volt batteries in series (4.5
volts), four batteries in series (6 volts for regular cells, 4.8 volts for
rechargeables), or even a 9-volt battery (although a 9-volt may not provide
current for a long time). The size of the batteries (the ampere-hour rating
of the LiPo, or whether you use AAA, AA, C, or D cells) determines how
long a circuit may last.

/ Supply Voltage Designation
Vee or VCC is one of the electronic designations for a
project’s voltage level. For this book, Ve will generally be 5
volts for projects using a Trinket 5V and 3.3 volts for projects
using a Trinket 3V or a Gemma (see “The Adafruit Gemma”
on page 8).

The 3.3-volt version may be preferable when running off a 3.7-volt LiPo
rechargeable battery. Sensors that operate on a 3.3-volt signal level are
easier to use with a Trinket 3V. The only limitation the Trinket 3V has com-
pared to the Trinket 5V is that the Trinket 3V can run at a clock speed of
only 8 megahertz (MHz).

Many digital circuits operate at a signal level of 5 volts. Hooking a 5-volt cir-
cuit to a 3.3-volt input pin could damage the Trinket 3V's ATtiny85, so for
projects that must use 5-volt signal levels, the Trinket 5V is the better
choice. The Trinket 5V can run at a clock speed of 8 MHz or, via a software
switch, at 16 MHz. Both the Trinket 5V and the Trinket 3V are used in
projects in this book. You'll probably want to buy one of each for starters.
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The Adafruit Gemma

The Adafruit Gemma (Figure 1-6) is a mini-microcontroller platform
designed specifically for wearable projects. It contains the same ATtiny85
processor and bootloader as the Trinket 3V. Besides the easy-to-sew
shape, the main difference is the addition of a premounted JST connector
(white in the photo) to directly connect a LiPo battery. The Gemma does
not expose data pins #3 and #4, as the Trinket does. More information on
Gemma may be found at http://learn.adafruit.com/introducing-gemma.

Figure 1-6. The Adafruit Gemma

If you need more than three data pins for a small project, the Trinket is a
better choice than the Gemma. The Gemma comes only in a 3.3-volt ver-
sion, whereas the Trinket has 3.3- and 5-volt options. Also, the Trinket 5V
may be clocked to 16 MHz, twice as much as the Trinket 3V and Gemma.
Code-wise, the Trinket and Gemma are identical.
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