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Introduction

This book is for developers who are involved with designing or programming devices
that use the Universal Serial Bus (USB) interface. If you are a hardware designer, if you
write firmware that resides inside USB devices, or if you write applications that com-
municate with devices, this book is for you.

The USB interface is versatile enough to serve just about any device function. Familiar
USB peripherals include mice, keyboards, drives, printers, speakers, and cameras. USB
is also suitable for data-acquisition units, control systems, and other devices with
specialized functions, including one-of-a-kind designs. The right choices of device
hardware, software drivers and development tools and techniques can help you
design devices that perform their functions without errors or user aggravation. This
book will guide you along the way.

What's Inside

The USB specifications are the ultimate authority on the USB interface, but by design
the specification documents omit implementation tips, example code, and information
that applies to specific device hardware, software, and other tools and products. This
book bridges the gap between the specifications and real-world designs.

These are some of the questions this book answers:

« How can | decide if my device should use a USB interface? Find out whether your
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device should use USB or another interface. If the choice is USB, you'll learn how to
decide which of USB’s five speeds—including USB 3.1's SuperSpeed and Super-
SpeedPlus—and which of USB's four transfer types are appropriate for your appli-
cation.

- What controller hardware should my device use? Every USB device contains an intel-
ligent controller to manage USB communications. A variety of chip companies
offer controller hardware with different architectures and abilities. This book will
help you select a controller based on your project’s needs, your budget, and your
preferences for chip architecture, programming languages, and tools.

« How can applications communicate with my devices? On PCs, applications access a
USB device by communicating with the driver the operating system has assigned
to the device. You'll learn if your device can use a class driver provided by the host
system’s operating system. For devices that don't fit a supported class, you can
explore options such as Microsoft’s WinUSB driver, other generic drivers, and cus-
tom drivers. Example code shows how to detect and communicate with devices
from Visual C# applications.

«  What firmware does my device need to support USB communications? Find out how
to write firmware that enables your device to respond to USB requests and events
and exchange data for any purpose.

» Does my device need its own power supply? The USB interface can provide power to
devices, including charging current for battery-powered devices. Learn how to
determine if a design can obtain all of its power from the bus, how to meet USB'’s
requirements for conserving power, and how to charge battery-powered devices
from the bus.

« How can | implement wireless communications? A variety of USB and other industry
standards and technologies enable USB devices to communicate wirelessly. Learn
which technology is right for your device.

» How can my device access other USB devices? Find out how to develop a host for an
embedded system or a USB On-The-Go device that can function as both a USB
device and a limited-capability host that accesses other USB devices.

« How canlensure reliable operation? All devices must respond to requests and other
events on the USB port. The host computer must detect attached devices, locate
appropriate drivers, and exchange data with the devices. This book provides tips,
example code, and information about debugging software and hardware to help
with these tasks.

To understand the material in the book, it's helpful to have some experience with
digital logic, application programming for PCs and writing embedded code for
peripherals. You don't have to know anything about USB.
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What's New

The core of USB has remained much the same since the release of USB 1.0 in 1996.
But the interface has expanded to support faster bus speeds, improved power deliv-
ery and management, more device classes, wireless communications, support for
embedded systems that access USB devices, and more. New and improved chips and
development tools have eased the task of developing devices and the software to
access them.

This Fifth Edition is revised and updated throughout. New topics include an introduc-
tion to USB 3.1 and SuperSpeedPlus, enhanced power delivery and power manage-
ment, new abilities using USB Type-C connectors, designing devices that use the
WinUSB driver without requiring a vendor-provided INF file, new device classes, and
how to use free debugging tools.

Much of the information in this book applies to any device hardware and host com-
puter. The example code for applications uses Visual C#.

Updates and More

To find out more about developing USB devices and the software that communicates
with them, | invite you to visit my website, janaxelson.com You'll find code examples
and links to articles, products, tools, and other information related to developing USB
devices. The website includes a PORTS forum where you can ask questions and dis-
cuss topics related to USB and other interfaces.

Corrections and updates to the book will also be available at janaxelson.com. If you
find an error, please let me know.

Example Code

The .NET example code in this book is compatible with the .NET Framework Version
4.5 and later.

Example applications are available for free download from janaxelson.com.
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Abbreviations

This book uses the abbreviations and symbols below to express quantities and units:

Multipliers

Symbol Description Multiplier
p pico 1012

n nano 10°

il micro 106

m milli 103

k kilo 103

K kilo 210 (1024)
M mega 106

G giga 109
Electrical

Symbol Description

A ampere

F farad

Q ohm

Vv volt

W Watt
Time

Symbol Description

s second
Hz Hertz (cycles per second)
Distance

Symbol Description

m meter

mm millimeter
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Data

Symbol Description

b bit

B byte

bps bits per second
Number Systems

Binary values have a trailing subscript b. Example: 10100011},
Hexadecimal values have a leading Ox. Example: 0xA3

All other values are decimal.
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