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Disclaimer

Specifications written in this document are believed to be accurate, but are not guar-
anteed to be entirely free of error. The information in this manual is subject to
change for functional or performance improvements without notice. Please make sure
your manual is the latest edition. While the information herein is assumed to be
accurate, SEGGER Microcontroller GmbH & Co. KG (SEGGER) assumes no responsibil-
ity for any errors or omissions. SEGGER makes and you receive no warranties or con-
ditions, express, implied, statutory or in any communication with you. SEGGER
specifically disclaims any implied warranty of merchantability or fitness for a particu-
lar purpose.

Copyright notice

You may not extract portions of this manual or modify the PDF file in any way without
the prior written permission of SEGGER. The software described in this document is
furnished under a license and may only be used or copied in accordance with the
terms of such a license.

© 2010 - 2015 SEGGER Microcontroller GmbH & Co. KG, Hilden / Germany
Trademarks
Names mentioned in this manual may be trademarks of their respective companies.

Brand and product names are trademarks or registered trademarks of their respec-
tive holders.
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Germany
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Fax.+49 2103-2878-28

E-mail: support@segger.com
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Manual versions

This manual describes the current software version. If any error occurs, inform us

and we will try to assist you as soon as possible.
Contact us for further information on topics or routines not yet specified.

Print date: May 29, 2015

Software | Revision Date

By

Description

2.50h 150529

YR

Update to latest software version.

internal 150512

YR

Minor improvements.

internal 150410

YR

Added the SmartMSD chapter.

2.509 150218

YR

Update to latest software version.

wjlwlo|o|o

2.50f 150213

YR

Update to latest software version.

2.50e 3 150123

YR

Chapter HID:
* Added new functions:

* USB_HID_GetNumBytesInBuffer()
USB_HID_GetNumBytesInBufferEx()
USB_HID_GetNumBytesRemToRead()
USB_HID_GetNumBytesRemToReadEx()
USB_HID_GetNumBytesToWrite()
USB_HID_GetNumBytesToWriteEx()
USB_HID_ReadEPOverlapped()
USB_HID_ReadEPOverlappedEx()
USB_HID_ReadEx()
USB_HID_ReadExTimed()
USB_HID_ReadTimed()
USB_HID_StartReadTransfer()
USB_HID_StartReadTransferEx()
USB_HID_WaitForRX()
USB_HID_WaitForRXEx()
USB_HID_WaitForTX()
USB_HID_WaitForTXEx()
USB_HID_WriteEPOverlapped()
USB_HID_WriteEPOverlappedEx()
USB_HID_WriteEx()
USB_HID_WriteExTimed()
USB_HID_WriteTimed()

Removed typos.
Improved a lot of function descriptions.

X O K X X X X X X X X X X X X X X X ¥ X X

2.50d 2 141215

YR

Update to latest software version.

2.50c 2 141128

YR

Update to latest software version.

2.50b 2 141125

YR

Update to latest software version.
Added the following function:
USB_BULK_TxIsPending

2.50a 1 141106

YR

Update to latest software version.

internal 1 140929

YR

Improved most of the function descriptions in the CDC
chapter.

Added the following functions:
USB_CDC_StartReadTransferEx
USB_CDC_GetNumBytesInBufferEx
USB_CDC_GetNumBytesRemToReadEx
USB_CDC_GetNumBytesToWriteEx

USB_Stop()

USB_Delnit()

2.50 0 140725

YR

Added the RNDIS chapter.
Minor improvements.

2.40m 2 140630

YR

Update to latest software version.

internal 2 140618

YR

Updated the introduction chapter.
Fixed the descriptions of USB_CDC_Read* and
USB_CDC_Receive* functions.

2.40l 2 140606

SR

Update to latest software version.

2.40k 2 140523

YR

Update to latest software version.
Minor improvements to several function descriptions.

2.40i 2 140515

SR

Update to latest software version.
Added new drivers

Removed RNDIS chapter as the component is not released

yet.
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2.40i

1

140415

SR

Update to latest software version.
Minor bugfix.

2.40h

140411

SR

Update to latest software version.
Added new driver.

2.40g

140410

SR

Update to latest software version.
Minor bugfixes.

2.40f

140401

SR

Update to latest software version.
Minor bugfixes.

2.40e

140313

SR

Update to latest software version.
Minor bugfixes.

2.40d

140224

SR

Update to latest software version.
Minor improvements.

2.40c

140213

SR

Update to latest software version.
Minor improvements.

2.40b

140124

SR

Update to latest software version.
Minor improvements.

2.40a

o

140110

YR

Update to latest software version.
Minor improvements.

2.38f

131210

YR

Removed some typos.

2.38f

131031

SR

Update to latest software version.

2.38e

131021

SR

Update to latest software version.

2.38d

131015

SR

Update to latest software version.

2.38c

131004

YR

Update to latest software version.

2.38

130920

YR

Created a separate chapter for Bulk Host API V2.

internal

130705

MD

Added MTP chapter.

internal

O |OjlOoOj0o|0O|O|O |+

130410

YR

Added the new Bulk Host API V2.
Removed some typos.

2.36

130208

YR

Added Certification chapter.
Added RNDIS chapter.
Updated available drivers.
Removed some typos.

2.34

111116

YR

Updated USB Core chapter:

* Added description for function:
USB__WriteEPOFromISR()
Removed some typos.

2.34

111111

SR

Updated CDC chapter:

* Added new function: USB_CDC_SetOnBreak()

* Updated the functions: USB_MSD_INST_DATA_DRIVER
Chapter Target USB driver:

* Added new drivers to the list.

Removed some typos.

2.32

101206

SR

Added new functions in USB Core chapter:

* USB_SetVendorRequestHook(), USB_SetIsSelfPowered()
Updated the Product IDs in Chapter GettingTheTar-
getUp\Configuration.

Updated MSD chapter:

* Added new picture on front page.

* Updated chapter Overview

* Added new function: USB_MSD_Connect(),
USB_MSD_Disconnect(), USB_MSD_RequestDisconnect(),
USB_MSD_UpdateWriteProtect(),
USB_MSD_WaitForDisconnection(),

* Updated the functions: USB_MSD_INST_DATA_DRIVER
Updated the CDC chapter:

* Added new Ex-Functions

* Added new serial status functions.

Added new picture to the front page of chapter HID.
Update Printer Class chapter:

* Added new picture to the front page to the chapter

* Added new information to the USB_PRINTER_API.
Chapter Target USB driver:

* Added new drivers to the list.

2.30

101022

SR

Added the function for remote wakeup.

2.27

100730

MD

Chapter "Printer Class" added.
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2.26

090127

SR

Chapter USB core:

* Added new functions: USB_SetMaxPower(),
USB_SetOnRxEPO(), USB_SetOnSetupHook()
Chapter Bulk Communication:

* Added new functions:

* USB_BULK_CancelRead()

* USB_BULK_CancelWrite()

* USB_BULK_ReadTimed()

* USB_BULK_SetOnRXHook()

* USB_BULK_WaitForTX()

* USB_BULK_WaitForRX()

* USB_BULK_WriteEx()

* USB_BULK_WriteExTimed

* USB_BULK_WriteNULLPacket()
* USB_BULK_WriteTimed().

Chapter CDC:
* Added new functions:

* USB_CDC_CancelRead()
* USB_CDC_CancelWrite()
* USB_CDC_ReadTimed()
* USB_CDC_ReceiveTimed()

Updated indexes in chapter CDC, Bulk communication,
MSD, HID.

2.22

080917

SR/

Added new chapter Combining different USB components
(Multi-Interface)
All chapter reviewed and cleaned up.

2.22

080902

SR

Chapter USB core:
* Added new function USB_EnableIAD.
Chapter Bulk communication:
* Update description of USB_BULK_Receive.
Chapter MSD component:
* Updated "Final configuration”.
* Updated "Class specific configuration functions.
Chapter CDC component:
* Added new functions: USB_CDC_ReadOverlapped(),

USB_CDC_WriteOverlapped(), USB_CDC_WaitForRx,
USB_CDC_WaitForTx().

Chapter Target USB driver:

* Updated available driver list.
Chapter FAQ:

* Added new

15.0

080403

SR

Update company’s address and legal form.

14.0

071204

SR

Chapter "Target USB driver":

* Updated "Writing your own driver":
- pfStallEP changed to pfSetClrStallEP.
- Added new driver ST STR91x.
- Added description for pfResetEP.

Chapter "Bulk Communication":

* Added new function: USB_BULK_Receive()
* Added new function:

USB_BULK_GetNumBytesInBuffer()

13.0

071005

SK

Chapter "Target USB driver":

* Section "Interrupt handling" added.

12.0

070706

SR

Chapter "USB core":

* Changed USB_GetStastus to USB_GetState

Chapter "MSD":

* "MSD_Start.c" changed to

"MSD_Start_StorageRAM.c"

* Added information to

"USB_MSD_INST_DATA_DRIVER"

* "Storage drivers supplied with this release" updated.

Chapter "Bulk communication":

* Changed text for USBBULK_GetMode/Ex.
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Date
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Description

070704

SK

Chapter "Introduction":
* HID section added.
Chapter "USB Core":
* USB_GetState() added.
Chapter "HID":
* USBHID_Init() updated.
Chapter "Target OS Interface":
* USB_OS_Restorel() removed.
* USB_0OS_DI() removed.
Chapter "Target USB Driver":
* STR750 added.

10.0

070618

SK

Chapter "HID" added.
Chapter "USB Core" added.
Chapter "Bulk communication":
* USB core functions removed.
Chapter "Introduction":
* Section "Development environment" added.

9.0

070123

SK

emUSB components renamed:
* "emUSB with bulk component" to "emUSB-Bulk"
* "emUSB with MSD component" to "emUSB-MSD"
* "emUSB with CDC component" to "emUSB-CDC"
Chapter "Introduction":
* updated and enhanced
* emUSB-CDC added

8.0

070121

SK

Product name changed from "USB-Stack" to "emUSB".
Various changes in layout and structure.
Chapter "About" added.
Chapter "Introduction":

* updated

* "emUSB structure" graphic added.
Chapter "Bulk communication":

* USB_SetClassRequestHook():

- Function description added.

Chapter "CDC":

* Head of description of USB_CDC_LINE_CODING
changed.

7.0

070109

SR

Added new chapter CDC.

6.0

061221

SR

Added new USBBulk HOST-API function
USBBULK_SetUSBId().
Company description added

5.0

061220

SR

Changed chapter 1.1.1 USB-Bulk stack:

Info reg. availability of the Host-driver source.
Updated chapter title "Getting the target up"

Updated chapter 1.1.2.3 Features

Updated chapter 1 - Information of max. data transfer
rates updated.

4.0

061212

SR

Added chapter "Mass Storage Device"
Changed chapter Background info:

-Updated
Changed chapter title "Configuring the target" to "Getting
the target up"
Moved any related information of files provided with the
USB stack to "Getting the target up"

3.0

061120

SR

Added the extended HOST API functionality to manual

2.0

061115

SR

Updated chapter:
Target USB driver
Bulk Communication

1.0

060808

00

Initial Version
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About this document

Assumptions

This document assumes that you already have a solid knowledge of the following:

e The software tools used for building your application (assembler, linker, C com-
piler)

e The C programming language
The target processor
DOS command line.

If you feel that your knowledge of C is not sufficient, we recommend The C Program-
ming Language by Kernighan and Richie (ISBN 0-13-1103628), which describes the
standard in C-programming and, in newer editions, also covers the ANSI C standard.
How to use this manual

This manual explains all the functions and macros that emUSB offers. It assumes you
have a working knowledge of the C language. Knowledge of assembly programming
is not required.

Typographic conventions for syntax

This manual uses the following typographic conventions:

Style Used for
Body Body text.
Keyword Text t_hat you entgr at the comm_and—pljompt or that appears on
the display (that is system functions, file- or pathnames).
Parameter Parameters in API functions.
Sample Sample code in program examples.

Sample comment Comments in program examples.

Reference to chapters, sections, tables and figures or other docu-

Reference
ments.

GUIElement Buttons, dialog boxes, menu names, menu commands.

Emphasis Very important sections.

Table 1.1: Typographic conventions
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SEGGER Microcontroller GmbH & Co. KG develops
and distributes software development tools and ANSI C
software components (middleware) for embedded sys-
tems in several industries such as telecom, medical
technology, consumer electronics, automotive industry
and industrial automation.

/ SEGGER
SEGGER'’s intention is to cut software development time

for embedded applications by offering compact flexible and easy to use middleware,
allowing developers to concentrate on their application.

Our most popular products are emWin, a universal graphic software package for embed-
ded applications, and embQOS, a small yet efficient real-time kernel. emWin, written
entirely in ANSI C, can easily be used on any CPU and most any display. It is comple-
mented by the available PC tools: Bitmap Converter, Font Converter, Simulator and
Viewer. embOS supports most 8/16/32-bit CPUs. Its small memory footprint makes it
suitable for single-chip applications.

Apart from its main focus on software tools, SEGGER develops and produces programming
tools for flash micro controllers, as well as J-Link, a JTAG emulator to assist in develop-
ment, debugging and production, which has rapidly become the industry standard for

debug access to ARM cores.

Corporate Office:
http://www.segger.com

United States Office:
http://www.segger-us.com

EMBEDDED SOFTWARE
(Middleware)

emWin

Graphics software and GUI

emWin is designed to provide an effi-
cient, processor- and display control-
ler-independent graphical user
interface (GUI) for any application that
operates with a graphical display.

embOS

Real Time Operating System

embOS is an RTOS designed to offer
# the benefits of a complete multitasking

system for hard real time applications
with minimal resources.

embOS/IP

TCP/IP stack

embOS/IP a high-performance TCP/IP
stack that has been optimized for
speed, versatility and a small memory
footprint.

emfFile

File system

emFile is an embedded file system with
F. FAT12, FAT16 and FAT32 support. Var-
ious Device drivers, e.g. for NAND and
NOR flashes, SD/MMC and Compact-
Flash cards, are available.

USB-Stack

USB device/host stack

A USB stack designed to work on any
embedded system with a USB control-
ler. Bulk communication and most stan-
dard device classes are supported.

ED

i

SEGGER TOOLS

Flasher

Flash programmer

Flash Programming tool primarily for micro con-
trollers.

J-Link
JTAG emulator for ARM cores
USB driven JTAG interface for ARM cores.

J-Trace

JTAG emulator with trace

USB driven JTAG interface for ARM cores with
Trace memory. supporting the ARM ETM (Embed-
ded Trace Macrocell).

J-Link / J-Trace Related Software
Add-on software to be used with SEGGER’s indus-
try standard JTAG emulator, this includes flash
programming software and flash breakpoints.
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Chapter 1

Introduction

This chapter will give a short introduction to emUSB, covering generic bulk, Mass
Storage Device (MSD), Communication Device Class (CDC), Human Interface Device
(HID), Media Transfer Protocol (MTP) class, Printer Class and Remote Network Driver

Interface Specification (RNDIS) class functionality. Host and target requirements are
covered as well.
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16 CHAPTER 1 Introduction

1.1 Overview

This guide describes how to install, configure and use emUSB. It also explains the
internal structure of emUSB.

emUSB has been desighed to work on any embedded system with a USB client con-
troller. It can be used with USB 1.1 or USB 2.0 devices.

The highest possible transfer rate on USB 2.0 full speed (12 Mbit/second) devices is
approximately 1 Mbyte per second. This data rate can indeed be achieved on fast
systems, such as Cortex-M devices running at 48 MHz and above.

USB 2.0 high speed mode (480 MBit/second) is also fully supported and is automati-
cally handled. Using USB high speed mode with an ARM9 or faster could achieve val-
ues of approx. 18 MBytes/second and faster.

The USB standard defines four types of communication: Control, isochronous, inter-
rupt, and bulk. Experience shows that for most embedded devices the bulk mode is
the communication mode of choice because applications can utilize the full bandwidth
of the Universal Serial Bus.

1.2 emUSB features

Key features of emUSB are:

High speed

Can be used with or without an RTOS

Easy to use

Easy to port

No custom USB host driver necessary

Start / test application supplied

Highly efficient, portable, and commented ANSI C source code

Hardware abstraction layer allows rapid addition of support for new devices
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1.3 emUSB components

emUSB consists of three layers: A driver for hardware access, the emUSB core and at
least a USB class driver or the bulk communication component.

HID Printer MTP

The different available hardware drivers, the USB class drivers, and the bulk commu-
nication component are additional packages, which can be combined and ordered as
they fit to the requirements of your project. Normally, emUSB consists of a driver
that fits to the used hardware, the emUSB core and at least one of the USB class

drivers.
Component Description
USB protocol layer

Bulk emUSB bulk component.
(emUSB-Bulk)

MSD emUSB Mass Storage Device class component.
(emUSB-MSD).

cDC emUSB Communication Device Class component.
(emUSB-CDC)

HID emUSB Human Interface Device Class component.
(emUSB-HID)

MTP emUSB Media Transfer Protocol component.
(emUSB-MTP)

. emUSB Printer Class component.

Printer (emUSB-Printer) P
emUSB RNDIS component.

RNDIS (emUSB-RNDIS) P

Core layer
emUSB-Core | The emUSB core is the intrinsic USB stack.
Hardware layer
Driver \ USB controller driver.

Table 1.1: emUSB components
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1.3.1 emUSB-Bulk

The emUSB-Bulk stack consists of an embedded side, which is shipped as source
code, and a driver for the PC, which is typically shipped as an executable (.sys).
(The source of the PC driver can also be ordered.)

1.3.1.1 Purpose of emUSB-Bulk

emUSB-Bulk allows you to quickly and smoothly develop software for an embedded
device that communicates with a PC via USB. The communication is like a single,
high-speed, reliable channel (very similar to a TCP connection). This bidirectional
channel, with built-in flow control, allows the PC to send data to the embedded tar-
get, the embedded target to receive these bytes and reply with any number of bytes.
The PC is the USB host, the target is the USB client.
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1.3.2 emUSB-MSD
1.3.2.1 Purpose of emUSB-MSD

Access the target device like an ordinary disk drive

emUSB-MSD enables the use of an embedded target device as a USB mass storage
device. The target device can be simply plugged-in and used like an ordinary disk
drive, without the need to develop a driver for the host operating system. This is pos-
sible because the mass storage class is one of the standard device classes, defined
by the USB Implementers Forum (USB IF). Virtually every major operating system on
the market supports these device classes out of the box.

No custom host drivers necessary

Every major OS already provides host drivers for USB mass storage devices, there is
no need to implement your own. The target device will be recognized as a mass stor-
age device and can be accessed directly.

Plug and Play

Assuming the target system is a digital camera using emUSB-MSD, videos or photos
taken by this camera can be conveniently accessed with the file system explorer of
the used operating system when the camera is connected to the computer.

1.3.2.2 Typical applications

Typical applications are:

e Digital camera

e USB stick

e MP3 player

e DVD player

Any target with USB interface: easy access to configuration and data files.

1.3.2.3 emUSB-MSD features

Key features of emUSB-MSD are:

e Can be used with RAM, parallel flash, serial flash or mechanical drives

e Support for full speed (12 Mbit/second) and high speed (480 Mbit/second) trans-
fer rates

e (OS-abstraction: Can be used with any RTOS, but no OS is required for MSD-only
devices

1.3.2.4 How does it work?
Use file system support from host OS

A device which uses emUSB-MSD will be recognized as a mass storage device and
can be used like an ordinary disk drive. If the device is unformatted when plugged-in,
the host operating system will ask you to format the device. Any file system provided
by the host can be used. Typically FAT is used, but other file systems such as NTFS
are possible, too. If one of those file systems is used, the host is able to read from
and write to the device using the storage functions of the emUSB MSD component,
which define unstructured read and write operations. Thus, there is no need to
develop extra file system code if the application only accesses data on the target
from the host side. This is typically the case for simple storage applications, such as
USB memory sticks or ATA to USB bridges.

Only provide file system code on the target if necessary

Mass storage devices like USB sticks do not require their own file system implemen-
tation. File system program code is only required if the application running on the
target device has to access the stored data. The development of a file system is a
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complex and time-consuming task and increases the time-to market. Thus we recom-
mend the use of a commercial file system like emFile, SEGGER’s file system for
embedded applications. emFile is a high performance library that is optimized for
minimum memory consumption in RAM and ROM, high speed and versatility. It is
written in ANSI C and runs on any CPU and on any media. Refer to www.segger.com/
emfile.htm! for more information about emFile.
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1.3.3 emUSB-CDC

emUSB-CDC converts the target device into a serial communication device. A target
device running emUSB-CDC is recognized by the host as a serial interface
(USB2COM, virtual COM port), without the need to install a special host driver,
because the communication device class is one of the standard device classes and
every major operating system already provides host drivers for those device classes.
All PC software using a COM port will work without modifications with this virtual
COM port.

1.3.3.1 Typical applications

Typical applications are:

e Modem
e Telephone system
e Fax machine
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1.3.4 emUSB-HID

The Human Interface Device class (HID) is an abstract USB class protocol defined by
the USB Implementers Forum. This protocol was defined for handling devices that
humans use to control the operation of computer systems.

An installation of a custom host USB driver is not necessary because the USB human
interface device class is standardized and every major OS already provides host driv-
ers for it.

1.3.4.1 Typical applications
Typical examples

Low-speed JTAG emulator
Uninterruptible power supply (UPS)

e Keyboard

e Mouse and similar pointing devices

e Game pad

e Front-panel controls - for example, switches and buttons
e Bar-code reader

e Thermometer

e Voltmeter

[ )

[ )
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1.3.5 emUSB-MTP

The Media Transfer Protocol (MTP) is a USB class protocol which can be used to trans-
fer files to and from storage devices. MTP is an alternative to MSD as it operates on a
file level rather than on a storage sector level.

The advantage of MTP is the ability to access the storage medium from the host PC
and from the device at the same time.

Because MTP works at the file level this also eliminates the risk of damaging the file
system when the communication to the host has been canceled unexpectedly (e.g.
the cable was removed).

MTP is supported by most operating systems without the need to install third-party
drivers.

1.3.5.1 Typical applications

Typical applications are:

Digital camera
USB stick

MP3 player
DVD player
Telephone

Any target with USB interface: easy access to configuration and data files.
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1.3.6 emUSB-Printer

emUSB-Printer converts the target device into a printing device. A target device run-
ning emUSB-Printer is recognized by the host as a printer. Unless the device identi-
fies itself as a printer already recognized by the host PC, you must install a driver to
be able to communicate with the USB device.

1.3.6.1 Typical applications

Typical applications are:

e Laser/Inkjet printer
¢ CNC machine
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1.3.7 emUSB-RNDIS

emUSB-RNDIS allows to create a virtual Ethernet adapter through which the host PC
can communicate with the device