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Chapter

About USB

This chapter presents a quick introduction to USB. The first section in this chapter
introduces the basic concepts of the USB specification Revision 2.0. The second section
explores the data flow model. The third section gives details about the device operation.
Lastly, the fourth section describes USB device logical organization.

The full protocol is described extensively in the USB Specification Revision 2.0 at
http://www.usb.org.

1-1 INTRODUCTION

The Universal Serial Bus (USB) is an industry standard maintained by the USB Implementers
Forum (USB-IF) for serial bus communication. The USB specification contains all the
information about the protocol such as the electrical signaling, the physical dimension of
the connector, the protocol layer, and other important aspects. USB provides several
benefits compared to other communication interfaces such as ease of use, low cost, low
power consumption and, fast and reliable data transfer.

1-1-1 BUS TOPOLOGY

USB can connect a series of devices using a tiered star topology. The key elements in USB
topology are the host, hubs, and devices, as illustrated in Figure 1-1. Each node in the
illustration represents a USB hub or a USB device. At the top level of the graph is the root
hub, which is part of the host. There is only one host in the system. The specification allows
up to seven tiers and a maximum of five non-root hubs in any path between the host and a
device. Each tier must contain at least one hub except for the last tier where only devices
are present. Each USB device in the system has a unique address assigned by the host
through a process called enumeration (see section 1-4-3 on page 25 for more details on
enumeration).
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The host learns about the device capabilities during enumeration, which allows the host
operating system to load a specific driver for a particular USB device. The maximum
number of peripherals that can be attached to a host is 127, including the root hub.

Host

Root Hub

Figure 1-1 Bus topology

1-1-2 USB HOST

The USB host communicates with the devices using a USB host controller. The host is
responsible for detecting and enumerating devices, managing bus access, performing error
checking, providing and managing power, and exchanging data with the devices.

1-1-3 USB DEVICE

A USB device implements one or more USB functions where a function provides one
specific capability to the system. Examples of USB functions are keyboards, webcam,
speakers, or a mouse. The requirements of the USB functions are described in the USB class
specification. For example, keyboards and mice are implemented using the Human
Interface Device (HID) specification.

USB devices must also respond to requests from the host. For example, on power up, or
when a device is connected to the host, the host queries the device capabilities during
enumeration, using standard requests.
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1-2 DATA FLOW MODEL

This section defines the elements involved in the transmission of data across USB.

1-2-1 ENDPOINT

Endpoints function as the point of origin or the point of reception for data. An endpoint is a

logical entity identified using an endpoint address. The endpoint address of a device is

fixed, and is assigned when the device is designed, as opposed to the device address,

which is assigned by the host dynamically during enumeration. An endpoint address

consists of an endpoint number field (0 to 15), and a direction bit that indicates if the

endpoint sends data to the host (IN) or receives data from the host (OUT). The maximum

number of endpoints allowed on a single device is 32.

Endpoints contain configurable characteristics that define the behavior of a USB device:

Bus access requirements

Bandwidth requirement

Error handling

Maximum packet size that the endpoint is able to send or receive
Transfer type

Direction in which data is sent and receive from the host

ENDPOINT ZERO REQUIREMENT

Endpoint zero (also known as Default Endpoint) is a bi-directional endpoint used by the

USB host system to get information, and configure the device via standard requests. All

devices must implement an endpoint zero configured for control transfers (see section

“Control Transfers” on page 18 for more information).
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1-2-2 PIPES

A USB pipe is a logical association between an endpoint and a software structure in the USB
host software system. USB pipes are used to send data from the host software to the
device’s endpoints. A USB pipe is associated to a unique endpoint address, type of transfer,
maximum packet size, and interval for transfers.

The USB specification defines two types of pipes based on the communication mode:
B Stream Pipes: Data carried over the pipe is unstructured.
B Message Pipes: Data carried over the pipe has a defined structure.

The USB specification requires a default control pipe for each device. A default control pipe
uses endpoint zero. The default control pipe is a bi-directional message pipe.

1-2-3 TRANSFER TYPES

The USB specification defines four transfer types that match the bandwidth and services
requirements of the host and the device application using a specific pipe. Each USB transfer
encompasses one or more transactions that sends data to and from the endpoint. The
notion of transactions is related to the maximum payload size defined by each endpoint
type in that when a transfer is greater than this maximum, it will be split into one or more
transactions to fulfill the action.

CONTROL TRANSFERS

Control transfers are used to configure and retrieve information about the device
capabilities. They are used by the host to send standard requests during and after
enumeration. Standard requests allow the host to learn about the device capabilities; for
example, how many and which functions the device contains. Control transfers are also
used for class-specific and vendor-specific requests.

A control transfer contains three stages: Setup, Data, and Status. These stages are detailed in
Table 1-1.
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Stage Description

Setup The Setup stage includes information about the request. This SETUP stage represents
one transaction.

Data The Data stage contains data associated with request. Some standard and class-
specific request may not require a Data stage. This stage is an IN or OUT directional
transfer and the complete Data stage represents one ore more transactions.

Status The Status stage, representing one transaction, is used to report the success or failure
of the transfer. The direction of the Status stage is opposite to the direction of the Data
stage. If the control transfer has no Data stage, the Status stage always is from the
device (IN).

Table 1-1 Control Transfer Stages

BULK TRANSFERS

Bulk transfers are intended for devices that exchange large amounts of data where the
transfer can take all of the available bus bandwidth. Bulk transfers are reliable, as error
detection and retransmission mechanisms are implemented in hardware to guarantee data
integrity. However, bulk transfers offer no guarantee on timing. Printers and mass storage
devices are examples of devices that use bulk transfers.

INTERRUPT TRANSFERS

Interrupt transfers are designed to support devices with latency constrains. Devices using
interrupt transfers can schedule data at any time. Devices using interrupt transfer provides a
polling interval which determines when the scheduled data is transferred on the bus.
Interrupt transfers are typically used for event notifications.

ISOCHRONOUS TRANSFERS

Isochronous transfers are used by devices that require data delivery at a constant rate with a
certain degree of error-tolerance. Retransmission is not supported by isochronous transfers.
Audio and video devices use isochronous transfers.

USB DATA FLOW MODEL

Table 1-2 shows a graphical representation of the data flow model.
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Figure 1-2 USB data flow
F1-2(D The host software uses standard requests to query and configure the device

using the default pipe. The default pipe uses endpoint zero (EPO).

F1-2(2) USB pipes allow associations between the host application and the device’s
endpoints. Host applications send and receive data through USB pipes.

F1-2(3) The host controller is responsible for the transmission, reception, packing and
unpacking of data over the bus.

F1-2(4) Data is transmitted via the physical media.

F1-2(5) The device controller is responsible for the transmission, reception, packing
and unpacking of data over the bus. The USB controller informs the USB
device software layer about several events such as bus events and transfer

events.

F1-2(6) The device software layer responds to the standard request, and implements
one or more USB functions as specified in the USB class document.
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TRANSFER COMPLETION

The notion of transfer completion is only relevant for control, bulk and interrupt transfers as
isochronous transfers occur continuously and periodically by nature. In general, control,
bulk and interrupt endpoints must transmit data payload sizes that are less than or equal to
the endpoint’s maximum data payload size. When a transfer’s data payload is greater than
the maximum data payload size, the transfer is split into several transactions whose payload
is maximum-sized except the last transaction which contains the remaining data. A transfer
is deemed complete when:

B The endpoint transfers exactly the amount of data expected.

B The endpoint transfers a short packet, that is a packet with a payload size less than the

maximum.

B The endpoint transfers a zero-length packet.

1-3 PHYSICAL INTERFACE AND POWER MANAGEMENT

USB transfers data and provides power using four-wire cables. The four wires are: Vi, D,
D™ and Ground. Signaling occurs on the D* and D™ wires.

1-3-1 SPEED

The USB 2.0 specification defines three different speeds.
B Low Speed: 1.5 Mb/s

B Full Speed: 12 Mb/s

B High Speed: 480 Mb/s
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1-3-2 POWER DISTRIBUTION

The host can supply power to USB devices that are directly connected to the host. USB
devices may also have their own power supplies. USB devices that use power from the
cable are called bus-powered devices. Bus-powered device can draw a maximum of 500
mA from the host. USB devices that have alternative source of power are called self-
powered devices.

1-4 DEVICE STRUCTURE AND ENUMERATION

Before the host application can communicate with a device, the host needs to understand
the capabilities of the device. This process takes place during device enumeration. After
enumeration, the host can assign and load a specific driver to allow communication
between the application and the device.

During enumeration, the host assigns an address to the device, reads descriptors from the
device, and selects a configuration that specifies power and interface requirements. In order
for the host learns about the device’s capabilities, the device must provide information
about itself in the form of descriptors.

This section describes the device logical organization from the USB host’s point of view.

1-4-1 USB DEVICE STRUCTURE

From the host point of view, USB devices are internally organized as a collection of
configurations, interfaces and endpoints.

CONFIGURATION

A USB configuration specifies the capabilities of a device. A configuration consists of a
collection of USB interfaces that implement one or more USB functions. Typically only one
configuration is required for a given device. However, the USB specification allows up to
255 different configurations. During enumeration, the host selects a configuration. Only one
configuration can be active at a time. The device uses a configuration descriptor to inform
the host about a specific configuration’s capabilities.
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INTERFACE

A USB interface or a group of interfaces provides information about a function or class
implemented by the device. An interface can contain multiple mutually exclusive settings
called alternate settings. The device uses an interface descriptor to inform the host about a
specific interface’s capabilities. Each interface descriptor contains a class, subclass, and
protocol codes defined by the USB-IF, and the number of endpoints required for a
particular class implementation.

ALTERNATE SETTINGS

Alternate settings are used by the device to specify mutually exclusive settings for each
interface. The default alternate settings contain the default settings of the device. The device
also uses an interface descriptor to inform the host about an interface’s alternate settings.

ENDPOINT

An interface requires a set of endpoints to communicate with the host. Each interface has
different requirements in terms of the number of endpoints, transfer type, direction,
maximum packet size, and maximum polling interval. The device sends an endpoint
descriptor to notify the host about endpoint capabilities.

Figure 1-3 shows the hierarchical organization of a USB device. Configurations are grouped

based on the device’s speed. A high-speed device might have a particular configuration in
both high-speed and low/full speed.
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1-4-2 DEVICE STATES

The USB 2.0 specification defines six different states and are detailed in Table 1-2.

Device States Description

Attached The device is in the Attached state when it is connected to the host or a hub port. The
hub must be connected to the host or to another hub.

Powered A device is considered in the Powered state when it starts consuming power from the
bus. Only bus-powered devices use power from the host. Self-powered devices are in
the Powered state after port attachment.

Default After the device has been powered, it should not respond to any request or
transactions until it receives a reset signal from the host. The device enters in the
Default state when it receives a reset signal from the host. In the Default state, the
device responds to standard requests at the default address 0.

Address During enumeration, the host assigns a unique address to the device. When this
occurs, the device moves from the Default state to the Address state.
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Device States Description

Configurated After the host assigns an address to the device, the host must select a configuration.
After the host selects a configuration, the device enters the Configured state. In this
state, the device is ready to communicate with the host applications.

Suspended The device enters in Suspended state when no traffic has been seen in the bus for a
specific period of time. The device retains the address assigned by the host in the
Suspended state. The device returns to the previous state after traffic is present in the
bus.

Table 1-2 USB Device States

1-4-3 ENUMERATION

Enumeration is the process where the host configures the device and learns about the
device’s capabilities. The host starts enumeration after the device is attached to one of the
root or external hub ports. The host learns about the device’s manufacturer, vendor/product
IDs and release versions by sending a Get Descriptor request to obtain the device descriptor
and the maximum packet size of the default pipe (control endpoint 0). Once that is done,
the host assigns a unique address to the device which will tell the device to only answer
requests at this unique address. Next, the host gets the capabilities of the device by a series
of Get Descriptor requests. The host iterates through all the available configurations to
retrieve information about number of interfaces in each configuration, interfaces classes,
and endpoint parameters for each interface and will lastly finish the enumeration process by
selecting the most suitable configuration.

25



Chapter 1

26



Chapter

Getting Started

This chapter gives you some insight into how to install and use the nC/USB-Device stack.

The following topics are explained in this chapter:

Prerequisites

Downloading the source code files
Installing the files

Building the sample application

Running the sample application

After the completion of this chapter, you should be able to build and run your first USB

application using the nC/USB-Device stack.
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2-1 PREREQUISITES

Before running your first application, you must ensure that you have the minimal set of
required tools and components:

B Toolchain for your specific microcontroller.
B Development board.
B pC/USB-Device stack with the source code of at least one of the Micripm USB classes.

B USB device controller driver compatible with your hardware for the pC/USB-Device
stack.

B Board support package (BSP) for your development board.
B Example project for your selected RTOS (that is nC/OS-1I or pC/OS-IID).
If Micripm does not support your USB device controller or BSP, you will have to write your

own device driver. Refer to Chapter 6, “Device Driver Guide” on page 77 for more
information on writing your own USB device driver.

2-2 DOWNLOADING THE SOURCE CODE FILES

pC/USB-Device can be downloaded from the Micripm customer portal. The distribution
package includes the full source code and documentation. You can log into the Micripm
customer portal at the address below to begin your download (you must have a valid
license to gain access to the file):

http://micrium.com/login
pC/USB-Device depends on other modules, and you need to install all the required
modules before building your application. Depending on the availability of support for your

hardware platform, ports and drivers may or may not be available for download from the
customer portal. Table 2-1 shows the module dependency for pC/USB-Device.
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Module Name Required Note(s)

uC/USB-Device Core YES Hardware independent USB stack.

uC/USB-Device Driver YES USB device controller driver. Available only if Micrium supports
your controller, otherwise you have to develop it yourself.

pC/USB-Device Vendor Class | Optional Available only if you purchased Vendor class.

uC/USB-Device MSC Optional Available only if you purchased Mass Storage Class (MSC).

uC/USB-Device HID Class Optional Available only if you purchased Human Interface Device (HID)
class.

uC/USB-Device CDC ACM Optional Available only if you purchased Communication Device Class
(CDC) with the Abstract Control Model (ACM) subclass.

uC/USB-Device PHDC Optional Available only if you purchased Personal Healthcare Device
Class (PHDC).

uC/CPU Core YES

uUC/CPU Port YES Available only if Micrium has support for your target architecture
(ARM, AVR32, MSP430, etc)

pC/LIB Core YES Micripm run-time library.

uC/LIB Port Optional Available only if Micripm has support for your target architecture
(ARM, AVR32, MSP430, etc)

uC/0OS-Il Core Optional Available only if your application is using uC/OS-II

uC/OS-Il Port Optional Available only if Micripm has support for your target architecture
(ARM, AVR32, MSP430, etc)

uC/0OS-lll Core Optional Available only if your application is using pC/OS-llI

uC/OS-Ill Port Optional Available only if Micripm has support for your target architecture

(ARM, AVR32, MSP430, etc)

Table 2-1 pC/USB-Device Module Dependency

Table 2-1 indicates that all the pC/USB-Device classes are optional because there is no

mandatory class to purchase with the nC/USB-Device Core and Driver. The class you will

have purchased will depend on your needs. But don’t forget that you need a class to build a
complete USB project. Table 2-1 also indicates that pC/OS-II and -III Core and Port are
optional. Indeed, pC/USB-Device stack does not assume a specific real-time operating

system to work with but it still requires one.
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2-3 INSTALLING THE FILES

Once all the distribution packages have been downloaded to your host machine, extract all
the files at the root of your C:\ drive for instance. The package may be extracted to any
location. After extracting all the files, the directory structure should look as shown in
Figure 2-1. In the example, all Micripm products sub-folders shown in Figure 2-1 will be
located in C:\Micrium\Software\

=+---{ff=7 uC-CPU

FR— {:__| <Architecture>

—{f7yuC-LIB

H
'
+

Figure 2-1 Directory Tree for yC/USB-Device
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2-4 BUILDING THE SAMPLE APPLICATION

This section describes all the steps required to build a USB-based application. The
instructions provided in this section are not intended for any particular toolchain, but
instead are described in a generic way that can be adapted to any toolchain.

The best way to start building a USB-based project is to start from an existing project. If you
are using pC/OS-II or pC/OS-III, Micrinm provides example projects for multiple
development boards and compilers. If your target board is not listed on Micripm’s web site,
you can download an example project for a similar board or microcontroller.

The purpose of the sample project is to allow a host to enumerate your device. You will add
a USB class instance to both, full-speed and high-speed configurations (f both are
supported by your controller). Refer to section 7-1 “Class Instance Concept” on page 99 for
more details about the class instance concept. After you have successfully completed and
run the sample project, you can use it as a starting point to run other USB class demos you
may have purchased.

pC/USB-Device requires a Real-Time Operating System (RTOS). The following assumes that
you have a working example project running on pC/OS-II or pC/OS-I1I.

2-4-1 UNDERSTANDING MICRIUM EXAMPLES
A Micripm example project is usually placed in the following directory structure.

\Micrium
\Software
\EvalBoards
\<manufacturer>
\<board_name>
\<compiler>
\<project name>

\*, *

Note that Micripm does not provide by default an example project with the nC/USB-Device
distribution package. Micripm examples are provided to customers in specific situations. If it
happens that you receive a Micripm example, the directory structure shown above is
generally used by Micrium. You may use a different directory structure to store the
application and toolchain projects files.
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\Micrium
This is where Micrinm places all software components and projects. This directory is
generally located at the root directory.

\Software
This sub-directory contains all software components and projects.

\EvalBoards
This sub-directory contains all projects related to evaluation boards supported by Micripm.

\<manufacturer>
This is the name of the manufacturer of the evaluation board. In some cases this can be also
the name of the microcontroller manufacturer.

\<board name>
This is the name of the evaluation board.

\<compiler>
This is the name of the compiler or compiler manufacturer used to build the code for the
evaluation board.

\<project name>
The name of the project that will be demonstrated. For example a simple pC/USB-Device
with pC/OS-III project might have the project name ‘uCOS-III-USBD".

\*,*
These are the source files for the project. This directory contains configuration files
app cfg.h, os cfg.h, os cfg app.h, cpu cfg.h and other project-required sources files.

os_cfg.h is a configuration file used to configure nC/OS-1II (or pC/OS-1I) parameters
such as the maximum number of tasks, events, objects, which pC/OS-III services are
enabled (semaphores, mailboxes, queues), and so on. os_cfg.h is a required file for
any pC/OS-II application. See the pC/OS-III documentation and books for further
information.

app.c contains the application code for the example project. As with most C programs,

code execution starts at main(). At a minimum, app.c initializes pC/OS-III and creates
a startup task that initializes other Micripm modules.
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app_cfg.h is a configuration file for your application. This file contains #defines to

configure the priorities and stack sizes of your application and the Micripm modules’
tasks.

app_<module>.c and app_<module>.h These optional files contain the Micripm
modules’ (uC/TCP-IP, nC/FS, nC/USB-Host, etc) initialization code. They may or may
not be present in the example projects.

2-4-2 COPYING AND MODIFYING TEMPLATE FILES

Copy the files from the application template and configuration folders into your application
as shown in Figure 2-2.

:----@ EvalBoards
e @ <manufacturer>

F— @ App B @ <board name>
H—----@ Device e E <compiler>

—----@ uC-USB-Device-V4

+——{B0 08 #--{ | <project name>
bd.
4| ucos-11 [ spp_usbd.c
+-—{ ]uCOS-III [} app_usbd.h

D app_usbd_<class>.c

broees @Cfg [ usbd_cfg.h
F— E Template ———— P D usbd_dev_cfg.h

D usbd_dev_cfg.c

Figure 2-2 Copying Template Files.

app_usbd. * is the master template for USB application-specific initialization code. This file
contains the function App_USBD_Init (), which initializes the USB stack and class-specific
demos.

app_usbd <class>.c contains a template to initialize and use a certain class. This file
contains the class demo application. In general, the class application initializes the class,
creates a class instance, and adds the instance to the full-speed and high-speed

configurations. Refer to the chapter(s) of the class(es) you purchased for more details about
the class demos.
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usbd_cfg.h is a configuration file used to setup pnC/USB-Device stack parameters such as
the maximum number of configurations, interfaces, or class-related parameters.

usbd_dev_cfg.c and usbd_dev_cfg.h are configuration files used to set device parameters
such as vendor ID, product ID, and device release number. They also serve to configure the
USB device controller driver parameters, such as base address, dedicated memory base
address and size, controller’s speed, and endpoint capabilities.

MODIFY DEVICE CONFIGURATION

Modify the device configuration file (usbd cfg.c) as needed for your application. See
below for details.

USBD_DEV_CFG USBD_DevCfg_Template = { (1)
O0XFFFE, (2)
0x1234,
0x0100,

"OEM MANUFACTURER", (3)

"OEM PRODUCT",
"1234567890ABCDEF",

USBD_LANG_ID ENGLISH US (4)
i
Listing 2-1 Device Configuration Template
L2-1(D) Give your device configuration a meaningful name by replacing the word
“Template”.

L2-1(2) Assign the Vendor ID, Product ID and Device Release Number. For
development purposes you can use the default values, but once you decide to
release your product, you must contact USB-IF in order to get valid IDs. USB-IF
maintains all USB Vendor ID and Product ID numbers.

L2-1(3) Specify human readable Vendor ID, Product ID, and Device Release Number
strings.

L2-1(4) A USB device can store strings in multiple languages. Specify the language

used in your strings. The #defines for the other languages are defined in the file
usbd _core.h in the section “Language Identifiers”.
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MODIFY DRIVER CONFIGURATION

Modify the driver configuration (usbd dev cfg.c) as needed for your controller. See

Listing 2-2 below for details.

USBD_DRV_CFG USBD_DrvCfg Template = { (1)
0x00000000, (2)
0x00000000, (3)
Ou,
USBD_DEV_SPD_FULL, (4)
USBD_DrvEP_InfoTbl_Template (5)
i
Listing 2-2 Driver Configuration Template
L2-2(D) Give your driver configuration a meaningful name by replacing the word

L2-2(2)

L2-2(3)

L2-2(4)

L2-2(5)

“Template”.
Specify the base address of your USB device controller.

If your target has dedicated memory for the USB controller, you can specify its
base address and size here. Depending on the USB controller, dedicated
memory can be used to allocate driver buffers or DMA descriptors.

Specify the USB device controller speed: USBD_DEV_SPD HIGH if your controller
supports high-speed or USBD DEV_SPD FULL if your controller supports only
full-speed.

Specify the endpoint information table. The endpoint information table should
be defined in your USB device controller BSP files. Refer to section 6-5-1
“Endpoint Information Table” on page 86 for more details about the endpoint
information table.

MODIFY USB APPLICATION INITIALIZATION CODE

Listing 2-3 shows the code that you should modify based on your specific configuration done

previously. You should modify the parts that are highlighted by the bold text. The code

snippet is extracted from the function App USBD Init() defined in app usbd.c. The

complete initialization sequence performed by App USBD Init() is presented in Listing 2-5.
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#include <usbd_bsp template.h> (1)

CPU_BOOLEAN App_USBD_Init (void)
{
CPU_INT08U dev_nbr;
CPU_INT08U cfg fs nbr;

USBD_ERR err;

USBD_Init(&err); (2)
dev_nbr = USBD_DevAdd(&USBD_DevCfg_Template, (3)
&App_ USBD_ BusFncts,

&USBD_DrvAPI_Template, (4)
&USBD_DrvCfg_Template, (5)
&USBD_DrvBSP_Template, (6)
&err);

if (USBD_DrvCfg_Template.Spd == USBD DEV_SPD HIGH) { (7)

cfg_hs_nbr = USBD_CfgAdd( dev_nbr,
USBD_DEV_ATTRIB_SELF POWERED,
100u,
USBD_DEV_SPD_HIGH,
"HS configuration",

&err);

Listing 2-3 App_USBD_lInit() in app_usbd.c

L2-3(D) Include the USB driver BSP header file that is specific to your board. This file
can be found in the following folder:

\Micrium\Software\uC-USB-Device\Drivers\<controller>\BSP\<board name>

L2-3(2) Initialize the USB device stack’s internal variables, structures and core RTOS
port.
L2-3(3) Specify the address of the device configuration structure that you modified in

the section “Modify Device Configuration” on page 34.
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12-3(4) Specify the address of the driver API structure. The driver’s API structure is
defined in the driver’s header file named usbd_drv_<controller>.h.

L2-3(5) Specify the address of the driver configuration structure that you modified in
the section “Modify Driver Configuration” on page 35.

L2-3(6) Specify the endpoint information table. The endpoint information table should
be defined in your USB device controller BSP files.

L2-3(7) If the device controller supports high-speed, create a high-speed configuration
for the spe