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Disclaimer
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be reproduced, stored in a retrieval system, or transmitted in any form or by any means electronic
or mechanical, including photocopying and recording for any purpose other than the purchaser’s
personal use, without prior written permission from ThesyconR© Systemsoftware & Consulting
GmbH.

The software described in this document is furnished under the software license agreement dis-
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Trademarks

The following trade names are referenced within this manual:

Microsoft, Windows, Win32, Windows NT, Windows XP, and Visual C++ are either trademarks
or registered trademarks of Microsoft Corporation.

Other brand and product names are trademarks or registered trademarks of their respective holders.
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1 Introduction

1 Introduction

The Embedded USB Device Stack is a software stack for any embedded controller. It can be used
with any USB device controller. The USB function (this is the term the USB specifiation refer to
a USB device) can either be included in the microcontroller or be connected to an external bus of
the microcontroller.

This document gives an overview of the Embedded USB Device Stack. It describes its architecture,
its features and its restrictions. Furthermore, it includes instructions for the integration in a project.
The configuration and the usage of the Embedded USB Device Stack are described in separate
chapters. Additionally the references of the programming interfaces are included in this document.

The Embedded USB Device Stack is available for different device controllers. Refer to2.6 for an
overview of supported device controllers.

1.1 The USB Function Library

The USB Function Library represents the lower layer of the Embedded USB Device Stack. It
encapsulates the device controller specific USB implementation and provides generic USB func-
tionality on its upper programming interface.

For the chapters depending on the USB Function Library the reader of this document is assumed to
be familiar with the specification of the Universal Serial Bus Version 1.1 and 2.0 and with common
aspects of C-based programming.
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2 Overview

2 Overview

2.1 Features of the Embedded USB Device Stack

The Embedded USB Device Stack is designed to cover a USB function peripheral in an embedded
environment. It consists of different modules which can be adjusted and combined to satisfy your
requirements. This modular concept can easily be enhanced by your own implementations or by
prepackaged components provided by ThesyconR© Systemsoftware & Consulting GmbH.

The Embedded USB Device Stack provides the following features:

• handles all standard requests and the complete enumeration

• supports multi-configuration devices

• supports multi-interface devices

• implements an extended error recovery

• implemented in ANSI C

• independent of the processors memory alignment

• works in either endian mode

• simple hardware abstraction layer (HAL)

• simple adaption layer (TAL)

• can be used stand-alone or with an operating system

• compliant to the USB 2.0 specification

• compliant to USB Command Verifier and the WHQL certification (HCT12.1)

2.2 Features of the USB Function Library

The USB Function Library handles the register-based access to the specific device controller and
provides a convenient and easy to use software API. Therefore no knowledge of the device con-
troller specific USB implementation is required.

The USB Function Library provides the following features:

• encapsulated device controller specific implementation

• all USB standard requests are handled

• support for soft connect

• support for connect detection

• easy to use software API

• well documented API reference

USB Function Library Reference Manual 13



2 Overview

2.3 Restrictions of the USB Function Library

The following restrictions exist:

• Only Interface and Endpoint are supported recipients for class/vendor requests. Refer to
section5.8for more information about class/vendor requests.

• The USB Function Library is not reentrant and provides no synchronization primitives inter-
nally. Refer to section5.3 for more details about the synchronization of the USB Function
Library.

2.4 Known Problems

2.4.1 Full Speed Device on External High Speed Hub

All external hubs available today are USB 2.0 high-speed hubs. If such an external hub is attached
to a PC then the USB connection between hub and PC operates at high speed (480 Mbps). If a
USB full speed (12 Mbps) device is attached to one of the down stream ports of the hub then the
hub is required to perform a speed conversion. In this mode the hub operates as a full-speed host
which translates high-speed transactions received from the PC to execute them at full speed. This
design is defined by the USB 2.0 specification.

Thesycon found that there are issues with many external USB 2.0 high speed hubs if they operate
in speed conversion mode. Many implementations are not fully compliant with the USB 2.0
specification and cause problems in this mode. For this reason, Thesycon recommends to avoid
using an external hub if it needs to operate in speed conversion mode. This applies if a full-speed
device is attached to the external hub and the hub is connected to a PC.

Note that there is no problem if the external hub operates at the same speed at its upstream and its
downstream port. This is the case if a high-speed device is connected to the hub. Note also that
there are no issues if a full-speed USB device is connected to a PC directly. In this case it will
be attached to a full-speed host in the PC and no speed conversion takes place. Refer to the USB
specification for a more detailed description of scenarios where speed conversion is required.

2.5 Hardware Requirements

2.5.1 SoftConnect Circuit

A USB device requires a switchable pull-up resistor which connects the USB D+ line to 3.3V. This
SoftConnect feature enables the USB device to be connected/disconnected from USB by software.
This ensures that the USB device is connected to USB after the software initialization finished and
VBus is available.

If the SoftConnect feature is not realised inside the USB device it has to be implemented exter-
nally by the hardware designer using a GPIO pin. This pin has to be handled in the function
UsbfHal_SetSoftConnectto connect/disconnect the USB device by software.

The SoftConnect feature is required for USB bus powered and self powered devices. If SoftCon-
nect is not available a race condition between the startup time of the micro-controller and the
enumeration of the USB device occurs.
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There exists a workaround in the USB Function Library for USB devices which are hard wired
(no SoftConnect feature).

In the fileconfig.h the defineUSBF_CONNECT_R_HARD_WIREDmust be set to1 to inform
the USB Function Library that the USB device has no SoftConnect feature. Also the USB device
may work without the SoftConnect feature it can not be guaranteed that it will work reliable on all
host controllers. So this setting is only applicable if the hardware design can not be changed and it
has to be treated as last chance. On default the defineUSBF_CONNECT_R_HARD_WIREDmust
be set to0. An compile error is generated if the defineUSBF_CONNECT_R_HARD_WIREDdoes
not exist.

2.5.2 VBus Detection

The VBus detection enables the software to be informed about the current state of VBus. This is
necessary for the software in order to deceide when the USB device should be connected to USB.
As required by the USB specification the SoftConnect feature will only be used by the software if
VBus is present.

If the VBus detection is not realised inside the USB device it should be implemented exter-
nally by the hardware designer using a GPIO pin. This pin has to be interpreted in the function
UsbfHal_IsVBusPresentto inform the software of the VBus state. The application has to call
Usbf_CheckVBus() periodically so the USB Function Library checks if VBus is present.

The VBus detection is mainly required for self powered devices. On USB bus powered devices
VBus can be assumed as always present.

2.6 Supported Device Controllers

Thesycon’s Embedded USB Device Stack currently supports the device controllers listed in the
table below. Because the hardware implementation differs from each other some adaptations has
to be made. Refer to section5.11 for more information about the adaptation and the required
compile time settings for a specific device controller.

2.7 Memory Footprints

The code size and the memory requirements mainly depend on the processor architecture, the bit
alignment as well as the used compiler and its optimization settings.

The following values are achieved on an ARM7 CPU in the release build without debug infor-
mation. The ARM RealView compiler was used with default optimization (-O2). Data buffers
as well as USB descriptors are not considered because they belong to the application layer. They
have to be allocated in the application outside the Embedded USB Device Stack. Depending on
the number of endpoints and the configuration of the device USB descriptors usually consume
between 150 and 400 bytes of constant data.

For more detailed information on specific configurations please contact usb(at)thesycon.de.
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Device Controller Supported Speed(s) Customization Section

Atmel AT91SAM based devices Full Speed 5.11.1

Atmel AT91SAM3U based devices Full Speed, High Speed 5.11.2

Atmel AVR32 based devices Full Speed, High Speed 5.11.3

Philips/NXP ISP1582 Full Speed, High Speed 5.11.4

Philips/NXP LPC23xx Full Speed 5.11.5

Philips/NXP LPC24xx Full Speed 5.11.6

Philips/NXP LPC17xx Full Speed 5.11.7

Renesas H8SX/1653 Group Full Speed 5.11.8

Renesas H8SX/1663 Group Full Speed 5.11.8

Renesas H8SX/1668 Group Full Speed 5.11.9

Renesas H8S/2472 Group Full Speed 5.11.10

Renesas H8S/2215 Group Full Speed 5.11.11

Renesas M16C6C Group Full Speed 5.11.12

STMicroelectronics STR91x Full Speed 5.11.13

Table 1:Overview of supported device controllers
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Modul Code + const data Data Description

(FLASH) (RAM)

USB Function ≈ 10 KB ≈ 0.5 KB native USBF with 2 endpoints

CDC/ACM ≈ 1.7 KB ≈ 0.2 KB single CDC/ACM instance with 3 endpoints

RNDIS ≈ 3.5 KB ≈ 1.8 KB single RNDIS instance with 3 endpoints

MSD ≈ 6 KB ≈ 0.4 KB single MSD instance without CD-ROM support

MSD ≈ 7 KB ≈ 0.4 KB single MSD instance with CD-ROM support

THID ≈ 0.8 KB ≈ 0.1 KB single THID instance with 2 endpoints

Table 2:Overview of memory consumption and code size

3 Architecture

The Embedded USB Device Stack consists of the following components:

• USB Device Controller Driver - This component is part of the USB Function Library and
encapsulates the device controller specific USB implementation. Refer to section3.3 for
more information.

• USB Function Core - This component is part of the USB Function Library and provides
the generic USB functionality. Refer to section3.3for more information.

• USB Device Class- This component is optional to the USB Function Library. It could be
the implementation of a defined protocol like RNDIS or represent a vendor specific protocol
which provides additional functionality at a higher level. Refer to section3.4 for more
information about device classes.

The following software layers are required for the integration of the Embedded USB Device Stack:

• Adaption Layer - This component provides the abstraction to the operating system or em-
bedded environment. Refer to section3.2for more information.

• Hardware Abstraction Layer - This component provides the abstraction of the hardware
access. Refer to section3.1for more information.

The component calledembedded Applicationimplements the real functionality. This has to be
implemented by the application designer upon the purpose of the USB device. Refer to section9
for some simple demo applications implemented on top of the USB Function Library or a specific
device class.
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Figure 1:Components of the Embedded USB Device Stack

3.1 Hardware Abstraction Layer

This software layer provides the abstraction of the hardware access. It encapsulates the ac-
cess to the registers of the device controller with the appropriate functions defined in the file
usbf_hal_api.h . These functions are device controller specific and have to be implemented
by the application designer according to the used device controller and its environment.

Refer to section2.6to see which functions have to be implemented for a specific device controller.

Refer to section7 for the API reference of the hardware abstraction layer.

3.2 Thesycon Adaption Layer

This software layer provides the adaption to the operating system or embedded environment. It
provides common functionality likememcpyor printf with the appropriate functions defined
in the file tal_api.h . These functions have to be implemented by the application designer
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Figure 2:Architecture of the Embedded USB Device Stack

according to the used operating system or embedded environment. Furthermore the adaption layer
provides definitions of basic data types in the filetal_defs.h . It is possible that the application
designer has to change these defines according to the deployed micro processor.

Refer to section8 for the API reference of the adaption layer.

3.3 USB Function Library

The USB Function Library is a software layer which is designed to handle the complete USB
function peripheral. It implements all USB standard requests, the required state machines and the
data transfer. An embedded application program does not have to access the USB peripheral via
registers, it simply uses the software API defined by the USB Function Library.

The software API of the USB Function Library is defined in the fileusbf_api.h . This file
contains the definitions of the functions which are implemented within the library. There are
also callback functions defined which will be implemented by the application designer outside the
library. But not all of these callback functions has to be provided. The implementation of some
callback functions is optional. Refer to section6.3 to see which callback functions have to be
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implemented.

3.3.1 USB Function Core

The USB Function Core implements the generic USB functionality. It is responsible for the enu-
meration and handles all kinds of standard requests. This part of the USB Function Library is
common to all device controllers. The USB Function Core is independent from the USB Device
Controller Driver implementation and has no access to any device specific functionality. It only
uses the USB Device Controller Driver to implement the generic USB functionality.

3.3.2 USB Device Controller Driver

The USB Device Controller Driver implements the behavior of a specific device controller. It is re-
sponsible for initialization, register based access and interrupt handling of the chosen device. The
USB Device Controller Driver does not implement any USB functionality itself. It is used by the
USB Function Core to implement the generic USB functionality for a selected device controller.

3.4 Device Classes

Device classes for the Embedded USB Device Stack extend the USB Function Library by a defined
protocol like RNDIS or CDC/ACM. A device class encapsulates the USB specific communication
with the USB Function Library and provides an easy to use software API appropriate to the im-
plemented protocol. Therefore no advanced USB knowledge is required on top of the device class
API.
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4 Configuration

4.1 Compile Time Configuration

The compile time configuration of the Embedded USB Device Stack has to be customized to
meet the requirements of the application and to adapt the various modules of the device stack to a
specific environment.

All compile time settings that are available for a specific module are defined in the configuration
file of the module. All module configuration files include theconfig.h configuration file at
first. Thus, such a configuration fileconfig.h has to be provided for a specific application to
set required settings and to change default settings, if required.

The configuration fileconfig.h is provided for each demo application of the Embedded USB
Device Stack.

4.1.1 USB Function Library

For a description of all available configuration settings of the USB Function Library please refer
to the file/source/usbfunc/usbf_config.h .

4.1.2 USB Descriptors

Each demo application of the Embedded USB Device Stack contains an example def-
inition of the required USB descriptors. Some values of these descriptors can be
adapted to a specific platform by configuration settings. Please refer to the file
/source/app_xxx/app_xxx_descriptors.h for available configuration settings.

4.1.3 Device Controller

Please refer to section5.11for more information about the adaptation and required compile time
settings for a specific device controller.

4.2 USB Descriptors

The USB descriptors are used to describe the USB device with its supported interfaces and end-
points. Examples for USB descriptors are provided for each demo application. The application
designer has to customize some settings in order to use these descriptors in an own application.
Refer to sections4.1.2, 4.3and4.4for more information about customizing the USB descriptors.

For detailed information about USB descriptors refer to [1] section 9.5.

4.3 Vendor ID and Product ID

The Vendor ID (VID) and the Product ID (PID) of the USB descriptors have to be provided by
the manufacturer of a device. A VID can be obtained from the USB Implementers Forum. Refer
to http://www.usb.org for more information. It is also possible to obtain a PID from Thesycon.
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In this case you have to use the VID of Thesycon. Please contact info(at)thesycon.de for more
information.

The PID specifies a certain device. The manufacturer of the device takes care about the PID used
for a specific device. He is responsible that it is non-ambiguous for each device.

Note that the VID and PID provided in the USB descriptor are used on some operating systems
(e.g. Windows) to identify the USB device.

4.4 Serial Number

The application designer has to decide if a serial number should be exposed for the USB device
or not. This decision can influence the enumeration behavior on the host, especially on computers
running a Windows operating system.

If the USB device exposes a serial number the Windows operating system installs the drivers for
the device only once. Even if you use the USB device on a different USB port the device will be
recognized as already installed.

If the USB device does not expose a serial number the Windows operating system installs the
drivers for the device for each USB port the device is plugged in.

Note that if exposing a serial number, the serial number has to be unique for each USB device.
Using a serial number for multiple devices will lead to errors.
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5.1 Initial Steps

1. Configure the USB Function Library to meet your requirements. You have to adjust
the appropriate settings for the USB Function Library (fileusbf_config.h ) and for
the CDC/ACM device class (filecls_cdcacm_conf.h )in the configuration file tem-
phusbf_config.h.

Furthermore you have to customize the USB descriptors.

Refer to section4 for detailed information about the configuration of the USB Function
Library.

2. Adjust the basic integer types intal_defs.h to match your environment. Implement the
necessary functions declared inusbf_hal_api.h andtal_api.h .

Refer to section2.6 to see which functions you have to implement for your specific device
controller.

3. Implement the interrupt handling.

The functions for the interrupt handling are declared in the fileusbf_init.h .

Refer to section5.5 for detailed information about the interrupt handling in the USB Func-
tion Library.

4. Initialize the USB Function Library by a call toUsbf_Initialize.

The functionUsbf_Initialize is declared in the fileusbf_init.h .

Refer to section5.2 for detailed information about the initialization of the USB Function
Library.

5. Register a device handler by a call toUsbf_RegisterDeviceHandlerwhich informs you
about device related events.

The functionUsbf_RegisterDeviceHandleris declared in the fileusbf_init.h .

Refer to section5.7for more information about device events.

6. Enable the USB Function Library by a call toUsbf_Enable. After this call, the host should
recognize the new USB device and start the enumeration process. Now you are able to use
the functions declared in the fileusbf_api.h .

The functionUsbf_Enableis declared in the fileusbf_init.h .

7. After the device has been configured by the host, the device handler should report the device
eventUSBF_DEV_EVENT_CONFIGURE. Now the device is configured and can be used.
You can callUsbf_Opento open a specified endpoint. Then you can start transfering data
with the functionsUsbf_ReadandUsbf_Write.

These functions are declared in the fileusbf_api.h .
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5.2 Initialization

Before the USB Function Library can be used it has to be initialized first. This will be done by
a call toUsbf_Initialize. To call this function the application designer has to provide the USB
descriptors for the appropriate USB device. Refer to section4.2 for more information about the
USB descriptors.

After the call toUsbf_Initialize returned with a status ofUSBF_STATUS_SUCCESS, the USB
Function Library is initialized successfully and ready to use. Now upper layers (e.g. a device class
or the application itself) can be initialized. The USB communication can be started by a call to
Usbf_Enable. Now the host should start the enumeration of the USB device.

The initialization functions of the USB Function Library are declared in the fileusbf_init.h .
The functions for the initialization of the device class are defined in the fileusbf_xxx_init.h
wherexxx is an abbreviation for the appropriate device class.

5.3 Synchronization

The USB Function Library is not reentrant and has no synchronization primitives internally. All
function calls must be synchronized external. This means that the application designer is respon-
sible to synchronize all calls to the USB Function Library.

Only the functionUsbf_InterruptServiceRoutine can be called without code synchronization.

In the debug version of the USB Function Library the code synchronization will be checked and
an assert will fail if the code of the library will be re-entered.

The USB Function Library code does not block internally, all function calls return immediately.

The callback functions of the USB Function Library will always be called in a defined context.
Within a callback function it is allowed to call some functions of the USB Function Library. Refer
to the reference of the specified callback function to see in which context it will be called and
which functions are allowed to call.

5.4 Callbacks

The Embedded USB Device Stack uses callbacks for communication with the application layer.
This way it is possible to inform the user application about specific events from USB or from a
device class. Callbacks are also used to return previously submitted buffers. Usually a buffer will
be submitted by a user application and will remain pending until it is completely processed. These
buffers will be completed by a call to the appropriate callback function.

Note that all callbacks are called from within the Embedded USB Device Stack. Mostly they are
called in the context ofUsbf_ProcessInterrupt . The execution in the Embedded USB De-
vice Stack is interrupted until the callback has returned. Therefore a callback should be processed
in the application layer as soon as possible. Lengthy operations should be avoided. If you have
to process or copy a data buffer you should put it in a queue and call your application from the
firmware’s main loop to process the queue or do lengthy operations deferred.
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5.5 Interrupt Handling

The application can either register an interrupt service routine (ISR) and within this ISR call the
functionUsbf_InterruptServiceRoutineor call the functionUsbf_InterruptServiceRoutinepe-
riodically within the main thread.

The functionUsbf_InterruptServiceRoutine checks if an interrupt has been occurred which has
to be handled by the USB Function Library. In this case it deasserts the interrupt line to avoid
a permanent interrupt and returns with a value of1. A return value of0 indicates that either no
interrupt occurred or it was caused by a different device that use the same shared interrupt line.

If the function Usbf_InterruptServiceRoutine returns1 the functionUsbf_ProcessInterrupt
has to be called in order to handle the interrupt. This call can be performed deferred in a different
context.

Note that the application designer is responsible for code synchronization. Refer to section5.3for
more information about the code synchronization in the USB Function Library.

Note that some USB hardware manufactures have build in racing conditions. This may require to
call the functionUsbf_InterruptServiceRoutine in polling mode with a time interval not larger a
given limit. The limit typically is 5 ms.

Example for the interrupt handling in a simple main loop application:

Register an interrupt service routine (ISR) for the USB interrupt. In the ISR call the function
Usbf_InterruptServiceRoutine. If it returns with a value of1 set a global flag to indicate that
the USB device has caused an interrupt which has to be handled. In the applications main loop
check this flag periodically. If this flag is set, reset it and callUsbf_ProcessInterrupt to handle
the interrupt. After the functionUsbf_ProcessInterruptreturns, go on with the main loop.

All other functions of the USB Function Library (except forUsbf_InterruptServiceRoutine) has
to be called in the context ofmain() . This ensures that the USB Function Library will not be
re-entered and all function calls are synchronized.

The pseudo code for the interrupt handling in a simple main loop application is listed below:

static bool gIntFlag = false;

/* interrupt service routine */
void
UsbIsr() {

/* check for USB interrupt, can it be handled by USB Function Library? */
if ( 1 == Usbf_InterruptServiceRoutine() ) {

gIntFlag = true;
}

}

int
main() {

...

/* initialize USB Function Library */
if ( USBF_STATUS_SUCCESS != Usbf_Initialize() ) {

return -1;
}

/* register USB interrupt service routine here */
...
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/* enable USB device */
Usbf_Enable();

...

/* entering main loop */
for (;;) {

...

/* check interrupt flag */
if (gIntFlag) {

/* reset flag */
gIntFlag = false;
/* process USB interrupt */
Usbf_ProcessInterrupt();

}

...

}

...
}

The functions for the interrupt handling are declared in the fileusbf_init.h .

5.6 VBus Sensing

The sensing of VBus is essential for the USB Function Library. But not all device controllers pro-
vide the VBus sensing internally. Therefore the functionUsbf_CheckVBusexists. This function
has to be called periodically if the device controller does not support the VBus sensing internally.
Refer to section5.11for more information about required device controller specific adaptations.

5.7 Plug and Play Handling

The application designer can register a device handler by a call toUsbf_RegisterDeviceHandler.
The device handler callback function will be called every time a device related event occur. So
the application designer can implement a specific behavior for the USB device depending on the
occurred event.

Because of the multi-configuration support an endpoint can not be opened before the host has
selected a configuration. Therefore data transfer should not be started before the device event
handler receives theUSBF_DEV_EVENT_CONFIGUREevent.

Furthermore the eventsUSBF_DEV_EVENT_UNCONFIGURE, USBF_DEV_EVENT_RESET
and USBF_DEV_EVENT_DEVICE_REMOVEDsignal that all handles to opened endpoints be-
came invalid because the endpoints were closed internally.

With a registered device handler it is possible for the application designer to implement some sort
of Plug and Play handling for the USB device.

Refer to the functionT_Usbf_DeviceEvent_Callbackto get a list of supported device events.
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5.8 Handling of Class and Vendor Requests

Only Interface and Endpoint are supported recipients for class/vendor requests. The wIndex field
of the request must contain a valid number for the interface or endpoint respectively. Class/vendor
requests containing other recipients will be stalled by the USB Function Library. Refer to [1]
section 9.3 and 9.4 for more information on class/vendor requests.

5.9 Error Recovery

The USB Function Library implements an extended error recovery on bulk and interrupt endpoints.
The host hardware repeats failed transactions on such endpoints up to three times. Then a Clear
Feature Endpoint Halt request is send to the device.

The extended error recovery is based on a logical buffer size. Both, the device and the host
software use buffers with this logical buffer size. The logical buffer size must be a multiple of the
FIFO size.

If an error occurs the device is informed by the Clear Feature Endpoint Halt request. The host gets
this information from the host controller. Both, the sender and the receiver of the data clear the
FIFO and reset the data toggle bit. The extended error recovery is based on the following step. The
sender starts to resubmit the complete logical buffer from the beginning. The receiver discards the
data that have been received so far and fills the buffer from the beginning.

This method makes sure that no data is lost even if the data connection has a higher bit error rate.

Note that a small logical buffer reduces the performance but a larger logical buffer requires more
memory on the device side.

It is allowed to send each amount of data with this method. A data block larger than the logical
buffer is divided into logical buffers. A shorter data block is transferred in one logical buffer while
the real transfer length is used. A logical buffer is completely transferred if it is filled completely
or if a short packet is received.

5.10 Buffer Chain

The buffer descriptor of typeT_UsbfBufferDescriptor defined for the USB Function Library can
be used to chain multiple buffers together into a single buffer chain. Therefore the fieldnext of a
buffer descriptor has to point to the next valid buffer descriptor of typeT_UsbfBufferDescriptor.
The fieldnext of the last buffer descriptor in the buffer chain has to be set toNULL. If no buffer
chain should be used the fieldnext of the buffer descriptor has to be set toNULL.

Note: The buffer chain is only supported for sending of buffers, not receiving. Therefore the field
next of a buffer descriptor used for receiving has to be set toNULL.

Buffers that are chained together are handled in the same way as a single buffer with the size that
is the sum of all partial buffers. But only the fields of the first buffer descriptor in a buffer chain
will be changed. That means that on completion of a buffer chain, only the first buffer descriptor
contains the valid status in the fieldstatus . Furthermore only the fieldflags of the first buffer
descriptor will be recognized and changed. The fieldbytesTransferred is valid for each
buffer descriptor and contains the valid number of bytes transferred for this buffer descriptor.

Refer toUsbf_Read andUsbf_Write or the appropriate submit functions of the used device
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class for detailed information of the fields which has to be set by the caller and which will be
changed by the USB Function Library or device class.

5.11 Device Controller Specific Adaptation

The following sections contain information about the device controller specific adaptation process.
This includes the listing of the required hardware abstraction layer functions as well as possible
and necessary compile time settings for the specific device controller. Note that only compile time
settings related to the specific device controller will be described. Refer to section4.1.1for more
information about the general compile time settings for the USB Function Library and the device
classes.

5.11.1 Customization for Atmel AT91SAM based devices

The Atmel AT91SAM based devices do not support VBus sensing and the SoftConnect feature
internally. This has to be implemented externally by the hardware designer. For more information
see section2.5.

HAL Functions

The Atmel AT91SAM based devices use a 32-bit bus access. Therefore the following functions of
the hardware abstraction layer (see section7) have to be implemented:

• UsbfHal_WriteReg32(page99)

• UsbfHal_BurstWriteReg32 (page100)

• UsbfHal_ReadReg32(page105)

• UsbfHal_BurstReadReg32(page106)

• UsbfHal_IsVBusPresent(page109)

• UsbfHal_SetSoftConnect(page110)

Compile Time Settings

No device controller specific compile time settings required.

5.11.2 Customization for Atmel AT91SAM3U based devices

The Atmel AT91SAM3U (Cortex M3 micro controller) use a 32bit access but do not support VBus
sensing .

HAL Functions

The Atmel AT91SAM3U based devices use a 32-bit bus access. Therefore the following functions
of the hardware abstraction layer (see section7) have to be implemented:
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• UsbfHal_WriteReg32(page99)

• UsbfHal_ReadReg32(page105)

• UsbfHal_IsVBusPresent(page109)

Compile Time Settings

The sum of all fifo sizes is the number of fifo’s per endpoint multiplied with the maximum packet
size per endpoint. This size can not exceed the maximum size of 4032 bytes. Because of this
limitation dividing the maximum FIFO size on different endpoints is not easy and depends also
from the usage of an data endpoint (designed for a high or low datarate).

• USBF_HIGH_SPEED- This has to be defined in theconfig.h to enable the device to act
as a high speed USB device. If not defined the controller act as a full speed device.

• PLT_DC_EP1_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

• PLT_DC_EP2_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

• PLT_DC_EP3_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

• PLT_DC_EP4_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

• PLT_DC_EP5_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

• PLT_DC_EP6_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

5.11.3 Customization for Atmel AVR32 based devices

HAL Functions

The Atmel AVR32 based devices use a 32-bit bus access. Therefore the following functions of the
hardware abstraction layer (see section7) have to be implemented:

• UsbfHal_WriteReg32(page99)

• UsbfHal_BurstWriteReg32 (page100)

• UsbfHal_ReadReg32(page105)

• UsbfHal_BurstReadReg32(page106)

• UsbfHal_FifoWrite (page107)
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• UsbfHal_FifoRead(page108)

Compile Time Settings

The AVR32 family based controller AT32UC3A3 and AT32UC3A4 series contains an USB high
and full speed device controller and needs the following defines config.h:

The sum of all fifo sizes is the number of fifo’s (1=single buffered FIFO,2=double buffered FIFO)
per data endpoint multiplied with the maximum FIFO size per endpoint. This size can not ex-
ceed the maximum size of 2304 bytes (without the control endpoint). The maximum FIFO size
per endpoint must be setup in ascending order and can be different from maximum packet size
that is defined in the interface descriptor. The FIFO size must be equal or greater than maxi-
mum packet size. This FIFO sizes are allowed for the defineDC_FIFO_SIZE_EPx (x=endpoint
number):8, 16, 32,64,128,256,512,1024 . See also the demo application for more in-
formation. On not used data endpoint’s set the value to8.

• USBF_HIGH_SPEED- This has to be defined in theconfig.h to enable the device to act
as a high speed USB device. If not defined the controller act as a full speed device.

• DC_FIFO_SIZE_EP1 - This has to be defined in the platform config fileconfig.h . It
is the maximum FIFO size, see above for more information.

• DC_EP1_USE_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

• DC_FIFO_SIZE_EP2 - This has to be defined in the platform config fileconfig.h . It
is the maximum FIFO size, see above for more information.

• DC_EP2_USE_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

• DC_FIFO_SIZE_EP3 - This has to be defined in the platform config fileconfig.h . It
is the maximum FIFO size, see above for more information.

• DC_EP3_USE_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

• DC_FIFO_SIZE_EP4 - This has to be defined in the platform config fileconfig.h . It
is the maximum FIFO size, see above for more information.

• DC_EP4_USE_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

• DC_FIFO_SIZE_EP5 - This has to be defined in the platform config fileconfig.h . It
is the maximum FIFO size, see above for more information.

• DC_EP5_USE_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

• DC_FIFO_SIZE_EP6 - This has to be defined in the platform config fileconfig.h . It
is the maximum FIFO size, see above for more information.
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• DC_EP6_USE_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

• DC_FIFO_SIZE_EP7 - This has to be defined in the platform config fileconfig.h . It
is the maximum FIFO size, see above for more information.

• DC_EP7_USE_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

• DC_FIFO_SIZE_EP8 - This has to be defined in the platform config fileconfig.h . It
is the maximum FIFO size, see above for more information.

• DC_EP8_USE_DOUBLE_BUFFERING- This has to be defined in the platform config file
config.h . Set to zero for a single buffered fifo and set to one for a double buffered fifo.

5.11.4 Customization for Philips/NXP ISP1582

HAL Functions

The Philips/NXP ISP1582 uses a 16-bit bus access. Therefore the following functions of the
hardware abstraction layer (see section7) have to be implemented:

• UsbfHal_WriteReg16(page97)

• UsbfHal_BurstWriteReg16 (page98)

• UsbfHal_ReadReg16(page103)

• UsbfHal_BurstReadReg16(page104)

• UsbfHal_Delay(page111)

Note: The functionUsbfHal_Delay(page111) will be called with the following values:

• 60 - This is the time the hardware requires after the endpoint index or control function
register is written before these registers can be read again. Data corruption can occur if this
period is neglected.

• 200 - This is the time the hardware requires for the buffer status register to get updated after
writing to the FIFO. This is only applicable for double buffered endpoints.

These values are given by the manual and errata sheets of the ISP1582 but mainly depend on
the used microcontroller. Therefore the application designer can adjust the timings within this
function. It is also possible to define this function as an empty macro on slower microcontrollers
where no wait cycles may be required.

Compile Time Settings
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• USBF_HIGH_SPEED- This has to be defined in the fileusbf_config.h to enable the
ISP1582 to act as a high speed USB device. If not defined the ISP1582 act as a full speed
device.

An endpoint configuration table has to be provided in the config fileusbf_config.h . Refer to
theusbf_config.h file of the demo applications for more information and a sample endpoint
configuration table.

5.11.5 Customization for Philips/NXP LPC23xx

HAL Functions

The Philips/NXP LPC23xx series use 32-bit bus access. Therefore the following functions of the
hardware abstraction layer (see section7) have to be implemented:

• UsbfHal_WriteReg32(page99)

• UsbfHal_BurstWriteReg32 (page100)

• UsbfHal_ReadReg32(page105)

• UsbfHal_BurstReadReg32(page106)

• UsbfHal_IsVBusPresent(page109)

• UsbfHal_SetSoftConnect(page110)

Compile Time Settings

No device controller specific compile time settings required.

5.11.6 Customization for Philips/NXP LPC24xx

HAL Functions

The Philips/NXP LPC24xx series use 32-bit bus access. Therefore the following functions of the
hardware abstraction layer (see section7) have to be implemented:

• UsbfHal_WriteReg32(page99)

• UsbfHal_BurstWriteReg32 (page100)

• UsbfHal_ReadReg32(page105)

• UsbfHal_BurstReadReg32(page106)

• UsbfHal_IsVBusPresent(page109)
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• UsbfHal_SetSoftConnect(page110)

Compile Time Settings

No device controller specific compile time settings required.

5.11.7 Customization for Philips/NXP LPC17xx

HAL Functions

The Philips/NXP LPC17xx series use 32-bit bus access. Therefore the following functions of the
hardware abstraction layer (see section7) have to be implemented:

• UsbfHal_WriteReg32(page99)

• UsbfHal_BurstWriteReg32 (page100)

• UsbfHal_ReadReg32(page105)

• UsbfHal_BurstReadReg32(page106)

• UsbfHal_IsVBusPresent(page109)

• UsbfHal_SetSoftConnect(page110)

Compile Time Settings

No device controller specific compile time settings required.

5.11.8 Customization for Renesas H8SX/1653, H8SX/1663 Group

The internal VBus sensing is only available if the PullUp resistor on the D+ line is permanently
connected. But this disables the SoftConnect feature. Because the SoftConnect feature is re-
quired it is recommend to use a GPIO pin for external VBus sensing. This way the VBus sensing
and the SoftConnect feature is available. The GPIO pin representing the VBus state has to be
checked in the functionUsbfHal_IsVBusPresent . The application should call the function
Usbf_CheckVBus periodically so the USB Function Library checks if VBus is present. For
more information see section2.5.

HAL Functions

The Renesas H8SX/1653 group use 8-bit register access. Therefore the following functions of the
hardware abstraction layer (see section7) have to be implemented:

• UsbfHal_WriteReg8 (page95)
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• UsbfHal_ReadReg8(page101)

• UsbfHal_BurstWriteReg8 (page96)

• UsbfHal_BurstReadReg8(page102)

• UsbfHal_IsVBusPresent(page109)

Compile Time Settings

• USBF_DC_AUTO_HANDLES_SET_CONFIGURATION- This has to be defined in the con-
fig file usbf_config.h because the USB SetConfiguration request is handled automati-
cally by this device controller.

• USBF_DC_AUTO_HANDLES_SET_INTERFACE- This has to be defined in the config file
usbf_config.h because the USB SetInterface request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_SET_ADDRESS- This has to be defined in the config file
usbf_config.h because the USB SetAddress request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_SET_FEATURE- This has to be defined in the config file
usbf_config.h because the USB SetFeature request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_CLEAR_FEATURE- This has to be defined in the config file
usbf_config.h because the USB ClearFeature request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_GET_CONFIGURATION- This has to be defined in the con-
fig file usbf_config.h because the USB GetConfiguration request is handled automati-
cally by this device controller.

• USBF_DC_AUTO_HANDLES_GET_INTERFACE- This has to be defined in the config file
usbf_config.h because the USB GetInterface request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_GET_STATUS- This has to be defined in the config file
usbf_config.h because the USB GetStatus request is handled automatically by this
device controller.

5.11.9 Customization for Renesas H8SX/1668 Group

The internal VBus sensing is only available if the PullUp resistor on the D+ line is permanently
connected. But this disables the SoftConnect feature. Because the SoftConnect feature is re-
quired it is recommend to use a GPIO pin for external VBus sensing. This way the VBus sensing
and the SoftConnect feature is available. The GPIO pin representing the VBus state has to be
checked in the functionUsbfHal_IsVBusPresent . The application should call the function
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Usbf_CheckVBus periodically so the USB Function Library checks if VBus is present. For
more information see section2.5.

HAL Functions

The Renesas H8SX/1668 group use 8-bit register access. Therefore the following functions of the
hardware abstraction layer (see section7) have to be implemented:

• UsbfHal_WriteReg8 (page95)

• UsbfHal_ReadReg8(page101)

• UsbfHal_BurstWriteReg8 (page96)

• UsbfHal_BurstReadReg8(page102)

• UsbfHal_IsVBusPresent(page109)

Compile Time Settings

• USBF_DC_AUTO_HANDLES_SET_CONFIGURATION- This has to be defined in the con-
fig file usbf_config.h because the USB SetConfiguration request is handled automati-
cally by this device controller.

• USBF_DC_AUTO_HANDLES_SET_INTERFACE- This has to be defined in the config file
usbf_config.h because the USB SetInterface request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_SET_ADDRESS- This has to be defined in the config file
usbf_config.h because the USB SetAddress request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_SET_FEATURE- This has to be defined in the config file
usbf_config.h because the USB SetFeature request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_CLEAR_FEATURE- This has to be defined in the config file
usbf_config.h because the USB ClearFeature request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_GET_CONFIGURATION- This has to be defined in the con-
fig file usbf_config.h because the USB GetConfiguration request is handled automati-
cally by this device controller.

• USBF_DC_AUTO_HANDLES_GET_INTERFACE- This has to be defined in the config file
usbf_config.h because the USB GetInterface request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_GET_STATUS- This has to be defined in the config file
usbf_config.h because the USB GetStatus request is handled automatically by this
device controller.
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5.11.10 Customization for Renesas H8S/2472 Group

The internal VBus sensing is only available if the PullUp resistor on the D+ line is permanently
connected. But this disables the SoftConnect feature. Because the SoftConnect feature is re-
quired it is recommend to use a GPIO pin for external VBus sensing. This way the VBus sensing
and the SoftConnect feature is available. The GPIO pin representing the VBus state has to be
checked in the functionUsbfHal_IsVBusPresent . The application should call the function
Usbf_CheckVBus periodically so the USB Function Library checks if VBus is present. For
more information see section2.5.

HAL Functions

The Renesas H8S/2472 group use 8-bit register access. Therefore the following functions of the
hardware abstraction layer (see section7) have to be implemented:

• UsbfHal_WriteReg8 (page95)

• UsbfHal_ReadReg8(page101)

• UsbfHal_BurstWriteReg8 (page96)

• UsbfHal_BurstReadReg8(page102)

• UsbfHal_IsVBusPresent(page109)

Compile Time Settings

• H8S2472_DEVICE_CONTROLLER- This has to be defined in the fileusbf_config.h
in order to use the H8S/2472 device controller.

• USBF_DC_AUTO_HANDLES_SET_CONFIGURATION- This has to be defined in the file
usbf_config.h because the USB SetConfiguration request is handled automatically by
this device controller.

• USBF_DC_AUTO_HANDLES_SET_INTERFACE- This has to be defined in the config file
usbf_config.h because the USB SetInterface request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_SET_ADDRESS- This has to be defined in the config file
usbf_config.h because the USB SetAddress request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_SET_FEATURE- This has to be defined in the config file
usbf_config.h because the USB SetFeature request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_CLEAR_FEATURE- This has to be defined in the config file
usbf_config.h because the USB ClearFeature request is handled automatically by this
device controller.
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• USBF_DC_AUTO_HANDLES_GET_CONFIGURATION- This has to be defined in the con-
fig file usbf_config.h because the USB GetConfiguration request is handled automati-
cally by this device controller.

• USBF_DC_AUTO_HANDLES_GET_INTERFACE- This has to be defined in the config file
usbf_config.h because the USB GetInterface request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_GET_STATUS- This has to be defined in the config file
usbf_config.h because the USB GetStatus request is handled automatically by this
device controller.

5.11.11 Customization for Renesas H8S/2215 Group

HAL Functions

The Renesas H8S/2215 group use 8-bit and 32-bit register access. Therefore the following func-
tions of the hardware abstraction layer (see section7) have to be implemented:

• UsbfHal_WriteReg8 (page95)

• UsbfHal_WriteReg32(page99)

• UsbfHal_ReadReg8(page101)

• UsbfHal_ReadReg32(page105)

• UsbfHal_BurstWriteReg8 (page96)

• UsbfHal_BurstWriteReg32 (page100)

• UsbfHal_BurstReadReg8(page102)

• UsbfHal_BurstReadReg32(page106)

• UsbfHal_SetSoftConnect(page110)

Compile Time Settings

• USBF_DC_AUTO_HANDLES_CLEAR_FEATURE- This has to be defined in the config file
usbf_config.h because the USB ClearFeature request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_GET_CONFIGURATION- This has to be defined in the con-
fig file usbf_config.h because the USB GetConfiguration request is handled automati-
cally by this device controller.

• USBF_DC_AUTO_HANDLES_GET_INTERFACE- This has to be defined in the config file
usbf_config.h because the USB GetInterface request is handled automatically by this
device controller.
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• USBF_DC_AUTO_HANDLES_GET_STATUS- This has to be defined in the config file
usbf_config.h because the USB GetStatus request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_SET_ADDRESS- This has to be defined in the config file
usbf_config.h because the USB SetAddress request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_SET_CONFIGURATION- This has to be defined in the con-
fig file usbf_config.h because the USB SetConfiguration request is handled automati-
cally by this device controller.

• USBF_DC_AUTO_HANDLES_SET_FEATURE- This has to be defined in the config file
usbf_config.h because the USB SetFeature request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_SET_INTERFACE- This has to be defined in the config file
usbf_config.h because the USB SetInterface request is handled automatically by this
device controller.

5.11.12 Customization for Renesas M16C6C Group

The internal VBus sensing is only available if the PullUp resistor on the D+ line is permanently
connected. But this disables the SoftConnect feature. Because the SoftConnect feature is re-
quired it is recommend to use a GPIO pin for external VBus sensing. This way the VBus sensing
and the SoftConnect feature is available. The GPIO pin representing the VBus state has to be
checked in the functionUsbfHal_IsVBusPresent . The application should call the function
Usbf_CheckVBus periodically so the USB Function Library checks if VBus is present. For
more information see section2.5.

HAL Functions

The Renesas M16C6C group use 8-bit register access. Therefore the following functions of the
hardware abstraction layer (see section7) have to be implemented:

• UsbfHal_WriteReg8 (page95)

• UsbfHal_ReadReg8(page101)

• UsbfHal_BurstWriteReg8 (page96)

• UsbfHal_BurstReadReg8(page102)

• UsbfHal_IsVBusPresent(page109)

Compile Time Settings

• USBF_DC_AUTO_HANDLES_CLEAR_FEATURE- This has to be defined in the config file
usbf_config.h because the USB ClearFeature request is handled automatically by this
device controller.
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• USBF_DC_AUTO_HANDLES_GET_CONFIGURATION- This has to be defined in the con-
fig file usbf_config.h because the USB GetConfiguration request is handled automati-
cally by this device controller.

• USBF_DC_AUTO_HANDLES_GET_INTERFACE- This has to be defined in the config file
usbf_config.h because the USB GetInterface request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_GET_STATUS- This has to be defined in the config file
usbf_config.h because the USB GetStatus request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_SET_ADDRESS- This has to be defined in the config file
usbf_config.h because the USB SetAddress request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_SET_CONFIGURATION- This has to be defined in the con-
fig file usbf_config.h because the USB SetConfiguration request is handled automati-
cally by this device controller.

• USBF_DC_AUTO_HANDLES_SET_FEATURE- This has to be defined in the config file
usbf_config.h because the USB SetFeature request is handled automatically by this
device controller.

• USBF_DC_AUTO_HANDLES_SET_INTERFACE- This has to be defined in the config file
usbf_config.h because the USB SetInterface request is handled automatically by this
device controller.

5.11.13 Customization for STMicroelectronics STR91x

HAL Functions

The STMicroelectronics STR91x series use 32-bit bus access. Therefore the following functions
of the hardware abstraction layer (see section7) have to be implemented:

• UsbfHal_WriteReg32(page99)

• UsbfHal_ReadReg32(page105)

• UsbfHal_FifoWrite (page107)

• UsbfHal_FifoRead(page108)

• UsbfHal_IsVBusPresent(page109)

• UsbfHal_SetSoftConnect(page110)

Compile Time Settings
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An endpoint configuration table has to be provided in the config fileusbf_config.h . Refer to
theusbf_config.h file of the demo applications for more information and a sample endpoint
configuration table.
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6 USB Function Library Reference

6.1 Initialization

The following functions are used for the initialization of the USB Function Library. They are
defined in the fileusbf_init.h .

Usbf_Initialize

This function has to be called at first to initialize the USB Function Library.

Definition

T_UsbfStatus
Usbf_Initialize (

const T_UsbfDescriptors* descriptors
);

Parameter

descriptors
This field points to a structure containing the USB descriptors. The USB descriptors must be
designed compliant to the USB specification. The content of the descriptors must agree with
the configuration data. Descriptors can be located either in RAM or ROM.

The storage for descriptors referenced by this structure must be persistent. The data structure
pointed to bydescriptors has to be valid during this call only.

Return Value

The function returns one of the following status codes:

USBF_STATUS_SUCCESS:- If the USB Function Library has been initializated
successfully.

USBF_STATUS_INVALID_PARAM: - If one of the given descriptors is invalid.

Comments

This function must be called one time after power on reset to initialize the library. It is
recommended to check the return value before enabling the USB device.

See Also

T_UsbfDescriptors(page90)
Usbf_Enable(page42)
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Usbf_Enable

This function enables the USB device.

Definition

void
Usbf_Enable ();

Comments

Enables the USB device by switching on the 1,5k resistor on the D+ line to 3.3 Volt if Vusb
4..5V on the USB connector is detected. This function can be called independently of the
current connection state. The library takes care of the connection state and enables the
function immediately if the function is connected to the host.

After this function is called the enumeration process on the host should start if the device is
connected.

The USB Function Library has to be initialized by a call toUsbf_Initialize before this
function can be called.

See Also

Usbf_Initialize (page41)
Usbf_Disable(page43)
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Usbf_Disable

This function disables the USB device.

Definition

void
Usbf_Disable ();

Comments

This function causes a virtual unplug of the device by switching off the 1.5k resistor from D+.
All submitted buffers will be completed with the cancel status. All USB interrupts inclusive
the resume interrupt will be disabled. If the embedded application calls this function it must
wait for at least one second before the USB interface can be enabled again with the function
Usbf_Enable .

See Also

Usbf_Enable(page42)
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Usbf_RegisterDeviceHandler

This function is used to register the callback functions for the device.

Definition

void
Usbf_RegisterDeviceHandler (

T_UsbfDeviceHandler* deviceHandler
);

Parameter

deviceHandler
This field points to a structure containing the callback function pointers. Each pointer is
optional and can be NULL. SeeT_UsbfDeviceHandler for details. The storage for this
data structure must be permanent.

Comments

This function can be called for each interface to register the callback functions. The storage
for thedeviceHandler must be provided by the caller and it must be permanent until the
functionUsbf_UnregisterDeviceHandler is called.

Refer to section5.4for more information about callback functions.

See Also

T_UsbfDeviceHandler(page85),
Usbf_Initialize (page41),
Usbf_UnregisterDeviceHandler(page45)
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Usbf_UnregisterDeviceHandler

This function is used to unregister the callback functions for the device.

Definition

void
Usbf_UnregisterDeviceHandler (

T_UsbfDeviceHandler* deviceHandler
);

Parameter

deviceHandler
This field points to a structure containing the callback function pointers.

Comments

After this function returns no callback function is called.

See Also

T_UsbfDeviceHandler(page85),
Usbf_Initialize (page41),
Usbf_RegisterDeviceHandler(page44)
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Usbf_InterruptServiceRoutine

This function checks if the interrupt was caused by the USB device and if it can be handled by
the USB Function Library.

Definition

int
Usbf_InterruptServiceRoutine ();

Return Value

The function returns 1 if the interrupt was caused by the USB function device. In this case the
USB interrupts have been disabled to deassert the interrupt line.

The function returns 0 if the interrupt was not caused by the USB function device but caused
by another device that shares the same interrupt line.

Comments

The main program implements an interrupt service routine for the interrupt vector the USB
function controller is attached to. The main program has to callUsbf_ProcessInterrupt
subsequently to process the pending USB library interrupt events if the interrupt was caused
by the USB function device.

Note that the main program should never touch any of the USB function registers.

See Also

Usbf_ProcessInterrupt(page47)
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Usbf_ProcessInterrupt

This function processes outstanding USB function interrupt events.

Definition

void
Usbf_ProcessInterrupt ();

Comments

This function has to be called by the main program when
Usbf_InterruptServiceRoutine indicates (by a return value of 1) that there are
outstanding interrupt events for the USB function.Usbf_ProcessInterrupt processes
all outstanding events and clears the interrupt status.

Usually the callbacks issued by the library will run in the context of
Usbf_ProcessInterrupt .

See Also

Usbf_InterruptServiceRoutine (page46)
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Usbf_CheckVBus

This function checks for the presence of VBus.

Definition

void
Usbf_CheckVBus ();

Comments

This function checks for the presence of VBus and has to be called periodically if VBus
sensing is not possible from within the USB function registers. Refer to the section2.6 in the
manual to see if this function has to be called for your specific device controller.
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Usbf_SetTraceMask

This function sets an internal trace mask which filters trace messages produced by the USB
function library.

Definition

void
Usbf_SetTraceMask (

unsigned int mask
);

Parameter

mask
Specifies the new trace mask to be set.

Comments

The USB Function Library trace mask is an internal global 32-bit integer variable. A specific
bit position within that variable is assigned to every particular trace message built into USB
Function Library. The message will be outputted if the corresponding bit is set and will be
suppressed if the corresponding bit is cleared. This way, the current value of the trace mask
determines the amount of trace messages produced by the USB Function Library.

Bit positions of trace mask are assigned as described below.

DBG_ERR
Fatal errors and asserts. It is recommended to always set this bit.

DBG_WARN
Non-fatal errors. Warning messages. It is recommended to always set this bit.

DBG_INFO
Informational messages.

DBG_FUNC
Print the function names of the USB Function Library.

DBG_EP0
Informational messages from the control endpoint.

DBG_EP
Informational messages from data endpoints.

DBG_DUMP_EP0
Dumps data from the control endpoint.

DBG_DUMP_EP
Dumps data from data endpoints.
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DBG_INT
Informational messages about the interrupt handling.

DBG_EPLIST
Informational messages about the endpoint list used internally.

By default, the bitsDBG_ERRandDBG_WARNare set and all other bits are cleared in the USB
Function Library trace mask.

Note that theDBG_xxx constants specify a bit position and not the corresponding mask. Use
theDBG_BIT_MASKmacro to create the corresponding mask for an individual bit position.

Example:
Usbf_SetTraceMask(
DBG_BIT_MASK(DBG_ERR)|DBG_BIT_MASK(DBG_WARN)
|DBG_BIT_MASK(DBG_INFO)
);

Trace support can be enabled/disabled at compile time. If DBG has a non zero value then the
trace support is enabled. If trace support is disabled then a call toUsbf_SetTraceMask
has no effect.

50 USB Function Library Reference Manual



6 USB Function Library Reference

6.2 API Functions

The following functions form the interface of the USB Function Library. They are defined in the
file usbf_api.h .

Usbf_DataStageComplete

This function has to be called from the application if the deferred data stage processing of a setup
request has finished.

Definition

void
Usbf_DataStageComplete (

T_UsbfStatus status
);

Parameter

status
The status value can be eitherUSBF_STATUS_SUCCESSor USBF_STATUS_STALL.

Comments

This function has to be called if one of the functions
T_Usbf_SetupEventIn_Callback or T_Usbf_SetupEventOut_Callback has
returned the special status valueUSBF_STATUS_DEFERRED_DATA_STAGE. Use status
USBF_STATUS_SUCCESSfor indicating successful processing of the setup event or
USBF_STATUS_STALLif an error occurred.

See Also

T_Usbf_SetupEventIn_Callback(page67)
T_Usbf_SetupEventOut_Callback(page69)
T_Usbf_AbortSetup_Callback(page71)
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Usbf_RegisterInterfaceHandler

This function is used to register the callback functions for an interface.

Definition

void
Usbf_RegisterInterfaceHandler (

T_UsbfInterfaceHandler* interfaceHandler
);

Parameter

interfaceHandler
This field points to a structure of typeT_UsbfInterfaceHandler containing the
callback function pointers. Each pointer is optional and can be NULL. See
T_UsbfInterfaceHandler for details. The storage for this data structure must be persistent
until the handler is unregistered.

Comments

This function can be called for each interface to register the callback functions. The storage
for the parameterinterfaceHandler must be provided by the caller and it must be
persistent until the functionUsbf_UnregisterInterfaceHandler is called.

Refer to section5.4for more information about callback functions.

See Also

T_UsbfInterfaceHandler (page81),
Usbf_UnregisterInterfaceHandler (page53)
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Usbf_UnregisterInterfaceHandler

This function is used to revert the registration of callback functions for an interface.

Definition

void
Usbf_UnregisterInterfaceHandler (

T_UsbfInterfaceHandler* interfaceHandler
);

Parameter

interfaceHandler
This field points to a structure of typeT_UsbfInterfaceHandler containing the
callback function pointers.

Comments

After this function returns no callback function is called for this interface.

See Also

T_UsbfInterfaceHandler (page81),
Usbf_RegisterInterfaceHandler(page52)
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Usbf_RegisterSetupHandler

This function is used to register the callback functions for setup requests with a recipient device
and other.

Definition

void
Usbf_RegisterSetupHandler (

T_UsbfSetupHandler* setupHandler
);

Parameter

setupHandler
This field points to a structure of typeT_UsbfSetupHandler containing the callback
function pointers. Each pointer is optional and can be NULL. SeeT_UsbfSetupHandlerfor
details. The storage for this data structure must be persistent until the handler is unregistered.

Comments

This function should be called to register handler for setup requests with a recipien device or
other. The USB function library supports one set of callback handlers. If the function is called
a second time the all old registrations are overwritten. The storage for the parameter
setupHandler must be provided by the caller and it must be persistent until the function
Usbf_UnregisterSetupHandler is called.

Refer to section5.4for more information about callback functions.

See Also

T_UsbfSetupHandler(page83),
Usbf_UnregisterSetupHandler(page55)

54 USB Function Library Reference Manual



6 USB Function Library Reference

Usbf_UnregisterSetupHandler

This function is used to revert the registration of callback functions for setup requests with a
recipient device and other.

Definition

void
Usbf_UnregisterSetupHandler (

T_UsbfSetupHandler* setupHandler
);

Parameter

setupHandler
This field points to a structure of typeT_UsbfSetupHandler containing the callback
function pointers.

Comments

After this function returns no callback function is called for this interface. The data structure
setupHandler can be released.

See Also

T_UsbfSetupHandler(page83),
Usbf_RegisterSetupHandler(page54)
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Usbf_GetFrameNumber

This function returns the current USB frame number.

Definition

T_UINT16
Usbf_GetFrameNumber ();

Return Value

The return value of the function is undefined if the library is not initialized and the device is
not yet configured. The return value is the last USB frame number with 11 valid bits. The
result is in the range between 0 and 2047. If the hardware supports more than 11 bits 16 bits
may be valid.

Comments

The frame number may be useful to synchronize several devices.

See Also

Usbf_Initialize (page41)
Usbf_Enable(page42)
T_Usbf_StartOfFrame_Callback (page79)

56 USB Function Library Reference Manual



6 USB Function Library Reference

Usbf_Open

This function returns an endpoint handle if the given endpoint address is currently configured.

Definition

T_UsbfEpHandle
Usbf_Open (

T_UINT8 epAddress ,
T_Usbf_TransferCompletion_Callback* completionRoutine ,
void* endpointContext
);

Parameters

epAddress
This parameter contains the endpoint address with direction bit.

completionRoutine
This parameter contains the pointer to the completion routine. It must not be NULL. This
function will be called for each transaction (Usbf_Read or Usbf_Write ) that was
successfully passed to the library.

Refer to section5.4for more information about callback functions.

endpointContext
This parameter contains the endpoint context that will be passed to the completion routine.

Return Value

This function returns a valid endpoint handle or NULL if the endpoint is not available or used
by a different application.

Comments

An endpoint must be opened before a data transfer can be started. An endpoint can be opened
only one time. The endpoint is available after the device is in configured state.

See Also

Usbf_Initialize (page41)
Usbf_Enable(page42)
Usbf_Close(page58)
T_Usbf_TransferCompletion_Callback(page75)
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Usbf_Close

This function closes the specified endpoint, all pending buffers are aborted.

Definition

void
Usbf_Close (

T_UsbfEpHandle epHandle
);

Parameter

epHandle
This parameter specifies the endpoint handle which was returned by a previous call to
Usbf_Open .

Comments

This function closes the specified endpoint.

If an endpoint is closed all pending requests are returned. This means that from the context of
theUsbf_Close function the transfer completion callback of the endpoint is called for every
pending buffer.

Some events cause the endpoint to be closed implicitly. These events are: USB reset,
unconfigure device, set alternate setting.

The application can callUsbf_Close on these events. It must reopen a handle if the device
is configured again.

Note that this function will callUsbf_Abort internally.

See Also

Usbf_Abort (page59)
Usbf_Initialize (page41)
Usbf_Enable(page42)
Usbf_Open(page57)
T_Usbf_TransferCompletion_Callback(page75)
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Usbf_Abort

This function aborts all pending buffers on the specified endpoint.

Definition

void
Usbf_Abort (

T_UsbfEpHandle epHandle
);

Parameter

epHandle
This parameter specifies the endpoint handle which was returned by a previous call to
Usbf_Open .

Comments

This function aborts all pending requests on the specified endpoint. This means that from the
context of theUsbf_Abort function the transfer completion callback of the endpoint is
called for every pending buffer. Data that are transferred partially to a buffer are lost. On a
DMA based architecture this function makes a busy wait until the DMA is aborted. The
application designer should avoid to call this function frequently. It should be used if the
upper software layer is stopped for any reason.

See Also

Usbf_Open(page57)
T_Usbf_TransferCompletion_Callback(page75)
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Usbf_Read

This function submits a buffer to the library which will receive data from the host.

Definition

T_UsbfStatus
Usbf_Read (

T_UsbfEpHandle epHandle ,
T_UsbfBufferDescriptor* bufDesc
);

Parameters

epHandle
The handle to the endpoint returned by a previous call toUsbf_Open .

bufDesc
This is the pointer to the buffer descriptor structure of typeT_UsbfBufferDescriptor .
The caller provides the storage for the descriptor and the data. The storage must be persistent
until the completion routine is called or the function returned with a status code different to
USBF_STATUS_PENDING.

Note: Even if a zero length packet has to be read the size of the buffer must not be zero.

The caller has to set the fieldsdataSize anddataPtr of the buffer descriptor. The field
next has to be set toNULL.

The USB Function Library uses thedataPtr anddataSize field to determine the buffer
used for data processing. These fields will only be read and never be changed by the library.

On completion of the buffer the fieldstatus contains the current status of the data
processing and the fieldbytesTransferred contains the number of bytes processed.
Other fields of the buffer descriptor will not be touched by the library.

Return Value

The function returns one of the following status codes:

USBF_STATUS_SUCCESS:- The buffer was successfully processed by the library. The
buffer contains valid data. This status is returned if the data was stored in the FIFO of the
hardware before this function has been called. If this status is returned the completion
routine will not be called for this buffer.

USBF_STATUS_PENDING:- The buffer was submitted successfully to the library. The
library cannot complete the buffer immediately because no data are available in the FIFO,
or the amount of data in the FIFO is less than the buffer size and the last packet was not a
short packet. The library will call the completion function for this buffer later.

USBF_STATUS_NOT_OPENED:- This status is returned if the endpoint is closed. The
buffer will not be processed by the library and the completion routine will not be called.
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USBF_STATUS_ENDPOINT_STALLED: - This status is returned if the endpoint is
stalled. The buffer will not be processed by the library and the completion routine will not
be called.

USBF_STATUS_BUFFER_OVERFLOW: - This status is returned if the size of the
submitted buffer is to small for the received data bytes. The fieldbytesTransferred
of the buffer descriptor contains the number of bytes which have been received so far. The
rest of the data is lost in this case.

Comments

If this function returns with the statusUSBF_STATUS_PENDINGthe buffer descriptor and
the data memory is owned by the library. The library returns the buffer descriptor and the
buffer to the application by calling the function
T_Usbf_TransferCompletion_Callback . The pointer to the appropriate completion
function was passed to the functionUsbf_Open .

If the function returns with a different status code asUSBF_STATUS_PENDINGthe
completion function will not be called for this buffer. This makes sure that the completion
function is called only in the context ofUsbf_ProcessInterrupt , Usbf_Close or
Usbf_Abort .

The buffer will be returned if it is filled completely or if a short packet is received. In the time
interval where the next buffer is prepared the IC can transfer the data from the PC to the FIFO.
This enables a continuous data transfer.

It is possible to submit multiple buffer one after the other. Consecutive buffers will be queued
inside the USB Function Library until they can be filled with received data.

See Also

T_Usbf_TransferCompletion_Callback(page75)
Usbf_Write (page62)
Usbf_ProcessInterrupt(page47)
T_UsbfBufferDescriptor (page86)
Usbf_Abort (page59)
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Usbf_Write

This function submits a buffer to the library which transfers data to the host.

Definition

T_UsbfStatus
Usbf_Write (

T_UsbfEpHandle epHandle ,
T_UsbfBufferDescriptor* bufferDesc
);

Parameters

epHandle
The handle to the endpoint returned by a previous call toUsbf_Open .

bufferDesc
This is the pointer to the buffer descriptor structure of typeT_UsbfBufferDescriptor .
The caller provides the storage for the descriptor and the data. The storage must be persistent
until the completion routine is called or the function returned with a status code different to
USBF_STATUS_PENDING.

The caller has to set the fieldsdataSize anddataPtr of the buffer descriptor. The field
next has to point to the next valid buffer descriptor in the buffer chain or has to be set to
NULL for no buffer chain. It is also possible to set the fieldflags . See
T_UsbfBufferDescriptor for more information on the specified flags which can be set. To
send a zero length packet the fielddataSize of the buffer has to be set to0 and the flag
USBF_SEND_SHORT_PACKEThas to be set in the fieldflags .

The USB Function Library uses thedataPtr anddataSize field to determine the buffer
used for data processing. These fields will only be read and never be changed by the library.
The fieldflags of the buffer descriptor will be changed by the library.

On completion of the buffer the fieldstatus contains the current status of the data
processing and the fieldbytesTransferred contains the number of bytes processed.
Other fields of the buffer descriptor will not be touched by the library.

Return Value

The function returns one of the following status codes:

USBF_STATUS_PENDING:- The buffer was submitted successfully to the library. The
library cannot complete the buffer immediately because the data must be transferred to the
FIFO and the library waits for the ACK interrupt that indicates a successfully transfer of
the data over USB. The library will call the completion function later.

USBF_STATUS_NOT_OPENED:- This status is returned if the endpoint handle is not
valid. The buffer will not be processed and the completion routine will not be called for
this buffer.
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USBF_STATUS_ENDPOINT_STALLED: - This status is returned if the endpoint is
stalled. The buffer will not be processed by the library and the completion routine will not
be called.

Comments

If this function returns with the statusUSBF_STATUS_PENDINGthe buffer descriptor and
the data memory is owned by the library. The library returns the buffer descriptor and the
buffer to the application by calling the function
T_Usbf_TransferCompletion_Callback . The pointer to the appropriate completion
function was passed to the functionUsbf_Open .

If the function returns with a different status code asUSBF_STATUS_PENDINGthe
completion function will not be called for this buffer. This makes sure that the completion
function is called only in the context ofUsbf_ProcessInterrupt , Usbf_Close or
Usbf_Abort .

The buffer will be returned if it is completely transferred and the acknowledge from the PC
has been received. This is required to handle the error recovery correctly in the library in case
of a data transmission error.

It is possible to submit multiple buffer one after the other. Consecutive buffers will be queued
inside the USB Function Library until they can be transmitted.

When the buffers are concatenated with thenext pointer the buffer is traded as one logical
buffer and sent without short packets in the middle of the buffer. In this case some special
rules for the flags and the status fields must be considered. Please see the
T_UsbfBufferDescriptor description for details.

See Also

T_Usbf_TransferCompletion_Callback(page75)
Usbf_Read(page60)
Usbf_ProcessInterrupt(page47)
T_UsbfBufferDescriptor (page86)
Usbf_Abort (page59)
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Usbf_SetStall

This function sets the state of an endpoint to STALL.

Definition

T_UsbfStatus
Usbf_SetStall (

T_UsbfEpHandle epHandle
);

Parameter

epHandle
The handle to the endpoint returned by a previous call toUsbf_Open .

Return Value

The function returns one of the following status codes:

USBF_STATUS_SUCCESS:- The operation was successful.

USBF_STATUS_INVALID_PARAM: - TheepHandle parameter is not valid.

Comments

If the endpoint is set to the STALL state, it returns STALL token on the USB to all requests.
This state cannot reset by the device firmware. It must be reset by the PC software.

See Also

T_Usbf_EndpointEvent_Callback(page73)
Usbf_Open(page57)
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Usbf_RemoteWakeup

This function wakes the host from suspend.

Definition

T_UsbfStatus
Usbf_RemoteWakeup ();

Return Value

The function returns one of the following status codes:

USBF_STATUS_SUCCESS:- The operation was successful.

USBF_STATUS_NOT_SUSPENDED:- The device is not in suspend state.

USBF_STATUS_NOT_ENABLED: - Remote wakeup is not enabled by the host.

Comments

This function can be called if the device is in suspend state. The suspend state is indicated with
theT_Usbf_DeviceEvent_Callbackfunction and the eventUSBF_DEV_EVENT_SUSPEND.

See Also

T_Usbf_DeviceEvent_Callback(page77)
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Usbf_GetEndpointInfo

This function retrieves some information about the specified endpoint.

Definition

void
Usbf_GetEndpointInfo (

T_UsbfEpHandle epHandle ,
T_UsbfEndpointInfo* epInfo
);

Parameters

epHandle
The parameter specifies the endpoint by its handle returned by a previous call toUsbf_Open .

epInfo
This is a pointer to a structure of typeT_UsbfEndpointInfo which will receive the
endpoint information.

Comments

This function can be used to retrieve endpoint specific information like the size of the FIFO.

See Also

T_UsbfEndpointInfo (page84)
Usbf_Open(page57)
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6.3 Callbacks

The callback functions of the USB Function Library will always be called in a defined context.
Refer to the reference of the specified callback function to see in which context it will be called.
There is also a list of permitted functions which can be called from within the specified callback.
All other functions must not be called within this callback.

T_Usbf_SetupEventIn_Callback

This function will be called if a class or vendor specific setup request (including non standard
descriptor requests) with a data phase in IN direction has been received.

Definition

T_UsbfStatus
T_Usbf_SetupEventIn_Callback (

void* interfaceContext ,
const T_UsbSetupPacket* setup ,
void** buffer ,
unsigned int* byteCount
);

Parameters

interfaceContext
This parameter is the interface context that was passed with the data structure
T_UsbfInterfaceHandler to the functionUsbf_RegisterInterfaceHandler .

setup
This parameter points to the 8 bytes setup data buffer which is passed with each setup request
from the Host to the device. Refer to the USB specification to get more information about the
content of this setup data buffer.

buffer
This parameter points to the internal buffer of the library. The buffer size can be configured
during the compile time. The application can either copy the result of the request to the buffer
or set the buffer pointer to an address that contains the result.

byteCount
This parameter contains the length of the provided internal buffer and returns the number of
bytes that should be transferred to the host. This can be less than the requested size.

Return Value

The function has to return one of the following status codes:

USBF_STATUS_SUCCESS:- If the setup was handled successful.
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USBF_STATUS_STALL: - If the setup cannot be handled or is unexpected.

USBF_STATUS_DEFERRED_DATA_STAGE:- If the setup is handled deferred. See
comments section for details.

Comments

The implementation of this function has to be provided by the application and is called after
the setup has been received from the host. The requested number of bytes is stored in the field
setup.Length . The application must not return more data than requested but can return
less.

If the application needs some time to get the data, e.g. read from a serial bus, it should return
the special status codeUSBF_STATUS_DEFERRED_DATA_STAGEand initialize the data
transfer. If the data transfer is complete it has to call the function
Usbf_DataStageComplete . The application can store the address of thebuffer and
thebyteCount and set it after completion of the data transfer. The access to this fields must
be performed with the same lock that protects the library. This fields must not modified after
the functionT_Usbf_AbortSetup_Callback was called.

See section5.8for more information about the handling of vendor setup requests.

Note: The implementation for this callback function is optional. If the function pointer for this
callback function is set to NULL the library stalls all class or vendor specific requests.

This function is called in the context of:

• Usbf_ProcessInterrupt .

The following functions can be called from within this callback:

• Usbf_Write,

• Usbf_Read,

• Usbf_Open,

• Usbf_Close,

• Usbf_Abort.

Refer to section5.4for more information about callback functions.

See Also

T_UsbfInterfaceHandler (page81)
T_Usbf_SetupEventOut_Callback(page69)
T_Usbf_AbortSetup_Callback(page71)
Usbf_RegisterInterfaceHandler(page52)
Usbf_UnregisterInterfaceHandler (page53)
Usbf_DataStageComplete(page51)
Usbf_ProcessInterrupt(page47)
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T_Usbf_SetupEventOut_Callback

This function will be called if a class or vendor specific setup request with data OUT phase or
without data phase has been arrived.

Definition

T_UsbfStatus
T_Usbf_SetupEventOut_Callback (

void* interfaceContext ,
const T_UsbSetupPacket* setup ,
void* buffer ,
unsigned int byteCount
);

Parameters

interfaceContext
This parameter is the interface context that was passed with the data structure
T_UsbfInterfaceHandler to the functionUsbf_RegisterInterfaceHandler .

setup
This parameter points to the 8 bytes setup data buffer which is passed with each setup request
from the host to the device. Refer to the USB specification to get more information about the
content of this setup data buffer.

buffer
This parameter points to the internal buffer of the library. The buffer size can be configured
during the compile time using the defineUSBF_MAX_EP0_DATA_BUFFER.
USBF_MAX_EP0_DATA_BUFFERhas to be choosen to cover at least the FIFO size of the
control endpoint which is typically 64 bytes.

byteCount
This parameter contains the number of bytes that have been sent by the host in the data phase.

Return Value

The function has to return one of the following status codes:

USBF_STATUS_SUCCESS:- If the setup was handled successful.

USBF_STATUS_STALL: - If the setup cannot be handled or is unexpected.

USBF_STATUS_DEFERRED_DATA_STAGE:- If the setup is handled deferred. See
comments section for details.

Comments

The implementation of this function has to be provided by the application. It is called after the
setup and the data OUT phase have been received from the host.
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If the application needs some time to process the data, e.g. write it to an EEPROM, it should
return the special status codeUSBF_STATUS_DEFERRED_DATA_STAGEand initialize the
data transfer. After completion of the data transfer it has to call the function
Usbf_DataStageComplete . If the functionT_Usbf_AbortSetup_Callback is
called before the data transfer is complete, the data transfer should be stopped. In this case the
functionUsbf_DataStageComplete must not be called.

See section5.8for more information about the handling of vendor setup requests.

Note: The implementation for this callback function is optional. If the function pointer for this
callback function is set to NULL the library stalls all class or vendor specific requests.

This function is called in the context of:

• Usbf_ProcessInterrupt .

The following functions can be called from within this callback:

• Usbf_Write,

• Usbf_Read,

• Usbf_Open,

• Usbf_Close,

• Usbf_Abort.

Refer to section5.4for more information about callback functions.

See Also

T_UsbfInterfaceHandler (page81)
T_Usbf_SetupEventIn_Callback(page67)
T_Usbf_AbortSetup_Callback(page71)
Usbf_RegisterInterfaceHandler(page52)
Usbf_UnregisterInterfaceHandler (page53)
Usbf_DataStageComplete(page51)
Usbf_ProcessInterrupt(page47)
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T_Usbf_AbortSetup_Callback

This function will be called if a class or vendor specific setup request is processed deferred and
the host aborts this setup request.

Definition

void
T_Usbf_AbortSetup_Callback (

void* interfaceContext
);

Parameter

interfaceContext
This parameter is the interface context that was passed with the data structure
T_UsbfInterfaceHandler to the functionUsbf_RegisterInterfaceHandler .

Comments

The implementation of this function has to be provided by the application if the deferred data
processing is used. It is called if the deferred setup request is aborted by the host. In this case
the application must not callUsbf_DataStageComplete and must not write to the data
buffer provided in the functionT_Usbf_SetupEventIn_Callback .

Note: The implementation for this callback function is optional. It is required if the functions
T_Usbf_SetupEventIn_Callback andT_Usbf_SetupEventIn_Callback are
implemented and the deferred processing of setup requests is used.

This function is called in the context of:

• Usbf_ProcessInterrupt .

The following functions can be called from within this callback:

• Usbf_Write,

• Usbf_Read,

• Usbf_Open,

• Usbf_Close,

• Usbf_Abort.

Refer to section5.4for more information about callback functions.

See Also

T_UsbfInterfaceHandler (page81)
T_Usbf_SetupEventIn_Callback(page67)
T_Usbf_SetupEventOut_Callback(page69)
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Usbf_RegisterInterfaceHandler(page52)
Usbf_UnregisterInterfaceHandler (page53)
Usbf_DataStageComplete(page51)
Usbf_ProcessInterrupt(page47)
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T_Usbf_EndpointEvent_Callback

This function is called if an endpoint specific event has been detected.

Definition

void
T_Usbf_EndpointEvent_Callback (

void* interfaceContext ,
T_UINT8 epAddress ,
unsigned int event
);

Parameters

interfaceContext
This parameter contains the fieldinterfaceContext of the data structure
T_UsbfInterfaceHandler that was passed to the function
Usbf_RegisterInterfaceHandler .

epAddress
This field specifies the related endpoint by its endpoint address including the direction bit.

event
This parameter indicates one of the following endpoint events:

• USBF_EP_EVENT_CLEAR_STALL - The host has sent a standard request Clear
Feature Endpoint Halt. This callback is called before the library resets the endpoint. The
function can abort pending requests by callingUsbf_Abort to avoid the automatic
resubmission of pending buffers. It is not allowed to submit buffers or to stall the
endpoint again in this callback. Use
USBF_EP_EVENT_CLEAR_STALL_AFTER_UNSTALLto do this. After this function
returns the library clears the content of the endpoint FIFO, resets the data toggle bit and
restarts the transmission of pending buffers from the beginning of the content.

• USBF_EP_EVENT_CLEAR_STALL_AFTER_UNSTALL - The host has sent a
standard request Clear Feature Endpoint Halt. This callback is called after the library has
been reseted the endpoint and before the Clear Feature Endpoint Halt is completed. The
application can stall the endpoint again by callingUsbf_SetStall or can submit data
by callingUsbf_Write or submit buffers by callingUsbf_Read .

• USBF_EP_EVENT_SET_STALL - The host forces the endpoint to go to the STALL
state. The library sets the endpoint to STALL. Pending data transfers are canceled. The
transfer can be continued by restarting the current buffer from the beginning with the
clear stall request. The application can change this behavior by closing the endpoint in
this callback.

Comments

This function is called in the context of:
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• Usbf_ProcessInterrupt .

The following functions can be called from within this callback:

• Usbf_Close, Usbf_SetStall, Usbf_Write, Usbf_Read, Usbf_Abort.

Note: The implementation for this callback function is optional. Therefore the appropriate
function pointer in theT_UsbfInterfaceHandler structure for this callback function
can beNULL.

Refer to section5.4for more information about callback functions.

See Also

T_UsbfInterfaceHandler (page81)
Usbf_RegisterInterfaceHandler(page52)
Usbf_ProcessInterrupt(page47)
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T_Usbf_TransferCompletion_Callback

This function will be called if a read or write operation has been completed or if the endpoint
handle is closed.

Definition

void
T_Usbf_TransferCompletion_Callback (

void* endpointContext ,
T_UsbfBufferDescriptor* bufDesc
);

Parameters

endpointContext
This parameter contains the context that was passed to the functionUsbf_Open .

bufDesc
This is the same buffer descriptor value which was passed to the functionUsbf_Read or
Usbf_Write .

Comments

This callback function will be called for each buffer which was previously submitted to the
library with the return status USBF_STATUS_PENDING. The buffer can be submitted again
in the context of the callback function. The parametersflags , bytesTransferred and
status are set before the buffer is completed.

This function is called in the context of:

• Usbf_ProcessInterrupt .

• Usbf_Close .

• Usbf_Abort .

The following functions can be called from within this callback:

• Usbf_Write,

• Usbf_Read.

Refer to section5.4for more information about callback functions.

See Also

Usbf_Open(page57)
Usbf_Close(page58)
Usbf_Read(page60)
Usbf_Write (page62)
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Usbf_ProcessInterrupt(page47)
T_UsbfBufferDescriptor (page86)
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T_Usbf_DeviceEvent_Callback

This function will be called if a device specific event has been detected.

Definition

void
T_Usbf_DeviceEvent_Callback (

void* deviceContext ,
unsigned int event ,
unsigned int param1
);

Parameters

deviceContext
This parameter contains the fielddeviceContext of the data structure
T_UsbfDeviceHandler which was passed to the function
Usbf_RegisterDeviceHandler .

event
This parameter indicates one of the following events:

• USBF_DEV_EVENT_RESET- A USB bus reset has been detected. All USB specific
actions are handled by the library. Pending data requests are canceled.

• USBF_DEV_EVENT_SUSPEND- A USB suspend signal has been detected. If the
device is bus powered the embedded application should reduce the required current to
2.5 mA. It should stop the clock and enable the static interrupt for wakeup. If the device
is self powered the embedded application has to decide if the clock should be stopped.
The user is responsible for processor specific wakeup conditions (e.g. enable wakeup
after stopping the CPU clock) and reducing the power consume of bus powered devices.

• USBF_DEV_EVENT_RESUME - A resume signal has been detected. If the clock was
turned off it must be re-enabled. Depending on the used USB function, the user must
enable all processor specific functions that have been disabled in the suspend state (e.g.
low power functions and Plls).

• USBF_DEV_EVENT_CONFIGURE - The device has been configured. The index of
the configuration descriptor is passed inparam1 . This is not the bConfiguration value
of the configuration descriptor. It is the zero based index of the configuration descriptor
itself. After this event the data transfer may be started.

• USBF_DEV_EVENT_UNCONFIGURE - The device has been unconfigured. Pending
requests are canceled and all endpoints are closed.

• USBF_DEV_EVENT_ENABLE_REMOTE_WAKEUP - The host enabled the
remote wakeup feature for the device.

• USBF_DEV_EVENT_DISABLE_REMOTE_WAKEUP - The host disabled the
remote wakeup feature for the device.
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• USBF_DEV_EVENT_SELECT_INTERFACE - The host selected a new alternate
setting for an interface. The LSB (bit 0-7) ofparam1 contains the interface number and
the MSB (bit 8-15) contains the new alternate setting. Pending requests on an endpoint
which is reconfigured are canceled. The application must open the reconfigured
endpoints and start the data transfer again.

• USBF_DEV_EVENT_DEVICE_CONNECTED - The host was turned on or the
device has been connected to a host.

• USBF_DEV_EVENT_DEVICE_REMOVED - The host was turned off or the device
has been disconnected from the host.

param1
Contains additional information for some events. Refer to the event description for more
information. For all other events this parameter is 0.

Comments

After theUSBF_DEV_EVENT_CONFIGUREevent has been received the embedded
application can start the data endpoint transfer. If one of the events
USBF_DEV_EVENT_RESET, USBF_DEV_EVENT_DEVICE_REMOVEDor
USBF_DEV_EVENT_UNCONFIGUREhas been received the function is not configured. All
endpoints are closed. The embedded application must stop the data transfer.

This function is called in the context of:

• Usbf_ProcessInterrupt .

• Usbf_CheckVBus .

The following functions can be called from within this callback:

• Usbf_Write,

• Usbf_Read,

• Usbf_Open,

• Usbf_Close,

• Usbf_Abort.

Refer to section5.4for more information about callback functions.

See Also

Usbf_ProcessInterrupt(page47)
Usbf_RegisterDeviceHandler(page44)
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T_Usbf_StartOfFrame_Callback

This function is called if a SOF (StartOfFrame) interrupt has been received.

Definition

void
T_Usbf_StartOfFrame_Callback (

void* deviceContext ,
T_UINT16 frameNumber
);

Parameters

deviceContext
This parameter contains the fielddeviceContext of the data structure
T_UsbfDeviceHandler that was passed to the function
Usbf_RegisterDeviceHandler .

frameNumber
This field contains the current frame number. It is typically a 16 bit number if provided by the
hardware. The last 11 bits are equal to the frame number on the bus.

Comments

If the application designer registers the StartOfFrame callback in the USB Function Library,
the StartOfFrame interrupt will be enabled. This may cause additional CPU load. Therefore
this callback should only be registered if it is required by the embedded application.

This function is called in the context of:

• Usbf_ProcessInterrupt .

The following functions can be called from within this callback:

• Usbf_Write,

• Usbf_Read,

• Usbf_Open,

• Usbf_Close,

• Usbf_Abort.

Note: The implementation for this callback function is optional. Therefore the appropriate
function pointer in theT_UsbfDeviceHandler structure for this callback function can be
NULL.

Refer to section5.4for more information about callback functions.
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See Also

T_UsbfDeviceHandler(page85)
Usbf_RegisterDeviceHandler(page44)
Usbf_ProcessInterrupt(page47)
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6.4 Structures

T_UsbfInterfaceHandler

The T_UsbfInterfaceHandler structure contains the pointers for the interface related callback
functions.

Definition

typedef struct tag_UsbfInterfaceHandler{
DLIST listEntry ;
T_UINT8 interfaceNumber ;
void* interfaceContext ;
T_Usbf_SetupEventIn_Callback* setupEventIn ;
T_Usbf_SetupEventOut_Callback* setupEventOut ;
T_Usbf_AbortSetup_Callback* abortSetup ;
T_Usbf_EndpointEvent_Callback* endpointEvent ;

} T_UsbfInterfaceHandler ;

Members

listEntry
This field is used by the library internally.

interfaceNumber
This field specifies the interface by its number for which the callback functions should be
registered.

interfaceContext
This field contains the interface context. It is passed unchanged to all callback functions as the
first parameter. The application should use this pointer to distinguish between different
interfaces.

setupEventIn
This field contains the pointer to a function that will receive the setup events with a data IN
phase.

setupEventOut
This field contains the pointer to a function that will receive the setup events with a data OUT
phase or without data phase.

abortSetup
This field contains the pointer to a function that will be called if the setup event is broken.

endpointEvent
This field contains the pointer to a function that will receive the endpoint specific events.
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Comments

Each function pointer has to contain a valid function address or NULL. The embedded
application can pass a NULL pointer to a callback function which is not required. The storage
for this data structure must be persistent until the function
Usbf_UnregisterInterfaceHandler is called.

See Also

T_Usbf_SetupEventIn_Callback(page67)
T_Usbf_SetupEventOut_Callback(page69)
T_Usbf_AbortSetup_Callback(page71)
T_Usbf_EndpointEvent_Callback(page73)
Usbf_RegisterInterfaceHandler(page52)
Usbf_UnregisterInterfaceHandler (page53)
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T_UsbfSetupHandler

The T_UsbfSetupHandler structure contains the pointers for setup requests related to the
recipients device and other.

Definition

typedef struct tag_UsbfSetupHandler{
void* Context ;
T_Usbf_SetupEventIn_Callback* setupEventIn ;
T_Usbf_SetupEventOut_Callback* setupEventOut ;

} T_UsbfSetupHandler ;

Members

Context
This field contains a context. It is passed unchanged to all callback functions as the first
parameter. The application should use this pointer to find the instance information.

setupEventIn
This field contains the pointer to a function that will receive the setup events with a data IN
phase.

setupEventOut
This field contains the pointer to a function that will receive the setup events with a data OUT
phase or without data phase.

Comments

Each function pointer has to contain a valid function address or NULL. The embedded
application can pass a NULL pointer to a callback function which is not required. The storage
for this data structure must be persistent until the function
Usbf_UnregisterSetupHandler is called.

See Also

T_Usbf_SetupEventIn_Callback(page67)
T_Usbf_SetupEventOut_Callback(page69)
Usbf_RegisterSetupHandler(page54)
Usbf_UnregisterSetupHandler(page55)
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T_UsbfEndpointInfo

This structure contains information about an endpoint.

Definition

typedef struct tag_UsbfEndpointInfo{
unsigned int fifoSize ;

} T_UsbfEndpointInfo ;

Member

fifoSize
This field contains the size of the endpoint FIFO.

See Also

Usbf_GetEndpointInfo (page66)
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T_UsbfDeviceHandler

The T_UsbfDeviceHandler structure contains the pointers for the device related callback
functions.

Definition

typedef struct tag_UsbfDeviceHandler{
DLIST listEntry ;
void* deviceContext ;
T_Usbf_DeviceEvent_Callback* deviceEvent ;
T_Usbf_StartOfFrame_Callback* startOfFrame ;

} T_UsbfDeviceHandler ;

Members

listEntry
This field is used by the library internally.

deviceContext
This field contains the device context. It is passed unchanged to all callback functions as the
first parameter. The application should use this pointer to distinguish between different
instances.

deviceEvent
This field points to a function which will be called if a device related event occurrs. This
callback function is optional. Therefore this field can beNULL.

startOfFrame
This field points to a function which will be called if a start of frame event occurrs. This
callback function is optional. Therefore this field can beNULL. If different fromNULL the
library enables the SOF interrupt and each USB frame generates an interrupt.

Comments

Each function pointer has to contain a valid function address orNULL. The embedded
application can pass a NULL pointer to a callback function which is not required.

The storage for this data structure must be permanent until the function
Usbf_UnregisterDeviceHandler is called.

See Also

Usbf_Initialize (page41)
Usbf_RegisterDeviceHandler(page44)
Usbf_UnregisterDeviceHandler(page45)
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T_UsbfBufferDescriptor

TheT_UsbfBufferDescriptor structure contains information about a data buffer used
within the USB Function Library for reading and writing data.

Definition

typedef struct tag_UsbfBufferDescriptor{
DLIST listEntry ;
T_UINT8* dataPtr ;
T_UINT16 dataSize ;
T_UINT16 bytesTransferred ;
T_UINT16 flags ;
T_UINT16 status ;
T_UsbfBufferDescriptor* next ;
void* usbfContext ;

} T_UsbfBufferDescriptor ;

Members

listEntry
This field can be used by the current owner of the buffer descriptor to manage multiple buffer
descriptors in a double linked list.

dataPtr
This member points to the beginning of valid data within the buffer. This field is set by the
creator of the buffer and will be used by the USB Function Library to determine where the
data should be read from or be written to. The value ofdataPtr will not be changed by the
USB Function Library.

The pointer can specify a byte address. No assumptions on the alignment are made inside the
USB Function Library. But the data processing inside the USB Function Library will be more
efficient if the buffer address is aligned to a 4 Byte boundary.

dataSize
Contains the size of the data buffer in bytes. This field is set by the creator of the buffer and
will be used by the USB Function Library to determine the size of the buffer used for data
processing. The value ofdataSize will not be changed by the USB Function Library.

bytesTransferred
Contains the number of valid bytes in the buffer. This field is set by the USB Function Library
to communicate the number of processed bytes to the caller.

flags
This member contains 0,USBF_SEND_SHORT_PACKET, USBF_DWORD_PADDINGor
USBF_ISO_FLOW_FLAG. The flagUSBF_SEND_SHORT_PACKETcan be used with the
functionUsbf_Write . If the flag is set the library completes the request with a short packet.
The library checks if an additional zero length packet is required. On return this flag is
cleared. When the buffer concatenation withnext is used, the flag must be set in the first
USB buffer descriptor.
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The flagUSBF_DWORD_PADDINGcan be used with the functionUsbf_Write . It forces
the library to append at the end of the buffer values with 0x00 so that the total size of the
buffer can be divided by 4 without rest. E.g. a string "0x01 0x02 0x03 0x04" is send with this
flag as "0x01 0x02 0x03 0x04". A string "0x01 0x02 0x03 0x04 0x05" with size 5 is send as
"0x01 0x02 0x03 0x04 0x05 0x00 0x00 0x00". When the buffer concatenation withnext is
used, this flag must be set in each part of the descriptor that should be padded.

The flagUSBF_ISO_FLOW_FLAGis an additional status flag. The status is a hint that the
USB host want to read isochronous data but no data are available at the time or the USB host
send isochronous data to the device but the device must discard this data because of a full
FIFO. Also if the returned buffer status is USBF_STATUS_SUCCESS the flag should be
checked.

status
This field contains the status of the operation. It will be set by the USB Function Library to
one of the following values:

USBF_STATUS_SUCCESS:- The operation was completed successfully.

USBF_STATUS_CANCELED: - The host has sent a Unconfigure or a Reset or the user
aborted the buffer withUsbf_Close or Usbf_Abort .

USBF_STATUS_BUFFER_OVERFLOW: - A buffer overflow happened during a
Usbf_Read operation. The buffer size was too small or not a multiple of the FIFO size.
Electrical noise of the signals can cause this error on some USB interfaces.

When the buffer concatenation withnext is used, the status of the complete chain is set in the
first buffer.

next
This field can be used to build a buffer chain. Refer to section5.10for more information about
using a buffer chain. If no buffer chain is used this parameter has to be set toNULL.

usbfContext
This context pointer is for internal use within the USB Function Library.

Comments

This structure can be used to build a chain of buffers. Refer to section5.10for more
information about using a buffer chain.

This structure has to be provided by the embedded application for the functionsUsbf_Read
andUsbf_Write .

Refer toUsbf_Read andUsbf_Write for detailed information of the fields which have to
be set by the user and which will be set by the USB Function Library.

See Also

Usbf_Read(page60)
Usbf_Write (page62)
Usbf_Close(page58)
Usbf_Open(page57)
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T_UsbfDescriptorRecord

This structure contains information about a USB descriptor.

Definition

typedef struct tag_UsbfDescriptorRecord{
unsigned int size ;
const T_UINT8* descriptor ;

} T_UsbfDescriptorRecord ;

Members

size
This field contains the size of the USB descriptor.

descriptor
This parameter points to the USB descriptor.

See Also

T_UsbfDescriptors(page90)
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T_UsbfStringDescriptorRecord

This structure contains information about a USB string descriptor.

Definition

typedef struct tag_UsbfStringDescriptorRecord{
unsigned int index ;
unsigned int size ;
const T_UINT8* descriptor ;

} T_UsbfStringDescriptorRecord ;

Members

index
This field contains the index of the USB string descriptor.

size
This field contains the size of the USB string descriptor.

descriptor
This parameter points to the USB string descriptor.

See Also

T_UsbfDescriptors(page90)
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T_UsbfDescriptors

TheT_UsbfDescriptors structure contains all necessary USB descriptors.

Definition

typedef struct tag_UsbfDescriptors{
void T_UINT8* deviceDescriptor ;
unsigned int numberOfConfigurationDescriptors ;
const T_UsbfDescriptorRecord* configurationDescriptor ;
unsigned int numberOfStringDescriptors ;
const T_UsbfStringDescriptorRecord* stringDescriptors ;
const T_UINT8* deviceDescriptorHighSpeed ;
const T_UINT8* deviceQualifierFullSpeed ;
const T_UINT8* deviceQualifierHighSpeed ;
unsigned int numberOfConfigurationDescriptorsHighSpeed ;
const T_UsbfDescriptorRecord*

configurationDescriptorsHighSpeed ;

} T_UsbfDescriptors ;

Members

deviceDescriptor
This field contains a pointer to the device descriptor.

numberOfConfigurationDescriptors
This field contains the number of available configuration descriptors.

configurationDescriptor
This field points to the first entry of an array of typeT_UsbfDescriptorRecord
containing the available configuration descriptors. The storage of this array must be provided
by the caller and must be persistent for the complete runtime.

Each configuration descriptor contains the complete description of the interface and endpoint
layout. Each descriptor consists of one configuration descriptor and all related interface, class
and endpoint descriptors. The correctness of the wTotalLength field in the configuration
descriptor is very important. Most C compilers do not allow to calculate the size of this
structure in the structure definition withsizeof() . For that reason the library overwrites
this field of the descriptor with the value passed in the fieldsize of the
T_UsbfDescriptorRecord structure. The caller has to provide the correct size of the
configuration descriptor in the fieldsize of theT_UsbfDescriptorRecord structure.
This size can be easily calculated withsizeof() . Invalid descriptors will cause incorrect
behavior of the library without returning an error.

numberOfStringDescriptors
This member contains the number of available string descriptors for this device.

stringDescriptors
This field points to the first entry of an array of typeT_UsbfStringDescriptorRecord
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containing the available string descriptors. The storage for this array must be provided by the
caller and must be persistent for the complete runtime.

Each string descriptor starts with a length field (one byte) and a type field (one byte). The
length field describes the size of the complete descriptor in bytes. The library overwrites this
field with the valuesize of theT_UsbfStringDescriptorRecord structure. This size
can be easily calculated withsizeof() .

All characters have to be given in UNICODE format. This means the size of each character is
two bytes. The string is not zero terminated. The string descriptors are valid for full and high
speed. If different strings are required define strings for full and high speed and use different
index values in the speed related descriptors. The string descriptor on index 0 contains the
language ID or a list of language IDs.

deviceDescriptorHighSpeed
This field is only required ifUSBF_HIGH_SPEEDis defined. It contains the device descriptor
for operation in high speed mode.

deviceQualifierFullSpeed
This field is only required ifUSBF_HIGH_SPEEDis defined. It contains the device qualifier
descriptor that is returned in high speed operation. It describes the capabilities for full speed.

deviceQualifierHighSpeed
This field is only required ifUSBF_HIGH_SPEEDis defined. It contains the device qualifier
descriptor that is returned in full speed operation. It describes the capabilities for high speed.

numberOfConfigurationDescriptorsHighSpeed
This field is only required ifUSBF_HIGH_SPEEDis defined. It contains the number of high
speed configurations.

configurationDescriptorsHighSpeed
This field is only required ifUSBF_HIGH_SPEEDis defined. It contains an array of pointers.
Each pointer is directed to a high speed configuration descriptor. The storage for the array and
the descriptors must be provided by the caller and must be persistent for the complete runtime.
SeeconfigurationDescriptor for details.

Comments

The storage for all descriptors must be provided by the caller and must be persistent for the
complete runtime. The descriptors can be stored in Flash or RAM memory. The descriptors
must be defined correctly and compliant to the USB specification. Otherwise the enumeration
on the host can fail or the library may stop working. For performance reasons the descriptor
parsing is not error tolerant.

See Also

Usbf_Initialize (page41)
T_UsbfDescriptorRecord(page88)
T_UsbfStringDescriptorRecord (page89)
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6.5 Status Codes

USBF_STATUS_SUCCESS

The operation completed successfully.

USBF_STATUS_CANCELED

The operation was canceled by the library. Refer to the appropriate function description to get
more information why this error occurred.

USBF_STATUS_BUFFER_OVERFLOW

Either the buffer size provided by the user was to small to retrieve all data or the provided buffer
size was not a multiple of the FIFO size. In both cases loss of data has been occurred.

USBF_STATUS_INVALID_PARAM

At least one of the parameters passed to the function is invalid.

USBF_STATUS_PENDING

The request to read from a buffer or to write to a buffer is pending. The completion function will
be called later if the processing of the buffer has been finished.

USBF_STATUS_FIFO_FULL

No data could be written because the FIFO is full.

USBF_STATUS_FIFO_EMPTY

No data could be read because the FIFO is empty.

USBF_STATUS_ENDPOINT_STALLED

The specified endpoint is stalled.

USBF_STATUS_NOT_OPENED

The specified endpoint is not opened.
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USBF_STATUS_HW_ACCESS_FAILED

The device controller could not be initialized. Check if the functions of the hardware abstraction
layer are properly implemented to guarantee correct hardware access.

USBF_STATUS_DEFERRED_DATA_STAGE

The application can return this value in a setup request to indicate the data stage is completed
later.

USBF_STATUS_STALL

The application wants to stall the control request.

USBF_STATUS_INVALID_DATA

An invalid data packet was received.

USBF_STATUS_OPEN_ENDPOINT_FAILED

Failed to open the endpoint.

USBF_STATUS_INSTANCE_DEACTIVATED

The instance is deactivated.

USBF_STATUS_NOT_SUSPENDED

The device is not in suspend state.

USBF_STATUS_NOT_ENABLED

Remote wakeup is not enabled by the host.

USBF_STATUS_NOMEMORY

There is no memory for this operation.
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USBF_STATUS_ISO_CRC

Isochronous CRC error.

USBF_STATUS_ISO_SEQUENCE

Invalid data phase PID sequence detected on a isochronous endpoint.

USBF_STATUS_UNDEFINED

Undefined status, this is used for initialization of status fields.
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7 Hardware Abstraction Layer Reference

7.1 API Functions

The following functions define the interface of the hardware abstraction layer. They are defined in
the fileusbf_hal_api.h .

UsbfHal_WriteReg8

This function writes an 8-bit value to a specified register.

Definition

void
UsbfHal_WriteReg8 (

T_UINT8* address ,
T_UINT8 value
);

Parameters

address
This field specifies the register by its address.

value
This field contains the value which should be written to the specified register.

Comments

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_WriteReg16(page97)
UsbfHal_WriteReg32(page99)
UsbfHal_ReadReg8(page101)
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UsbfHal_BurstWriteReg8

This function writes multiple 8-bit values to a specified register.

Definition

void
UsbfHal_BurstWriteReg8 (

T_UINT8* address ,
const T_UINT8* buffer ,
unsigned int count
);

Parameters

address
This field specifies the register by its address.

buffer
This field points to the byte buffer containing the values to be written.

count
This field contains the number of 8-bit values to be written.

Comments

This function readscount times an 8-bit value frombuffer and writes it to the register
specified byaddress . After each write process the address of thebuffer is incremented
but the address of the register remains.

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_BurstWriteReg16 (page98)
UsbfHal_BurstWriteReg32 (page100)
UsbfHal_BurstReadReg8(page102)
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UsbfHal_WriteReg16

This function writes an 16-bit value to a specified register.

Definition

void
UsbfHal_WriteReg16 (

T_UINT16* address ,
T_UINT16 value
);

Parameters

address
This field specifies the register by its address.

value
This field contains the value which should be written to the specified register.

Comments

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_WriteReg8 (page95)
UsbfHal_WriteReg32(page99)
UsbfHal_ReadReg16(page103)
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UsbfHal_BurstWriteReg16

This function writes multiple 16-bit values to a specified register.

Definition

void
UsbfHal_BurstWriteReg16 (

T_UINT16* address ,
const T_UINT8* buffer ,
unsigned int count
);

Parameters

address
This field specifies the register by its address.

buffer
This field points to the byte buffer containing the values to be written.

count
This field contains the number of 16-bit values to be written.

Comments

This function readscount times a 16-bit value frombuffer and writes it to the register
specified byaddress . After each write process the address of thebuffer is incremented
but the address of the register remains.

Note: The byte buffer is assumed to be in little endian byte order like it is transferred over
USB. Therefore it can be necessary to swap the byte ordering on big endian platforms.

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_BurstWriteReg8 (page96)
UsbfHal_BurstWriteReg32 (page100)
UsbfHal_BurstReadReg16(page104)
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UsbfHal_WriteReg32

This function writes an 32-bit value to a specified register.

Definition

void
UsbfHal_WriteReg32 (

T_UINT32* address ,
T_UINT32 value
);

Parameters

address
This field specifies the register by its address.

value
This field contains the value which should be written to the specified register.

Comments

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_WriteReg8 (page95)
UsbfHal_WriteReg16(page97)
UsbfHal_ReadReg32(page105)
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UsbfHal_BurstWriteReg32

This function writes multiple 32-bit values to a specified register.

Definition

void
UsbfHal_BurstWriteReg32 (

T_UINT32* address ,
const T_UINT8* buffer ,
unsigned int count
);

Parameters

address
This field specifies the register by its address.

buffer
This field points to the byte buffer containing the values to be written.

count
This field contains the number of 32-bit values to be written.

Comments

This function readscount times a 32-bit value frombuffer and writes it to the register
specified byaddress . After each write process the address of thebuffer is incremented
but the address of the register remains.

Note: The byte buffer is assumed to be in little endian byte order like it is transferred over
USB. Therefore it can be necessary to swap the byte ordering on big endian platforms.

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_BurstWriteReg8 (page96)
UsbfHal_BurstWriteReg16 (page98)
UsbfHal_BurstReadReg32(page106)
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UsbfHal_ReadReg8

This function reads 8 bit from a specified register.

Definition

T_UINT8
UsbfHal_ReadReg8 (

T_UINT8* address
);

Parameter

address
This field specifies the register to read from by its address.

Return Value

This function returns the 8-bit value read from the specified register.

Comments

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_ReadReg16(page103)
UsbfHal_ReadReg32(page105)
UsbfHal_WriteReg8 (page95)
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UsbfHal_BurstReadReg8

This function reads multiple 8-bit values from the specified register.

Definition

void
UsbfHal_BurstReadReg8 (

T_UINT8* address ,
T_UINT8* buffer ,
unsigned int count
);

Parameters

address
This field specifies the register by its address.

buffer
This field points to the buffer for the values read.

count
This field contains the number of 8-bit values to be read.

Comments

This function readscount times an 8-bit value from the register specified byaddress and
stores this value inbuffer . After each read process the address of thebuffer is
incremented but the address of the register remains.

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_BurstReadReg16(page104)
UsbfHal_BurstReadReg32(page106)
UsbfHal_BurstWriteReg8 (page96)
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UsbfHal_ReadReg16

This function reads 16 bit from a specified register.

Definition

T_UINT16
UsbfHal_ReadReg16 (

T_UINT16* address
);

Parameter

address
This field specifies the register to read from by its address.

Return Value

This function returns the 16-bit value read from the specified register.

Comments

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_ReadReg8(page101)
UsbfHal_ReadReg32(page105)
UsbfHal_WriteReg16(page97)
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UsbfHal_BurstReadReg16

This function reads multiple 16-bit values from the specified register.

Definition

void
UsbfHal_BurstReadReg16 (

T_UINT16* address ,
T_UINT8* buffer ,
unsigned int count
);

Parameters

address
This field specifies the register by its address.

buffer
This field points to the byte buffer for the values read.

count
This field contains the number of 16-bit values to be read.

Comments

This function readscount times a 16-bit value from the register specified byaddress and
stores this value inbuffer . After each read process the address of thebuffer is
incremented but the address of the register remains.

Note: The byte buffer is assumed to be in little endian byte order like it is transferred over
USB. Therefore it can be necessary to swap the byte ordering on big endian platforms.

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_BurstReadReg8(page102)
UsbfHal_BurstReadReg32(page106)
UsbfHal_BurstWriteReg16 (page98)
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UsbfHal_ReadReg32

This function reads 32 bit from a specified register.

Definition

T_UINT32
UsbfHal_ReadReg32 (

T_UINT32* address
);

Parameter

address
This field specifies the register to read from by its address.

Return Value

This function returns the 32-bit value read from the specified register.

Comments

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_ReadReg8(page101)
UsbfHal_ReadReg16(page103)
UsbfHal_WriteReg32(page99)
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UsbfHal_BurstReadReg32

This function reads multiple 32-bit values from the specified register.

Definition

void
UsbfHal_BurstReadReg32 (

T_UINT32* address ,
T_UINT8* buffer ,
unsigned int count
);

Parameters

address
This field specifies the register by its address.

buffer
This field points to the byte buffer for the values read.

count
This field contains the number of 32-bit values to be read.

Comments

This function readscount times a 32-bit value from the register specified byaddress and
stores this value inbuffer . After each read process the address of the buffer is incremented
but the address of the register remains.

Note: The byte buffer is assumed to be in little endian byte order like it is transferred over
USB. Therefore it can be necessary to swap the byte ordering on big endian platforms.

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_BurstReadReg8(page102)
UsbfHal_BurstReadReg16(page104)
UsbfHal_BurstWriteReg32 (page100)
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UsbfHal_FifoWrite

This function writescount bytes frombuffer to destination .

Definition

void
UsbfHal_FifoWrite (

void* destination ,
const void* buffer ,
unsigned int count
);

Parameters

destination
This field specifies the address to write to.

buffer
This field points to the buffer containing the data to be written.

count
This field contains the number of bytes to write.

Comments

This function begins writing atdestination . It writescount bytes frombuffer to
destination until destination + count is reached.

Note: The buffer is assumed to be in little endian byte order like it is transferred over USB.
Therefore it can be necessary to swap the byte ordering on big endian platforms.

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_FifoRead(page108)
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UsbfHal_FifoRead

This function readscount bytes fromsource to buffer .

Definition

void
UsbfHal_FifoRead (

void* source ,
void* buffer ,
unsigned int count
);

Parameters

source
This field specifies the address to read from.

buffer
This field points to the buffer where the data read should be stored.

count
This field contains the number of bytes to read.

Comments

This function begins reading atsource . It readscount bytes untilsource + count is
reached. The data read will be stored inbuffer .

Note: The buffer is assumed to be in little endian byte order like it is transferred over USB.
Therefore it can be necessary to swap the byte ordering on big endian platforms.

Refer to section2.6to see if this function has to be implemented for your specific device
controller.

See Also

UsbfHal_FifoWrite (page107)
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UsbfHal_IsVBusPresent

This function determines if VBus is present or not.

Definition

int
UsbfHal_IsVBusPresent ();

Return Value

This function has to be implemented by the application designer. It has to return0 if VBus is
not present and1 if VBus is present.

Comments

If the device controller does not support the VBus detection within the USB peripheral it has
to be provided externally by this function. In this case refer to the manual of the device
controller for more information on implementing the VBus detection.

Refer to section2.6to see if this function has to be implemented for your specific device
controller.
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UsbfHal_SetSoftConnect

This function connects the device controller to the USB.

Definition

void
UsbfHal_SetSoftConnect (

unsigned int connectState
);

Parameter

connectState
This field determines the connect state of the 1.5k resistor. AconnectState value of0
indicates that the device should be disconnected. If the device should be connected a value of
1 is used.

Comments

If the device controller does not support the soft connect feature within the USB peripheral
this has to be provided externally by this function. In this case refer to the manual of the
device controller for more information on implementing the soft connect feature.

Refer to section2.6to see if this function has to be implemented for your specific device
controller.
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UsbfHal_Delay

This function performs a short delay required by some device controllers.

Definition

void
UsbfHal_Delay (

unsigned int nanoSeconds
);

Parameter

nanoSeconds
This field contains the time for the delay in nano seconds.

Comments

This function will be used for very short delays of a few hundred nano seconds only. Refer to
section2.6to see if this function has to be implemented for your specific device controller.
There may be additional information about the usual period which is used for the specific
device controller.

The implementation of this function may only be necessary for fast micro controllers. The
application designer has to decide if this function has to be implemented or can be defined as
empty macro.
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8 Adaption Layer Reference

The file tal_defs.h contains basic type definitions which are used within the USB Function
Library and its device classes. It can be necessary to adjust these definitions for your environment.

8.1 API Functions

The following functions define the interface of the adaption layer. They are defined in the file
tal_api.h and must be implemented for your application.

Tal_Printf

A printf-compatible trace function.

Definition

void
Tal_Printf (

const char* format ,
...

);

Parameters

format
Specifies a pointer to the format string to print. The format string supports a subset of the
printf-style formatting codes. The format codes to be supported are: %c, %d, %u, %s, %x,
%X.

...
Specifies optional arguments for the format string, as in printf.

Comments

This function is part of the Thesycon adaption layer. It has to be implemented by the
application and will be called by the library.
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Tal_ZeroMemory

This function clears a memory block.

Definition

void
Tal_ZeroMemory (

void* memory,
unsigned int numberOfBytes
);

Parameters

memory
Points to the memory block to be cleared. The pointer specifies a byte address. No
assumptions on the alignment must be made.

numberOfBytes
Specifies the size of the memory block to be cleared.

Comments

This function is part of the Thesycon adaption layer. It has to be implemented by the
application and will be called by the library.

See Also

Tal_CopyMemory Tal_CompareMemory Tal_SetMemory
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Tal_CopyMemory

This function copies a memory block.

Definition

void
Tal_CopyMemory (

void* destination ,
const void* source ,
unsigned int numberOfBytes
);

Parameters

destination
Points to the destination where the memory block should be copied to. The pointer specifies a
byte address. No assumptions on the alignment must be made.

source
Points to the memory block to be copied. The pointer specifies a byte address. No
assumptions on the alignment must be made.

numberOfBytes
Specifies the number of bytes to be copied.

Comments

Destination and source regions must not overlap.

This function is part of the Thesycon adaption layer. It has to be implemented by the
application and will be called by the library.

See Also

Tal_ZeroMemory Tal_CompareMemory Tal_SetMemory
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Tal_CompareMemory

This function compares characters in two buffers.

Definition

int
Tal_CompareMemory (

void* buffer1 ,
const void* buffer2 ,
unsigned int numberOfBytes
);

Parameters

buffer1
Points to the first buffer where the memory block should be compared. The pointer specifies a
byte address. No assumptions on the alignment must be made.

buffer2
Points to the second buffer where the memory block should be compared with. The pointer
specifies a byte address. No assumptions on the alignment must be made.

numberOfBytes
Specifies the number of bytes to be compared.

Return Value

The function returns a value which indicate the relationship between the buffers.

<0 - The return value is less than 0 if buffer1 is less than buffer2.

0 - The return value is 0 if buffer1 is identical to buffer2.

>0 - The return value is greater than 0 if buffer1 is greater than buffer2.

Comments

This function is part of the Thesycon adaption layer. It has to be implemented by the
application and will be called by the library.

See Also

Tal_ZeroMemory Tal_CopyMemory Tal_SetMemory
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Tal_SetMemory

This function Sets buffers to a specified character.

Definition

void
Tal_SetMemory (

void* memory,
void* pattern ,
unsigned int numberOfBytes
);

Parameters

memory
Points to the memory block to be set. The pointer specifies a byte address. No assumptions on
the alignment must be made.

pattern
Points to the character to set.

numberOfBytes
Specifies the size of the memory block to be set.

Comments

This function is part of the Thesycon adaption layer. It has to be implemented by the
application and will be called by the library.

See Also

Tal_ZeroMemory Tal_CopyMemory Tal_CompareMemory
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Tal_OffsetOfMember

This macro calculates the byte offset of a member within an object.

Definition

Tal_OffsetOfMember (
type ,
member

);

Parameters

type
This parameter specifies the name of the object’s type.

member
This parameter specifies the name of the member.

Comments

This macro has to be defined in the filetal_impl.h .

Normally it can be mapped to the compiler specific macrooffsetof() defined in
stddef.h .
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Tal_GetTickCount

This function returns a tick count.

Definition

Tal_GetTickCount ();

Return Value

A 32 bit counter value.

Comments

The returned 32 bit counter value is incremented every millisecond. It has to be in the range
from zero to 0xFFFF FFFF. This function must implemented if the Thesycon test application
(app_tb) or the Thesycon bootloader test application (bootloader_dfu) or the USB DFU class
is used!
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9 Demo Applications

This section describes the simple demo applications provided with the USB Function Library
package. All demo applications can be downloaded for free at http://www.thesycon.de.

The demo applications are implemented either on top of the USB Function Library or on top of a
specified device class of the Embedded USB Device Stack.

For more information about these demo applications refer to http://www.thesycon.de or contact
usb(at)thesycon.de.

9.1 Device Driver for the PC

Thesycon also provides the appropriate device drivers for the PC which can be used to commu-
nicate with the embedded device. These drivers are optimized for use with the Embedded USB
Device Stack and included in the software package for demonstration purposes. This section con-
tains some useful information about the device drivers included in the package.

For more detailed information about a specific device driver or further device drivers provided by
Thesycon refer to http://www.thesycon.de or contact info(at)thesycon.de.

9.1.1 Demo Limitation

The device drivers included in the software package were be built as demo versions. They have
no functional restrictions but a limitation in the time they can be used. Each device driver demo
version has a demo timeout. If this timeout expires, the device driver will stop the communication
with the device and report an appropriate error message. The device driver can not be used again
to communicate with the device until the PC is rebooted. After that the device driver can be used
again with no restriction until the demo timeout expires for the next time.

9.1.2 Device Driver Installation

There is a setup package included for each device driver provided by Thesycon. To install a de-
vice driver simply run the appropriate setup and follow the instructions on the screen. Previous
installations will be detected automatically and uninstalled upon you confirmation. The setup will
install the device driver for the appropriate USB device in the Windows operating system. If the
hardware wizard pops up and asks for a suitable driver you can now let him search automatically
and he will find the installed device driver for the appropriate embedded USB device. Further-
more the installer will add an entry to the ’Add or Remove Programs’ list which you can use to
completely uninstall the device driver. This is possible even if the device is not connected to the
PC.

9.1.3 USBIO Device Driver

The USBIO device driver for Windows can be used with the bulk loop demo application of the
Embedded USB Device Stack. If installed for a device a new entry calledUSBIO Device will
appear in the device manager.
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You can download the complete USBIO demo at http://www.thesycon.de/usbio. Please contact
usb(at)thesycon.de if you have any questions about this software.

Refer to http://www.thesycon.de for more information about USBIO, embedded USB and further
device drivers for Windows operating systems.

9.2 Bulk Loopback Demo Application

The bulk loopback demo application represents a plain sample for the usage of the USB Func-
tion Library. Implemented directly on top of the USB Function Library the demo application is
designed to test the data transfer between the host and the device. Furthermore, this demo applica-
tion provides a good starting point for implementing your own application. It implements a sim-
ple data transfer loop for bulk endpoints and additionally supports class/vendor specific requests.
Therefore it provides a USB device descriptor with one bulk IN and one bulk OUT endpoint.

To perform data transfer between the host and the device you can use the USBIO device driver
provided by ThesyconR© Systemsoftware & Consulting GmbH. The demo version of the USBIO
driver is included within this package. For more information about the device driver included in
this package refer to section9.1. Additionally, two applications for the PC are included. The
USBIO demo application and a simple bulk loopback test application called SimpleLoopTest.

The next sections describe how the USB device will be opened and configured using the US-
BIO demo driver and the USBIO demo application. Usage of the SimpleLoopTest application is
described in section9.2.5.

9.2.1 Open and Configure the USB Device

The following steps have to be processed in order to open and configure the USB device:

1. Program the device with the bulk loopback demo application firmware.

2. Install the included device driver by running the appropriate setup. The installation of the
USBIO device driver is described in section9.1.

3. Connect the device to the Windows PC, the enumeration process should start and the hard-
ware wizard will pop up.

4. Let the hardware wirzard search for a suitable device driver automatically. He will find and
install the previously installed device driver.

5. After succesful installation a new device calledUSBIO Device will appear in the device
manager.

6. Open the USBIO demo application.

7. Select the device and chooseOpen.

8. Switch to theConfiguration register tab and chooseSet Configuration to con-
figure the device.

Now the device is configured and ready to use.
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9.2.2 Data Transfer

To perform a simple data transfer between the device and the host the following steps have to be
processed:

1. Perform the steps described in section9.2.1.

2. Switch to thePipes register tab.

3. Select theBulk OUT endpoint and chooseRead from File and Write to Pipe .

4. ChooseReset Pipe and switch to theControl register tab on the popped upBulk
OUTwindow.

5. Select theBulk IN endpoint and chooseRead from Pipe and Print to Output
Window from the main window.

6. ChooseReset Pipe and switch to theControl register tab on the popped upBulk IN
window.

7. On theBulk IN window switchDirection to DeviceToHost and set theBuffer
Length field to a value equal or greater than the number of bytes you want to send.

8. On theBulk OUT window insert the bytes you want to send into theOutput Buffer
field and chooseSend Request to submit the data.

9. The message "Pipe Control Request was successful." should be displayed in the output
window of the USBIO demo application.

10. On theBulk IN window chooseSend Request to receive the data. The received data
will be displayed in the output window of the USBIO demo application.

9.2.3 File Transfer

To perform a file transfer between the device and the host the following steps have to be processed:

1. Perform the steps described in section9.2.1.

2. Switch to thePipes register tab.

3. Select theBulk OUT endpoint and chooseRead from File and Write to Pipe .

4. ChooseReset Pipe and switch to theWrite from File to Pipe register tab on
the popped upBulk OUT window.

5. Select theBulk IN endpoint and chooseRead from Pipe and Print to file from
the main window.

6. ChooseReset Pipe and switch to theRead from Pipe to File register tab on
the popped upBulk IN window..

7. On theBulk IN window you have to provide a file where the received bytes should be
written to and chooseStart Reading .
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8. On the Bulk OUT window select a file, uncheckRewind at end of file and
chooseStart Writing .

Now thePipe Statistics fields should begin to count the transferred bytes. At the end of
the file transfer the message "Worker-thread terminated." will be displayed in the output window
of the USBIO demo application.

9.2.4 Class/Vendor Requests

The bulk loopback demo application additionally implements a buffer for class/vendor requests.
A class/vendor request sent to the device will be stored internally and can be read back by a
subsequent class/vendor request. To send and receive class/vendor specific requests between the
device and the host the following steps have to be processed:

1. Perform the steps 1 to 7 described in section9.2.1.

2. Switch to theClass or Vendor Request register tab.

3. SelectHostToDevice asDirection , Class or Vendor asType andInterface
asRecipient .

4. Insert the bytes you want to send into theBytes to send field and chooseSend
Request to submit the class/vendor request. The message "Class or Vendor request was
successful." will be displayed in the output window of the USBIO demo application.

5. SelectDeviceToHost asDirection and update the number of bytes to receive accord-
ing to the previously sent request.

6. ChooseSend Request to submit the class/vendor request. In the output window of the
USBIO demo application your previously submitted request should be displayed.

9.2.5 SimpleLoopTest Application

The SimpleLoopTest application for the PC can be used for a bulk loopback data transfer between
the host and the device. Therefore the following steps have to be processed:

1. Perform the steps 1 to 5 described in section9.2.1.

2. Open the SimpleLoopTest application. If the USBIO device driver is correctly installed and
the device is connected the status bar of the SimpleLoopTest application will appear green.

3. Now you are able to start and stop the bulk loopback data transfer by pressing the appropriate
button.
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