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USB Embedded Host Stack
INTRODUCTION
USB has become the standard method for devices to
communicate with a PC. From general purpose
devices, such as Flash drives and mice, to special pur-
pose devices for specific applications, this popular
standard has almost totally replaced other serial
communication protocols.

Under the USB standard, USB devices may not
communicate directly with each other. They may only
communicate with a USB host which controls the bus
on which one or more devices communicate. The most
common USB host is a PC. With the introduction of
Microchip�s microcontrollers with the USB On-The-Go
(OTG) module, it is now possible for embedded
applications to utilize the wide range of USB devices as
a USB embedded host.

USB OVERVIEW
There are many excellent references on USB, including
the USB 2.0 Specification itself, that provide detailed
information on USB operation. This section is intended
only to provide a brief definition of the terms referenced
in this application note or required to understand Stack
operation.

USB Hosts and Peripheral Devices
A typical USB system consists of one host and one or
more peripheral devices, often referred to as simply
�devices�. Each device can communicate only with the
host; devices may not communicate directly with each
other. The host initiates all communication on the bus. A
device may send data to the host only when the host
requests it, and it must be able to receive the data that
the host sends. A device normally uses a Type-B
receptacle or has a captive cable.

Most USB peripheral devices are divided into
categories, called classes. Each class has special
requirements regarding its communication format. The
host must be able to recognize a device�s class and
meet the class�s requirements or the host cannot com-
municate with the device. Two example classes are
HID (Human Interface Device), such as found on a
mouse, and Mass Storage, such as found on a Flash
drive. Client drivers provide application level support
for classes. Some USB peripheral devices are vendor-
specific and do not fall into one of the predefined
classes. Client drivers must be specifically written for
these devices.

The number of devices that can attach to a host can be
expanded through the use of hubs. USB is a tiered star
network. Typically, a hub allows four or seven devices
to attach to a single port. A maximum of five hubs can
be chained together, creating up to five tiers. A
maximum of 127 devices (including the hubs) can be
connected on the bus.

A full USB host uses a Type-A receptacle, and must be
able to communicate with any device. This support may
be provided via special drivers that must be installed on
the host prior to attaching the device. Hubs must be
supported, and each port must be able to deliver a
minimum of 100 mA.

Host vs. Embedded Host
A USB embedded host differs from a USB host in
several small but important aspects. A USB embedded
host:

� Supports only specific peripheral devices and/or 
classes of devices.

� Supports only transfer types required by the 
supported devices.

� Hub support is optional.
� Has relaxed power requirements.

These restrictions allow an embedded host to be
implemented on a device with fixed, limited memory.
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Host Mode Operation
In a USB system, the host controls all traffic on the bus.
A device may only respond to requests from the host; it
may not initiate a data transfer. The USB OTG module
may be used in either Host or Device mode. The exact
method of operation differs between the two modes.

USB transfers can consist of multiple transactions, and
transactions can consist of multiple packets. In
addition, a single transfer can contain multiple data
stage transactions. Figure 1 shows the generic format
of a single USB transfer.

FIGURE 1: GENERIC TRANSFER STRUCTURE
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Control transfers often require all three transactions. A
control transfer that reads 8 data bytes has the
structure shown in Figure 2.

FIGURE 2: CONTROL TRANSFER STRUCTURE
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Bulk, interrupt and isochronous transfers do not utilize
the SETUP token or the status transaction. With bulk
transfers, a maximum of 64 bytes may be transferred in

a single data stage transaction. A bulk transfer that writes
128 data bytes requires two data stage transactions, and
has the structure shown in Figure 3.

FIGURE 3: BULK TRANSFER STRUCTURE

The USB Embedded Host Stack interfaces with the
USB OTG module in Host mode at the packet level,
with the exception that ACK packets are handled auto-
matically by the module. When the embedded host
issues the bulk transfer shown in Figure 3, it must

explicitly issue commands to transfer the two OUT and
two DATA0/1 packets. When the embedded host
issues the control transfer shown in Figure 2, it must
explicitly issue commands to transmit all SETUP,
DATA0/1, IN and OUT packets, for a total of 6 packets.
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USB EMBEDDED HOST

Targeted Peripheral List
The Targeted Peripheral List (TPL) is the list of
peripheral devices that the USB embedded host
supports. Entries in the targeted peripheral list may

refer to specific products (using the VID and PID of the
product), or may refer to a class of products (using
class, subclass and protocol). For example, a TPL for
an embedded host that supports USB Flash drives and
Microchip�s PICDEM� FS USB demonstration would
look like Table 1:

TABLE 1: EMBEDDED HOST TPL

Dual Role Device or On-The-Go?
A device can be a dual role device by supporting both
embedded host and USB device functionality via two
receptacles. For example, a digital camera can act as
a peripheral device when downloading pictures to a
PC, and act as an embedded host when transferring
pictures to a printer. The camera would determine its
role as device or host depending on what cable was
attached. If a cable was attached to the Type-A
receptacle, the camera would act as a host. If a cable
was attached to the Type-B receptacle, the camera
would act as a device. The Type-A and Type-B recep-
tacles must both operate concurrently unless they are
only accessible one at a time.

A USB On-The-Go device is a device that can
dynamically change its role from an embedded host to
a peripheral device without changing cables. OTG
devices use a micro-AB receptacle. The initial configu-
ration is determined by the cable orientation. If the
micro-A plug of the cable is inserted, the device will

initially act as an embedded host. If the micro-B plug of
the cable is inserted, the device will initially act as a
peripheral device.

The choice of whether or not to utilize OTG depends on
the need for the two devices to dynamically switch
modes. In most cases, the host-peripheral role is con-
stant for a pair of communicating devices. For example,
the dual role digital camera described above would
never need to swap roles with the PC, or with the
printer, so it would not require OTG functionality.

There are also restrictions placed on the Targeted
Peripheral List of an On-The-Go device. The TPL of the
OTG device must list only specific devices; it may not
list supported classes. For example, an OTG device
cannot generically support USB Flash drives. An OTG
device may support a non OTG peripheral, but it must
do so by specifying the VID and PID of that device. A
TPL for an OTG device that supports Microchip�s
PICDEM FS USB demonstration would look like
Table 2:

TABLE 2: OTG TPL

Description Class Name Class Code Subclass Code Protocol

Flash Drive Mass Storage 0x08 0x06 0x50

Description Manufacturer Model VID PID

Full-Speed Demo Microchip PICDEM� FS USB 0x04D8 0x000C

Description Manufacturer Model VID PID

Full-Speed Demo Microchip PICDEM� FS USB 0x04D8 0x000C
© 2008 Microchip Technology Inc. DS01140A-page 5
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USB EMBEDDED HOST STACK
Microchip provides a royalty-free USB Embedded Host
Stack for use with Microchip microcontrollers. This
Stack is designed to run on all Microchip devices that
have the USB OTG module. Stack operation can be
configured through the use of various compile-time
options to optimize both speed and size for a particular
application.

The Stack is state machine based, and utilizes both
interrupts and a polling mechanism. Interrupts are used
for all time critical operations, while the polling
mechanism is used to handle operations that are not
time critical. Both mechanisms must be used to ensure
correct operation of the Stack. The Stack can also be
configured to provide notification of some system
events rather than using the polling mechanism.

Installing the Stack
USB support packages are available from the
Microchip web site (http://www.microchip.com/usb).
Download the desired installation package from the
web site and run the installation. Note that some USB
demos utilize libraries from other application notes. The
installations for those libraries will also be executed. By
default, the USB Host Stack files will be installed in the
directory structure shown in Figure 4.

FIGURE 4: INSTALLATION DIRECTORY 
STRUCTURE
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Stack Architecture
The USB Embedded Host Stack is modular, non-
blocking and RTOS independent. The Stack consists of
two main sections:

� State machine � for background processing, such 
as device enumeration

� Interrupt handler � for time critical processing to 
utilize the bus in an efficient manner

The state machine has the structure shown in Figure 5:

FIGURE 5: USB EMBEDDED HOST STATE MACHINE
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When the device enters the running state, the Stack
informs the client driver of the newly enumerated
device by calling the initialization event handler. See
the  �Defining the Event Handlers� section for more
information about this event handler. If the client driver
successfully initializes, normal communication begins.

The USB bus operates with a 1 ms frame. Within that
frame, multiple messages can be sent. Therefore,
interrupts are used to respond quickly enough to
effectively control USB traffic. The Stack uses two key
interrupts:

� Start-Of-Frame (SOF Interrupt) � Generated by 
the USB OTG module when it is about to begin a 
new 1 ms frame.

� Transaction Complete Interrupt � Generated by 
the USB OTG module when the last requested 
transaction is complete.

Upon receiving these interrupts, the Interrupt Service
Routine (ISR) determines the next transaction, if any, to
send on the bus.

Configuring the Stack
The USB Host Stack and its client drivers can be con-
figured for a specific application by using the configura-
tion tool, USBConfig.exe, located in the directory
structure shown in Figure 4.

As shown in Figure 6, the Device Type and Ping-Pong
Mode first need to be specified on the Main tab. After
the device type is specified, appropriate configuration
parameters are enabled on other tabs to configure the
host/device and any required client drivers.

FIGURE 6: USB CONFIGURATION � MAIN
DS01140A-page 8 © 2008 Microchip Technology Inc.
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If embedded host, dual role or OTG is specified, Host
mode can be configured on the Host tab, as shown in
Figure 7. The endpoint support can be tailored to con-
serve program memory. The attach debounce interval
can be increased from the USB specification value of
100 ms to allow support of slower devices. The name

of the function in the main source file that serves as the
application level event handler must be entered. If
transfer events are going to be used, the appropriate
checkbox must be checked. See the  �Using Transfer
Events� section for more information about using
transfer events.

FIGURE 7: USB CONFIGURATION � HOST
© 2008 Microchip Technology Inc. DS01140A-page 9
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The TPL can be specified on the TPL tab, as shown in
Figure 8. Either VID/PID or class specification can be
used. See the  �Targeted Peripheral List� section for
more information about the TPL.

FIGURE 8: USB CONFIGURATION � TPL

Application-specific class support can be configured
with other tabs. Refer to the associated USB applica-
tion notes for more information about the classes and
their client drivers.

PIC24F Device Requirements
The USB OTG module requires a 48 MHz clock. Since
this is beyond the maximum CPU clock speed, there is
a method to provide both the CPU and USB clocks
from a single oscillator source.

The oscillator source must operate at a frequency that is
a multiple of 4 MHz. This frequency is divided down to 4
MHz by the USB PLL prescaler. The USB PLL prescaler
does not automatically sense the incoming oscillator fre-
quency. The user must manually set the PLL divider
appropriately to generate the required 4 MHz prescaler
output, using the PLLDIV2:PLLDIV0 Configuration bits.
This limits the choices for primary oscillator frequency to
a total of 8 possibilities, shown in Table 3.

TABLE 3: VALID PRIMARY OSCILLATOR CONFIGURATIONS FOR PIC24F USB OPERATION

Note: The tolerance of the FRC oscillator is
greater than the USB specification allows;
therefore, FRC is not recommended.

Input Oscillator Frequency Clock Mode PLL Division (PLLDIV<2:0>)

48 MHz ECPLL ÷12 (111)
40 MHz ECPLL ÷10 (110)
24 MHz HSPLL, ECPLL ÷6 (101)
20 MHz HSPLL, ECPLL ÷5 (100)
16 MHz HSPLL, ECPLL ÷4 (011)
12 MHz HSPLL, ECPLL ÷3 (010)
8 MHz HSPLL, ECPLL ÷2 (001)
4 MHz HSPLL, ECPLL, XTPLL ÷1 (000)
DS01140A-page 10 © 2008 Microchip Technology Inc.
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The USB PLL output is used to drive an on-chip
96 MHz PLL frequency multiplier, which drives two
clock branches. One branch uses a fixed divide-by-2
frequency divider to generate the 48 MHz USB clock.
The other branch uses a fixed divide-by-3 frequency
divider and a configurable PLL prescaler/divider
(CLKDIV<CPDIV1:0>) to generate a range of system
clock frequencies. The available system clock options
are listed in Table 4. Refer to the microcontroller data
sheet for more information about oscillator modes.

TABLE 4: SYSTEM CLOCK OPTIONS 
DURING USB OPERATION

PIC32 Requirements
The USB OTG module requires a 48 MHz clock. There
are three methods for providing this clock:

� Use the 8 MHz FRC internal oscillator
� Provide a 48 MHz oscillator on the OSC1/OSC2 

pins
� Use the 96 MHz USB PLL from OSC1/OSC2

The USB PLL is enabled via the UPLLEN Configuration
bit. The oscillator source on the OSC1/OSC2 pins must
operate at a frequency that is a multiple of 4 MHz. This
frequency is divided down to 4 MHz by the USB PLL
prescaler. The USB PLL prescaler does not automati-
cally sense the incoming oscillator frequency. The user
must manually set the PLL divider appropriately to gen-
erate the required 4 MHz output, using the UPLLIDIV
Configuration bits. The 96 MHz PLL output is then fed
into a fixed divide-by-2 frequency divider to generate
the 48 MHz USB clock. The system and peripheral bus
clocks are not affected by the use of the USB PLL.

Alternately, the FRC can be used when the USB
module needs a clock source upon exit from Suspend
mode. The FRC source is selected by setting the
OSCCON<UFRCEN> bit.

Project Requirements
The USB Embedded Host Stack stores information
about the attached device in dynamic memory. Enough
heap space must be allocated for the USB peripheral�s
device descriptor, all configuration descriptors and
64 bytes of overhead. Client drivers may have
additional dynamic memory requirements. If there is
not enough dynamic memory to hold the device
information, the device will fail to enumerate. 

Heap size can be specified in the MPLAB® IDE project
by selecting Project>Build Options�>Project from the
MPLAB IDE main menu. For 16-bit microcontrollers,
select the MPLAB LINK30 tab, and enter a value in the
heap size edit box. Then, click OK.

Using the Stack
Most applications will not interface directly with the
USB Embedded Host Stack. Instead, they will use a
client driver, which in turn will use the Host Stack. Some
applications have additional layers that interface with
the client driver. For example, the application described
by AN1145, �Using a USB Flash Drive on an Embed-
ded Host� has five layers, including the application
layer, as shown by Figure 9. 

FIGURE 9: USB FLASH DRIVE DATA 
LOGGER ARCHITECTURE

The information presented here is primarily intended
for client driver developers.

MCU Clock Division
(CPUDIV<1:0>)

Microcontroller Clock 
Frequency

None (00) 32 MHz
÷2 (01) 16 MHz
÷4 (10) 8 MHz
÷8 (11) 4 MHz

Note: Check the device-specific data sheet for
other possible clocking options or
restrictions.

Note: Check the device-specific data sheet for
other possible clocking options or
restrictions.

Note: For detailed information about the USB
Embedded Host Stack API, please refer to
the API documentation provided in the Help
directory and AN1141, �USB Embedded
Host Stack Programmer's Guide�.

Application Layer

File System Support

SCSI Command Support

Mass Storage Client Driver

USB Host Driver
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Defining a TPL
The Targeted Peripheral List (TPL) must be defined so
the Stack knows what USB peripheral devices it can
support. If the application is using USB OTG, the TPL
may consist only of specific VID and PID pairs for the
supported devices. If the application is using USB
embedded host, then the TPL may consist of supported
classes as well as specific VID and PID pairs.

The TPL can be defined using the configuration tool,
USBConfig.exe, provided with the Stack. See the
�Configuring the Stack� section.

Defining the Event Handlers

CLIENT LEVEL EVENTS
The Stack requires two event handlers in the client
driver. The first is the device initialization handler, which
is called during device enumeration, after the device�s
configuration has been set. The device initialization
handler should be of the type defined by the typedef:

typedef BOOL (*USB_CLIENT_INIT) ( BYTE
address, DWORD flags );

This function performs device initialization specific to the
device�s class. If initialization occurs with no error, this
routine should return TRUE. If errors are encountered,
this routine should return FALSE, and the device will not
be enumerated. Example 1 shows a sample initialization
handler.

EXAMPLE 1: INITIALIZATION HANDLER
BOOL USBHostSampleInitialize( BYTE address, DWORD flags )
{
    // This handler supports one attached device.
    if (deviceHandle != 0)
    {
        return FALSE; // We cannot support this device.
    }
    deviceHandle = address;

    // Initialize something based on flags.
    if (flags & 0x01)
    {
        // Do something
    }
    else
    {
        // Do something else
    }
    return TRUE; // Device successfully initialized
}

DS01140A-page 12 © 2008 Microchip Technology Inc.
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The second event handler is required to handle events
that occur during normal operation. This event handler
should be of the type defined by the typedef:

typedef BOOL (*USB_CLIENT_EVENT_HANDLER)
( BYTE address, USB_EVENT event, void
*data, DWORD size );

For example, one of the events that can occur is
EVENT_DETACH. This occurs when a device has
detached from the bus. In this case, the client driver will
need to update its status by doing operations, such as
removing the device from its list of attached devices
that utilize the client driver. Example 2 shows a sample
event handler.

EXAMPLE 2: EVENT HANDLER

Several events are provided for OTG operations. In
addition, the Stack can be configured to provide trans-
fer events (EVENT_TRANSFER). Refer to the  �Using
Transfer Events� section.

See the API documentation in the Help directory for a
complete list of events.

The Stack requires a list of all initialization and event
handlers for every supported client driver. This list
can be defined using the configuration tool,
USBConfig.exe, provided with the Stack. See the
�Configuring the Stack� section.

BOOL USBHostSampleEventHandler( BYTE address, USB_EVENT event, 
                      void *data, DWORD size )
{
    switch (event)
    {
        case EVENT_DETACH:
            deviceHandle = 0;
            return TRUE;
            break;
    
        // More events handled here…
    }
    return FALSE; // We did not handle the event
}

© 2008 Microchip Technology Inc. DS01140A-page 13
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APPLICATION LEVEL EVENTS
Some events are intended for the top level application
rather than the client driver. The primary example of
this type of event is EVENT_REQUEST_POWER. This
event is generated when a device requests power while
in the process of enumerating. If the application needs
to monitor or control how much power is allocated to
the attached device, it must implement an application

event handler. This event handler must also be of the
type, USB_CLIENT_EVENT_HANDLER, shown above.
The name of the event handler must be entered into the
Name of Application Event Handler field on the Host
tab of the configuration tool, USBConfig.exe (see the
�Configuring the Stack� section). Example 3 shows a
minimum event handler for controlling power.

EXAMPLE 3: APPLICATION LEVEL EVENT HANDLER

If no event handler is implemented, the Embedded
Host Stack will respond as if the event handler returned
TRUE.

Stack Initialization
USB embedded host operation is initialized by a single
function:

BYTE USBHostInit( void );

This function initializes all internal variables for Stack
operation. It should only be called once during the
application�s execution. The USB OTG module on the
microcontroller is not configured in this function.

The USB configuration tool will create a macro,
USBInitialize(), to call all of the initialization
routines required by the USB host driver and the
supported client drivers. 

Normal Stack Operation
After initialization, USB OTG module configuration
and USB embedded host operation are triggered by a
single function:

void USBHostTasks( void );

This function implements the state machine required to
enumerate a device. It should be called at regular
intervals to ensure timely enumeration.

The USB configuration tool will create a macro,
USBTasks(), to call all of the task routines required by
the USB host driver and the supported client drivers.

Communicating with a Peripheral Device

Normal communication with a device is initiated by two
functions:

BYTE USBHostRead( BYTE deviceAddress,
BYTE endpoint, BYTE *data, DWORD size );

BYTE USBHostWrite( BYTE deviceAddress,
BYTE endpoint, BYTE *data, DWORD size );

A return code of USB_SUCCESS (0x00) indicates that
the operation was started successfully. 

BOOL USB_ApplicationEventHandler( BYTE address, USB_EVENT event, 
                void *data, DWORD size )
{
    switch( event )
    {
        case EVENT_REQUEST_POWER:
            // data points to a byte that represents the amount 
            // of power requested in mA, divided by two.
            if (*(BYTE*)data > 50)  // We will allow up to 100mA
            {
                return FALSE;
            }
            break;
    }
    return TRUE;
           // Allow all other events to pass.
}

Note: Applications should use the
USBInitialize() macro instead of the
lower level function call.

Note: Applications should use the USBTasks()
macro instead of the lower level function
call.

Note: This section describes the routines
required for a client driver to communicate
with a peripheral device. Application level
code will not call these functions; instead,
they will utilize the appropriate routine(s)
in the client driver(s).
DS01140A-page 14 © 2008 Microchip Technology Inc.
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After initiating communication, take care that
USBTasks() (USBHostTasks() and any required
client tasks) are performed while waiting for the opera-
tion to complete. The status of the operation can be
determined by calling the function:

BOOL USBHostTransferIsComplete( BYTE
deviceAddress, BYTE endpoint, BYTE
*errorCode, DWORD *byteCount );

If the function returns FALSE, the transfer is not com-
plete, and the returned error code and byte count are
not valid. If the function returns TRUE, the returned
error code indicates the status of the operation, and the
returned byte count indicates how many bytes were
transferred.

A transfer of data from the host to the device might look
like Example 4.

EXAMPLE 4: SEND DATA TO A PERIPHERAL DEVICE
error = USBHostWrite( device, EP1, buffer,  sizeof(buffer) );
if (error)
{
    // There was a problem
}
else
{
    while (!USBHostTransferIsComplete( device, EP1, &error, &count ))
    {
        USBHostTasks();
    }
    if (error)
    {
        // There was a problem
    }
    else
    {
        // The data was transferred successfully
    }
}

© 2008 Microchip Technology Inc. DS01140A-page 15
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Advanced Stack Use

USING TRANSFER EVENTS
Example 4 shows a simple method of transferring data,
but it has the disadvantage that execution is trapped in
a loop while waiting for the transfer to complete. One
way to avoid this is to utilize transfer events.

All client drivers must have an event handler, since
some events must be supported for basic Stack opera-
tion. Transfer events, however, are optional, since they
may not be needed for all applications and they
increase required resources.

Transfer events operate differently than other events in
the system. The completion status of a USB transfer is
determined in the USB ISR, when the transaction com-
plete interrupt fires. However, the transfer event is not
generated at this point. In order to utilize the bus
efficiently, USB interrupts must be as short as possible
to allow as many transactions as possible within one
USB frame (1 ms). The client driver�s event handler
may be rather large and require a great deal of time to
execute, and it may generate another event that must
be handled by another layer of the application, resulting
in a very long delay. Therefore, a transfer event queue
is used. Transfer events (EVENT_TRANSFER) are
enqueued in the ISR along with a structure of the type,
HOST_TRANSFER_DATA, so the application can deter-
mine what transfer completed and whether or not it was
successful. The function, USBHostTasks(),
dequeues the transfer events and sends them to the
client driver�s event handler.

In general, more program and data memory are required
to support transfer events due to the transfer event
queue. The code architecture is more sophisticated, and
this architecture is more difficult for a beginning C
programmer to design, develop, debug and maintain.
However, transfer events allow the client driver to mini-
mize or even eliminate a background task processing
function, utilizing processing bandwidth more efficiently.

TERMINATING TRANSFERS
The Stack has the ability to automatically terminate
transfers that the device is failing to respond to by
counting the number of NAKs that the device sends. If
the application requires a different time-out
mechanism, it can terminate a transfer manually by
calling the function:

void USBHostTerminateTransfer( BYTE
deviceAddress, BYTE endpoint );

ISSUING STANDARD DEVICE REQUESTS
All USB devices respond to certain requests from the
host. The application may issue USB standard device
requests by calling the function:

BYTE USBHostDeviceRequest( BYTE
deviceAddress, BYTE bmRequestType, BYTE
bRequest, WORD wValue, WORD wIndex, WORD
wLength, BYTE *data, BYTE dataDirection
);

The Stack will then issue the requested control transfer
on Endpoint 0. Refer to the USB 2.0 Specification for
more information about standard device requests.

CLEARING ENDPOINT ERRORS
If a transfer is unsuccessful because too many errors
occurred, or because the device stalled the endpoint,
the error must be cleared before another transfer can
be attempted. The error condition may be cleared by
calling the function:

BYTE USBHostClearEndpointErrors( BYTE
deviceAddress, BYTE endpoint );

If a stall occurred, USBHostClearEndpointErrors()
must be called, plus the stall condition on the device
must be cleared. This is done by issuing a CLEAR
FEATURE device request (as described in the  �Issuing
Standard Device Requests� section) with the
ENDPOINT HALT feature selector and the endpoint
number that is currently stalled. Refer to the USB 2.0
Specification for more information about the CLEAR
FEATURE device request.

ACCESSING THE DEVICE AND 
CONFIGURATION DESCRIPTORS
During enumeration, the Stack obtains and stores
the device descriptor and the configuration
descriptors of the device. The client driver can
access the device descriptor by using the
USBHostGetDeviceDescriptor() function. This
function returns a pointer to the device descriptor.

BYTE * USBHostGetDeviceDescriptor( BYTE
deviceAddress );

The client driver can also access the configuration
descriptor of the current configuration by using the
function, USBHostGetCurrentConfiguration-
Descriptor(). This function also returns a pointer
to the descriptor.

BYTE * USBHostGetCurrentConfiguration-
Descriptor( BYTE deviceAddress )
DS01140A-page 16 © 2008 Microchip Technology Inc.
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GETTING STRING DESCRIPTORS
A USB peripheral device may contain one or more string
descriptors that describe items, such as the product, the
manufacturer and the device�s serial number. The index
of the desired string can be obtained by referencing the
appropriate field in the device descriptor. Then, the
desired string can be obtained by calling the function:

BYTE USBHostGetStringDescriptor ( BYTE
deviceAddress, BYTE stringNumber, BYTE
*stringDescriptor, BYTE stringLength )

Example 5 shows how to obtain an attached device�s
serial number.

Refer to the USB 2.0 Specification for more information
about the device descriptor and string descriptors.

EXAMPLE 5: RETRIEVING A DEVICE�S SERIAL NUMBER
deviceDescriptor = USBHostGetDeviceDescriptor( device );
snIndex = deviceDescriptor[16];  //See Device Descriptor spec.
    
if (snIndex != 0)
{
    if (!USBHostGetStringDescriptor( device, snIndex, buffer, 50 ))
    {
        while(!USBHostTransferIsComplete( device, 0, &error, &count ))
        {
            USBHostTasks();
        }
        if (!error)
        {
            // Serial number is in buffer[] in UNICODE
        }
    }
}

© 2008 Microchip Technology Inc. DS01140A-page 17
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CONCLUSION 
The USB Embedded Host Stack for Microchip�s 16-bit
and 32-bit microcontrollers provides a platform for
supporting various USB classes. With these solutions,
applications can now utilize the wide variety of avail-
able USB peripheral devices, including mass storage
and human interface devices. The USB embedded
host capability of the USB OTG module, available on
select 16-bit and 32-bit Microchip microcontrollers,
opens a whole new world for embedded applications. 
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(http://www.microchip.com)
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Note the following details of the code protection feature on Microchip devices:
� Microchip products meet the specification contained in their particular Microchip Data Sheet.

� Microchip believes that its family of products is one of the most secure families of its kind on the market today, when used in the 
intended manner and under normal conditions.

� There are dishonest and possibly illegal methods used to breach the code protection feature. All of these methods, to our 
knowledge, require using the Microchip products in a manner outside the operating specifications contained in Microchip�s Data 
Sheets. Most likely, the person doing so is engaged in theft of intellectual property.

� Microchip is willing to work with the customer who is concerned about the integrity of their code.

� Neither Microchip nor any other semiconductor manufacturer can guarantee the security of their code. Code protection does not 
mean that we are guaranteeing the product as �unbreakable.�

Code protection is constantly evolving. We at Microchip are committed to continuously improving the code protection features of our
products. Attempts to break Microchip�s code protection feature may be a violation of the Digital Millennium Copyright Act. If such acts
allow unauthorized access to your software or other copyrighted work, you may have a right to sue for relief under that Act.
Information contained in this publication regarding device
applications and the like is provided only for your convenience
and may be superseded by updates. It is your responsibility to
ensure that your application meets with your specifications.
MICROCHIP MAKES NO REPRESENTATIONS OR
WARRANTIES OF ANY KIND WHETHER EXPRESS OR
IMPLIED, WRITTEN OR ORAL, STATUTORY OR
OTHERWISE, RELATED TO THE INFORMATION,
INCLUDING BUT NOT LIMITED TO ITS CONDITION,
QUALITY, PERFORMANCE, MERCHANTABILITY OR
FITNESS FOR PURPOSE. Microchip disclaims all liability
arising from this information and its use. Use of Microchip
devices in life support and/or safety applications is entirely at
the buyer�s risk, and the buyer agrees to defend, indemnify and
hold harmless Microchip from any and all damages, claims,
suits, or expenses resulting from such use. No licenses are
conveyed, implicitly or otherwise, under any Microchip
intellectual property rights.
© 2008 Microchip Technology Inc.
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headquarters, design and wafer fabrication facilities in Chandler and 
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devices, Serial EEPROMs, microperipherals, nonvolatile memory and 
analog products. In addition, Microchip�s quality system for the design 
and manufacture of development systems is ISO 9001:2000 certified.



DS01140A-page 20 © 2008 Microchip Technology Inc.

AMERICAS
Corporate Office
2355 West Chandler Blvd.
Chandler, AZ  85224-6199
Tel:  480-792-7200  
Fax:  480-792-7277
Technical Support: 
http://support.microchip.com
Web Address: 
www.microchip.com
Atlanta
Duluth, GA 
Tel: 678-957-9614 
Fax: 678-957-1455
Boston
Westborough, MA  
Tel: 774-760-0087 
Fax: 774-760-0088
Chicago
Itasca, IL  
Tel: 630-285-0071 
Fax: 630-285-0075
Dallas
Addison, TX 
Tel: 972-818-7423  
Fax: 972-818-2924
Detroit
Farmington Hills, MI 
Tel: 248-538-2250
Fax: 248-538-2260
Kokomo
Kokomo, IN 
Tel: 765-864-8360
Fax: 765-864-8387
Los Angeles
Mission Viejo, CA 
Tel: 949-462-9523  
Fax: 949-462-9608
Santa Clara
Santa Clara, CA 
Tel: 408-961-6444
Fax: 408-961-6445
Toronto
Mississauga, Ontario, 
Canada
Tel: 905-673-0699  
Fax:  905-673-6509

ASIA/PACIFIC
Asia Pacific Office
Suites 3707-14, 37th Floor
Tower 6, The Gateway
Harbour City, Kowloon
Hong Kong
Tel: 852-2401-1200
Fax: 852-2401-3431
Australia - Sydney
Tel: 61-2-9868-6733
Fax: 61-2-9868-6755
China - Beijing
Tel: 86-10-8528-2100 
Fax: 86-10-8528-2104
China - Chengdu
Tel: 86-28-8665-5511
Fax: 86-28-8665-7889
China - Hong Kong SAR
Tel: 852-2401-1200  
Fax: 852-2401-3431
China - Nanjing
Tel: 86-25-8473-2460
Fax: 86-25-8473-2470
China - Qingdao
Tel: 86-532-8502-7355
Fax: 86-532-8502-7205
China - Shanghai
Tel: 86-21-5407-5533  
Fax: 86-21-5407-5066
China - Shenyang
Tel: 86-24-2334-2829
Fax: 86-24-2334-2393
China - Shenzhen
Tel: 86-755-8203-2660 
Fax: 86-755-8203-1760
China - Wuhan
Tel: 86-27-5980-5300
Fax: 86-27-5980-5118
China - Xiamen
Tel: 86-592-2388138 
Fax: 86-592-2388130
China - Xian
Tel: 86-29-8833-7252
Fax: 86-29-8833-7256
China - Zhuhai
Tel: 86-756-3210040 
Fax: 86-756-3210049

ASIA/PACIFIC
India - Bangalore
Tel: 91-80-4182-8400 
Fax: 91-80-4182-8422
India - New Delhi
Tel: 91-11-4160-8631
Fax: 91-11-4160-8632
India - Pune
Tel: 91-20-2566-1512
Fax: 91-20-2566-1513
Japan - Yokohama
Tel: 81-45-471- 6166  
Fax: 81-45-471-6122
Korea - Daegu
Tel: 82-53-744-4301
Fax: 82-53-744-4302
Korea - Seoul
Tel: 82-2-554-7200
Fax: 82-2-558-5932 or 
82-2-558-5934
Malaysia - Kuala Lumpur
Tel: 60-3-6201-9857
Fax: 60-3-6201-9859
Malaysia - Penang
Tel: 60-4-227-8870
Fax: 60-4-227-4068
Philippines - Manila
Tel: 63-2-634-9065
Fax: 63-2-634-9069
Singapore
Tel:  65-6334-8870
Fax: 65-6334-8850
Taiwan - Hsin Chu
Tel: 886-3-572-9526
Fax: 886-3-572-6459
Taiwan - Kaohsiung
Tel: 886-7-536-4818
Fax: 886-7-536-4803
Taiwan - Taipei
Tel: 886-2-2500-6610  
Fax: 886-2-2508-0102
Thailand - Bangkok
Tel: 66-2-694-1351
Fax: 66-2-694-1350

EUROPE
Austria - Wels
Tel: 43-7242-2244-39
Fax: 43-7242-2244-393
Denmark - Copenhagen
Tel: 45-4450-2828 
Fax: 45-4485-2829
France - Paris
Tel: 33-1-69-53-63-20  
Fax: 33-1-69-30-90-79
Germany - Munich
Tel: 49-89-627-144-0 
Fax: 49-89-627-144-44
Italy - Milan 
Tel: 39-0331-742611  
Fax: 39-0331-466781
Netherlands - Drunen
Tel: 31-416-690399 
Fax: 31-416-690340
Spain - Madrid
Tel: 34-91-708-08-90
Fax: 34-91-708-08-91
UK - Wokingham
Tel: 44-118-921-5869
Fax: 44-118-921-5820

WORLDWIDE SALES AND SERVICE

01/02/08


	Introduction
	USB Overview
	USB Hosts and Peripheral Devices
	Host vs. Embedded Host
	Host Mode Operation
	FIGURE 1: Generic Transfer Structure
	FIGURE 2: Control Transfer Structure
	FIGURE 3: Bulk Transfer Structure


	USB Embedded Host
	Targeted Peripheral List
	TABLE 1: Embedded Host TPL

	Dual Role Device or On-The-Go?
	TABLE 2: OTG TPL


	USB Embedded Host Stack
	Installing the Stack
	FIGURE 4: Installation Directory Structure

	Stack Architecture
	FIGURE 5: USB Embedded Host State Machine

	Configuring the Stack
	FIGURE 6: USB Configuration - Main
	FIGURE 7: USB Configuration - Host
	FIGURE 8: USB Configuration - TPL

	PIC24F Device Requirements
	TABLE 3: Valid Primary Oscillator Configurations for PIC24F USB Operation
	TABLE 4: System Clock Options During USB Operation

	PIC32 Requirements
	Project Requirements
	Using the Stack
	FIGURE 9: USB Flash Drive Data Logger Architecture

	Defining a TPL
	Defining the Event Handlers
	Client Level Events
	EXAMPLE 1: Initialization Handler
	EXAMPLE 2: Event Handler

	Application Level Events
	EXAMPLE 3: Application Level Event Handler


	Stack Initialization
	Normal Stack Operation
	Communicating with a Peripheral Device
	EXAMPLE 4: Send Data to a Peripheral Device

	Advanced Stack Use
	Using Transfer Events
	Terminating Transfers
	Issuing Standard Device Requests
	Clearing Endpoint Errors
	Accessing the Device and Configuration Descriptors
	Getting String Descriptors
	EXAMPLE 5: Retrieving a Device’s Serial Number



	Conclusion
	References
	Worldwide Sales and Service


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.2
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /3Of9Barcode
    /AgencyFB-Bold
    /AgencyFB-Reg
    /Algerian
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /Arnprior
    /BaskOldFace
    /Batang
    /Bauhaus93
    /Baveuse
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /Berylium
    /Berylium-BoldItalic
    /BlackadderITC-Regular
    /BlueHighway
    /BlueHighway-Bold
    /BlueHighwayCondensed
    /BlueHighwayDType
    /BlueHighwayLinocut
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolSeven
    /BradleyHandITC
    /BritannicBold
    /Broadway
    /BrushScriptMT
    /BurnstownDam
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /CarbonBlock
    /Castellar
    /Centaur
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /Chiller-Regular
    /ColonnaMT
    /ComicSansMS
    /ComicSansMS-Bold
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /CreditValley
    /CreditValley-Bold
    /CreditValley-BoldItalic
    /CreditValley-Italic
    /CurlzMT
    /EarwigFactory
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversMT
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /EstrangeloEdessa
    /FelixTitlingMT
    /FootlightMTLight
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Garamond
    /Garamond-Bold
    /Garamond-Italic
    /Gautami
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Gigi-Regular
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /Haettenschweiler
    /HandelGothicEFBold
    /HandelGothicEFMedium
    /HarlowSolid
    /Harrington
    /HighTowerText-Italic
    /HighTowerText-Reg
    /HurryUp
    /Impact
    /ImprintMT-Shadow
    /INCONTROL
    /InformalRoman-Regular
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kredit
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MaturaMTScriptCapitals
    /MICROCHIP
    /MicrosoftSansSerif
    /MinyaNouvelle
    /MinyaNouvelleBold
    /MinyaNouvelleBoldItalic
    /MinyaNouvelleItalic
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MS-Mincho
    /MSOutlook
    /MSReferenceSansSerif
    /MSReferenceSpecialty
    /MT-Extra
    /MVBoli
    /Neuropol
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /OCRAExtended
    /OldEnglishTextMT
    /Onyx
    /PalaceScriptMT
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Papyrus-Regular
    /Parchment-Regular
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PlanetBenson2
    /Playbill
    /PoorRichard-Regular
    /Pristina-Regular
    /Pupcat
    /Raavi
    /RageItalic
    /Ravie
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /ScriptMTBold
    /ShowcardGothic-Reg
    /Shruti
    /SimSun
    /SnapITC-Regular
    /Stencil
    /Stereofidelic
    /SybilGreen
    /Sylfaen
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Teen
    /Teen-Bold
    /Teen-BoldItalic
    /Teen-Italic
    /TeenLight
    /TeenLight-Italic
    /TempusSansITC
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-Italic
    /TwCenMT-Regular
    /VelvendaCooler
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VinerHandITC
    /Vivaldii
    /VladimirScript
    /Vrinda
    /Waker
    /Webdings
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


