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Notice

All information included in this document is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas Electronics products listed herein, please
confirm the latest product information with a Renesas Electronics sal es office. Also, please pay regular and careful attention to
additional and different information to be disclosed by Renesas Electronics such as that disclosed through our website.

Renesas Electronics does not assume any liability for infringement of patents, copyrights, or other intellectual property rights
of third parties by or arising from the use of Renesas Electronics products or technical information described in this document.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights
of Renesas Electronics or others.

Y ou should not ater, modify, copy, or otherwise misappropriate any Renesas Electronics product, whether in whole or in part.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. Y ou are fully responsible for the incorporation of these circuits, software,
and information in the design of your equipment. Renesas Electronics assumes no responsibility for any losses incurred by
you or third parties arising from the use of these circuits, software, or information.

When exporting the products or technology described in this document, you should comply with the applicable export control
laws and regulations and follow the procedures required by such laws and regulations. 'Y ou should not use Renesas
Electronics products or the technology described in this document for any purpose relating to military applications or use by
the military, including but not limited to the development of weapons of mass destruction. Renesas Electronics products and
technology may not be used for or incorporated into any products or systems whose manufacture, use, or sale is prohibited
under any applicable domestic or foreign laws or regulations.

Renesas Electronics has used reasonable care in preparing the information included in this document, but Renesas Electronics
does not warrant that such information is error free. Renesas Electronics assumes no liability whatsoever for any damages
incurred by you resulting from errors in or omissions from the information included herein.

Renesas Electronics products are classified according to the following three quality grades: “Standard”, “High Quality”, and
“Specific’. The recommended applications for each Renesas Electronics product depends on the product’s quality grade, as
indicated below. You must check the quality grade of each Renesas Electronics product before using it in a particular
application. You may not use any Renesas Electronics product for any application categorized as “ Specific” without the prior
written consent of Renesas Electronics. Further, you may not use any Renesas Electronics product for any application for
which it is not intended without the prior written consent of Renesas Electronics. Renesas Electronics shall not be in any way
liable for any damages or losses incurred by you or third parties arising from the use of any Renesas Electronics product for an
application categorized as“ Specific” or for which the product is not intended where you have failed to obtain the prior written
consent of Renesas Electronics. The quality grade of each Renesas Electronics product is“ Standard” unless otherwise
expressly specified in a Renesas Electronics data sheets or data books, etc.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual
equipment; home el ectronic appliances, machine tools; persona electronic equipment; and industria robots.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control systems; anti-disaster systems; anti-
crime systems; safety equipment; and medical equipment not specifically designed for life support.

“Specific™: Aircraft; agrospace equipment; submersible repeaters; nuclear reactor control systems; medical equipment or
systems for life support (e.g. artificial life support devices or systems), surgical implantations, or heathcare
intervention (e.g. excision, etc.), and any other applications or purposes that pose a direct threat to human life.

Y ou should use the Renesas Electronics products described in this document within the range specified by Renesas Electronics,
especialy with respect to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas Electronics shall have no liability for malfunctions or
damages arising out of the use of Renesas Electronics products beyond such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of its products, semiconductor products have
specific characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Further,
Renesas Electronics products are not subject to radiation resistance design. Please be sure to implement safety measures to
guard them against the possibility of physical injury, and injury or damage caused by fire in the event of the failure of a
Renesas Electronics product, such as safety design for hardware and software including but not limited to redundancy, fire
control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures. Because
the evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or system
manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental
compatibility of each Renesas Electronics product. Please use Renesas Electronics products in compliance with all applicable
laws and regulations that regulate the inclusion or use of controlled substances, including without limitation, the EU RoHS
Directive. Renesas Electronics assumes no liability for damages or losses occurring as a result of your noncompliance with
applicable laws and regulations.

This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this
document or Renesas Electronics products, or if you have any other inquiries.

(Note 1) “Renesas Electronics’ as used in this document means Renesas Electronics Corporation and also includes its majority-

owned subsidiaries.

(Note2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.




1RENESAS APPLICATION NOTE

SH7262/SH7264 Group

Implementing the USB Enumeration on the USB Function Controller

Summary

This application note describes the configuration to use the SH7262/SH7264 USB 2.0 host/function module as the USB
function controller and enumerate with the USB host.

Target Device
SH7264 MCU (In this document, SH7262/SH7264 are described as "SH7264".)
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O 1o 0 Lo 18 T 1T o 2
2 A o] o] [ or= V[0 ] LSRR PPPUPTN 3
G T ==Y (<Y (<Y (o7 <Y 22

REJO06B0938-0100/Rev.1.00 October 2009 Page 1 of 24



’ z SH7262/SH7264 Group
u EN ESAS Implementing the USB Enumeration

on the USB Function Controller

1. Introduction

1.1 Specifications
Specifies the SH7264 MCU as the USB function to enumerate with the USB host.

1.2 Modules Used

e USB 2.0 Host/Function Module (USB module)
o Interrupt controller (INTC)

1.3 Applicable Conditions

MCU SH7262/SH7264

Operating Frequency Internal clock: 144 MHz
Bus clock: 72 MHz
Peripheral clock: 36 MHz

Integrated Development Renesas Technology Corp.
Environment High-performance Embedded Workshop Ver.4.04.01
C Compiler Renesas Technology SuperH RISC engine Family
C/C++ compiler package Ver.9.02 Release 00
Compiler Options Default setting in the High-performance Embedded Workshop

(-cpu=sh2afpu -fpu=single -object="$(CONFIGDIR)\$(FILELEAF).obj"
-debug -gbr=auto -chgincpath -errorpath -global_volatile=0 -opt_range=all
-infinite_loop=0 -del_vacant_loop=0 -struct_alloc=1 —nologo)

1.4 Related Application Note
Refer to the related application notes as follows:

e SH7262/SH7264 Group Example of Initialization

REJO06B0938-0100/Rev.1.00 October 2009 Page 2 of 24
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2. Applications

This application uses the USB 2.0 host/function module (USB module) as the USB function to enumerate with the USB
host.

2.1 Overview of USB Module

(1) Includes the USB host controller and function controller compliant to USB high-speed
e Includes the USB host controller and function controller

e USB host controller and function controller can be switched by setting registers

o Includes the USB transceiver

(2) Reduced number of external pins and space-saving installation

o Includes the D+ pull-up resistor (When operating as the function)

e Includes the D+ and D— pull-down resistors (When operating as the host)
e Includes the D+ and D— terminator (When operating at high-speed)

e Includes the D+ and D— output resistor (When operating at full-speed)

(3) Supports all types of USB transfer

Control transfer

Bulk transfer

Interrupt transfer (High-bandwidth is not supported)
Isochronous transfer (High-bandwidth is not supported)

(4) Internal bus interface
e Includes two channels of DMA interface

(5) Pipe configuration
e Includes 8-KB buffer memory for USB communication
e Up to 10 pipes can be specified (including the default control pipe)
e Programmable pipe configuration
e Any endpoint number can be assigned to pipes 1 to 9
e Transfer conditions for pipes are as follows:
— Pipe 0: Control pipe (Default control pipe: DCP), 64-byte fixed single buffer
— Pipes 1 and 2: Bulk or isochronous pipe, continuous transfer mode, programmable buffer size
(Double buffer can be specified up to 2 KB)
— Pipes 3 to 5: Bulk pipe, continuous transfer mode, programmable buffer size
(Double buffer can be specified up to 2 KB)
— Pipes 6 to 9: Interrupt pipe, 64-byte fixed single buffer

(6) Features as the host controller

e High-speed (480 Mbps), full-speed (12 Mbps), and low-speed (1.5 Mbps) supported
e Communicates with multiple peripherals via a hub (tier 1)

o Automatically responds to the reset handshake

e Automatically schedules to transmit SOF, and packets

e Specifies the interval on the isochronous and interrupt transfers
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(7) Features as the function controller

o High-speed (480 Mbps), and full-speed (12 Mbps) supported

o Automatically detects the high-speed or full-speed operation by replying to the reset handshake
e Manages stage on the Control transfer

e Manages the device state

o Automatically responds to the SET_ADDRESS request

o NAK response interrupt (NRDY)

e SOF Tracking and Recovery

(8) Other features

e Completes transfer by counting transactions

o Delays the BRDY interrupt event notification timing (BFRE)

o Automatically clears the buffer memory after reading data from the pipe specified by the DnFIFO (n =0, 1) port
(DCLRM)

e Specifies NAK to the response PID by the end of transfer (SHTNAK)
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2.2 Enumeration

Enumeration is the activity that the USB host detects a device, assigns an address, collects the descriptor information and
configures the detected device. This section describes the configuration required to enumerate with the USB host.

Table 1 lists the configuration required to enumerate with the USB host. Figure 1 shows the enumeration sequence.

Table 1 Configuration to Enumerate with the USB Host

Item Description

Initialization Initializes the USB module as a USB function

Analyzes causes of interrupts occurred in the USB module and handles the
interrupts according to the cause

USB interrupt

Response to request Responds to requests required to enumerate with the USB host

USB host

USB function (SH7264)

V+ pull-up
Connect a
device Bus reset
Reset handshake Device state transition interrupt
| Get the operating mode |
T |
Initialize the DCP

. Set Address request T
Assign an
address Responds automatically

Retrieve the

Connected (VBUS is changed)

USB interrupt

VBUS change interrupt

»
VI

Get Descriptor request

Control transfer stage transition
interrupt

Descriptor information

]

Get Descriptor request

Buffer empty interrupt

device info :
(Data stage continued) (BEMP) _
Descriptor information I
— Set Configuration request
(Configuration value is tContlj?I trgntsfer siage
not equal to 0) ransition IE errup!
1 Jump tq
Sets the pipe | Configured state _
. (Default)
Decuje the. Set Interface request I
configuration, o
Establish the pipe i B _ D
Sets the pipe ait for transition to
(Alternate) the Configured state
I

Main function

Configuration

Transmit/receive data

(Bulk transfer, interrupt transfer etc.)

Figure 1 Enumeration Sequence
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221 Configuration
Figure 2 shows the flow chart of configuration to enumerate as the USB function.

( Configuration procedure )

« Set the STBCRG6 register (MSTP60 bit = 0)
Function: Supply the clock to the USB module

Set the Standby control register 6 (STBCR6) |

v

Set the Interrupt priority register 10 (IPR10) | « Set the interrupt priority of the USB module

v

Set the USB AC characteristics switching | * Set the USBACSWR1 register (JUACS25 bit = 1)
register 1 (USBACSWR1) Funcnon_: Ad_Just th_e eye pattern_m high-speed USB
This setting is required when using the USB module.

Set the System configuration control register | * Set the SYSCFG register (SCKE bit = 1, DPRPU bit = 0)
(SYSCFG) Functions:
(1) Enable to supply the clock to the USB module
(2) Disable to pull up D+ line

« Set the BUSWAIT register (0x0003)

Function: Specify the number of wait cycles during an
access to a register as 3

\J (When bus clock is 72 MHz)

Set the System configuration control register | * Set the SYSCFG register (DCFM bit = 0, USBE bit =1,

(SYSCFG) HSE bit = 1)

Functions:

(1) Specify as the function controller

(2) Enable the USB module to operate

\ (3) Enable to operate in high-speed

Set the CPU bus wait register (BUSWAIT)

Set the Interrupt enable register 0 INTENBO) | * Set the INTENBO register

(VBSE bit =1, DVSE bit = 1, CTRE bit = 1, BEMPE bit = 1,
NRDYE bit = 1, BRDYE bit = 1)

Functions:

(1) Enable the VBUS interrupt

(2) Enable the device state transition interrupt

(3) Enable the control transfer stage transition interrupt
(4) Enable the buffer empty interrupt

(5) Enable the buffer ready interrupt

VBUS is already

connected? * Check if the VBSTS bit in the INTSTSO register is set to

1. Continue to read the register several times and verify
the value to avoid chattering.

No

« Set the SYSCFG register (DPRPU bit = 1)
Function: Enable to pull up D+ line

As the function controller of this module supports
> high-speed and full-speed only, use D+ line to
notify the USB host of the device connection.

Pull up D+ line

End

Figure 2 Configuration Flow Chart
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2.2.2 USB Interrupts
Table 2 lists USB interrupts occur when enumerating with the USB host.

Table 2 USB Interrupts Occur in Enumeration

Interrupt Name Cause

VBUS interrupt When the VBUS state change is detected

Device state transition interrupt When the device state transition is detected

Control transfer stage transition When the control transfer stage transition is detected

interrupt

Buffer state change (BEMP) When all data in the buffer memory is transferred and the buffer is empty

interrupt

Buffer state change (BRDY) When the buffer is ready to be read or written

interrupt (This interrupt occurs when the buffer is ready to be read in the control
transfer)

(1) VBUS interrupt
Figure 3 shows the flow chart of the VBUS interrupt. VBUS interrupt detects the connection or disconnection of the VBUS
pin, and pull up D+ line.

( VBUS interrupt )

« Clear the VBINT bit in the INTSTSO register. Write 1 in bits

| Clear the interrupt request flag | ther than the VBINT bit
other than the it.

« Execute dummy read for three times to take certain time

| Dummy read the interrupt request flag | o clear the flag

| Check the state of VBUS pin | » Check the VBSTS bit in the INTSTSO register. Continue to

read the register several times and verify the value to
VBUS is connected?

avoid chattering.
Yes

« Set the SYSCFG register (DPRPU bit = 1)
Function: Enable to pull up D+ line
As the function controller of this module supports
End high-speed and full-speed only, use D+ line to notify
the USB host of the device connection.

| Pull up D+ line |

| Disable to pull up D+ line | « Set the DPRPU bit in the SYSCFG register to 0.
| Reset the USB module | « Set the USBE bit in the SYSCFG register to 0, and get it

back to 1 again.

End

Figure 3 VBUS Interrupt Flow Chart
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(2) Device State Transition
Figure 4 shows the device state transition. The state of a device transitions from the powered state to the configured state by

an enumeration. As the USB module detects the transition of the device state by the interrupt, it executes the required
process in each state.

Suspended state is detected
(DVST bitis set to 1)

Powered Suspended
state state
(DVSQ = 000) - _

Resume (RESM bit is set to 1)

USB bus reset is detected
(DVST bitis set to 1)

USB bus reset is detected
(DVST is setto 1)

Suspended state is detected
(DVST bitis setto 1)

Default Suspended

- — —

Resume (RESM bit is set to 1)

Set Address is executed
(DVST bitis set to 1)

Set Address is executed
(Address = 0)
(DVST bitis set to 1)

Suspended state is detected
(DVST bitis set to 1)

Suspended
state

- — -

Resume (RESM bit is set to 1)

Set Configuration

is executed
(Configuration Value = 0)
(DVST bit is setto 1)

Set Configuration is executed
(Configuration value # 0)
(DVST bitis set to 1)

Suspended state is detected
(DVST is setto 1)

Configured Suspended
state

(DVSQ =011

- — -

Resume (RESM bit is set to 1)

Notes: DVST: Device state transition interrupt status bit in the Interrupt state register 0 (INTSTSO0)
DVSQ: Device state bit in the Interrupt status register 0 (INTSTSO0)
RESM: Resume interrupt status bit in the Interrupt status register 0 (INTSTSO0)

Figure 4 Device State Transition
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Figure 5 shows the flow chart of the device state transition interrupt. This application initializes the descriptor data and the
default control pipe (DCP) when the device transitions to the default state. For more details on descriptors, refer to 2.3

Descriptors.
Figure 6 shows the flow chart of initializing the DCP. For more details on DCP, refer to 2.4 Control Transfer.

( Device state transition interrupt )

« Clear the DVST bit in the INTSTSO register. Write 1 in bits other
than the DVST bit.

| Clear the interrupt request flag

v

Dummy read the interrupt request flag

» Execute dummy read for three times to take certain time to clear the
flag. For more details, refer to 7.10.1 Timing to Clear an Interrupt
Source in the SH7262 Group, SH7264 Group Hardware Manual.

A4

| Read the device state

* Read DVSQ [2:0] bits in the INTSTSO register.

« In the Powered state, pull up D+ line to notify the USB
host of a device connection. " The USB module
automatically responds to the reset handshake to detect
high-speed or full-speed.

Default state?

« In the Default state, the USB device responds to the

No

dler;'g:“f; t(;]aeta request to the default address (address = 0, endpoint = 0)
P from the USB host. Initialize the descriptor data and the
default control pipe (DCP) according the operating mode.
s The USB module automatically responds to the
| | Initialize the DCP | | Set Address request.
End
Y

« In the Address state, the USB device responds to the
request to assigned address from the USB host (The USB
module automatically identify the address).

Address state?

Configured state? Y

No

« In the Configured state, the USB device communicates
with the USB host with the configuration as assigned.

Note: As this application pulls up D+ line when configuring or the VBUS interrupt occurs, it is not included
in this flow chart.

Figure 5 Device State Transition Interrupt Flow Chart
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( Initialize the DCP )
A
Set the DCP maximum packet size | * Set the DCPMAXP register (DCPMAXP = DeviceDescriptor([7])
register (DCPMAXP) Function: Set the maximum data payload size (maximum packet size) for
the DCP. Specify the maximum packet size (eighth byte of the
device descriptor) to notify the USB host.
Y

Clear the DCP buffer

« Set the CFIFOCTR register (CFIFOCTR = 0x4000)
Function: Clear the buffer area for the DCP. When modifying the DCP pipe
information, clear the DCP buffer by this setting.

End

Figure 6 DCP Initialization Flow Chart

(3) Control transfer stage transition

Figure 7 shows the control transfer stage transition. As the USB module detects the state transition in the control transfer by
the interrupt, it executes the required process in each state. For more details on the control transfer, refer to 2.4 Control
Transfer.

Receive the setup token

CTSQ =110
Control transfer

A
. sequence error
Receive the setup token P the setup token are valid
)  ] on all stages in this box
Receive the

setup token

Detect an error

Detecting an error and receiving

Transmit

Transmit
B an ACK ctsQ=001 \PUTOkeN" 150 =010 an ACK B
CTSQ =000 | read " | read " - CTSQ =000
Setup stage Control read transfer ontrol read transfer > idie stage |
Data stage Status stage
. . A
Transmit IN token Transmit
an ACK CTSQ =011 CTSQ =100 an ACK
ontrol write transfer ontrol write transfer
Data stage Status stage
Transmit CTSQ = 101 Transmit
an ACK Control write transfer| anACK
o with no data
Status stage
Notes: - /

CTRT interrupt

1. When the setup stage is complete

2. When the module transitions to the status stage in the control read transfer
3. When the module transitions to the status stage in the control write transfer
4. When the control transfer is complete

5. When the control transfer sequence error occurs

Figure 7 Control Transfer State Transition
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Figure 8 shows the flow chart of the control transfer transition interrupt. This application uses the control read transfer and
control write transfer with no data only. For more details on request, refer to 2.2.3 Response to Requests.

( Control transfer transition interrupt )

v

| Clear the interrupt request flag

v

| Dummy read the interrupt request flag

v

| Check the stage in the control transfer |

« Clear the CTRT bit in the INTSTSO register. Write 1 in bits other than
the CTRT bit.

« Execute dummy read for three times to take certain time to clear the flag.

* Read bits CTSQ [2:0] in the INTSTSO register.

Yes

End

Yes

ata stage in the
ontrol read transfer2

L

: . |* Clear the VALID bit in the INTSTSO register. Clear the bit
No Clear the setup packet receive bit before setting the PID bit as 1 (BUF).

L]

Retrieve the request information

« Check the BREQUEST bit in the USB request type

' register (USBREQ).
Execute the process « Execute requests such as Get Descriptor. For more
according to the request details, refer to 2.2.3 Responds to Request.

L]

| Set the BUF response

« Set the PID bit in the DCPCTR register to 1 (BUF) to
enable an ACK response on the data stage.

tatus stage End
in the control write Yes
transfer (with L

no data)? | Clear the setup packet receive bit |

No

| Retrieve the request information |

v

Execute the process
according to the request

| Set the BUF response |

Enable to complete the « Set the CCPL bit in the DCPCTR register to 1.
control transfer

/
End
tatus stage in th Yes
- Y

ntrol read transf

Enable to complete the
control transfer

End

| Set the STALL response ) . ) ) )
« As this application does not support the control write transfer, Set bits PID [1:0] in the DCPCTR

register to 2 (STALL) to responds STALL. In addition, it responds STALL automatically when a
sequence error occurs.

Figure 8 Control Transfer Transition Interrupt Flow Chart
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(4) Buffer state is changed (BEMP)

Figure 9 shows the flow chart of the BEMP interrupt. This application uses the BEMP interrupt in the control read transfer.
As this interrupt occurs when all data written in the buffer for DCP is transmitted, it transmits the remaining data. When the
size of the transmit data is multiples of the MaxPacketSize, this interrupt transmits data first, and zero-length packet. For
details to start the control read transfer, refer to 2.4.2 Control Read Transfer.

( )

| Check the target pipe status |

BEMP interrupt

| Clear the interrupt request flag |

| Dummy read the interrupt request flag |

| Set the CFIFO port |

erify values
read and write
are same

Yes

FIFO port IS
access-enabled

Yes

Remaining data siz€ No

* Check the BEMPSTS register.

« Clear the PIPEOBEMP bit in the BEMPSTS register.
Write 1 in bits other than the PIPEOBEMP bit.

» Execute dummy read for three times to take certain time
to clear the flag.

» Set the CFIFOSEL register again as saved when the
transfer is started.

* When changing the pipe to access to FIFO port, verify
if the read value and write value match to proceed to
next step.

« Wait until the FRDY bit in the CFIFOCTR register is set
to 1 (ready to access).

< MaxPacketSize?

| Specify the remaining data size as the transfer size

| Specify the MaxPacketSize as the transfer size

+<

Write the transfer size data in the
CFIFO port

v

| Update the remaining data size |

T Ye
Transmission started?

No

| Set the write end |

| Disable the BEMP interrupt for the DCP |

End

« Write data in the CFIFO register using the access width
set in bits MBW [1:0] in the CFIFOSEL register.

* When the MaxPacketSize data is written, the USB
module sets the BVAL bit in the CFIFOCTR register to 1
(write end) and starts transmitting data.

* When the data is smaller than the MaxPacketSize, use
software to set the BVAL bit in the CFIFOCTR register
to 1 and start transmitting data.

« Clear the PIPEOEMPE bit in the BEMPENB register to 0.

Figure 9 BEMP Interrupt Flow Chart
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(5) Buffer state is changed (BRDY)
The BRDY interrupt detects a buffer is in read- or write-enabled state. This interrupt is used when receiving data from the
USB host. As this application does not use the control write transfer, the BRDY interrupt is not used.

2.2.3 Response to Requests

Table 3 lists the USB standard requests used in this application. Request is a command transmitted from the USB host to the
USB function, which is controlled by the control transfer. For more details on the control transfer, refer to 2.4 Control
Transfer.

Table 3 USB Standard Requests Used in This Application

Request Description Direction to access on the data stage
Get Descriptor Reads the descriptor USB function to USB host
(Control read transfer)
Set Address Specifies the device address No data
Set Configuration Sets the device configuration No data
Set Interface Selects an alternate setting for the No data
specified interface

Figure 10 shows the request fields used in this application. Values in the request fields are stored in the USB module
registers.

Request field
bRequest bmRequestType wValue windex wLength
(Get De(?scriptor) d?ritgtigﬁ?tsjgg ijseiﬂﬁt&gryﬁi:f ‘ 0 Descriptor length
(Set Agdress) d?raet;igﬁ?f;; Device address 0 0
(Set Conzguraﬁon) d?re:;igﬁ?ts;g; Configuration value 0 0
(Set Inltirface) d?re:;igﬁ?ts;g; Alternate setting Interface 0
Registers \ ) \ \ A
UsB request e register (USBREQ) |l AU | Gaer USaiNDY) | regiser (USBLENG)

Figure 10 Request Fields Used in This Application
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Figure 11 to Figure 14 show flow charts of major standard requests used in this application. Each request is executed by the
control transfer stage transition interrupt. For the flow chart of the control transfer stage transition interrupt, refer to Figure 8.

Get Descriptor executes the control read transfer to transmit the specific descriptor information to the USB host. For details
to start the control read transfer, refer to 2.4.2 Control Read Transfer.

(Respond to the Get Descriptor request)

* Retrieve wValue from the USB request value register (USBVAL).
Descriptor type is stored in the high byte, and the descriptor index is
stored in the low byte.

| Retrieve the descriptor type and index |

Retrieve the specific address in the * Retrieve the descriptor data address to transfer to the USB host by
descriptor the specific descriptor type and index.

v

| Retrieve the descriptor length

* Retrieve the wLength from the USB request length register

+ (USBLENG).
Prepare to transfer data « Sets the pipe and write data in the CFIFO port to be ready for
(Control read transfer) beginning the data transfer.

End

Figure 11 Flow Chart of Get Descriptor Request

As the USB module automatically responds to the Set Address request shown in Figure 12, developing the response process
by software is not required.

C Response to Set Address request )

* The USB module automatically responds to the Set Address
request. When it is not normal Set Address request, use

End software to respond to the request.
n

Figure 12 Flow Chart of Set Address Request
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The response to the Set Configuration request shown in Figure 13 initializes pipe and buffer to communicate with the USB
host subsequently by the specified configuration value (configuration index value). No data is transferred on the Data stage.
For more details on configuration, refer to 2.3 Descriptors.

<Response to Set Configuration requesD

v

Retrieve the specified configuration value

« Retrieve the wValue from the USB request value register (USBVAL)

Configuration
value = 0?

. « Associate the specified configuration pipe and endpoint
Update the endpoint management table (Use the default value as the interface alternate setting)
Set the pipe and buffer - Set registers related to the pipe and FIFO to use
:I
End

Figure 13 Flow Chart of Set Configuration Request

The response to the Set Interface request shown in Figure 14 reconfigures the pipe and buffer to transfer the specified
interface by the alternate setting. No data is transferred on the Data stage. For more details on interface, refer to 2.3
Descriptors.

G&esponse to Set Interface requesD

v

Retrieve the specified alternate setting « Retrieve the wValue from the USB request value register (USBVAL)
Retrieve the specified interface value « Retrieve the windex from the USB request index register (USBINDX)

v

« Update the association between the pipe and endpoint in the specified

Update the endpoint management table interface
Set the pipe and buffer « Set registers related to the pipe and FIFO to use
End

Figure 14 Flow Chart of Set Interface Request
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2.3 Descriptors

Table 4 lists the overview of descriptors. A descriptor is the data that the USB host identifies the USB function module
attribute correctly. The USB function module defines the descriptor statically, and responds to the Get Descriptor reugest
from the USB host to notify the descriptor information.

Table 4 Descriptor Overview

Descriptor Name Description Remarks
Device Descriptor Defines the device attribute such as the USB
version number, maximum packet size in
endpoint 0, and vendor ID

Configuration Descriptor Defines the configuration ) attribute. Configuration to use is
Multiple configuration descriptors can be specified by the Set
defined in a device. Configuration request.

Interface Descriptor Defines the interface @ attribute. Multiple Alternate setting is
interface descriptors can be defined in a specified by the Set
device. One or more alternate settings can Interface request.
be defined with a single interface.

Endpoint Descriptor Defines the endpoint © attribute. Multiple

endpoint descriptors can be defined per
alternate setting of the interface.

String Descriptor Stores the strings

Device_Qualifier Descriptor Defines operating mode other than the At least one

current operating mode. When the device is | device_qualifier
currently operating at high-speed, it defines | descriptor is required

the setting for high-speed and vice-versa. when enabling the
operation in high-
speed
Other_Speed_Configuration | Defines operating mode other than the At least one
Descriptor current operating mode. When the device is | device_qualifier
currently operating at high-speed, it defines descriptor is required
the setting for high-speed and vice-versa. when enabling the
operation in high-
speed

Notes 1. Configuration is a set of interfaces. Normally, an interface is defined as not to use the same endpoint
(other than endpoint 0) with other interface. However, already-defined endpoint can be assigned again
to the interface when the configuration is newly defined.

2. Interface is a set of endpoints. Configuring the device driver in interfaces simplifies to manage
software. Multiple alternate settings can be defined for interface to select endpoint parameter such as
the maximum transfer size.

3. An endpoint is the logic number to identify the transfer type. When using multiple transfer types such
as the bulk transfer and interrupt transfer to associate endpoints with each transfer type.
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Figure 15 shows the descriptor relationships.

\ \
[ Configuration (1) ] [ Configuration (2) ]

| -

Interface (1)

Interface (0)

|
[ Endpoint (0) ] [ Endpoint (1) J

Figure 15 Descriptor Relationships

Figure 16 shows the descriptor data structure image. For more details, refer to the USB 2.0 Specifications listed in 3
References.

Device Descriptor

Descriptor size, type, the maximum packet size for endpoint O etc.

Configuration Descriptor (1) Configuration Descriptor (2)

Descriptor size, type, descriptor size including the interface descriptor
and endpoint descriptor, the number of interfaces, configuration
number etc.

Interface Descriptor (0, Alt0)

Descriptor size, type, interface number, alternate setting, class code

etc.
Alt0

Endpoint Descriptor (0)

Descriptor size, type, address and direction of the endpoint, transfer
Interface type, the maximum packet size etc.

©)

Endpoint Descriptor (1)

Interface Descriptor (0, Alt1)

Alt 1 Endpoint Descriptor (0)

Endpoint Descriptor (1)

Interface Descriptor (1, AltO)

Interface Alt0 Endpoint Descriptor (0)

1) Endpoint Descriptor (2)

Interface Descriptor (1, Altl)

Alt 1 Endpoint Descriptor (0)

o Endpoint Descriptor (2)

Figure 16 Descriptor Data Structure Image
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2.4 Control Transfer

Control transfer is a transfer type to transmit requests and responds to requests using endpoint 0. The USB module executes
the control transfer using the default control pipe (DCP) and DCP-dedicated buffer.

24.1 Operation Sequence

Control transfer is composed of three stages (setup stage, data stage, and status stage), and each stage is independent
transaction. The USB host transmits a request from the USB host on the setup stage. The USB host transfers data upon
request. And the USB host checks if the request ends normally.

Figure 17 shows the sequence diagram of the control read transfer. Control read transfer is to transmit data from the USB
function to the USB host on Data stage.

USB Host USB Function

Setup transaction

Setup Control ti f ¥
ontrol transfer stage
Setup stage L
petag [ Receives a Setup token Stores the request transition interrupt
DATA () or data
< |
i Transmits ACK |
ACK Setup stage complete interrupt
Returns NAK until it ‘ Analyze the request
receives data I
IN transaction X —(  FIFO buffer Prepare for transmitting
A - 2 data
IN Receives an IN token ax I
Data stage [ Transmits NAK __Enables to transmit data| ~ Start the control read
DATA () 2 (PID = BUF) “a”ISfer
| T
i Receives an IN token g |
- - FIFO buffer |
ACK Transmits data 3 [
)
> |
Receives ACK |
|
OUT transaction - :
Receives an OUT token | -
ouT /null-data Control read transfer status stage
| transition interrupt
Enable to complete the
Status stage -t
g DATA () Enables to transmit ACK control transfer
v - i
Transmits ACK |
ACK |

Figure 17 Control Read Transfer Sequence
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Figure 18 shows the sequence diagram of the control write transfer. Control write transfer is to transfer data from the USB
host to the USB function on Data stage.

USB Host USB Function

Setup transaction

Setup Control transfer stage
- Stores the request L
Set " | Receives a Setup transition interrupt
etup stage
DATA () token/data I
! - Transmits ACK |
ACK Setup stage complete interrupt
Returns NAK until it ‘ Analyze the request
receives data
OUT transaction ------,----.\ _________ - ~
Receives an OUT token B
I
ouT D fdata | &
[ Transmits NAK  Enables to receive data|  Start the control write
- _ transfer
Data stage DATA () % (PID = BUF) i
°
- =f o FIFO buffer
¢ Receives an OUT token € :
m
ACK /data & [
< 2 |
Transmits ACK |
|
) |
IN transaction > o
Receives an IN token Control write transfer status stage
IN transition interrupt
[ ) Enable to complete the
Status stage — - ™ control transfer
9 0 ) Enables to transmit zero-length [
¢ Transmits zero-length packet packet |
L |
ACK Receives ACK |

Figure 18 Control Write Transfer Sequence
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Figure 19 shows the sequence diagram of the control write transfer with no data.

USB Host USB Function

Setup transaction

Setup Stores the request Control transfer stage
Setup stage [ Receives a Setup token a transition interrupt

DATA () /data I
! - Transmits ACK |
Setup stage complete interrupt

ACK

‘ Analyze the request ‘

‘ Handle the request ‘

A P Enable to complete the
- control transfer

(Hw)

IN transaction

\

- Enables to transmit zero-length
Receives an IN token 9 I

Q
>
B packet |
IN = |
m
%) |
[ _ = [
Status stage DATA () " Transmits zero-length '
¢ packet :
ACK Receives ACK - :
1

Figure 19 No-Data Control Write Transfer Sequence
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2.4.2 Control Read Transfer

Figure 20 shows the flow chart of initiating the Control read transfer. Initiate the data transfer by this process, and transfer
the remaining data by the BEMP interrupt.

Prepare to transfer data
(Control read transfer)

* Specify 32-bit wide when the specified address and transfer size is at
| longword boundary, 16-bit wide when the specified address and transfer

| Retrieve the access width

+ size is at word boundary, otherwise, specify 8-bit wide.
| Initialize the CFIFO port | * Set the CFIFOSEL register (CURPIPE [3:0] bits = B'0000,
MBW [1:0] bits = access width, ISEL bit = 1)
Functions:

(1) Specify the pipe on the CFIFO port as the DCP

(2) Specify the access width to the CFIFO port

(3) Specify the direction to access the CFIFO port as to write in the buffer memory
Bit setting must be done at the same time (MBW [1:0] bits can be changed as
appropriate when writing in the FIFO, however, these bits are fixed in this
example).

* When changing the pipe to access the FIFO port, verify if the read value
matches the written value to proceed to the next step.

Read value matches
the written value?

Store the register value « Store the CFIFOSEL register value to set it again by the BEMP interrupt.

» Wait until the FIFO port ready bit in the CFIFOCTR register is set to 1, and

CFIFO port is
the CFIFO port is access-enabled.

access-enabled?

No

Transfer size
< MaxPacketSize?

Write the transfer request size data Write the MaxPacketSize data ¢ Writg fjat? by the access width
in the CFIFO port in the CFIFO port specified in MBF [1:0] bits.
]

r

Store the transfer source address and - Store the transfer source address in the pointer variable, and the remaining
remaining data size data size in the counter variable to use them by the BEMP interrupt.

v

Enable the BEMP interrupt for the DCP | * Set the BEMPENB register (PIPEOEMPE bit = 1)

Funcion: Enable the BEMP interrupt for the DCP

As conflicting multiple register operations may cause an error, use the exclusive
End control as appropriate.

Figure 20 Flow Chart of Initiating the Control Read Transfer
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3.

References

Software Manual
SH-2A/SH-2A-FPU Software Manual Rev. 3.00
The latest version of the software manual can be downloaded from the Renesas website.

Hardware Manual
SH7262 Group, SH7264 Group Hardware Manual Rev. 2.00
The latest version of the hardware manual can be downloaded from the Renesas website.

USB 2.0 Specifications
Universal Serial Bus Specification Revision 2.00
(http://www.usb.org/developers)
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Renesas Technology Website
http://www.renesas.com/

Inquiries
http://www.renesas.com/inquiry

csc@renesas.com
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10.

11.

12.

13.

Notes regarding these materials

This document is provided for reference purposes only so that Renesas customers may select the appropriate
Renesas products for their use. Renesas neither makes warranties or representations with respect to the
accuracy or completeness of the information contained in this document nor grants any license to any
intellectual property rights or any other rights of Renesas or any third party with respect to the information in
this document.
Renesas shall have no liability for damages or infringement of any intellectual property or other rights arising
out of the use of any information in this document, including, but not limited to, product data, diagrams, charts,
programs, algorithms, and application circuit examples.
You should not use the products or the technology described in this document for the purpose of military
applications such as the development of weapons of mass destruction or for the purpose of any other military
use. When exporting the products or technology described herein, you should follow the applicable export
control laws and regulations, and procedures required by such laws and regulations.
All information included in this document such as product data, diagrams, charts, programs, algorithms, and
application circuit examples, is current as of the date this document is issued. Such information, however, is
subject to change without any prior notice. Before purchasing or using any Renesas products listed in this
document, please confirm the latest product information with a Renesas sales office. Also, please pay regular
and careful attention to additional and different information to be disclosed by Renesas such as that disclosed
through our website. (http://www.renesas.com )
Renesas has used reasonable care in compiling the information included in this document, but Renesas
assumes no liability whatsoever for any damages incurred as a result of errors or omissions in the information
included in this document.
When using or otherwise relying on the information in this document, you should evaluate the information in
light of the total system before deciding about the applicability of such information to the intended application.
Renesas makes no representations, warranties or guaranties regarding the suitability of its products for any
particular application and specifically disclaims any liability arising out of the application and use of the
information in this document or Renesas products.
With the exception of products specified by Renesas as suitable for automobile applications, Renesas
products are not designed, manufactured or tested for applications or otherwise in systems the failure or
malfunction of which may cause a direct threat to human life or create a risk of human injury or which require
especially high quality and reliability such as safety systems, or equipment or systems for transportation and
traffic, healthcare, combustion control, aerospace and aeronautics, nuclear power, or undersea communication
transmission. If you are considering the use of our products for such purposes, please contact a Renesas
sales office beforehand. Renesas shall have no liability for damages arising out of the uses set forth above.
Notwithstanding the preceding paragraph, you should not use Renesas products for the purposes listed below:

(2) artificial life support devices or systems

(2) surgical implantations

(3) healthcare intervention (e.g., excision, administration of medication, etc.)

(4) any other purposes that pose a direct threat to human life
Renesas shall have no liability for damages arising out of the uses set forth in the above and purchasers who
elect to use Renesas products in any of the foregoing applications shall indemnify and hold harmless Renesas
Technology Corp., its affiliated companies and their officers, directors, and employees against any and all
damages arising out of such applications.
You should use the products described herein within the range specified by Renesas, especially with respect
to the maximum rating, operating supply voltage range, movement power voltage range, heat radiation
characteristics, installation and other product characteristics. Renesas shall have no liability for malfunctions or
damages arising out of the use of Renesas products beyond such specified ranges.
Although Renesas endeavors to improve the quality and reliability of its products, IC products have specific
characteristics such as the occurrence of failure at a certain rate and malfunctions under certain use
conditions. Please be sure to implement safety measures to guard against the possibility of physical injury, and
injury or damage caused by fire in the event of the failure of a Renesas product, such as safety design for
hardware and software including but not limited to redundancy, fire control and malfunction prevention,
appropriate treatment for aging degradation or any other applicable measures. Among others, since the
evaluation of microcomputer software alone is very difficult, please evaluate the safety of the final products or
system manufactured by you.
In case Renesas products listed in this document are detached from the products to which the Renesas
products are attached or affixed, the risk of accident such as swallowing by infants and small children is very
high. You should implement safety measures so that Renesas products may not be easily detached from your
products. Renesas shall have no liability for damages arising out of such detachment.
This document may not be reproduced or duplicated, in any form, in whole or in part, without prior written
approval from Renesas.
Please contact a Renesas sales office if you have any questions regarding the information contained in this
document, Renesas semiconductor products, or if you have any other inquiries.
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