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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.
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All information contained in these materials, including products and product specifications,
represents information on the product at the time of publication and is subject to change by
Renesas Electronics Corp. without notice. Please review the latest information published by
Renesas Electronics Corp. through various means, including the Renesas Electronics Corp.
website (http://www.renesas.com).
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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.




e About ‘38K0 Group USB Application Notes’
*Explicit samples for 38K0 Group USB implementation
*Programs listed in these notes are examples and should be modified according to the applications

e Related Materials
*RENESAS Microcomputers 38K0 Group Data Sheet

*USB Specification Ver2.0

e Notes on USB Communication
In applications requiring high-reliability, we recommend providing the system with protective measures such as
USB function initialization by software or USB reset by the host to prevent USB communication from being
terminated unexpectedly, for example due to external causes such as noise.


http://www.renesas.com/en/usb
http://www.usb.org/developers/docs.html
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Chapter 1
USB Initial Setting

USB initialization consists of enabling the
USB block and every endpoint setting of the
transfer type and the interrupt configuration.




RENESAS Single-Chip Microcomputer

38K0 Group USB

1.1.USB Function Outline

The 38K0 Group is equipped with a USB Device Control Unit (USBDCU = USB Block). The USBDCU
enables highly effective interfacing with the host computer. This circuit is in compliance with USB Specification
Version 2.0 and supports the following four transfer types, as defined in the specification.

» Control Transfer
Mainly used for data transfer during setup, when the USB device is first attached (two-way transfer).

e [sochronous Transfer
Used for transfer of relatively large quantities of data, such as voice or movie data, which requires a constant
transfer rate (one-way transfer).

o Interrupt Transfer
Used for transfer of relatively small quantities of data to be transferred in real-time, such as keyboard or
mouse input (one-way transfer).

o Bulk Transfer
Used for transfer of data that does not require real-time operations, such as printer output, etc. (one-way
transfer).

The USB Device Control Unit has 4 endpoints (Endpoint 0 to 3). Endpoints 1 to 3 can be used for
Isochronous, Bulk and Interrupt transfers. Endpoint O can only provide Control transfer.

Any data transfer is inhibited during reset on 38K0 MCUs. Initialize the necessary endpoints for the type of
data transfer to be used. The USB block provides the following USB interrupts: USB bus reset interrupt, USB
SOF interrupt and USB device interrupt. Make sure the USB block is in the enabled-state before using the USB
function.

38K0 Group USB Application Notes
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1.2.USB Related Registers

There are a total of 17 USB-related registers, including the index register and the register window. Nine
registers are defined in one register window (same address area), which can be selected by the index register.
In addition to these registers, the USBDCU has three interrupts: USB bus reset interrupt, USB SOF interrupt
and USB device interrupt. See Chapter 2 for more details concerning USB interrupts.

Table 1.1 is a list of USB-related registers and Table 1.2 is a list of registers that require an index-switch.

Table 1.1. USB-Related Registers

Address Symbol Register Name
0010H USBCON USB Control Register
0011H USBAE USB Function Enable Register
0012H USBAO USB Function Address Register
0014H FNUML Frame Number Register LOW
0015H FNUMH Frame Number Register HIGH

0016H USBICON USB Interrupt Source Enable Register
0017H USBIREQ USB Interrupt Source Register

[ [0018H USBINDEX | Endpoint Index Register

0019H EPXXREG1 | Endpoint Field Register 1

001AH EPXXREG2 | Endpoint Field Register 2

001BH EPXXREG3 | Endpoint Field Register 3

001CH EPXXREG4 | Endpoint Field Register 4

—< 001DH EPXXREGS5 | Endpoint Field Register 5

001EH EPXXREG6 | Endpoint Field Register 6

001FH EPXXREGY7 | Endpoint Field Register 7

OFECH | EPXXREG8 | Endpoint Field Register 8
\ [OFEDH | EPXXREG9 | Endpoint Field Register 9

OFF8H  [PLLCON [ PLL Control Register

003CH IREQ1 Interrupt Request Register 1
003EH ICON1 Interrupt Control Register 1

\/

Refer to Table 1.2

38K0 Group USB Application Notes
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Table 1.2. List of Registers Switched by Endpoint Index Register (USBINDEX)

Index
Register Address Symbol Register Name
Value

00H 0019H [EP0OSTG |1 EPOQ Status Register
001AH | EPOOCONT |1 EP00 Control Register 1
001BH | EPOOCON2 | EPOO Control Register2
‘001CH | EPOOCON3 | EPOO Control Register 3
001DH | EPOOREQ | EPOO Interrupt Source Register
001EH | EPOOBYT |1 EP00 Byte Number Register
001FH |- -
OFECH |- -
OFEDH | EPOOBUF EPOO Buffer Area Setup Register

0TH 0019H |EPOTCFG |1 EPO1Setup Register
001AH | EPO1CON1T | EPO1 Control Register 1
001BH__| EPO1CON2 | EPO1 Control Register2
001CH | EPOTCON3 | EPO1 Control Register 3
001DH | EPOTREQ |1 EPO1 Interrupt Source Register
001EH | EPO1BYTO |1 EP01 Byte Number Register 0~
001FH | EPO1BYT1 |1 EP01 Byte Number Register 1
OFECH | EPOIMAX |1 EP01 MAX Packet Size Register
OFEDH | EPO1BUF EPO1 Buffer Area Set Register

02H 0019H | EPO2CFG || EPO2 SetRegister
001AH | EPO2CON1 || EPO2 Control Register 1
001BH | EPO2CON2 || EPO2 Control Register2
001CH | EPO2CON3 || EPO2 Control Register 3
001DH | EPO2REQ || EPO2 Interrupt Source Register
001EH | EPO2BYTO || EP0O2 Byte Number Register 0
001FH | EPO2BYTT || EP0O2 Byte Number Register 1
OFECH | EPO2ZMAX || EP02 MAX Packet Size Register
OFEDH | EPO2BUF EPO02 Buffer Area Set Register

03H 0019H | EPO3CFG |1 EPO3 Setup Register
001AH | EPO3CONT | EPO3 Control Register 1
001BH | EPO3CON2 | EPO3 Control Register2
001CH | EPO3CON3_ | EPO3 Control Register 3
001DH | EPO3REQ | EPO3 Interrupt Source Register
001EH | EPO3BYTO | EP03 Byte Number Register 0
001FH | EPO3BYTY |1 EP03 Byte Number Register 1~
OFECH | EPO3MAX |1 EP03 MAX Packet Size Register
OFEDH | EPO3BUF EPO3 Buffer Area Set Register

38K0 Group USB Application Notes
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1.3.How to Use the USB Function

In order to use the USB function, enable the USB block and set the appropriate endpoints. Please refer to
the 38K0 Group Data Sheet [USB Register List] for details on how to set each register.
Table 1.3 shows the list of registers that enable the USB block.

Table 1.3. USB Registers that Enable USB Block

Address Symbol Register Name
0010H USBCON USB Control Register
0011H USBAE USB Function Enable Register
0012H USBAO USB Function Address Bit
0016H USBICON USB Interrupt Source Enable Register
0017H USBIREQ USB Interrupt Source Register
0018H USBINDEX | Endpoint Index Register
OFF8H PLLCON PLL Control Register
003CH IREQ1 Interrupt Request Register 1
003EH ICON1 Interrupt Control Register 1

1.3.1. How to Enable the USB Device Block

Always enable the USB block after the oscillation of the MCU has stabilized. After enabling the PLL
operation, add a wait period (about 1ms) to avoid any instability caused by the clock. Then enable the PLL
circuit output after the wait period. By enabling the TrON port of the USBCON register to output “H”, the D+
signal is pulled up and the host (upstream-side) detects a connection of a USB device.

Figure 1.1 shows how to enable the USB block after a hardware reset. Figure 1.2 shows how to setup after a
USB bus reset interrupt.

38K0 Group USB Application Notes
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*x: This bit is not used here and can
( RESET ) be set to either “0” or “1”.

Set Initial Values
(interrupt disabled)

CPUM (003BH) «- 11001100B ~ -q------- >

S - elnitial settings after hardware reset.

#Set to single-chip mode

#Set to stack 1-page

eSet main clock (XIN) as system clock
#Set @ = main clock (XIN)

*The above settings are examples only.

PLLCON (OFFBH) « 11101000B --------- # oPLL operation mode: set to 8-fold (when f(XIN) = 6MHz)

oSystem clock fSYN: divide-by-6 (48 MHz/6 = 8MHz)

eEnable PLL operation

*When increasing oscillation for PLL, wait for
oscillation stabilization.

USBCON (0010H) « 10110110B  -4-------- » eEnable TrON output, set TrON to “H” output mode
eEnable USB ref. voltage circuit operation, set

to normal mode (Note.2)
eEnable up-port difference input circuit operation
eSet USB clock to f(XIN)
eEnable USB block

USBAO (0012H) < 00H

USBAE (0011H) «- 01H T > #Set to function-address enabled
6
IREQ1 (003CH) < xxxxx000B | __(__)____> eClear USB-related interrupt request registers
ICON1 (003EH) « xxxxx101B eEnable USB bus reset interrupt

eEnable USB device interrupt

(interrupt enabled)

PLL circuit stable? =>------ - eWait until PLL circuit oscillation has stabilized.

USBCON (0010H) «- 11110110B  —-q4-------- » oSet USB clock to PLL circuit output
(eEnable TrON output, set TrON to “H” output mode)
(eEnable USB ref. voltage circuit operation,
set normal mode) (Note.2)
(eEnable USB module operation)

\

Note 1: This flowchart only shows steps that are related to the USB function.
Note 2: This setting is at Vcc=5V operation. At Vcc=3V operation, USB reference voltage enable bit (VREFE) must be
set to disable (“0”) (USB reference voltage control bit is ignored).

Figure 1.1 USB Device Block Enable and Initialization Process Example (at hardware reset)

38K0 Group USB Application Notes
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The following are detailed descriptions of the steps shown in [Figure 1.1 USB Device Block Enable and
Initialization Process Example (at hardware reset)].

(1) After setting the PLLCON register to generate a 48MHz USB clock, enable the PLL operation. The
actual USB clock (fUSB) is supplied by setting the USB clock selection bit of the USBCON register to
fVCO.

(2) The PLL circuit needs about 1ms for the output clock to stabilize after operation is enabled. Therefore,
you must set the USB clock selection bit of USBCON to external oscillation f(XIN) for the first USB clock
f(USB). At hardware reset, the USB clock select bit is “0” already.

(3) After PLL output clock stabilization, set the USBCON register USB clock select bit to “1” and the PLL
clock output circuit (fVCO) is enabled..

(4) The USBCON USB reference voltage control bit is set to “0” in normal mode and “1” in suspend mode.*'

(5) The USBCON USB module operation enable bit is set to “1” in USB module operation enabled.

@ About USB module operation enable bit(USBE)

The USB module is initialized by setting the USB module operation enable bit of the USBCON
register to “0”.

The registers that are initialized by a USB module reset are listed below.
For more details, refer to the description “at S/W reset” in the [USB Related Registers] Chapter of the
38K0 Group Data Sheet.

Note that only USBAO (USB Function Address) is automatically initialized (“00” state) when a USB

bus reset interrupt is generated.

Table 1.4 USB Related Registers at S/W Reset

Address Symbol Register Name
0012H USBAO USB Function Address Register
0016H USBICON USB Interrupt Source Enable Register
0017H USBIREQ USB Interrupt Source Register
0019H EP00STG EPOQO Status Register (when USBINDEX = “00”)
001DH EPXXREQ EPXX Interrupt Source Register (XX = USBINDEX = “00” to “03”)

(6) The USB bus reset interrupt and USB Device interrupt are enabled in the ICON1 register setting.

Other USB-related registers are set after the USB bus reset interrupt is executed. Refer to [Chapter 2.3
USB Bus Reset Interrupt] for more details.

*1 This setting is at Vcc=5V operation. At Vcc=3V operation, USB reference voltage enable bit (VREFE) must be set to disable (“0”)
(USB reference voltage control bit is ignored).

38K0 Group USB Application Notes
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[nterrupt generated|
*x: This bit is not used here and
( USB bus reset interrupt can be set to either “0” or “1”.

USBCON (0010H) « 11110110B

———————— - *Enable TrON output, set TrON to “H” output mode

*Enable USB ref. voltage circuit operation, set to normal
mode (Note5)

*Set USB clock to PLL circuit output
*Enable USB module operation

Initialize
USB-related registers ¥ eRefer to [2.3 USB Bus Reset Interrupt]
Setinitial valuesto | t-------- + oRefer to [1.3.2 Example of Initial Endpoint Settings]
endpoints
User Process - - eUser process initialized in bus reset.

Note 1: This flow chart does not show steps such as “sending to stack”.

Note 2: This flowchart only shows steps that are related to the USB function.

Note 3: When D flag and T flag are set in the interrupt-enabled state of the main routine, interrupts may be
executed with the flags set.

Note 4: Shaded areas indicate User Process.

Note 5: This setting is at Vcc=5V operation. At Vcc=3V operation, USB reference voltage enable bit (VREFE)
must be set to disable (“0”) (USB reference voltage control bit is ignored).

Figure 1.2 Initialization Process Example at USB Bus Reset Interrupt
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1.3.2. Initialization of Endpoints

After specifying the endpoints to be set in the USB index register, set the MAX OUT packet size, transfer
type, etc., for each endpoint to be used. Enable the USB interrupt as necessary.
When setting the start address for the buffer area of each endpoint, make sure the addresses for single buffer
and double buffer do not overlap. For more details, refer to [Chapter 3: USB Transfer/Receive].
Figure 1.3 shows an example of initial endpoint settings. Make sure the USB block and USB clock are both
enabled before programming the related registers.

( Set initial values in endpoints )
USBINDEX (0018H) «~ 00H —=q=——=———-- - [Example of Initial EndpointO Settings]
EPOOSTG (0019H) «~ 0OH —=A~—===—-- - oClear setup packet detection bit
EPOOCON1 (001AH) «~ 00H -—=A~——=——-- > «Set response PID during control transfer to NAK response
EPOOCON2 (001BH) <~ 00H ——H-——-——-- -+ oSet buffer enable bit to NAK response
EPOOCON3 (001AH) «~00H  --oA-—-—---- - oSet Control transfer complete enable bit to NAK response
EPOOREQ (001DH) «~ 00H ~  ——de—me— - - oSet Endpoint0 interrupt source register to “00”
EPOOBYT (001EH) «~ 00H e -+ «Set Endpoint0 transfer/receive byte number register to “00”
EPOOBUF (OFEDH) «-09H ——H-——————- - oSet top address of Endpoint0 to “0120H".
USBINDEX (0018H) «- 01H === - [Example of Endpoint1 Settings]
EPO1CFG (0019H) «- 10101110B  —-—-——----- > e\When using 64-byte double buffer for interrupt IN transfer
EPO1CON1 (001AH) « 01H ——]-—————— -+ oSet Response PID to auto-response
EP01CON2 (001BH) « 01H ——]——————— -+ oSet buffer 0 to transfer data preparation complete state
EP0O1CON3 (001AH) «- 01H === - «Set buffer 1 to transfer data preparation complete state
EPO1REQ (001DH) « 00H I P «Set Endpoint1 interrupt source register to “00”
EPO1BYTO (001EH) «- O0H -——-------- - «Set Endpoint1 transfer/receive byte number register to “00”
EPO1BYT1 (001FH) « O0H
EP01BUF (OFEDH) « 10H -] -+ oSet Endpoint1 top address to “0200h”
USBINDEX (0018H) < 02H e - [Example of Endpoint2 Settings]
EP02CFG (0019H) «- 01101110B  —-1-------~= -+ e\When using 64-byte double buffer for bulk IN transfer
EP02CON1 (001AH) « 01H JE - *Set Response PID to auto-response
EP02CON2 (001BH) « 01H JE - *Set buffer 0 to transfer data preparation complete state
EP02CON3 (001AH) « 01H ——fm -+ oSet buffer 1 to transfer data preparation complete state
EP02REQ (001DH) « 00H ——tmm -+ *Set Endpoint2 interrupt source register to “00”
EP02BYTO (001EH) « O0H e ___ - *Set Endpoint2 transfer/receive byte number register to “00”
EP02BYT1 (001FH) « O0H
EP02BUF (OFEDH) « 14H B e it -+ oSet Endpoint2 top address to “0280h”
USBINDEX (0018H) « 03H ik Attt ¥ [Example of Endpoint3 Settings]
EPO3CFG (0019H) « 01001110B  -—f~-——————- ¥ «When using 64-byte double buffer for bulk OUT transfer
EPO3CON1 (001AH) «- 01H - -+ oSet Response PID to auto-response
EPO3CONZ2 (001BH) « 00H ——f-—————— - oSet buffer 0 to no transfer data
EPO3CON3 (001AH) « 00H iints ittt - oSet buffer 1 to no transfer data
EPO3REQ (001DH) « 00H -—f--——- > «Set Endpoint3 interrupt source register to “00”
EPO3BYTO (001EH) «— 00H i it ¥ «Set Endpoint3 transfer/receive byte number register to “00”
EPO3BYT1 (001FH) « O0H
EPO3MAX (OFECH) « 40H ——gm——————— - «Set Endpoint3 MAX packet size to 64 bytes
EPO3BUF (OFEDH) « 18H ——gm——————— - «Set Endpoint3 top address to “0300H”

I

Figure 1.3 Examples of Initial Endpoint Settings
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1.3.3. Re-Enumeration Process During USB Transfer

This process allows you to re-enumerate the MCU during a USB transfer without removing and re-inserting
the USB cable. Follow the re-enumeration process shown in Figure 1.1 using the instructions below.
*Always perform a complete evaluation on the user system when executing this process.

(1) Enable the Detach status by setting TRONE (TrON Output Enable Bit) of the USBCON register to “1”
(output enabled status) and TRONCON (TrON Output Control Bit) to “0” (“L” output mode).

(2) You can also enable the Detach status by setting the TRONE bit to “0” (output disabled status).

(3) After executing Step (1) or (2), add a WAIT of at least 2.5us so that the host has enough time to
recognize the Detach status. A wait is also necessary for the D+ discharge. The length of the WAIT
period will depend on the system itself so it is necessary for the user to evaluate the MCU on the target
system. In addition, the time it takes the TTONCON bit to go to “L” will be longer for Step 2 than Step 1.
This should also be considered when programming the length of the WAIT.

(4) Due to the TrON “L” output mode and the TrON output disable status (Hi-Z status), the USB Device
Control Unit may recognize the SEO state and determine it to be a bus reset. To avoid this, disable the
USB bus-reset interrupt in ICON1 (interrupt control register) before performing Step 1 or 2.

(5) D+ is pulled up by setting the USBCON register TRONE bit to “1” (output enabled status) and the

TRONCON bit to “1” (“H” output mode).

(6) Clear the USB bus-reset interrupt request in the interrupt request register (IREQ1) and enable the USB

bus-reset interrupt in ICON1.

( Re-enumeration Process )

IREQ1 (003CH) « xxxxx000B
ICON1 (003EH) « xxxxx100B

USBCON (0010H) « 11111100B
or B I ——
USBCON (0010H) « 111101x0B

wait !

IREQ1 (003CH) « xxxxx000B
ICON1 (003EH) « xxxxx101B e Rt

( Re-enumeration process completed )

*x : This bit is not in use and
can be set to either “0” or “1”.

oClear USB-related interrupt request registers
eDisable USB bus-reset interrupt

eEnable TrON output, set TrON to “L” output mode
or
3 it (T “Q” (out
_disabled status)
#All other bits keep the same status as when the USB
Block was enabled

*Add wait to allow for recognition of Detach Status by host

oClear USB-related interrupt request registers
eEnable USB bus-reset interrupt

Figure 1.4 Re-Enumeration Process
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2.1. Device State Transition
The USB device moves from one state to another according to the current operations. In the 38K0 Group,
device state transition occurs with each USB interrupt (reset, suspend, resume) or Endpoint0 device standard

request processing.
Figure 2.1 shows device state transitions for the 38K0 Group.

Detect Suspend (USB suspend interrupt)

Suspended

Powered
State

State

Detect Resume (USB resume interrupt)

Detect USB Bus Reset

(USB bus reset interrupt)
Detect USB Bus Reset (USB bus reset interrupt)
/ Detect Suspend (USB suspend interrupt)
Default Suspended
State State

Detect Resume (USB resume interrupt)

Execute SetAddress (USB device interrupt)
(DeviceAddress = 01h to 7Fh)

Detect Suspend (USB suspend interrupt)

Suspended
State

Address
State

Detect Resume (USB resume interrupt)

Execute SetConfigruation (USB device interrupt)
ConfigurationValue = 00h)

Execute SetConfigruation (USB device interrupt)
(ConfigurationValue != 00h)

Detect Suspend (USB suspend interrupt)

Suspended
State

Configured
State

Detect Resume (USB resume interrupt)

Figure 2.1 Device State Transitions
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2.2. How to Use USB Interrupts

The 38K0 Group has three basic sources of USB interrupts: bus reset, device, and USB SOF. The USB
device interrupt is used for data flow control and special USB signals (suspend, resume). Interrupt vector
addresses are shown in Table 2.1 and registers related to USB interrupts are shown in Table 2.2

For details concerning the states and interrupts of each register, refer to Chapters [Interrupts] and [USB
Register List] in the 38K0 Group Data Sheet.

Table 2.1 Interrupt Vector Addresses and Priority

Interrupt Source Priority Vector Address Interrupt Request Generation Conditions
Upper Lower
Reset 1 FFFDH FFFCH | Reset
USB bus reset 2 FFFBH FFFAH | Detection of USB bus reset signal (SEO for 2.5 us)
USB SOF 3 FFFOH FFF8H | Detection of USB SOF signal
Detection of Resume signal (K state or SEO) or
USB device 4 FFF7H FFF6H | Detection of Suspend signal (bus idle for 3ms) or
Transaction complete
External bus 5 FFF5H FFF4H

Table 2.2 USB Registers and Interrupt Registers

Address Symbol Register Name
0016H USBICON USB Interrupt Source Enable Register
0017H USBIREQ USB Interrupt Source Register
0018H USBINDEX | Endpoint Index Register
0019H EPXXREG1 | Endpoint Field Register 1

001AH EPXXREG2 | Endpoint Field Register 2
001BH EPXXREG3 | Endpoint Field Register 3
001CH EPXXREG4 | Endpoint Field Register 4
001DH EPXXREG5 | Endpoint Field Register 5
001EH EPXXREG6 | Endpoint Field Register 6
001FH EPXXREGY7 | Endpoint Field Register 7
OFECH EPXXREGS8 | Endpoint Field Register 8
OFEDH EPXXREG9 | Endpoint Field Register 9
003CH IREQ1 Interrupt Request Register 1
003EH ICON1 Interrupt Control Register 1

13
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2.3. USB Bus Reset Interrupt

The USB bus reset interrupt is generated when SEO continues for 2.5us or more on the USB bus. Table

2.3 lists registers related to USB devices and Figure 2.2 shows an example of the USB device interrupt
routine.

(1) Cause of USB bus reset detection

()

®3)
(4)

(5)

Areset is detected when SEO (“L” level in the D+/D- line) continues on the USB bus for at least 2.5ps.
Action when a USB bus reset is detected

When a USB bus reset is detected as described above, the USB bus reset interrupt request bit of
IREQ1 (Interrupt Request Register) is set to “1”.

USB bus reset interrupt settings

Set the USB bus reset interrupt enable bit of ICON1 (Interrupt Control Register) to “1”.

Conditions for accepting a USB bus reset interrupt

A USB bus reset interrupt will be generated when all of the following conditions are fulfilled:

| Flag (Interrupt Disable Flag) of the processor status register is “0” (interrupt enabled).

eThe USB bus reset interrupt enable bit of ICON1 is “1” (enabled state)

oUSB bus reset interrupt request bit of IREQ1 is “1” (interrupt generated)

USB bus reset interrupt routine

oFigure 2.2 shows an example of the USB bus reset interrupt routine.

o\When a USB bus reset interrupt is received, the interrupt request flag is cleared at the same time the
interrupt is generated. Therefore, it is not necessary to clear the flag in the interrupt routine.

Table 2.3 Registers related to USB Reset Interrupt
Address Symbol Register Name
003CH IREQ1 Interrupt Request Register 1
003EH ICON1 Interrupt Control Register 1

14
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[nterrupt generated|

*x : This bit is not used here and

can be set to either “0” or “1”.
USB Bus Reset Interrupt
USBAE (0011H) « O0H (1) eDisable function address temporarily.
(USBAO (0012H) «— 00H) “Fmmm- - (eSet function address to “00H".)
USBAE (0011H) « 01H #Set function address to “enabled”.
USBIREQ (0017H) « 000000008 ____(_2_)_“_> oClear USB interrupt source registe_r
USBICON (0016H) « 0100 1111B eEnable EP00, EPO1, EP02, EPO3 interrupts

eEnable USB suspend interrupt

IREQ1 (003CH) < xxxxx000B (3) oClear USB-related interrupt request registers
————————— > :
ICON1 (003EH) « xxxxx101B eEnable USB bus reset interrupt
| eEnable USB device interrupt

Set initial values to endpoints

User Process o >

—F—————- - eRefer to [1.3.2 Example of Initial Endpoint Settings]

eUser process initialized in bus reset

C )

Note 1: This flow chart does not show steps such as “save to stack”.
Note 2: This flowchart only shows steps that are related to the USB function.

Note 3: When D flag and T flag are set in the interrupt-enabled state of the main routine, interrupts may be executed
with the flags set.

Note 4: Shaded areas indicate User Process.

Note 5: At the USB bus reset interrupt, The USB function address (USBAOQ) is automatically initialized (to “00”) by
H/W.

Figure 2.2 Example of USB Bus Reset Interrupt Routine

15
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The following are detailed descriptions of the steps shown in [Figure 2.2 Example of USB Bus Reset
Interrupt Routine].

(1) USB address initialization
oWhen setting an address to the USBAO register, if the USBAE register changes from “00H” to”01H”, the
contents of the USBAO register become valid.

(2) USB-related interrupt settings #1
oClear USBIREQ.

eEnable SUSE (USB Suspend Interrupt) and EPOOE (EndpointO interrupt) of the USBICON register.
esEnable the SUSE interrupt and Endpoints 1 to 3 interrupts (EPOXE) as necessary.
*We recommend clearing the interrupt request bits before enabling interrupts.
(3) USB-related interrupt settings #2
oClear IREQ1 interrupts (USB bus reset, USB SOF, and USB device interrupts).
eEnable USB bus reset and USB device interrupts of ICON1.

16
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2.4. USB Device Interrupt

The USB device interrupt is used for data flow control and USB special signals (suspend, resume). The
types of interrupts used for data flow control are listed below.

¢Interrupt generated when EndpointO data transfer/receive is complete
s Interrupt generated when Endpointl data transfer/receive is complete
s Interrupt generated when Endpoint2 data transfer/receive is complete
¢ Interrupt generated when Endpoint3 data transfer/receive is complete

The following two interrupts are used for USB special signals (suspend, resume).

#USB suspend interrupt
#USB resume interrupt

In order to enable the USB device interrupt, set the USB device interrupt enable bit of ICON1 (Interrupt
Control Register) to “1”.

To enable any of the above interrupts, set the corresponding USBICON (USB Interrupt Source Enable
Register) bit to “1”. The bit corresponding to USBIREQ (USB Interrupt Request Register) or EPOXREQ (EPOx
Interrupt Source Register, x = 1 to 3) will indicate the interrupt request state.

Table 2.4 lists the USB device interrupt registers and Figure 2.3 shows an example of the USB device
interrupt routine.

Table 2.4 USB Device Interrupt Registers

Address Symbol Register Name
0016H USBICON USB Interrupt Source Enable Register
0017H USBIREQ USB Interrupt Source Register
0018H USBINDEX | Endpoint Index Register
001DH EPOXREQ EPOx Interrupt Source Register (x = 0 to 3)
003CH IREQ1 Interrupt Request Register 1
003EH ICON1 Interrupt Control Register 1

17
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[nterrupt generated|

*x : This bit is not used here and
( can be set to either “0” or “1”.

USB Device Interrupt

USBICON(0016H)?
USBIREQ(0017H)?

————— - eDetermine interrupt source

USBICON = xxxxxxx1
USBIREQ = xxxxxxx1

' Endpoint0 Interrupt
Process

USBICON = xxxxxx1x
USBIREQ = xxxxxx1x > Endpoint1 Interrupt

Process
<

USBICON = xxxxx1xx
USBIREQ = xxxxx1xx

Endpoint2 Interrupt

Process _|
<
USBICON = xxxx1xxx
USBIREQ = x00cLocx ' Endpoint3 Interrupt (2)
Process

USBICON = X1xXXXXXX
USBIREQ = X1XXXXXX

Suspend Interrupt
Process

USBICON = 1xXXXXXX
USBIREQ = 1XXXXXXX

Resume Interrupt
Process

C )

Note 1: This flow chart does not show steps such as “save to stack”.

Note 2: This flowchart only shows steps that are related to the USB function.

Note 3: When D flag and T flag are set in the interrupt-enabled state of the main routine, interrupts may be
executed with the flags set.

Figure 2.3 Example of USB Bus Device Interrupt Routine

18
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The following are detailed descriptions of the steps shown in [Figure 2.3 Example of Bus Reset Interrupt
Routine].

(1) Interrupt Source Determination Method #1
The bus device interrupt is determined by the AND condition of the enable bit state of USBICON (USB
Interrupt Source Enable Register) and the source bit state of USBIREQ (USB Interrupt Source Register).
In other words, when both bits are “1”, the next step in the process (the Chapter indicated by (2) in Figure
2.3) is valid.

(2) Interrupt Source Determination Method #2
To prevent sources from being ignored and left unprocessed when multiple interrupt sources are
generated simultaneously, each source is checked and processed according to order of receipt.
Depending on the transmission timing, each time interrupts are generated, all bits of both USBICON and
USBIREQ are judged and interrupts are processed accordingly to avoid continuously processing only
Endpoint0.

€ “38K2 group USB sample firmware” has sample procedures (1) and (2).

19
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2.4.1. USB Function/Endpoint Interrupts

The interrupts available for Endpointx are as follows.

¢ Interrupt generated when Endpoint0 data transfer/receive is complete

1.Endpoint0 data buffer ready interrupt
2.Control transfer complete interrupt
3.Status stage transition interrupt
4.Endpoint0 SETUP buffer ready interrupt
5.Error interrupt

o Interrupt generated when Endpointx*' data transfer/receive is complete

1.Endpointx data bufferO ready interrupt
2.Endpointx data buffer1 ready interrupt
3.Error interrupt

« Conditions for accepting a USB function/endpointx interrupt

A USB function/endpointx interrupt will be generated when all of the following conditions are fulfilled:

e| Flag (Interrupt Disable Flag) of the processor status register is “0” (interrupt enabled).

e«The USB device interrupt enable bit of ICON1 (Interrupt Control Register) is “1” (interrupt enabled).
eThe USB device interrupt source bit of IREQ1 (Interrupt Request Register) is “1” (interrupt requested)
oEPOXE (USB Function/Endpointx Interrupt Enable Bit) which corresponds to the USBICON (Interrupt
Source Enable Register) endpoint is “1” (enabled state).

oEPOx (USB Function/Endpointx Interrupt Bit) which corresponds to the USBIREQ (Interrupt Source
Register) endpoint is “1” (interrupt requested).

*This bit is set when at least one bit of EPOx is set to “1”. This cannot be set or cleared by software.
oThe interrupt bits that correspond to the endpoint (value specified by USBINDEX (Endpoint Index
Register)) and EPOXREQ (EPOx Interrupt Source Register) are “1” (interrupt requested).

(When referencing EPOXREQ, set the endpointx that corresponds to USBINDEX.)

« USB function/endpointx interrupt processing

eRefer to [Chapter 3.2.3 Endpoint0 Interrupt] and [Chapter 3.3.3 Endpointx Interrupt] for examples of
interrupt processing.

s\When a USB function/endpointx interrupt is accepted, the USB Device Interrupt Request Flag (the root
flag) is cleared as soon as the interrupt is accepted. Therefore, there is no need to clear the flags when
processing. EPOx of USBIREQ cannot be cleared by software. By clearing the EPOXREQ that
corresponds to the endpoint (the value specified in USBINDEX) to “00”, the endpoint will be cleared by
hardware.

*1

“x” indicates Endpoints 1, 2, and 3.

20
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2.4.2.

USB Suspend Interrupt

The USB suspend interrupt occurs when an idle state is detected on the USB up port for 3.0ms or more.

In the USB suspend state, the USB bus can only bring the total drive current to 500pA or less. Therefore,
when in bus-powered operations, the MCU must be put in the low-power consumption mode after suspend is
detected.

In order to reactivate the device from the suspend state, a request must be sent to the host via a bus activity

on th

e USB up port or resume request a remote wake-up function.

In the suspend state, the USB clock will not oscillate but the USB block will remain enabled, and therefore,
bus activity can be detected by a resume interrupt. (For more details concerning the resume interrupt refer to
[Chapter 2.4.3 USB Resume Interrupt].)

If the device supports remote wake-up, a remote wake-up signal can be delivered according to user system
specifications. For more details concerning remote wake-up, refer to [Chapter 2.4.3.1 Remote Wake-up].

Table 2.5 shows a list of registers related to USB suspend interrupt.

1)

()

®3)

(4)

(%)

(6)

Cause of USB suspend detection

USB suspend is detected when the bus lines are idle (D+ line is “H”, the D- line is “L”) for a period of
3.0ms or more.

Action when a USB suspend is detected

When a USB suspend is detected as described above, bit SUS (USB Suspend Interrupt Request Bit) of

USBIREQ (USB Interrupt Request Register) is set to “1”.

USB suspend interrupt settings

Set bit SUSE (Suspend Interrupt Enable Bit) of USBICON (USB Interrupt Source Enable Register) to “1”

(enabled state).

Conditions for accepting a USB suspend interrupt

A USB suspend interrupt will be generated when all of the following conditions are fulfilled:

| Flag (Interrupt Disable Flag) of the processor status register is “0” (interrupt enabled).

eThe USB device interrupt enable bit of ICON1 (Interrupt Control Register) is “1” (enabled state).

eThe USB device interrupt request bit of IREQ1 (Interrupt Request Register) is “1” (requested).

oBit SUSE of USBICON is “1” (enabled state).

oBit SUS of USBREQ (USB Interrupt Source Enable Register) is “1” (requested).

Recovery from the USB suspend status

The MCU is recovered from the USB suspend status by a USB resume interrupt or remote wake-up.

For more details concerning remote wake-up signals, refer to [Chapter 2.4.3.1 Remote Wake-Up].

Set one of wake-up sources in the USB suspend interrupt routine.

USB suspend interrupt processing

eAn example of the processing routine executed when a USB suspend interrupt is received is shown in

Figure 2.4.

sWhen a USB suspend interrupt is accepted, USB Device Interrupt Request Flag (the root flag) is

cleared as soon as the interrupt is accepted and does not need to be cleared by software during the

interrupt routine. However, bit SUS of USBIREQ must be cleared by software.

Figure 2.5 USB Suspend Interrupt Registers

Address Symbol Register Name
0016H USBICON USB Interrupt Source Enable Register
0017H USBIREQ USB Interrupt Source Register
003CH IREQ1 Interrupt Request Register 1
003EH ICON1 Interrupt Control Register 1

21
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*x : This bit is not used here and

C USB Suspend Interrupt ) can be set to either “0” or “1”.
USBIREQ (0017H) <= x0xxxxxxB  —f-——— -~ > «Clear suspend interrupt request flag
USBICON (0016H) < 10000000B -} ---——- - eEnable USB resume interrupt only
T L Transition to USB block =
: ) low-power consumption mode H
CPUM (003BH) «- xx001x00B  _L_______ - +Set system clock to f(XIN)
USBCON (0010H) « 110111108 @ _ J° vol ireul lon
B low-, r m m
«Disable up-port differential input circuit operation
o(Set USB clock to PLL clock)
o(Enable TrON output, set TrON to “H” output mode)
¢(Enable USB block)
(3) . - .
PLLCON (OFF8H) « OxxxxxxxB ~ -fF------- # eDisable PLL circuit operation
(4)
User Process o I S - eUser process initialized by bus reset.

C )

Note 1: This flowchart only shows steps that are related to the USB function.

Note 2: This routine is a subroutine called up in [Figure 2.3 Example of USB Device Interrupt Routine].

Note 3: Execution of STP instruction (Stop mode: oscillation STOP state) is performed in the main routine.
Refer to [Figure 2.5 USB Suspend Process Examples (MAIN)]

Note 4: Shaded area indicates User Process.

Figure 2.4 Example of USB Suspend Interrupt Routine

22
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The following are detailed descriptions of the steps shown in [Figure 2.4 Example of USB Suspend Interrupt
Routine].

(1) System clock setting
oSince the USB clock will stop, it is necessary to select the main clock f(XIN) with the system clock
selection bit of CPU Mode Register (CPUM).
(2) USB Control Register (USBCON)
esEnable the USB ref. voltage circuit operation (VREFE = “1”)*1, go to low-power consumption mode
(VREFCON = “1”), and input the up-port differential.
e«Change the setting to circuit operation disabled (USBDIFE = “0”). All other bits remain in the
pre-suspend state.
sAlthough the USB reference circuit goes to the low-power consumption mode, TrON stays in the 3V
state. The difference between low-power consumption mode and normal mode is the drive capacity.
(3) Disable PLL operation
#\When Disable PLL circuit operation without changing the PLL operation mode (any setting other than
“00”) of PLLCON (PLL Control Register), the PLL circuit is stopped, the PLL circuit output clock (fVCO)
is fixed to “L”.
(4) User system settings when using BUS Power
eThe user system peripheral circuit control also needs to be switched to the low-power consumption
mode.
o\When using a remote wake-up, enable the interrupts that are included in the wake-up conditions. This
applies only when the remote wake-up from the host is enabled.

The STP instruction (STOP mode: oscillation STOP state) is executed in the main routine after the USB
suspend interrupt processing shown in Figures 2.4.
Examples of USB suspend processes, which are executed in the main routine, are shown in Figure 2.5.

C USB Suspend Process )

*This routine assumes that called up 1ms in the main routine.

~~~P .Determine whether the device state has

been switched to the suspend state.

Suspend State?
NO

| CLI ‘I‘ “““ P «Enable interrupt.

I STP _I. ______ - *Stop external oscillation (STOP mode)

STP instruction execution, the internal clock ® stops "H” and XIN oscillation stops.
The MCU waits for USB resume interrupt or remote wake-up source interrupt. Before
STP instruction, enable recover source interrupts.

C )

Note 1: This flowchart only shows steps that are related to the USB function.
Note 2: This routine is a subroutine called up in the main routine.
Note 3: Shaded area indicates User Process.

Figure 2.5 USB Suspend Processing Example (Main Routine)

*1 This setting is at Vcc=5V operation. At Vcc=3V operation, USB reference voltage enable bit (VREFE) must be set to disable (“0”)
(USB reference voltage control bit is ignored).
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2.4.3. USB Resume Interrupt

USB resume interrupt occurs when the USB block detects a state change of the USB bus during the
suspend state. Because the USB resume interrupt is generated due to a state change of the USB bus, the
interrupt will occur even if no clock (USB clock) is supplied to USB block.

Registers related to the USB resume interrupt are listed in Table 2.7.

(1) Cause of USB resume detection
A USB resume is detected when the state of the USB bus changes: when detecting a change of “J” to
“K” or “SEO”.
(2) Action when a USB resume is detected
When a USB resume is detected as described above, bit RSM (Resume Interrupt Bit) of USBIREQ
(USB Interrupt Source Register) is set to “1”.
(3) USB resume interrupt settings
Set bit RSME (Resume Interrupt Enable Bit) of USBICON (USB Interrupt Source Enable Register) to “1”
(enabled state).
(4) Conditions for accepting USB resume interrupt
A USB resume interrupt will be generated when all of the following conditions are fulfilled:
e| Flag (Interrupt Disable Flag) of the processor status register is “0” (interrupt enabled).
eThe USB function interrupt enable bit of ICON1 (Interrupt Control Register) is “1” (enabled state).
eThe USB function interrupt request bit of IREQ1 (Interrupt Request Register) is “1” (requested)
*Bit RSME of USBICON is “1” (enabled state)
«Bit RSM of USBIREQ is “1” (requested).
(5) USB resume interrupt processing
#An example of the processing routine that is executed when a USB suspend interrupt is accepted is
shown in Figure 2.6.
o\When a USB resume interrupt is accepted, USB Device Interrupt Request Flag (the root flag) is cleared
as soon as the interrupt is accepted and does not need to be cleared by software during the interrupt
routine. Please note that bit RSM of USBIREQ cannot be cleared by software. Setting 0 to bit RSME of
USBICON will automatically clear bit RSM.

Table 2.6 USB Resume and Remote Wakeup Registers

Address Symbol Register Name
0010H USBCON USB Control Register
0016H USBICON USB Interrupt Source Enable Register
0017H USBIREQ USB Interrupt Source Register
003CH IREQ1 Interrupt Request Register 1
003EH ICON1 Interrupt Control Register 1
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*x : This bit is not used here and
can be set to either “0” or “1”.
USB Resume Interrupt
.................................................................................................................... Restore USB related registers to
: pre-suspend condition suspend state.
(1)
PLLCON (OFF8H) < x00xxxxxB D - eSet PLL to through-mode (no up-scaling)
(2)
USBCON (0010H) « xOxxxxxxB e » *Set USB Clock to f(XIN).
(3)
PLLCON (OFF8H) « 1xxxxxxxB —fm—————- - oPLL starts operating
(4) o
USBCON (0010H) «- 10110110B - ———-— » eEnable USB ref, voltage circuit, set to normal mode
sEnable up-port differential input circuit
oSet USB Clock to f(XIN)
(eEnable TrON Output and set TrON to “H” output mode)
(eEnable USB block)
5
USBICON (0016H) «- 00000000B ____E_)___> «Clear USB interrupt source register
USBIREQ (0017H) < 000000008 «Clear USB interrupt source enable register
(6)
Restore USBICON - » eRestore USBICON pre-suspend state condition
Set PPL circuit stabilization timer ___£7_)___> «Set PLL stabilization timer for 10ms
(shared with K-state output timer) (shared with timer for 10ms output of K state)
(8)
User Process —-————- - eRestore states to pre-suspend condition.
(interrupt settings, etc.)
( RTS )
Note 1: This flowchart only shows steps that are related to the USB function.
Note 2: This routine is a subroutine called up in [Figure 2.3 Example Routine of USB Device Interrupt]
Note 3: The shaded area indicates User Process.

Figure 2.6 Example of USB Resume Interrupt Routine
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The following are detailed descriptions of the steps shown in [Figure 2.6 Example of USB Resume Interrupt
Routine].

(1) Setting the PLL operation mode to through mode

eThe PLL circuit output clock (fVCO) is fixed to “L” during the suspend state. The PLL circuit must be
released in the following manner. (If the clock remains in the “L” level, the USB clock in Step (2) cannot
be switched).

sWhen Set the PLL operation mode of PLLCON (PLL Control Register) to “no-up scaling” (“00” =
through mode), in the through mode, external clock f(XIN) will be output through PLL even if PLL circuit
operation is disabled.

(2) USB clock settings

oSet the USB clock to f(SIN) (UCLKCON = “0”) in order to initiate PLL clock operation.

*After the PLL circuit is enabled, the output clock needs approximately about 1ms stabilize. Therefore,
the USB clock selection bit of USBCON must be set to “0” and f(XIN) (external oscillation) must be used
as the initial USB clock.

(3) Starting PLL circuit operation

eSet PLL circuit operation of PLLCON to “1”. After the PLL circuit has stabilized (after 1ms) set the USB
clock to PLL circuit output clock (fVCO) in the main routine.

(4) USB Control Register (USBCON) settings

eReturn the MCU to the pre-USB suspend state settings: USB ref. voltage circuit operation enabled
(VREF = “1)*' normal mode (VREFCON = “0”), and up-port differential input circuit operation enabled
(USBDIFE = “1").

(5) Clearing USBIREQ, USBICON

oClear USBIREQ (USB Interrupt Source Register) and USBICON (USB Interrupt Source Enable
Register).

oClear the interrupt request bit by setting bit RSME (Resume Interrupt Enable Bit) of USBICON to “0”
(disabled), This will clear bit RSM (Resume Interrupt Source Bit) of USBIREQ by hardware. This bit
cannot be cleared by software.

(6) Recovering USBICON (USB Interrupt Source Enable Register)

eReturn the contents of USBICON to its pre-USB suspend state settings.

(7) Setting PLL circuit operation stabilization timer and remote wake-up signal “K” state output timer

e Set PLL circuit oscillation stabilization wait timer count value.

eFor a case that a remote wake-up signal “K” state output is required, set the “K” state output time
counter.

€ 38K0 group sample firmware sets the timer count value above, which is also used as the main counter,
to 12ms.

(8) Setting bus-powered user system

eInterrupts, etc., set by the user must be restored to their pre-USB suspend state.
eRestore peripheral circuit control and low-power consumption mode to normal mode.

Examples of USB resume processes, which are executed in the main routine, are shown in Figure 2.7. For
more details on the resume interrupt and remote wake-up, refer to [Chapter 2.4.3.1 Remote Wake-up].

*1 This setting is at Vcc=5V operation. At Vcc=3V operation, USB reference voltage enable bit (VREFE) must be set to disable (“0”)
(USB reference voltage control bit is ignored).
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*x : This bit is not used here and

can be set to either “0” or “1".
USB Resume Process

“*This routine assumes that called up 1ms in the main routine.

emote wake-up Proci

A

————— - eDetermine whether Remote wake-up

Process mode or USB Resume Process
mode.

NO r USB Resume Proci

€ed remote wake-up sig

NO tput or Resume proc eDetermine whether recovery from stop mode is

due to interrupt from remote wake-up or USB
Resume signal.

USBCON(0010H) « xxxxxxx1B -—-I ----- - oK state output starts
Timer count for PLL circuit operation ta | _ ____, >-Timer counts until PLL oscillation has stabilized.
stabilize(shared with K state output) eShared with timer for 10ms output of K state.

PLL circuit stable?
10ms elapsed?

# eEnable PLL circuit operation with resume
interrupt. Wait 10ms for PLL circuit to stabilize.

YES
| USBCON(0010H) «~ xLxxxxx0B -—-I ————— -» *Stop K state output
eSet USB clock to PLL circuit output
| CPUM(003BH) « xx101x00B --J[ ----- - «Must be reset when using fSYN as system

clock.

C )

Note 1: This flowchart only shows steps that are related to the USB function.
Note 2: This routine is a subroutine called up in the main routine.
Note 3: Shaded area indicates User Process.

Figure 2.7 USB Resume Processing Example (Main Routine)
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2.4.3.1.Remote Wake-up

When reactivating the MCU in the suspend state with a source from the device side, send out a remote
wake-up signal which will trigger a request for the host to reactivate operations.
The remote wake-up function in the 38K0 Group, outputs K state to the up-port for 10ms, and then stops the

K state output.(10ms output time must be cleared by F/W.)

To reactivate the MCU in the suspend state using a device source, after the remote wake-up interrupt is
generated, execute the device interrupt process at the same time the resume interrupt is generated. Then
process the remote wake-up output. Figure 2.8 shows an example of the remote wake-up process routine.

( Remote Wake-up Interrupt

)

USB Resume Interrupt
Process

Clear the corresponding interrupt
request bit.

Clear the corresponding interrupt
enable bit

(

*x : This bit is not used here and
can be set to either “0” or “1".

eRefer to Figure 2.6 Example Routine of USB Resume
Interrupt].

eDisable the interrupt for remote wake-up and clear the
interrupt request bit.

*Not necessary when already included in User Process
as part of the USB resume interrupt process.

Note 1: This flowchart does not show details such as register store and recovery.
Note 2: When D flag and T flag are set in the interrupt-enabled state of the main routine; interrupts may be

executed with the flags set.

Note 3: This flowchart only shows steps that are related to the USB function.
Note 4: Execution of STP instruction (Stop mode: oscillation STOP state) is performed in the main routine.
Refer to [Figure 2.5 USB Suspend Processing Example (Main Routine)]

Figure 2.8 Example of Remote Wake-Up Interrupt Routine
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2.5.USB SOF Interrupt

The USB SOF interrupt is used for isochronous transfers.

)

)

®)
(4)

Cause of USB SOF interrupt request

eThe USB SOF interrupt request is generated when an SOF packet is received from the host by the
USBDCU.

oIf an SOF packet is sent from the host PC when the USB SOF interrupt enable bit of ICON1 (Interrupt
Control Register) is “1”, a USB SOF interrupt is generated. If the SOF packet is has an error for some
reason and cannot be received successfully within 250ns of the frame opening, a USB SOF interrupt will
not be generated.

Action when a USB SOF interrupt is detected

The frame numbers (11 bits) of the SOF packet received from the host are stored in frame number
registers Low and High (FNUML, FNUMH) automatically by hardware.

USB SOF interrupt settings

Set USB SOF interrupt enable bit of ICON1 to “1”.

Conditions for accepting a USB SOF

A USB SOF interrupt will be accepted if all of the following conditions are fulfilled:

| Flag (Interrupt Disable Flag) of the processor status register is “0” (interrupt enabled).

eThe USB SOF interrupt enable bit of ICON1 “1” (enabled state).

eThe USB SOF interrupt request bit of IREQ1 is “1” (interrupt requested).

Table 2.8 USB SOF Interrupt Registers

Address Symbol Register Name
003CH IREQ1 Interrupt Request Register 1
003EH ICON1 Interrupt Control Register 1
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3.1. Endpoint Setup Register

The 38K0 Group uses the following endpoints for USB transfer/receive operations: EndpointO for control
transfers, Endpoints 1 to 3 for interrupt, bulk and isochronous transfers.

USB transfer/receive (endpoint) related registers are described in Tables 3.1 to 3.3. When using Endpoint0
or Endpoints 1 to 3 for USBINDEX (Endpoint Index Register), set the values indicated in Figure 3.1.

Table 3.1 Endpoint Index Register
Address Symbol Register Name

0018H USBINDEX | Endpoint Index Register

Endpoint Index Register (0018H)

USBINDEX

00 : Endpoint0
> 01 : Endpointl
10 : Endpoint2
11 : Endpoint3

Figure 3.1 Endpoint Index Register Settings

Table 3.2 shows the registers required for setting Endpoint0 (control transfers).

The maximum packet size for control transfers is always set at 8 bytes. Set the top address of the Endpoint0
buffer in EPOOBUF (EP00 Buffer Area Setup Register). The buffer consists of 8 bytes each of control
command buffer and data buffer. For more details refer to [Chapter 3.2.2 Endpoint0 Buffer Area Setup].

When setting/referencing EndpointO registers, set “00” in USBINDEX before accessing the registers.

Table 3.2 USB Endpoint0 Registers
Address Symbol Register Name
0019H EPO0OSTG EPOO Status Register
001AH EPOOCON1 | EPOO Control Register 1
001BH EPOOCON2 | EPOO Control Register 2
001CH EPOOCONS3 | EPOO Control Register 3
001DH EPOOREQ EPOO Interrupt Source Register
001EH EPOOBYT EPOQO Transfer/Receive Byte No. Register
001FH - -
OFECH

OFEDH EPOOBUF EPOO Buffer Area Setup Register
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Registers necessary for setting Endpoints 1 to 3 (IN/OUT interrupt, bulk and isochronous transfers) are listed
in Table 3.3.

Perform the transfer/receive settings with the EPOXCFG (EPOx Setup Register) in accordance with the
descriptor settings of Endpoints 1 to 3. The buffer has 2 settings: single buffer mode and double buffer mode
(alternating transfer of DataO and Data1). Set the top address of Buffer 0 with EPOXBUF (EPOx Buffer Area
Setup Register). Set the top address of Buffer 1 bit with BSIZ01 (Double Buffer Top Address Setup Bit of
EPOXCFG) as the relative address. Refer to [Chapter 3.3.2 Endpoints 1 to 3 Buffer Area Settings] for more
details.

Use EPOXCON1 (EPOx Control Register 1) to set responses for transfer/receive transmissions. Use
EPOXxCON2 and EPOXCONS3 (EPOx Control Registers 2 and 3) to enable the buffers.

“X” represents either 1, 2, or 3. When setting/referencing an endpointx register, access the endpointx
register after setting the endpoint value in USBINDEX (Endpoint Index Register).

Table 3.3 USB Endpointx Registers
Address Symbol Register Name
0019H EPOxCFG EPOx Setup Register
001AH EPOXCON1 | EPOx Control Register 1
001BH EPOXCON2 | EPOx Control Register 2
001CH EPOXCON3 | EPOx Control Register 3
001DH EPOXREQ EPOx Interrupt Source Register
001EH EPOXBYTO EPOx Transfer/Receive Byte No. Register 0
001FH EPOXxBYT1 EPOx Transfer/Receive Byte No. Register 1
OFECH EPOXMAX EPOx MAX Packet Size Register
OFEDH EPOxBUF EPOx Buffer Area Setup Register
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3.2. Endpoint0

Endpoint0 is used to perform control transfers. Data is transferred or received in response to a device
request from the host.

Endpoint0 has a control command buffer for the SETUP stage and a data buffer for the DATA stage. Refer
to [Chapter 3.2.2 Endpoint0 Buffer Area] for more details.

A USB Endpoint0 interrupt (5 sources) is generated during EndpointO control transfers. Refer to [Chapter
3.2.3 Endpoint0 Interrupts] for more details.

3.2.1. Control Transfer Formats

The control transfer is a bi-directional transfer mainly used with setup commands. The transfer consists of a
least two transaction-stages (SETUP, STATUS). A control transfer may also include a DATA stage between the
SETUP and STATUS stages.

In USB transmissions, Endpoint0 has a response mechanism for various requests that is sent from the host
through control transfers.

A control transfer consists of SETUP, DATA and STATUS stages. Data transfer and receive is performed in
the DATA stage based on a SETUP stage request sent from the host. The control transfer ends when the
STATUS stage is completed.

+ Control Transfer Transactions
The control transfer consists of the following three transaction types*1. The shaded blocks indicate data
packets transmitted by a device.

(1) SETUP Stage:

SETUP token, data (DATAO), and handshake packets.
ISETUP Token| —> [DATAO (8 byte data)| - |ACK]
(2) DATA Stage:

As in bulk transfers, the DATA transaction is repeated as many times as necessary.
[1] Control Read

IN Toker]| — DATA(0/1)] —[ACK]

iN Token| — DATA(0/1)] —[ACK]

iN Token] - DATA(0/1) - [ACK

(1 transaction)
[2] Control Write:

(1 transaction)

(1 transaction)

[OUT Token] - [DATA(0/1)] — [ACK|

[OUT Token| - [DATA(0/1)] — [ACK]

[OUT Token| - [DATA(0/1)] — [ACK|

(1 transaction)

(1 transaction)

(1 transaction)

(3) STATUS Stage:

This transaction consists of an opposite-of-data-direction token packet and a zero-length DATA packet
(DATA1).
[1] For Control read

lOUT Token — [DATA1 (zero-length data)] — JACK|

[2] For Control write
IN Token| — [DATA1 (zero-length data) — |ACK|

o (1),(2) and (3) is an example in normal transfer.

33
38K0 Group USB Application Notes



RENESAS Single-Chip Microcomputer

38K0 Group USB

+ Control Transfer Sequences
The following three sequences are used for control transfers.

(1) Control read transfer:

ISETUP(DATAO) IN(DATA1] [IN(DATAO) --- IN(DATA1) - OUT(DATA1
SETUP Stage DATA Stage STATUS Stage
(2) Control write transfer:
ISETUP(DATAO)| IOUT(DATA1) |[OUT(DATAO) --- OUT(DATA1) --- IN(DATA1
SETUP Stage DATA Stage STATUS Stage
(3) Control write/no data transfer:
ISETUP(DATAO)| IN(DATA1
SETUP Stage STATUS Stage

3.2.2. EndpointO Buffer Area Setup

The user needs to assign a buffer area for each endpoint in order to perform data transfer/receive.

Endpoint0 (control transfer) has a SETUP token control command buffer and an IN/OUT token data buffer.
Each buffer (8 bytes) is stored in the RAM according to the values set by EPOOBUF (EPOO Buffer Area Setup
Register). Set the control command buffer top address in EPOOBUF, as shown in Figure 3.2., and store the
area in the RAM. An example of the setup is shown in Figure 3.3.

The top address in the control command buffer is 20H times the value set in EPOOBUF. The top address in
the data buffer is 20H times the value set in EPOOBUF plus 8H.

See Figure 3.4 for an image of buffer access.

RAM Area
EPOOBUF >
Control Command Buffer 8 bytes
Set Value Top Address
0000010B 0040H Data Buffer 8 bytes
0000011B 0060H
0011111B 03EOQOH
Figure 3.2 Endpoint0 Buffer
RAM Area
0100H
EPOOBUF Set Top Control Command Buffer 8 bytes
Value Address 0108H
000010008 0100H Data Buffer 8 bytes

Figure 3.3 Example of Endpoint0 Buffer Setup
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""" (1) SETUP Token Data Receive
RAM Area
SETUP Token Data Writ}' Control Command Buffer Read
Host SIE MCU
e Data Buffer
Internal image of 38K0
(2) OUT Token Data Receive
RAM Area
OUT Token Data Control Command Buffer
Host MCU
* \ Data Buffer
Write Read
Internal image of 38K0
--------- (3) IN Token Data Receive
RAM Area
IN Token Data Control Command Buffer
Host |« SIE \ MCU
*1 Data buffer
Read Write
Internal image of 38K0
*1.SIE(Serial Interface Engine) for USB

Figure 3.4 Endpoint0O Buffer Area Access
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3.2.3. EndpointO Interrupts

EndpointO interrupts are used to control data flow during control transfers. EndpointO Interrupt Source
Register is shown in Figure 3.5.

EPOO Interrupt Source Register (001DH)
EPOOREQ

L p» Buffer Ready Interrupt Bit (BRDY00)

L » Control Transfer Complete Interrupt Bit (CTENDOO)

——— Status Stage Transition Interrupt Bit (CTSTS00)

L p SETUP Buffer Ready Interrupt Bit (BSRDY00)

p Error Interrupt Bit (ERROO)

Figure 3.5 SEPOO Interrupt Source Register (EPOOREQ)

(1) SETUP Buffer Ready Interrupt Bit (BRDY00)
This bit goes to “1” (H/W set) when the SETUP token buffer is in the ready state (read enabled). This bit
must be cleared by F/W when an interrupt occurs. (this bit not cleared to “0” automatically by H/W.)

(2) Buffer Ready Interrupt Bit (BRDY00)
This bit goes to “1” (H/W set) when the data buffer is in the ready state (read/write enabled). This bit
must be cleared by F/W when an interrupt occurs. (this bit not cleared to “0” automatically by H/W.)

(3) Control Transfer Complete Interrupt Bit (CTENDOO)
This bit goes to “1” (H/W set) when the control transfer is completed (NULL/ACK response in STATUS
stage). This bit must be cleared by F/W when an interrupt occurs. (this bit not cleared to “0”
automatically by H/W.)

(4) Status Stage Transition Interrupt Bit (CTSTS00)
This bit goes to “1” (H/W set) when CTENDEOO (Control Transfer Complete Enable Bit) of EPOOCON3
(EPOO Control Register 3) is “0” (disabled).
Interrupt generation conditions:
oWhen an IN token is received in response to DATA stage (OUT) during a control transfer.
o\When an OUT token is received in response to a DATA Stage (IN) during a control transfer.
*An interrupt will not be generated during a no-data transfer.
This bit must be cleared by F/W when an interrupt occurs. (this bit not cleared to “0” automatically by
H/W.)

(5) Error Interrupt Bit (ERROQ)
This bit goes to “1” (H/W set) when a control transfer error occurs.
This bit must be cleared by F/W when an interrupt occurs. (this bit not cleared to “0” automatically by
H/W.) However, it is automatically cleared by H/W when a SETUP token is received.
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Figure 3.6 shows EndpointO interrupt processing. Determine the interrupt source at each stage and then
perform receive/transfer setup and buffer read/write. In the SETUP stage, each request is processed after the
data is read out.

( Endpoint O Interrupt )
Data Buffer Ready -
Q Y00 1 Interrupt Process (BRDY00) >
0
<
Control Transfer Complete
CTENDOO Interrupt Process >
1 (CTENDOO)
0
<
STATUS Stage Transition
CTSTS00 , Interrupt Process (CTSTS00)
0
<
SETUP Buffer Ready
BSRDY00 1 Interrupt Process BSRDY00)
0
<
Error -
ERROO 1 Interrupt Process (ERRO00)
0
<

"

RTS )

Note 1: Always judge the interrupt source bit in the order indicated above.
Note 2: This routine is a subroutine called in [Chapter 2.3 USB Device Interrupt Routine Example].

Figure 3.6 Example of EndpointO Interrupt Processing
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3.2.4.Control Transfer Data Receive (Control Write Transfer)

When a request is received for a control write transfer, a SETUP token is received in the SETUP stage,
followed by an OUT token in the DATA stage, ending with an IN token in the STATUS stage. An example of
data receive (normal transfer) in a control transfer is shown in Figure 3.7. The following is a detailed
explanation of the figure.

(1) Receiving a SETUP token in the SETUP stage

When a BSRDYO0O0 interrupt is generated, read the data from the control command buffer. After the data
is read, set CTENDEQO (Control Transfer Complete Enable Bit) of EPOOCON3 (EP00 Control Register 3)
to “1” and BVALOO (Buffer Enable Bit) of EPOOCON2 (EP0OO Control Register 2) to “1”*'. BVALOO must be
enabled by setting PIDO0 (Response PID Bit) of EPOOCON1 (EPOO Control Register 1) to “01” (auto
response).

(2) Receiving an OUT token in the DATA stage

When a BRDYO0O interrupt is generated, read the data from the control command buffer. After the data is
read, set BVALOO of EPOOCONZ2 to “1”. (The BVALOO bit sends a normal response (an ACK in response to
the OUT token) and is automatically cleared by H/W..

(3) Receiving an IN token in the STATUS stage

The CTENDOQO interrupt is generated. At this time, the CTENDEOO (Control Transfer Enable Bit) of
EPOOCONS3 sends a response (sends an ACK in response to the IN token) and the bit is cleared
automatically by H/W.

¢ Error during data receive from Host (for control write/read transfers)
An ERROO interrupt is generated. At this time, PIDO0O of EPOOCON?1 is automatically set to “1x” (STALL
response) by H/W. The STALL response is continuously sent in response to IN/OUT tokens in the DATA
and STATUS stages. However, when the next SETUP stage starts, PID0O0 is automatically set to “00”
(NAK response) by H/W, and the STALL is cancelled. ERROO (Error Interrupt Bit) is cleared automatically
by H/W when the SETUP token is received.

¢ Receiving an unsupported request (for control write/read transfers)
SetPID00 of EPOOCON1 to “1x”. The STALL will continue to be sent in response to IN/OUT tokens in the
DATA and STATUS stages. However, when the next SETUP stage starts, PID0O is automatically set to
“00” (NAK response) by H/W, and the STALL is cancelled. ERQO is cleared automatically by H/'W when the
SETUP token is received.

¢ Receiving a SETUP token (for control write/read transfers)
The following bits are automatically set (cleared to “0”) by H/W when a SETUP token is received.
*PID00 (Response PID Bit) of EPOOCON1 = “00”
*An ACK is automatically sent in response to the SETUP token.
BVALOO (Buffer Enable Bit) of EPOOCON2 = “0”
oCTENDEOQO (Control Transfer Complete Enable Bit) of EPOOCON3 = “0”
«ERROO (Error Interrupt Bit) of EPOOREQ (EPOO Interrupt Source Register) = “0”

*1 u38K2 group USB sample firmware” has sample procedures (1) and (2).
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SETUP Stage

DATA Stage

W i

>

P [IN|STALL

STATUS Stage

OUT/IN|STALL

@

=

@ i

ouT |—Pp| our

/

[ Generate BSRDY00 ] [

interrupt

Generate BRDY0O0
interrupt

)

Y

v

data.

Read data from control
command buffer, decode

Read data from Data buffer

Next process?

v

Received data remaining
eClear BRDY00

eSet BVAL0O =1

— continue to receive data
or go to STATUS Stage
process

Generate CTENDOO

[ interrupt

v

Control transfer complete.

v

— go to data transfer
process

Set the following:

eResponse PID Bit (PID00)
= 1X (STALL response)

«BVAL00=0

«CTENDE00=0

— goto STALL process

— go to STATUS Stage
process

Y Y Y
DATA Stage Unsupported: (1) STATUS Stage (2) DATA Stage (data receive) (3)
(data transfer) «Clear BSRDY00 oClear BSRDY00 oClear BSRDY00
«Clear BSRDY00 «Set CTENDEOO = 1

eResponse PID Bit (PID00)= 01(auto

response)
eSet BVALOO = 1
«Set CTENDEOQO = 1 (Note 2)

— go to data receive process

Note 1: An ERROO interrupt is generated when an error occurs during data receive in any stage.

(When an error occurs, a STALL response is automatically sent by H/W. Therefore, SETUP receive

standby is maintained by F/W.)

Note 2: If CTENDEOO is not set to “1” and remains at “0”, the interrupt in the STATUS stage will be different.

For more details, refer to [Section 3.2.4.1 STATUS Stage Transition Interrupt (CTSTS00 Interrupt)].

Figure 3.7 Example of Data Receive in Control Transfer (normal transfer)
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3.2.4.1. STATUS Stage Transition Interrupt (CTSTSO0O Interrupt)

The CTSTSO0O0 interrupt is generated one time when the STATUS stage transition from Control stage is
detected. By setting CTENDEOQO (Control Transfer Complete Enable Bit) of EPOOCONS3 to “0”, the CTSTSO00
(STATUS Stage Transition Interrupt Bit) interrupt will be generated.

Figure 3.8 shows an example of a control transfer receive when the CTSTSO00 interrupt is generated. The
following is a detailed explanation of the figure.

(1) Receiving a SETUP token in the SETUP stage

When a BSRDYO0O interrupt is generated, read the data from the control command buffer. Set BVALOO
(Buffer Enable Bit) of EPOOCON2 (EPOO Control Register 2) to “1”. BVALOO must be enabled by setting
PID00 (Response PID Bit) of EPOOCON1 (EPOO Control Register 1) to “01” (auto response). In addition,
BSRDY00 (SETUP Buffer Ready Interrupt Bit) must be cleared by F/W. By not setting CTENDEOO (Control
Transfer Complete Enable Bit) of EPOOCONS3 to “1”, the CTSTS00 (STATUS Stage Transition Interrupt Bit)
interrupt will be generated.

(2) Receiving an OUT token in the DATA stage

When a BRDYO0O interrupt is generated, read the data from the control command buffer. After the data is
read, set BVALOO of EPOOCON2 to “1”. (The BVALOO bit sends a normal response (an ACK in response to
the OUT token) and is automatically cleared by H/W. However, BRDYO0O (Buffer Ready Interrupt Bit) must
be cleared by F/W.

(3) Receiving an IN token in the STATUS Stage (send NAK)

The CTSTSO00 interrupt is generated. Interrupt generation conditions require that the CTENDEQQ is “0”
and a NAK is sent in response to the IN token (sending a NAK indicates that the STATUS stage is not yet
complete). However, even if these conditions continue, the CTSTSO00 interrupt will only be generated in
response to the first IN token. At this time, if the CTENDEOO (Control Transfer Enable Bit) of EPOOCONS is
set to “1”, the CTENDOO interrupt will be generated at the next IN token. As mentioned above, the
CTSTSO00 interrupt is only generated once per data transfer sequence. To confirm the completion of a
control transfer, a CTENDOO interrupt should be generated.

In addition, CTSTS00 (STATUS Stage Transition Interrupt Bit) must be cleared by F/W.

(4) Receiving an IN token in the STATUS stage (send ACK)

The CTENDOO interrupt is generated. At this time, the CTENDEQO (Control Transfer Enable Bit) of
EPOOCONS sends a normal response (sends an ACK in response to the IN token) and the bit is cleared to
“0” automatically by H/W.
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SETUP Sage : DATA Sage : STATUS Stage

P IN|STALL

W

P OUT/INISTALL

@)
‘| SETUP ; 9 IN

3)

ou

T —» OuT —§—>|N|NAK
7 /

Generate BSRDY00 Generate BSRDY00 Generate CTSTS00
interrupt interrupt interrupt
Read data from Data buffer STATUS Stage Transition
Read data from control oClear CTSTS00
command buffer, decode v «CTENDEOO = 1
data. Received data remaining
«Clear BRDY 00 -
¢ «Set BVAL0O = 1 Generate CTENDEOD ’
— continue to receive data i
or go to STATUS Stage interrupt
process ¢
Next process?
Control transfer complete.
\ \ \ ¢
DATA Stage Unsupported: (1) STATUS Stage (2) DATA Stage (data receive) (3)
(data transfer) «Clear BSRDY 00 «Clear BSRDY 00 «Clear BSRDY 00
«Clear BSRDY 00 Set the following: «Set CTENDEQO = 1 «Response PID Bit (PID00)= 01(auto
— go to data transfer «Response PID Bit —» go to STATUS Stage response)
process (PIDO0) process «Set BVALOO =1
= 1X(STALL response) (Note 2)
+BVAL00=0 — go to datareceive process
«CTENDE00=0
— go to STALL process

Note 1: An ERROO interrupt is generatedwhen an error occurs during data receive in any stage.
(When an error occurs, a STALL response s automatically sent by HW. Therefore, SETUP receive
standby is maintained by F/W.)

Note 2: CTSTS00 interrupt is generated when CTENDEOQO = “0”.

Figure 3.8 Example of Data Receive in Control Transfer (normal transfer/CTSTSO00 interrupt)
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3.2.5. Control Transfer Data Send (Control Read Transfer)

When a request is received for a control read transfer, a SETUP token is received in the SETUP stage, followed
by an IN token in the DATA stage, ending with an OUT token of the STATUS stage. An example of data receive in
a control transfer is show in Figure 3.9. The following is a detailed explanation of the figure.

(1) Receiving a SETUP token in the SETUP stage
When a BSRDYO0O0 interrupt is generated, read the data from the control command buffer. After the data
is read, set CTENDEQO (Control Transfer Complete Enable Bit) of EPOOCON3 (EP00 Control Register 3)
to “1” and BVALOO (Buffer Enable Bit) of EPOOCON2 (EP00 Control Register 2) to “1”. BVALOO must be
enabled by setting PIDO0 (Response PID Bit) of EPOOCON1 (EPOO Control Register 1) to “01” (auto
response).
(2) Receiving an IN token in the DATA stage
When a BRDYOO interrupt is generated, write the data to the control command buffer. After the data is
written, set BVALOO of EPOOCON2 to “1”. (The BVALOQO bit performs normal transmissions (receives an
ACK in response to the OUT token) and is therefore automatically cleared by H/W.
Because there is no more data to be written when the BRDYO0O interrupt of the last IN token is received,
the BVALOO does not need to be set to “1”.
(3) Receiving an OUT token in the STATUS stage
The CTENDOO interrupt is generated. At this time, the CTENDEOO (Control Transfer Enable Bit) of
EPOOCONS performs normal transmissions (sends an ACK in response to the OUT token) and the bit is
cleared to “0” automatically by H/W.
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SETUP Stage : DATA Stage
(1)~
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: SETUP F——— P IN

STATUS Stage

ouT

Generate BSRDY00
interrupt

\

Read data from control
command buffer, decode data.

!

Next process?

>

[ Generate BRDYOO interrupt }

Data End
Flag set?

[ Generate CTENDOO interrupt J

Control transfer complete.

Remaining
bytes?

Set

Y
— Go to STATUS stage.

v

Number of transfer bytes: “1” or more.
«Set data in Data Buffer
«Set transfer by te number (EPOOBY T)
«Clear BSRDY 00
«BVALOO =1

— Continue sending

Y

Y
Other:
(Data receive process,
STATUS Stage process,
STALL handshake process,
etc.)
— Refer to Data Receive
Process

«BVALOO =1

«Set data in Data Buffer
«Set number of transfer bytes (EPOOBY T)
«Clear BSRDY 00

«CTENDEOQO = 1 (Note 2)
oClear Data End Flag (set in User RAM)

Remaining
bytes?

\

A

Number of transfer by tes: “0".

«Set “0” data in Data Buffer

«Set “0” as transfer byte number (EPOOBY T)
«Clear BSRDY 00

«BVALOO =1

«Set Data End Flag (set in User RAM)

— go to STATUS stage after sending

No send packets remaining (1)

«Set Data End Flag (set in User RAM)
—» go to STATUS Stage after sending

Send packets remaining (2)
— Continue sending

Note 1: An ERROO interrupt is generatedwhen an error occurs during data receive in any stage.
(When an error occurs, a STALL response is automatically sent by H/'W. Therefore, SETUP receive
standby is maintained by F/W.)
Note 2: If CTENDEOO is not set to “1” and remains at “0”, the interrupt in the STATUS stage w ill be different.
For more details, refer to [Section 3.2.5.1 STATUS Stage Transition Interrupt (CTSTS00 Interrupt)].

Figure 3.9 Example of Data Send in Control Transfer (normal transfer)
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3.2.5.1. STATUS Stage Transition Interrupt (CTSTSO0O0 Interrupt)

For more details of CTSTSO00 interrupt, refer to [Section 3.2.4.1 STATUS Stage Transition Interrupt
(CTSTSOO0 Interrupt)]. Figure 3.10 shows an example of a control transfer data send when the CTSTS00
interrupt is generated. The following is a detailed explanation of the figure.

(1) Receiving a SETUP token in the SETUP stage

When a BSRDYO0O0 interrupt is generated, read the data from the control command buffer. Set BVALOO
(Buffer Enable Bit) of EPOOCON2 (EP0O Control Register 2) to “1”. BVALOO must be enabled by setting
PID00 (Response PID Bit) of EPOOCON1 (EPOO Control Register 1) to “01” (auto response). In addition,
BSRDYO00 (SETUP Buffer Ready Interrupt Bit) must be cleared. By not setting CTENDEQOQO (Control
Transfer Complete Enable Bit) of EPOOCON3 (EPOO Control Register 3) to “1”, the CTSTSO00 interrupt will
be generated.

(2) Receiving an IN token in the DATA stage

When a BRDYO0O interrupt is generated, write the data to the data buffer. After the data is written, set
BVALOO of EPOOCON2 to “1”. (The BVALOO bit sends a normal response (an ACK in received in response
to the IN token) and is therefore automatically cleared by H/W.

(3) Receiving an OUT token in the STATUS stage (send NAK)

The CTSTSO00 interrupt is generated. Interrupt generation conditions require that the CTENDEQQ is “0”
and a NAK is sent in response to the OUT token (the NAK handshake indicates that the STATUS stage is
not yet complete). However, even if these conditions continue to be met, the CTSTSO00 interrupt will only
be generated in response to the first IN token. At this time, if the CTENDEOO of EPOOCONS is set to “1”, a
CTENDOO interrupt will be generated at the next IN token. As mentioned above, the CTSTSO00 interrupt is
only generated once per data transfer sequence. To confirm the completion of a control transfer, a
CTENDOOQ interrupt should be generated.

(4) Receiving an OUT token in the STATUS stage (send ACK)

The CTENDOO interrupt is generated. At this time, the CTENDEOO of EPOOCON3 performs normal
transmissions (receives ACK in response to the OUT token) and the bit is cleared to “0” automatically by
H/W.
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SETUP Stage : DATA Stage : STATUS Stage

@ ﬁ‘
o
SETUP L» IN ——>» IN [—P{OUTINAK ¥ OUT

Generate BSRDY00
interrupt Generate BRDY00 Generate CTSTS00
interrupt interrupt
STATUS Stage transition Generate CTENDOO
Data End oClear CTSTS00 interrupt
Flag set? «CTENDEOQO = 1 *
v Control transfer complete.
Read data from control
command buffer, decode Set
data. Y
— Go to STATUS stage.

Remaining bytes?

Next process? ¢ ¢

Number of transfer bytes: “1” or more. Number of transfer bytes: “0”.
«Set data in Data Buffer oSet “0” data in Data Buffer
oSet transfer byte number (EPOOBYT)| |eSet “0” as transfer byte number (EPOOBYT)
oClear BSRDY00 oClear BSRDY00
BVALOO = 1 BVALOO = 1
— Continue sending «Set Data End Flag (set in User RAM)
— go to STATUS stage after sending
\ 2 Y
Other: «Set data in Data Buffer
(Data receive process, eSet number of transfer bytes (EPOOBYT)
STATUS Stage process, «Clear BSRDY00
STALL handshake process, BVALOO =1
etc.) «CTENDEOO = 0 (Note 2)
— Refer to Data Receive oClear Data End Flag (set in User RAM)
Process

Remaining packets?

v v

No send packets remaining (1) Send packets remaining (2)
«Set Data End Flag (set in User RAM) — Continue sending
— go to STATUS Stage after sending

Note 1: An ERROO interrupt is generated when an error occurs during data receive in any stage.
(When an error occurs, a STALL response is automatically sent by H/W. Therefore, SETUP receive
standby is maintained by F/W.)

Note 2: CTSTSO00 interrupt is generated when CTENDEQO = “0”.

Figure 3.10 Example of Data Send in Control Transfer (normal transfer/CTSTSO00 interrupt)
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3.3. Endpoints 1-3

Endpoints 1 to 3 manage three transfer types: interrupt, bulk, and isochronous. Each endpoint can handle
bi-directional transfers: OUT (for receiving) and IN (for sending).

The user needs to assign data buffers in the RAM for Endpoints 1 to 3. Specify the top address of each data
buffer with EPOXBUF (EPOx Buffer Area Setup Register). For more details, refer to [Chapter 3.2.2 Endpoint0
Buffer Areal].

In order to configure the IN/OUT settings of Endpoints 1 to 3, the user must specify the transfer direction,
transfer type, and MAX packet size for each endpoint descriptor. The transfer direction and type can be set
with EPOXCFG (EPOx Set Register). The MAX packet size can be set with EPOXMAX (EPOx MAX Packet Size
Register).

USB Endpointx interrupts (three sources) will occur when Endpointx is in any type of transfer operation. For
more details, refer to [Chapter 3.3.3 Endpointx Interrupts].
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3.3.1. Data Transfer Format

The USB transfer uses a half-duplex transfer and consists of at least two packets (token packet and data
packet) per transfer. Transfers that support the retry function, guaranteeing valid data transfer between the Host
and the device, consist of three packets: a handshake packet following the token and data packets. The three
types of transfer supported by the USB function offer distinct characteristics. Isochronous transfer, which consists
of 2 packets, does not detect a transfer error but does guarantee the transfer rate. Bulk transfer, which consists
of 3 packets, detects a transfer error but does not guarantee the transfer rate. Interrupt transfer, which consists of
3 packets, detects a transfer error and guarantees the transfer rate.

¢ Data Transfer Transactions
The following types of transactions classify data transfer*'. The shaded blocks indicate a packet
transmitted by a device.

(1) Bulk IN and Interrupt IN:
This transaction consists of an IN token packet, data packets (DATAO/1), and a handshake packet.

IN Token| — [DATA(0/1)] - |ACK|

(2) Isochronous IN:

This transaction consists of an IN token packet and a data packet (DATA0/1).
[IN Token| — [DATA(0/1)

(3) Bulk OUT and Interrupt OUT:

This transaction consists of an OUT token packet, data packets (DATAO/1), and a handshake packet.

[OUT Token| — [DATA(0/1) — |ACK|

(4) Isochronous OUT

This transaction consists of an OUT token packet and a data packet (DATAQ).
[OUT Token — [DATA(0)

+ Transactions according to Data Transfer Type
The following types of transactions are used to perform transfer data*?.

(1) Bulk IN and Interrupt IN Transfers:

IN(DATAO) [IN(DATA1)| IN(DATAO)| IN(DATA1) ---- IN(DATAO/1)|
(2) Isochronous IN Transfer:

IN(DATAO) [IN(DATA1)| IN(DATAO)| IN(DATA1) ---- IN(DATAO/1)|
(3) Bulk OUT and Interrupt OUT Transfers:

IOUT(DATAO) |OUT(DATA1) [OUT(DATAO) [OUT(DATA1) ---- [OUT(DATA0/1)
(4) Isochronous OUT Transfers:

IOUT(DATAO) [OUT(DATAO)| [OUT(DATA0) [OUT(DATAOQ) ---- [OUT(DATAO)

o (1),(2),(3) and (4) is an example in normal transfer.
*2 (1),(2),(3) and (4) is an example in normal transfer and Handshake omits.
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3.3.2. Buffer Area Setup for Endpoints 1- 3

The user needs to assign a data buffer in the RAM area for each endpoint in order to perform data transfer.

Endpoints 1 to 3 have two buffer modes: single buffer mode and double buffer mode. The buffer mode is
selected by DBLBOx (Buffer Mode Setup Bit) of EPO1CFG (EPOx Setup Register).

The data buffer area of each respective endpoint to be used must be assigned in the RAM area and the size
(number of bytes) of the buffer must be larger than the MAX packet size of the respective endpoint descriptor.

The data buffer size of each endpoint, both IN and OUT, must be MAX 64 bytes(Single Buffer Mode).

[11 Single Buffer Mode
In the single buffer mode, Data Buffer 0 handles both DATAO and DATA1, which are transferred alternately.
The Data Buffer 0 area of each respective endpoint to be used must be assigned in the RAM area and the
size of the buffer must be larger than the MAX packet size of the respective endpoint descriptor. Figure 3.11
shows how to assign the Data Buffer 0 area in the RAM by setting the top address of the buffer in EPOXBUF
(EPOx Buffer Area Setup Register). Figure 3.12 shows a setup example. The actual top address of the Data
Buffer 0 area is 20H times the contents of EPOXBUF. Figure 3.13 shows an access model of the buffer.

RAM Area

EPOXBUF |

More bytes than MAX packet size.

Data Buffer 0

Set Value Top Address
00000010B 0040H
00000011B 0060H

00011111B 03EOH

Figure 3.11 Endpointx Data Buffer O

RAM Area
0100H
EPOXxBUF Set Top More bytes than MAX packet size.
Value Address Data Buffer 0
000010008 0100H

Figure 3.12 Example of Endpointx Data Buffer O Setting
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--------- (1) OUT Token Data Receive

RAM Area

OUT token data

*1 Write Read

Internal 38K0 Group image

--------- (2) IN Token Data Transfer

RAM Area
IN token data
Host | SIE |-t— Data Buffer 0 MCU
*1 Read Write

Internal 38K0 Group image

*1.SIE(Serial Interface Engine) for USB

Figure 3.13 Endpointx Data Buffer 0 Access
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[2] Double Buffer mode

In the double buffer mode, data transfers are handled separately: DATAQ is transferred to Data Buffer 0 and
DATAA1 is transferred to Data Buffer 1 alternately.

Make sure the areas reserved for Data Buffer 0 and Data Buffer 1 on the RAM are larger than the MAX
packet size of the descriptor for the endpoint to be used.

Set the Data Buffer 0 top address in EPOXBUF (EPOx Buffer Area Setup Register), as shown in Figure 3.14,
and reserve the area on the RAM. Set the Data Buffer 1 top address in the Double Buffer Address Setup Bit of
EPOXCFG (EPOx Buffer Area Setup Register), also shown in Figure 3.14, and reserve the area on the RAM.
(See example in Figure 3.15.)

The top address of Data Buffer 0 is 20H times the value set in EPOXBUF. The top address of Data Buffer 1 is
20H times the value set in EPOXBUF plus the value set in EPOXCFG.

See Figure 3.16 for an image of the buffer access.

RAM Area
EPOXBUF P
Data Buffer 0
Set Value Top EPOXCFG ——p» More bytes than MAX
Address packet size.
000000108 | 0040H Set Value | Relative Data Buffer 1
00000011B 0060H Address
e xxxxxx00B 8H
00011111B 03EOH xxxxxx01B 10H
xxxxxx10B 40H
XXxXxxx11B 80H

Figure 3.14 Endpointx Data Buffer 0/1

RAM Area
EPOXBUF Set Top 0100H
0140H More byt_es than MAX
packet size.
EPOXCFG Set Equiv. Data Buffer 1
Value Address
10100110B 0140H

Figure 3.15 Example of Endpointx Data Buffer 0/1 Settings
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--------- (1) OUT Token Data Receive

RAM Area
OUT Token Data Data Buffer 0
IE SIE | IE!\ MCU
NN Data Buffer1  |[,.»""
Write Read_
(Alternating (Alternating
DATAO0/1) DATAO0/1)

Internal 38K0 Group image

--------- (2) IN Token Data Transfer

RAM Area

IN Token Data
Host -

Data Buffer 0

~{ Mcu
e Data Buffer 1 &
Read | Write
(Alternating (Alternating
DATAO0/1) DATAO0/1)

Internal 38K0 Group image

*1.SIE(Serial Interface Engine) for USB

Figure 3.16 Endpointx Data Buffer 0/1 Access
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3.3.3. Endpointx Interrupt

The Endpointx interrupt is used to control data flow during all three types of transfers: interrupt, bulk, and
isochronous. Endpointx Interrupt Source Register is shown in Figure 3.17.

EPOx Interrupt Source Register (001DH)
EPOXREQ

—— Buffer 0 Ready Interrupt Bit (BORDYOx)

L p Buffer 1 Ready Interrupt Bit (B1RDYO0x)

L Error Interrupt Bit (ERROXx)

Figure 3.17 EPOO Interrupt Source Register (EPOXREQ)

(1) Buffer 0 Ready Interrupt Bit (BORDYOx)
When Buffer 0 is in the ready state (read/write enabled state), this bit goes to “1” (set by H/W).

This bit must be cleared by F/W when an interrupt occurs. (this bit not cleared to “0” automatically by
H/W.)

(2) Buffer 1 Ready Interrupt Bit (B1RDYO0x)

In the double buffer mode, when Buffer 1 is in the ready state (read/write enabled state) this bit goes to
“1” (set by H/W). (This bit is not valid in the single buffer mode.)

This bit must be cleared by F/W when an interrupt occurs. (this bit not cleared to “0” automatically by
H/W.)

(3) Error Interrupt Bit (ERROX)
This bit is set under the following conditions:
*\When a MAX packet error occurs during a receive (OUT) operation.

—The response PID is automatically set to STALL handshake (by H/W).
\When an error occurs during an isochronous transfer.
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An example of Endpointx interrupt processing is shown in Figure 3.18. Determine the interrupt source
ateach stage and then perform the error process, receive/transfer setup and buffer read/write

( Endpointx Interrupt )

Error -
ERROXx 1 Interrupt Process (ERROX) >
0
Buffer 0 Ready g
BORDYOx 1 Interrupt Process (BORDYO0x) o
0
<
Buffer 1 Ready o
B1RDYOx 1 Interrupt Process (B1RDYOx) =
0
<
( RTS )

Note 1: Always determine the interrupt source bit in the order indicated above.
Note 2: This routine is a subroutine called in [Chapter 2.3 USB Device Interrupt Routine Example].

Figure 3.18 Example of Endpointx Interrupt Processing
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3.3.4. Data Receive Format

(1) Receive Setup

Configure Endpointx by specifying the transfer direction, transfer type, and MAX packet size for the
corresponding endpoint descriptor and matching the endpoint number with the descriptor.

Defined Value of Endpoint Descriptor Setup Register

bEndpointAddress Transfer direction, |:> EPOXCFG
Endpoint number

bmAttributes Transfer type |:> EPOXCFG

wMaxPacketSize MAX Packet Size I:> EPOXMAX

Figure 3.19 Endpoint Descriptor

Figure 3.20 shows an example of an Endpointx receive setup procedure.

( Endpointx Receive Setup )
Select endpoint e P oSelect Endpoint 1, 2, or 3 with USBINDEX
| (Endpoint Index Register)

Setresponse PID e

Set transfer type, transfer direction, buffer
mode.

P «Set to “01” (auto response)

P> «Set transfer type, transfer direction, buffer mode
with EPOXCFG (EPOx Setup Register)

Set MAX packet size |

P .Set MAX packet size with EPOXMAX (EPOx MAX
| Packet Size Register at receive

Set top address of bufferarea . P .Set top address of buffer area with EPOXBUF

| (EpOx Buffer Area Setup Register)

C Endpointx Receive Setun Comblete )

Figure 3.20 Example of Endpointx Receive Setup Procedure
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(2) Normal Receive
[1]1 Single Buffer Mode
In the single buffer mode, the Endpointx Buffer Ready Interrupt is generated when Endpointx receives a
valid packet from the Host. The number of bytes of data received is automatically set in EPOXBYTO (EPOx
Byte Number Register 0) by hardware. Read the same number of bytes of data from Data Buffer 0 as
received by the endpoint, then set BOVALOx to “1”. (The BOVALOx bit is automatically cleared by H/W in
normal receive transmissions.)

[2] Double Buffer Mode

When Endpointx receives a valid packet from the Host in the double buffer mode, if the packet is DATAQ,
the Endpointx Buffer 0 Ready interrupt is generated. The number of bytes of data received is automatically
set in EPOXBYTO by hardware. Read the same number of bytes of data from Data Buffer 0 as received by
the endpoint, then set BOVALOx (Buffer 0 Enable Bit) of EPOXCON2 to “1”. If the packet is DATA1, the
Endpointx Buffer 1 Ready Interrupt is generated. The number of bytes of data received is automatically set in
EPOXBYTO by hardware. Read the same number of bytes of data from Data Buffer 1, then set B1VALOx
(Buffer 1 Enable Bit) of EPOXCON3 to “1”. (BOVALOx/B1VALOx bits are automatically cleared by H/W in
normal receive transmissions.)

(3) Receive Error (when ERROx interrupt occurs)

When Endpointx receives a packet of data from the Host which is larger than the MAX OUT packet size
set in EPOXMAX (EPOx MAX Packet Size Register), a MAX packet error occurs, no handshake is returned,
and an ERROx interrupt is generated. At this time, PIDOx (Response PID Bit) of EPOXCON1 is automatically
set to “1x” (STALL handshake) by H/W. If a MAX packet error occurs at the next OUT token as well, the
same sequence is repeated (no handshake is returned and an ERROx interrupt is generated). For any other
OUT (non-MAX packet error) or IN tokens, a STALL handshake is returned. When a STALL is sent,
communications are disabled unless the Host CPU cancels the STALL with the ClearFeature. Even when
communications are restarted, the STALL is not cancelled unless the PIDOx bit is set to “00” or “01”.

When an error occurs in an isochronous transfer, an ERROx interrupt is generated regardless of any
IN/OUT packets received.
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Data Stage

@ i@

ouT

A

ouT

Data receive enable setup (single buffer)
«Set USBINDEX = x (1)
«SQCLOx=1,BOVALOx=01

— go to single 1-packet receive process

Data receive enable setup (double buffer)
eSet USBINDEX = x 2)
«SQCLOx = 1
«BOVALOx = 01,B1VALOx = 1

— go to 2-packet receive process

1-packet receive process (3)
«Single buffer

(1 packet can also be received in
double buffer mode)

2-packet receive process (4)

eReceive 2 packets in double buffer
mode.

x

7
Z

request

Generate BORDYOx interrupt
(1 packet data receive complete)

Generate BIRDYOx interrupt
request
(1 packet data receive complete)

Read number of bytes of
received-data from Data
Buffer 0 (BOBYTOXx)

v

Read number of bytes of
received-data from Data
Buffer 1 (B1BYTOx)

!

!

eSet USBINDEX = x
eClear BORDYO0x
BOVALOx = 1
— go to next packet receive

eSet USBINDEX = x
oClear BIRDYO0x
eB1VALOx = 1
— go to next packet receive

1-packet (Data Buffer 0)
read process

1-packet (Data Buffer 1)
read process

Figure 3.21 Example of Endpointx Data Receive
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3.3.5. Bulk Transfer Data Receive

(1) Transfer Type Setup
To use Endpointx OUT for bulk transfers, set the endpoint to bulk transfer with EPOXCFG (EPOx Setup
Register). Refer to the data receive setup procedure in [Figure 3.2. Example of Endpointx Receive Setup
Procedure].

(2) Data Receive Ready
Set SQCLOx (Sequence Toggle Bit Clear Bit) to “1”. By setting this bit to “1”, the toggle bit is cleared and
the next data PID is initialized to DATAO.
Next, set BOVALOx (Buffer 0 Enable Bit) to “1” to put the bit in the data receive-enabled state. In the
double buffer mode, B1VALOx (Buffer 1 Enable Bit) also needs to be set to “1” to enable DATA1 receive.

(3) Data Receive Operation

An example of Endpointx bulk data receive is shown in Figure 3.22.

The bulk OUT transfer, which sends data from the Host CPU to the device, repeats the OUT transaction
as many times as necessary. When Endpointx receives a valid packet from the Host, the Endpointx Buffer
0 Ready interrupt or Endpointx Buffer 1 Ready interrupt (in double buffer mode only) is generated. In the
handshake phase of each transaction, if the send-side successfully receives the ACK packet issued by
the receive-side, DATAO and DATA1 of the data packet in the next data phase are toggled.

However, if the ACK is not received successfully, the following response is generated.
olf the received data includes an error or the MAX packet error is generated, no response is issued.
olf the endpoint is stalled, a STALL handshake is returned.

(When PIDOx (Response PID Bit) is “1x”, the endpoint is stalled.)
olf there is a sequence bit mismatch in the received data, an ACK packet is returned.
olf Data Buffer 0 or 1 is full, a NAK packet is returned.

If the Host sends two packets of data from the same toggle, an ACK is returned for both packets, but the
second data packet will not be stored in the data buffer. In this case, the ACK returned to the Host for the
first packet is dropped and the Host assumes that the same data was sent in both packets.

Error processing covers error checks in accordance with USB Specification Ver.2.0, such as CRC check
and bit stuffing. When an error is detected in the bulk OUT transfer, it is ignored. All error processing is
performed by hardware and does not need to be controlled by software.

The following are details for operations in single and double buffer modes.

[1]1 Single Buffer Mode

When Endpointx receives a valid packet from the Host, the Endpointx Buffer 0 Ready interrupt is
generated. The number of bytes of received data is automatically set in EPOXBYTO (EPOx Byte Number
Register 0) by hardware. Read the same number of bytes from Data Buffer 0, then set BOVALOx (Buffer O
Enable Bit) of EPOXCON2 (EPOx Control Register 2) to “1”. (BOVALOx bit is automatically cleared by
hardware in normal receive transmissions.)

When the data is received in the following order, data is read out from Data Buffer 0 alternately. DATAOQ
- DATA1 -> DATAO...

[2] Double Buffer Mode

When Endpointx receives a valid DATAO packet from the Host in the double buffer mode, the Endpointx
Buffer 0 Ready interrupt is generated. The number of bytes of received data is automatically set in
EPOxBYTO by hardware. Read the same number of bytes from Data Buffer 0, then set BOVALOx of
EPOXCON2 to “1”. If the received packet is DATA1, the Endpointx Buffer 1 Ready Interrupt is generated.
The number of bytes of received data is automatically set in EPOXBYT1 (EPOx Byte Number Register 1)
by hardware. Read the same number of bytes from Data Buffer 1, then set B1VALOx (Buffer 1 Enable Bit)
of EPOXCON3 (EPOx Control Register 3) to “1”. (BOVALOx and B1VALOx bits are automatically cleared
by hardware in normal receive operations.)

When the data is received in the following order, DATAOQ is read out from Data Buffer 0 and DATA1 is
read out from Data Buffer 1 alternately. DATAO > DATA1 - DATAQO...
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OUT |DATA(0) NAK Sl our DATA(0) | Ack H 4
OUT |DATA(0) STALL :
OUT | DATA(0) \ % \/\
/NN b

Packet data receive (1) Toggle Sequence (6) Generate BORDYOx interrupt .
eData buffer receive-ready conditions eToggle sequencing after request .
(settings for START only) normal receive of 1 packet. (1 packet receive completed) |+
eSet USBINDEX = x “0"—> “1” or “1"—> “0” :
«SQCLOX = 1 ¢ .
BOVALOx = 1 .
eB1VALOx = 1 (in double buffer mode) 1 packet (Data Buffer 0) E
read process %

Data buffer full (2) 5) onl )
eData in data buffer, cannot () ein double buffer mode
accept new data packet. Generate ERROx

interrupt
STALL response (3) oSet USBINDEX= x

eControlling STALL
Response PIDOx="1x"
eNormal receive operation after
MAX packet size error occurs.

oClear ERROx Flag

Generate BIRDYOx interrupt
request
(1 packet receive completed)

Error detected (4) ¢

«When data error is detected 1 packet (Data Buffer 1)
read process

Packet size error (5)
eGenerate ERROXx interrupt

Figure 3.22 Example of Endpointx Bulk Receive
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o Example of S/W Process in Double Buffer Mode

As shown in Figure 3.23, when using the double buffer mode, if an interrupt request is generated for the
first packet but the interrupt is not processed (the buffer is not read) due to current execution of another
process, both interrupt requests, BORDYOx and B1RDYO0x, are generated when an interrupt request is
generated for the second packet.
At this time, when processing both interrupt requests, the user needs to toggle DATAO and DATA1 with
software accordingly (DATAO->DATA1 or DATA1->DATAOQ) so that the data buffers will be read in the
appropriate order. See Figure 3.23 for an example of the software processing.

: ouT

ACK —»@

oClear Toggle Flag (User RAM setup)

Toggle flag?

Clear (=DATAO)

1-packet (Data Buffer 1)
read process

v

©)
DATA(0) |ACK OUT |DATA(1)
e
Packet data receive (1) y """""""""""""
eData buffer receive-ready conditions | - 5 T BIRDYOX It : :
(settings for START only) Generate BORDYOx interrupt request enerate X INterruptreques
Set USBINDEX = x linterrupt request for second transfer (eneiate BORD D intetiupliedLesY
«SQCLOx =1 completion is generated while first
eBOVALOX =1 packet read process is pending,
eB1VALOx = 1 (in double buffer mode)

Set (=DATA1)

1-packet (Data Buffer 1)
read process

v

eToggle Flag Set
—go to next packet receive

eToggle Flag Clear
—go to next packet receive

Figure 3.23 Example of Endpointx Bulk Receive (double buffer mode)
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3.3.6. Interrupt Transfer Data Receive

(1) Transfer Type Setup
To use Endpointx OUT for interrupt transfers, set the endpoint to interrupt transfer with EPOXCFG (EPOx
Setup Register). Refer to the procedure in [Figure 3.20 Example of Endpointx Receive Setup Procedure].

(2) Data Receive Ready
Preparation for interrupt transfer data receive is the same as that for bulk transfers. Refer to [Chapter
3.3.5 Bulk Transfer Data Receive].

(3) Data Receive Operation
Endpointx OUT operation in interrupt transfers is the same as that for bulk transfers. Refer to [Chapter
3.3.5 Bulk Transfer Data Receive].
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3.3.7. Isochronous Transfer Data Receive

(1) Transfer Type Setup
To use Endpointx OUT for isochronous transfers, set the endpoint to isochronous transfer with
EPOXCFG (EPOx Setup Register). Refer to the procedure in [Figure 3.20 Example of Endpointx Receive
Setup Procedure].

(2) Data Receive Prep
Set SQCLOx (Sequence Toggle Bit Clear Bit) to “1”. By setting this bit to “1”, the toggle bit is cleared and
the next data PID is initialized to DATAO.
Next, set BOVALOx (Buffer 0 Enable Bit) to “1” to put the bit in the data receive-enabled state. In the
double buffer mode, B1VALOx (Buffer 1 Enable Bit) also needs to be set to “1” to enable DATA1 receive.

(3) Data Receive Operation

An example of Endpointx isochronous data receive is shown in Figure 3.24.
The isochronous OUT transfer, which transfers data from the Host CPU to the device, repeats the OUT
transaction as many times as necessary. The isochronous transaction does not include a handshake
phase (the device does not return an ACK or NAK to the Host). The isochronous transfer only involves
data packet DATAQ; there is toggle sequence with DATA1.

When Endpointx receives a valid packet from the Host, an Endpointx Buffer 0 Ready interrupt or Buffer
1 Ready interrupt (in double buffer mode only) is generated.

When there is data in Data Buffer 0/1 and a new data packet cannot be accepted, the ERROx interrupt

(as an overrun error) is generated.

Detailed explanations of single buffer and double buffer mode operations are provided below.

[1] Single Buffer Mode

When Endpointx receives a valid packet from the Host, the Endpointx Buffer 0 Ready interrupt is
generated. The number of bytes of received data is automatically set in EPOXBYTO (EPOx Byte Number
Register 0) by hardware. Read the same number of bytes from Data Buffer 0, then set BOVALOx (Buffer 0
Enable Bit) of EPOXCON2 (EPOx Control Register 2) to “1”. (BOVALOx bit is automatically cleared by
hardware in normal receive operations.)

[2] Double Buffer Mode

When Endpointx receives a valid packet from the Host, if the packet begins with an even number
(starting from packet number 0), the Endpointx Buffer 0 Ready interrupt is generated. The number of
bytes of received data is automatically set in EPOXBYTO (EPOx Byte Number Register 0) by hardware.
Read the same number of bytes from Data Buffer 0, then set BOVALOx (Buffer O Enable Bit) of EPOXCON2
(EPOx Control Register 2) to “1”. If the next packet is odd-numbered, the Endpointx Buffer 1 Ready
interrupt is generated. The number of bytes of received data is automatically set in EPOXBYT1 (EPOx Byte
Number Register 1) by hardware. Read the same number of bytes from Data Buffer 1, then set B1VALOx
(Buffer 1 Enable Bit) of EPOXCON3 (EPOx Control Register 3) to “1”. (BOVALOx and B1VALOx bits are
automatically cleared by hardware in normal receive operations.)

¢ Example of S/W Process in Double Buffer Mode

As shown in Figure 3.23, when using the double buffer mode, if an interrupt request is generated for the
first packet but the interrupt is not processed (the buffer is not read) due to current execution of another
process, both interrupt requests, BORDYOx and B1RDYO0x, are generated when an interrupt request is
generated for the second packet.
At this time, when processing both interrupt requests, the user needs to manage the order in which Data
Buffer 0/1 will be read. Although isochronous transfer OUT operations do not support the toggle sequence,
use Figure 3.23 as an example of the software processing.
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(1)
OUT |DATA(0)[——®| OUT |DATA(0)

rr—=

Packet data receive (1) teeeeeeseees
eData buffer receive-ready conditions
eSet USBINDEX = x

«SQCLOx = 1 (START only) [Generate BORDYOx interrupt request]

«BOVALOx =1 (1 packet data receive completed)
eB1VALOx = 1 (in double buffer mode) ¢

<

ein double buffer mode
1-packet (Data Buffer 0)
read process

oError detection (2)

When an error is detected
eData buffer full (2)

Data is in data buffer, cannot
accept new data packet.
ePacket size error (2)

generate ERROx interrupt [

(1 packet data receive completed)

v

1-packet (Data Buffer 1)
read process

Generate BIRDYOx interrupt request]

interrupt

\2

eSet USBINDEX = x
oClear ERROx Flag

[ Generate ERROx ]

Figure 3.24 Example of Endpointx Isochronous Receive

38K0 Group USB Application Notes



RENESAS Single-Chip Microcomputer

38K0 Group USB

3.3.8. Data Send Format

(1) Send Setup
Configure Endpointx by specifying the transfer direction, transfer type, and MAX packet size for the
corresponding endpoint descriptor and matching the endpoint number with the descriptor.

Defined Value of Endpoint Descriptor Setup Register

bEndpointAddress Transfer direction, :> EPOXCFG
Endpoint number

bmAttributes Transfer type |::> EPOXCFG

Figure 3.25 Endpoint Descriptor

Figure 3.26 shows an example of an Endpointx send setup procedure.

( Endpointx Send Setup >

Select endpoint  eefen >

Setresponse PID ]

eSelect endpoint (1, 2, or 3) with USBINDEX
(Endpoint Index Register)

P «Set to ‘01 (auto response)

Set transfer type, transfer direction, buffer |- P «Set transfer type, transfer direction and buffer
mode. mode with EPOXCFG (EPOx Setup Register)
Set top address of buffer area ..o p *Set top address of buffer area with EPOXBUF

(EPOx Buffer Area Setup Register)

( Endpointx Send Setup Complete )

Figure 3.26 Example of Endpointx Send Setup Process
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(2) Normal Send
[1] Single Buffer Mode

In the single buffer mode, for Endpointx to send a packet to the Host, prepare the packet data in Data
Buffer 0 to be returned with the IN token from the Host.

To prepare one packet of data, confirm that Endpointx is not in the HALT state and that Data Buffer O is
empty. After writing the data to Data Buffer 0 (the same number of bytes as the packet data to be sent), set
BOVALOx (Buffer 0 Enable Bit) of EPOXCON2 (EPOx Control Register 2) to “1”. (BOVALOx bit is automatically
cleared by H/W in normal receive transmissions.) The number of bytes of packet data to be sent must be set
in EPOXBYTO (EPOx Byte Number Register).

When one packet of data has been prepared, the data is sent with the next IN token from the Host.
When this data send is complete, the Endpointx Buffer 0 Ready Interrupt Request is generated and Data
Buffer 0 empties by one packet space.

[2] Double Buffer Mode

For Endpointx to send packets to the Host, prepare a packet of data (DATAO in Data Buffer 0 and DATA1
in Data Buffer 1) to be returned with the IN token from the Host

To prepare the packets of data, confirm that Endpointx is not in the HALT state and that Data Buffer 0 is
empty. For DATAO, after writing the data to Data Buffer 0 (the same number of bytes as the packet data to be
sent), set BOVALOx of EPOXCON2 to “1”. (BOVALOx bit is automatically cleared by H/W in normal receive
transmissions.) The number of bytes of packet data to be sent must be set in EPOXBYTO (EPOx Byte
Number Register).

For DATA1, after writing the data to Data Buffer1 (the same number of bytes as the packet data to be sent),
set B1VALOx of EPOXCON3 (EPOx Control Register 3) to “1”. (B1VALOx bit is automatically cleared by H/W
in normal receive transmissions.) The number of bytes of packet data to be sent must be set in EPOXBYT1
(Endpointx Buffer 1 Ready Interrupt).

When one packet of data has been prepared, the data is sent from the Host with the next IN token. When
this data send is complete, Endpointx Buffer O (or 1) Ready Interrupt Request is generated and Data Buffer
0 (or 1) empties by one packet space.

(3) STALL Response
Set PIDOx (Response PID Bit) of EPOXCON1 (EPOx Control Register 1) to “1x”. A STALL handshake is
continually returned in response to IN/OUT tokens of the Endpointx in the STALL condition. When a STALL
is sent, communications are disabled unless the Host CPU cancels the STALL with the ClearFeature. Even
when communications are restarted, the STALL is not cancelled unless the PIDOx bit is set to “00” or “01”.
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DATA Stage

@» : O :
. I N \
é IN —> IN
Generate BORDYOx interrupt Generate BIRDYOx interrupt
Data send enable prep (single buffer) (1) request request
«Set USBINDEX = x (1-packet data send completed) (1-packet data send completed)
«SQCLOx =1
eClear Toggle Flag (User RAM setup) ¢ ¢
el-packet data set process—)(5) oSet USBINDEX = x eSet USBINDEX = x
— go to 1-packet send process eClear BORDYOx oClears BIRDYOx
Data send enable prep (double buffer) (2) 1-packet send process (3)
«Set USBINDEX = x eWhen sending 1 packet in single buffer
«SQCLOx = 1 (o1 packet can also be sent in double
oClear Toggle Flag (User RAM setup) buffer)
el-packet data set process —>(5)
(2-packet data set) 2-packet send process (4)
— go to 2-packet send process eWhen sending 2 packets in double buffer
1-packet data set process 1-Packet Data Set Process (5) 1-packet data set process (5)

*When send-data is ready, it is written to

I either Data Buffer 0 or 1.
*Set USBINDEX = x | eToggle Flag (User RAM setup) is used for
cases such as shown in Fig. 3.29.
eToggle Flag is not necessary in the single
buffer mode.

Toggle Flag?

Clear (=DATAOQ) Set (=DATA1)

BOVALOx? B1VALOx?
“0” (Data Buffer 0 empty) “1" (Data Buffer full) “0” (Data Buffer 1 full)
\ J \ 4
Write data (number of bytes of Write data (number of bytes of
data to be sent from Data data to be sent from Data
Buffer 0 (BOBYTOX). Buffer 1 (B1BYTOXx).
«BOVALOx = 1 eB1VALOxX = 1
v v v
eToggle Flag Set «Waiting for data buffer to empty eToggle Flag Clear
—go to next packet send — go to next packet send

Figure 3.27 Example of Endpointx Data Send
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3.3.9.Bulk Transfer Data Send

(1) Transfer Type Setup

To use Endpointx IN for bulk transfers, set the endpoint to bulk transfer with EPOXCFG (EPOx Setup
Register). Refer to [Figure 3.26 Example of Endpointx Send Setup Procedure] for details.

(2) Data Send Prep

Set SQCLOx (Sequence Toggle Bit Clear Bit) to “1”. By setting this bit to “1”, the toggle bit is cleared and
the next data PID is initialized to DATAO.

(3) Data Send Operation

An example of Endpointx bulk data send is shown in Figure 3.28.
Detailed explanations of single buffer and double buffer mode operations are provided below.

[1] Single Buffer Mode

A NAK handshake is automatically returned when an IN token is received from the Host but data is not
yet set in Endpointx Data Buffer 0.

In order to send data, a packet data must be set in Data Buffer 0. Confirm that Endpointx is not in the
HALT state and that Data Buffer 0 is empty (BOVALOx Bit is “0”; write-enabled). Set the send packet data
and set BOVALOx bit to “1”. (BOVALOXx bit is automatically cleared by H/W in normal send transmissions.)
Set the number of bytes of packet data to be sent in EPOXBYTO (EPOx Byte Number Register 0).

After the data is set, Endpointx IN sends the data to the Host upon receiving an IN token. The Host
returns an ACK handshake in response to the data packet, completing the transmission of one packet,
and the Endpointx Buffer 0 Ready Interrupt is generated.

In a bulk transfer, when an IN endpoint successfully receives an ACK handshake from the Host, DATAOQ
and DATA1 are toggled. But if the endpoint does not receive an ACK from the Host, the same data from
the same toggle is sent in response to the next IN token.

When the data is to be sent in the following order, DATAO is sent to Data Buffer O alternately. DATAQO >
DATA1 > DATAQO...

[2] Double Buffer Mode

A NAK handshake is automatically returned when an IN token is received from the Host but data is not
yet set in Endpointx Data Buffer 0 or 1.

In order to send DATAQO, confirm that Endpointx is not in the HALT state and that Data Buffer 0 is empty
(BOVALOx Bit is “0”; write-enabled). Set the send packet data and set BOVALOx bit to “1”. (BOVALOx bit is
automatically cleared by H/W in normal send transmissions.)

Set the number of bytes of packet data to be sent in EPOXxBYTO (EPOx Byte Number Register 0).

For DATA1, confirm that Endpointx is not in the HALT state and that Data Buffer 0 is empty (BOVALOx Bit
is “0”; write-enabled), in the same manner as for DATAQ. Set the send packet data and set B1VALOx bit to
“1”. (B1VALOXx bit is automatically cleared by H/W in normal send operations.)

Set the number of bytes of packet data to be sent in EPOxBYT1 (EPOx Byte Number Register 1).

After the data is set, Endpointx IN sends the data to the Host upon receiving an IN token. The Host
returns an ACK handshake in response to the data packet, completing the transmission of one packet. At
this time the Endpointx Buffer 0 (or 1) Ready Interrupt Request is generated and Data Buffer 0 (or 1)
empties one packet space.

In a bulk transfer, when an IN endpoint successfully receives an ACK handshake from the Host, the
data is toggled. But if the endpoint does not receive an ACK from the Host, the same data from the same
toggle is sent in response to the next IN token.

When the data is to be sent in the following order, DATAO is sent to Data BufferO and DATA1 is sent to
Data Buffer 1 alternately. DATAO - DATA1 > DATAO...
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IN  [NAK \
IN | DATA(0) |ACK (CRC TN DATA(L) |ACK L@
IN | STALL ‘ /

No packet data (1)
eNo send-data stored in

Toggle Sequence (4)
eToggle sequence after

data buffer. normal send of 1 packet.
“0"—5"1" or “1"_s"0"
Packet data send (2)
eData buffer send-ready
conditions ({settings for ®eccsccsccsccsccsces
START only) .
eSet USBINDEX = x .
*SQCLOx=1) Generate BORDYOXx interrupt :
«Clear Data Toggle Flag (User request .
RAM setup) (1 packet data send completed) v
el-packet data set process
—(5) edouble buffer mode
(2-packet set for double buffer ¢
mode)
«USBINDEX = x
eClear BORDYOx
STALL handshake (3)
eControlling STALL Generate BIRDYOXx interrupt
Response PIDOx= “1x” request
(1 packet data send completed)
eSet USBINDEX = x
(5) 1-Packet Set Process «Clear BIRDYOx

Figure 3.28 Example of Endpointx Bulk Data Send
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¢ Example of S/W Process in Double Buffer Mode

As shown in Figure 3.29, when using the double buffer mode, if an interrupt request is generated for the
first packet but the interrupt is not processed (the buffer is not written to) due to current execution of
another process, both interrupt requests, BORDYOx and B1RDYO0x, are generated when an interrupt
request is generated for the second packet.
At this time, when processing both interrupt requests, because data is sent to data buffers alternately
(either DATAO > DATA1 or DATA1 - DATAQO), the user must manage the DATAO/DATA1 toggle sequence
with software in order to handle data written to the two buffers. Refer to the example of software
processing in Figure 3.29.

® 4,@
IN | DATA(0) ACK —=p{ IN | DATA(1)|ACK —

3>
i
e 4
s e
Packet data send (1) S e
eData buffer send-ready conditions V “““
({settings for START only) Generate BORDYOX interrupt request Generate BIRDYOx interrupt
eSet USBINDEX = x Generate second packet send-complete request
*SQCLOxs= 1 interrupt request while first packet read { (Generate BORDYOx interrupt J
oClear Toggle Flag (User RAM process is pending.
setup) ¢
11-packet data set process —(2) “Set USBINDEX = x
(2-packet data set) «Clear B1RDYOx
eClear BORDYOx

(2) 1-Packet Set Process

Figure 3.29 Example of Endpointx Bulk Data Send (double buffer mode)
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3.3.10.Interrupt Transfer Data Send

(1) Transfer Type Setup

To use Endpointx IN for interrupt transfers, set the endpoint to interrupt transfer with EPOXCFG (EPOx Setup
Register). Refer to the procedure in [Figure 3.26 Example of Endpointx Send Setup Procedure] for details.

(2) Data Send Prep
Preparation for interrupt transfers is the same as that of bulk transfers. Refer to [Chapter 3.3.9 Bulk
Transfer Data Send] for details.

(3) Data Send Operation
The Endpointx IN operation for interrupt transfers is the same as that of bulk transfers. Refer to [Chapter
3.3.9 Bulk Transfer Data Send] for details.
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3.3.11. Isochronous Transfer Data Send

(1) Transfer Type Setup

To use Endpointx IN for isochronous transfers, set the endpoint to isochronous transfer with EPOXCFG
(EPOx Setup Register). Refer to the procedure in [Figure 3.26 Example of Endpointx Send Setup Procedure]
for details.

(2) Data Send Prep
Set SQCLOx (Sequence Toggle Bit Clear Bit) to “1”. By setting this bit to “1”, the toggle bit is cleared and
the next data PID is initialized to DATAO.

(3) Data Send Operation
An example of Endpointx isochronous data send is shown in Figure 3.30.
The isochronous transaction (IN) is repeated until all data is sent to the Host. The isochronous transaction
does not include a handshake phase. The data packet is toggled and sent as DATAO and DATA1.
Note: 38K0 Group MCUs toggle DATAO and DATA1 in normal transfers.
(Refer to USB Specification Ver. 2.0 [Chapter 8.5.4 Isochronous Transactions].

If an IN token is received from the Host when there is no data in Data Buffer 0/1, the ERROx interrupt (as
an underrun error) is generated. When preparing the packet data, by not setting the data (in other words, set
EPOXBYTO/EPOXBYT1 Register to “0”), the ERROx interrupt will not be generated and an empty data packet
(NULL data) can be sent.

Detailed explanations of single buffer and double buffer mode operations are provided below.

[1] Single Buffer Mode
In order to send data in the single buffer mode, the packet data must be set in Data Buffer 0. Confirm
that Endpointx is not in the HALT state and that Data Buffer 0 is empty (BOVALOx bit is “0”; write-enabled).
Set the send packet data, then set BOVALOXx bit to “1”. (BOVALOx bit is automatically cleared by H/W in
normal receive transmissions.)
The number of bytes of packet data to be sent must be set in EPOXBYTO (EPOx Byte Number Register).
After the data is set, Endpointx IN sends the data to the Host upon receiving an IN token. When one
packet of data is sent successfully, the Endpointx Buffer 0 Ready interrupt is generated.

[2] Double Buffer Mode

In order to send data in the double buffer mode, if the packet is an even-numbered packet (starting with
packet number 0), confirm that Endpointx is not in the HALT state and that Data Buffer 0 is empty
(BOVALOXx bit is “0”; write-enabled). Set the send packet data and set BOVALOx bit to “1”. (BOVALOx bit is
automatically cleared by hardware in normal send transmissions.)

Set the number of bytes of packet data to be sent in EPOXBYTO0) (EPOx Byte Number Register 0).

In the same manner, when the packet is odd-numbered, confirm that Endpointx is not in the HALT state
and that Data Buffer 1 is empty (B1VALOx bit is “0”; write-enabled). Set the send packet data and set
B1VALOx bit to “1”. (B1VALOXx bit is automatically cleared by hardware in normal send operations.)

Set the number of bytes of packet data to be sent in EPOXxBYT1 (EPOx Byte Number Register 1).

After the data is set, Endpointx sends the data to the Host upon receiving an IN token. When one
packet of either DATAQO or DATA1 is sent successfully, Data Buffer 0 or 1 Ready Interrupt Request is
generated accordingly.

¢ Example of S/W Process in Double Buffer Mode

As shown in Figure 3.29, when using the double buffer mode, if an interrupt request is generated for the
first packet but the interrupt is not processed (the buffer is not read) due to the current execution of
another process, both interrupt requests, BORDYOx and B1RDYOx, are generated when an interrupt
request is generated for the second packet.

At this time, when processing both interrupt requests, the user needs to toggle DATAO and DATA1 with
software accordingly (DATAO>DATA1 or DATA1->DATAOQ) so that the data buffers will be written to in the
appropriate order. See Figure 3.29 for an example of the software processing.
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eData buffer send-ready conditions
(settings for START only)

eSet USBINDEX = x

«SQCLOx =1

oClear Data Toggle Flag (User RAM Y

setup) «Set USBINDEX = x
el-packet data set process —>(4) Clear BORDYO
eClear X

(2-packet process in double mode)

Packet data send (1)
[ (1 packet data send completed)

Generate BORDYOx interrupt requestJ

<

[Generate ERROXx interrupt] eDouble buffer mode

No packet data (2)
eNo send-data stored in data buffer, ¢
setup empty packet transfer.
oSet USBINDEX = x oSet USBINDEX = x
«SQCLOx = 1(at START only)

«EPOXBYT0=0 oClear ERROx Flag
«BOVALOx=1
«EPOxBYT1=0(double buffer mode) {G

«B1VALOx=1(double buffer mode) (1 packet data send completed)

enerate BIRDYOx interrupt request]

\

No packet data (3) +Set USBINDEX = x
eNo send-data stored in
data buffer. oClear BIRDYO0x

(4) 1-Packet Data Set Process

Figure 3.30 Example of Endpointx Isochronous Data Send
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4.1.Power Supply
38K0 group provides the operating voltage (Vcc) 3.00-5.25V (The chip number with “L”).

38KO0 group operating voltage (Vcc) differs to the system clock and internal clock (&). The correspondence is
shown in Table4.1.

Table 4.1 Clock and Power voltage Vcc correspondence

f(Xin) System Clock Internal Clock @ Power Voltage Ve
12MHz B6MHz(2 division) 4.00~5.25
6MHz 6MHz 4.00~5.25
3.00~4.00

The device power supply methods are the following three.

+ Self-power Method:

Chip Vcc is supplied by a DC connector or battery.
4 Bus-power Method:

Chip Vcc is supplied by the host PC through the USB Vbus line.
+ Selectable Self/Bus-power Method:

The Self-power and Bus-power methods are selectable.

4.2 .External Power Circuit

The external power circuit should be selected according to the power supply method. Bus-power and
selectable Self/Bus-power methods require regulation to the operating voltage, if it is 3.3V, from the host PC
power supply so that a regulator should be inserted to drop the USB Vbus voltage (the Bus power voltage
supplied by USB up-port) to 3.3V. The selectable self/bus-power method requires a USB Vbus detection circuit
and software procedure for the system to detect USB cable attachment or detachment.
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e Self-power Type e Bus-power Type
38K0 Group 5VvI3v 38K0 Group hostPC
vous |V
Ve ¢—  Circuit Vee || circuit
*1 1

e Selectable Self/Bus-power Type

38K0 Group SVI3V

USB Vb
Vee [4—  Circuit Py —{ hostPC

*2

*1 A regulator is required for the system to drop the Vbus power supply to the operating
voltage if it is 3V.
*2 The circuit should be designed to select either self/bus-power.

Figure 4.1 Vcc pin external circuit diagram
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4.3.USB External Circuit (5V/3V-operation difference)

The USB external circuit and USB control register (USBCON) setting differ according to the operating
voltages and power supply types.
38KO0 group operating voltage (Vcc) differs to the system clock and internal clock (9). The correspondence is
shown in Table4.2. The USB reference voltage circuit should be disabled for the USBVref pin to supply
3.00~3.60V when Vcc=3.00~4.00V and the USBVref voltage should not exceed Vcc.

Table 4.2 Clock, Power voltage Vcc and USB reference voltage USBVref correspondence

f(Xin) System Clock Internal Clock @ Power Voltage V¢c USB reference voltage USBVggr
12MHz 6MHz(2division) 4.00~5.25
6MHz 8MHz 8MHz 4.00~5.25 USB reference voltage circuit enabled
or 4.00~5.25
12MHz 6MHz 6MHz 3.00~4.00 USBreference voltage circuit disabled
) ' 3.00~3.60V directly to USBVger

(1) At4.00~5.25V operation

USB reference voltage circuit may be enabled.

+ At USB block initialization
USB reference voltage enable bit (VREFE) = “1” : USB reference voltage circuit enabled.
USB reference voltage control bit (VRECON) = “0” : Normal mode.

+In USB suspend interrupt procedure routin
USB reference voltage enable bit (VREFE) = “1” : USB reference voltage circuit enabled.
USB reference voltage control bit (VRECON) = “1” : Low power consumption mode.

+ At resuming interrupt procedure from suspend (USB Resume interrupt/Remote Wake-up)
USB reference voltage enable bit (VREFE) = “1” : USB reference voltage circuit enabled.
USB reference voltage control bit (VRECON) = “0” : Normal mode.

(2) At 3.00~4.00V operation
USB reference voltage circuit must be disabled.
+ At USB block initialization
USB reference voltage enable bit (VREFE) = “0” : USB reference voltage circuit disabled.
USBVref should be connected to Vcc if Vcc=3.00~3.60V.

Figure. 4.2 and Figure. 4.3 show USB external circuit connections.
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4.00-5.25V
38K0 Group ?
VCC
VREFE=1l—>»{ USBref. Volt.
VREFCON=0——> SV - 3.3 TrON 3.3V(3.0-3.6V) ON/OFF
*3 |
TRONE=1 USB ref Volt.
TRONCON=1 >  Output
USBVREF 2.2uF I 1 0.1uF
*1 *1
1.5K-ohm
3.3V
A 4 D+
USB tranceiver 68pF*1 27~33-ohm*2 USB
D- 73;_ Connector
T AVAVAY, >
48MHZT 7;;_68PF*1 27~33-ohm2
PLL
Main Clock

1
USB Clock Gen

A

XIN

Osc.

*1 ...recommendation.
*2 ...Impedance matching resistance according to the system.

*3 ...At suspend, VREFCON=1(Low power consumption)

Figure 4.2 Example of USB External Circuit (USB reference voltage circuit enable)
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3.00-4.00v  *3
38K0 Group %
i VCC

SN~
VREFE=0 —>] ref. Vi
VREFCON=0—>1 3 ; TrON
| *
TRONE=1 > USB ref. Volt. 3.00-3.60V 3
TRONCON=1 > O“tpft —?-
USBVrer L 0.1uF
*1
1.5K-ohm
3.3V
\ 4 D+
USB tranceiver 7;;68pF*1 27~33-ohm*2 USB
D- Connector
9 A
T AN >
48MHZT 7;68%*1 27~33-ohm *2
PLL
Main Clock

1
USB Clock Gen.

A

XIN

Osc.

*1 ...Recommendation.
*2 ...Impedance matching resistance according to the system.

*3 ...USBVgee directly to Vcc if Vcc=3.00-3.60.

Figure 4.3. 2 Example of USB External Circuit (USB reference voltage circuit disable)
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4.4.USB Cable Attachment/Detachment

4.4.1. Cases USB Vbus detection needed

(1) USB reference voltage output (TrON) ON/OFF Control
USB reference voltage output (TrON) is a up-port pull-up voltage output pin. The pin outputs USBVRgr
voltage which is supplied internally/externally. It is connected to DO+ line with a 1.5k-ohm resistor in
series.
The TrON voltage output may be turned ON/OFF by TrOn output control bit (TRONCON), bit 1 of USB
Control register (USBCON). TrON is normally turned ON after USB Vbus voltage detection.
(2) Self-power USB Vbus line detection
When microcomputers are in self-power operation, USB Vbus cannot be sustained after the up-port is
detached from the host PC. TrON voltage output should be turned OFF and the USB Function should be
halted while the situation USB Vbus is not sustained. The USB block may be enabled after the following
USB Vbus detection.

38K0 group provides no H/W USB Vbus detection. It requires H/'W USB Vbus detection circuits or F/W
control with USB Vbus assigned to an interrupt.
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4.4.2. USB Vbus Detection Method

This section explains the general method of connecting USB Vbus to the INT interrupt. USB Vbus may be
detected by a comparator with monitoring the line.
Figure 4.4 show USB Vbus detection method example by external interrupt.

38K0group

%{ON(%)

[2] Controlling output
with firmware

1.5k-ohm

< ® DO+
USB Vbus —'@,{\JTO/INP

[1] External interrupt detection

figure 4.4 Example of USB Vbus detection by external interrupt

(1) INT interrupt settings
USB Vbus and INT interrupt should be connected as shown in Figure 4.4. The INTo interrupt or INT1
interrupt (functioning USB Vbus detector) detects USB cable attachment if the edge is “L” to “H” and USB
cable detachment if the edge is “H” to “L”. The detection edge may be programmed by INTo0 /INT1 Interrupt
Edge Select Bit of Interrupt Edge Select Register (Address OFF316). Interrupt Request Bit should be
cleared before enabling the interrupts.
(2) USB Vbus Detection
USB Vbus Detection must be performed for a few times with 2~3 ms intervals to be consistent.
+USB Cable Attachment:
USB Vbus power supply should be enabled. The disabled USB block should be enabled and
initialized for enumeration.
+USB Cable Detachment:
The USB block and USB clock supply (PLL) should be disabled.
(3) USB Vbus Detection at USB Suspend
INT interrupt occurs while 38K0 group internal clock supply is stopped. At USB suspend when internal
clock supply is stopped, USB Vbus input may be detected after the resume from USB suspend and
internal clock supply restart.
INT interrupt settings should be inserted in the USB suspend interrupt routine at the resume from USB
suspend (Clear Interrupt Request Bit and Set Interrupt Control Bit).
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