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© Cypress Semiconductor Corporation, 2013-2018. This document is the property of Cypress Semiconductor Corporation
and its subsidiaries, including Spansion LLC (“Cypress”). This document, including any software or firmware included or
referenced in this document (“Software”), is owned by Cypress under the intellectual property laws and treaties of the United
States and other countries worldwide. Cypress reserves all rights under such laws and treaties and does not, except as
specifically stated in this paragraph, grant any license under its patents, copyrights, trademarks, or other intellectual property
rights. If the Software is not accompanied by a license agreement and you do not otherwise have a written agreement with
Cypress governing the use of the Software, then Cypress hereby grants you a personal, non-exclusive, nontransferable
license (without the right to sublicense) (1) under its copyright rights in the Software (a) for Software provided in source code
form, to modify and reproduce the Software solely for use with Cypress hardware products, only internally within your
organization, and (b) to distribute the Software in binary code form externally to end users (either directly or indirectly through
resellers and distributors), solely for use on Cypress hardware product units, and (2) under those claims of Cypress’s patents
that are infringed by the Software (as provided by Cypress, unmodified) to make, use, distribute, and import the Software
solely for use with Cypress hardware products. Any other use, reproduction, modification, translation, or compilation of the
Software is prohibited.

TO THE EXTENT PERMITTED BY APPLICABLE LAW, CYPRESS MAKES NO WARRANTY OF ANY KIND, EXPRESS OR
IMPLIED, WITH REGARD TO THIS DOCUMENT OR ANY SOFTWARE OR ACCOMPANYING HARDWARE, INCLUDING,
BUT NOT LIMITED TO, THE IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR
PURPOSE. No computing device can be absolutely secure. Therefore, despite security measures implemented in
Cypress hardware or software products, Cypress does not assume any liability arising out of any security breach, such as
unauthorized access to or use of a Cypress product. In addition, the products described in these materials may contain
design defects or errors known as errata which may cause the product to deviate from published specifications. To the
extent permitted by applicable law, Cypress reserves the right to make changes to this document without further notice.
Cypress does not assume any liability arising out of the application or use of any product or circuit described in this document.
Any information provided in this document, including any sample design information or programming code, is provided only
for reference purposes. It is the responsibility of the user of this document to properly design, program, and test the
functionality and safety of any application made of this information and any resulting product. Cypress products are not
designed, intended, or authorized for use as critical components in systems designed or intended for the operation of
weapons, weapons systems, nuclear installations, life-support devices or systems, other medical devices or systems
(including resuscitation equipment and surgical implants), pollution control or hazardous substances management, or other
uses where the failure of the device or system could cause personal injury, death, or property damage (“Unintended Uses”).
A critical component is any component of a device or system whose failure to perform can be reasonably expected to cause
the failure of the device or system, or to affect its safety or effectiveness. Cypress is not liable, in whole or in part, and you
shall and hereby do release Cypress from any claim, damage, or other liability arising from or related to all Unintended Uses
of Cypress products. You shall indemnify and hold Cypress harmless from and against all claims, costs, damages, and
other liabilities, including claims for personal injury or death, arising from or related to any Unintended Uses of Cypress
products.

Cypress, the Cypress logo, Spansion, the Spansion logo, and combinations thereof, WICED, PSoC, CapSense, EZ-USB,
F-RAM, and Traveo are trademarks or registered trademarks of Cypress in the United States and other countries. For a more
complete list of Cypress trademarks, visit cypress.com. Other names and brands may be claimed as property of their
respective owners.

Arm and Cortex are registered trademarks of Arm Limited (or its subsidiaries) in the US and/or elsewhere.
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Thank you for your continued use of Cypress products.
Read this manual and "Data Sheet" thoroughly before using products in this family.

Purpose of This Manual and Intended Readers
This manual explains the functions and operations of this family and describes how it is used. The manual is intended for
engineers engaged in the actual development of products using this family.
For the descriptions on Analog macro, Timer, and Communication Macro, see the respective separate peripheral manual.
Note:
—  This manual explains the configuration and operation of the peripheral functions, but does not cover the specifics of
each device in the series.
Users should refer to the respective data sheets of devices for device-specific details.
= Whether a peripheral function is on board or not is dependent on product type. See data sheets for details.

Sample Programs and Development Environment

Cypress offers sample programs free of charge for using the peripheral functions of the FM4 family. Cypress also makes
available descriptions of the development environment required for this family. Feel free to use them to verify the operational
specifications and usage of this Cypress microcontroller.

Microcontroller support information
https://community.cypress.com/community/MCU

Note:

—  Note that the sample programs are subject to change without notice. Since they are offered as a way to demonstrate
standard operations and usage, evaluate them sufficiently before running them on your system.
Cypress assumes no responsibility for any damage that may occur as a result of using a sample program.

Overall Organization of This Manual
Peripheral Manual Communication Macro part has 10 chapters and Appendixes as shown below.
CHAPTER 1-1: Multi-function Serial Interface
CHAPTER 1-2: UART (Asynchronous Serial Interface)
CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)
CHAPTER 1-4: LIN Interface (Ver.2.1) (LIN Communication Control Interface Ver.2.1)
CHAPTER 1-5: IC Interface (I>°C Communications Control Interface)
CHAPTER 1-6: MFS-I?S (Inter-IC Sound Bus)
CHAPTER 2-1: USB/Ethernet Clock Generation Block
CHAPTER 2-2: USB Clock Generation
CHAPTER 2-3: USB/Ethernet Clock Generation
CHAPTER 3-1: USB Device (USB Function)
CHAPTER 3-2: USB Host
CHAPTER 4: Ethernet
CHAPTER 5-1: CAN Prescaler
CHAPTER 5-2: CAN Controller
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CHAPTER 5-3:
CHAPTER 5-4:
CHAPTER 5-5:
CHAPTER 6-1:

CHAPTER 6-2

CAN FD CONTROLLER

CAN FD Message RAM ECC Function

EXTERNAL TIME STAMP COUNTER FOR CAN FD
HDMI-CEC/Remote Control Reception

: CEC Reception/Remote Reception
CHAPTER 6-3:
CHAPTER 7-1:
CHAPTER 7-2:
CHAPTER 8-1:
CHAPTER 8-2:
CHAPTER 8-3:

CEC Transmission

I2S Clock Generation

I2S (Inter-IC Sound Bus) Interface

High-Speed Quad Serial Peripheral Interface Configuration
High-Speed Quad Serial Peripheral Interface Prescaler
High-Speed Quad Serial Peripheral Interface Controller

CHAPTER 9: HyperBus Interface
CHAPTER 10: Smart Card Interface

Appendixes

A
W
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The manuals related to this family are listed below. See the manual appropriate to the applicable conditions.
The contents of these manuals are subject to change without notice. Contact us to check the latest versions available.

Peripheral Manual
B FM4 Family Peripheral Manual (002-04856)
Called Peripheral Manual hereafter

B FM4 Family Peripheral Manual Timer Part (002-04858)
Called Timer Part hereafter

B FM4 Family Peripheral Manual Analog Macro Part (002-04860)
Called Analog Macro Part hereafter

B FM4 Family Peripheral Manual Communication Macro Part (this manual)
Called Communication Macro Part hereafter

B FM4 Family Peripheral Manual GDC Part (002-04917)
Called GDC Part hereafter

Data Sheet
For details about device-specific, electrical characteristics, package dimensions, ordering information etc., see the following
document.
M 32-bit Microcontroller FM4 Family Data Sheet
Note:
—  The data sheets for each series are provided.
See the appropriate data sheet for the series that you are using.

CPU Programming Manual

For details about Arm Cortex-M4F core, see the following documents that can be obtained from http://www.arm.com/.
B Cortex-M4 Technical Reference Manual

B Arm v7-M Architecture Application Level Reference Manual

Flash Programming Manual
For details about the functions and operations of the built-in flash memory, see the following document.
B FM4 Family Flash Programming Manual
Note:
—  Flash programming manuals for each series are provided.
See the appropriate flash programming manual for the series that you are using.
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Finding a Function
The following methods can be used to search for the explanation of a desired function in this manual:
B Search from the table of the contents

The table of the contents lists the manual contents in the order of description.

B Search from the register

The address where each register is located is not described in the text. To verify the address of a register, see A.
Register Map in Appendixes.

About the Chapters
Basically, this manual explains 1 peripheral function per chapter.

Terminology
This manual uses the following terminology.

Term Explanation
Word Indicates access in units of 32 bits.
Half word Indicates access in units of 16 bits.
Byte Indicates access in units of 8 bits.
Notations

B The notations in bit configuration of the register explanation of this manual are written as follows.
O bit: bit number

O Field: bit field name
O Attribute: Attributes for read and write of each bit
. R: Read only
. W: Write only
. R/W: Readable/Writable
. - Undefined
O Initial value: Initial value of the register after reset
. 0: Initial value is 0
. 1 Initial value is 1
. X: Initial value is undefined

B The multiple bits are written as follows in this manual.
Example: bit7:0 indicates the bits from bit7 to bit0

M The values such as for addresses are written as follows in this manual.

O Hexadecimal number: Ox is attached in the beginning of a value as a prefix (example: OXFFFF)
O Binary number: 0Ob is attached in the beginning of a value as a prefix (example: 0b1111)
O Decimal number: Written using numbers only (example: 1000)
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The Target Products in This Manual
M |n this manual, the products are classified into the following groups and are described follows.
For the descriptions such as TYPE1-M4, see the relevant items of the target product in the list below.

Table 1 TYPE1-M4 Product List

Description in Flash memory size

this manual 1024 Kbytes 768 Kbytes 512 Kbytes
CY9BF568M
CY9BF568N CY9BF567M CY9BF566M
CY9BF568R CY9BF567N CY9BF566N
CY9BF568RF CY9BF567R CY9BF566R
MB9BF568M MB9BF567M MB9BF566M
MB9BF568N MB9BF567N MB9BF566N
MB9BF568R MB9BF567R MB9BF566R
MB9BF568RF
CY9BF468M CY9BF467M CY9BF466M
CY9BF468N CY9BF467N CY9BF466N
CY9BF468R CY9BF467R CY9BF466R
MB9BF468M MB9BF467M MB9BF466M

TYPE1-M4 MBO9BF468N MBO9BF467N MB9BF466N
MB9BF468R MB9BF467R MB9BF466R
CY9BF368M CY9BF367M CY9BF366M
CY9BF368N CY9BF367N CY9BF366N
CY9BF368R CY9BF367R CY9BF366R
MB9BF368M MB9BF367M MB9BF366M
MB9BF368N MBO9BF367N MBO9BF366N
MB9BF368R MB9BF367R MB9BF366R
CY9BF168M CY9BF167M CY9BF166M
CY9BF168N CY9BF167N CY9BF166N
CY9BF168R CY9BF167R CY9BF166R
MB9BF168M MB9BF167M MB9BF166M
MB9BF168N MB9BF167N MB9BF166N
MB9BF168R MB9BF167R MB9BF166R
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Description in

Flash memory size

this manual 512 Kbytes 384 Kbytes 256 Kbytes
CY9BF566K CY9BF565K CY9BF564K
CY9BF566L CY9BF565L CY9BF564L
MB9BF566K MB9BF565K MB9BF564K
MB9BF566L MB9BF565L MBOBF564L
CY9BF466K CY9BF465K CY9BF464K
CY9BF466L CY9BF465L CY9BF464L
MB9BF466K MB9BF465K MB9BF464K
TYPE2-M4 MB9BF466L MB9BF465L MBOBF464L
CY9BF366K CY9BF365K CY9BF364K
CY9BF366L CY9BF365L CY9BF364L
MBO9BF366K MBO9BF365K MB9BF364K
MB9BF366L MB9BF365L MBO9BF364L
CY9BF166K CY9BF165K CY9BF164K
CY9BF166L CY9BF165L CY9BF164L
MB9BF166K MB9BF165K MB9BF164K
MBO9BF166L MB9BF165L MBO9BF164L
Table 3 TYPE3-M4 Product List
Description in Flash memory size No-Flash
this manual 2 Mbytes 1.5 Mbytes 1 Mbytes 256Kbytes
S6E2CCAL S6E2CCIL S6E2CC8L
S6E2CCAJ S6E2CC9J S6E2CC8J -
S6E2CCAH S6E2CC9H S6E2CC8H
S6E2C5AL S6E2C59L S6E2C58L
S6E2C5AJ S6E2C59J S6E2C58J -
S6E2C5AH S6E2C59H S6E2C58H
S6E2C4AL S6E2C49L S6E2C48L
S6E2C4AJ S6E2C49J S6E2C48J -
TYPES-M4 S6E2C4AH S6E2C49H S6E2C48H
S6E2C3AL S6E2C39L S6E2C38L
S6E2C3AJ S6E2C39J S6E2C38J -
S6E2C3AH S6E2C39H S6E2C38H
S6E2C2AL S6E2C29L S6E2C28L
S6E2C2AJ S6E2C29J S6E2C28J -
S6E2C2AH S6E2C29H S6E2C28H
S6E2C1AL S6E2C19L S6E2C18L S6E2C10L
S6E2C1AJ S6E2C19J S6E2C18J S6E2C10J
S6E2C1AH S6E2C19H S6E2C18H S6E2C10H
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Product List

Flash memory size 384 Kbytes
Description in this VRAM 512 Kbytes
manual VRAM 512 Kbytes +
VFLASH 2 Mbytes
S6E2D35G0
S6E2D35GJ
S6E2D35J0
S6E2D55G0
S6E2D55GJ
S6E2D55J0
TYPE4-M4
S6E2DF5G0
S6E2DF5GJ
S6E2DF5J0
S6E2DH5G0
S6E2DH5GJ
S6E2DH5J0
Table 5 TYPE5-M4 Product List
Description in Flash memory size
this manual 1 Mbytes 512 Kbytes
S6E2GM8J S6E2GM6J
S6E2GM8H S6E2GM6H
S6E2GK8J S6E2GK6J
S6E2GK8H S6E2GK6H
S6E2GH8J S6E2GH6J
TYPES5-M4
S6E2GH8H S6E2GH6H
S6E2G28J S6E2G26J
S6E2G28H S6E2G26H
S6E2G38J S6E2G36J
S6E2G38H S6E2G36H
Table 6 TYPE6-M4 Product List
Description in Flash memory size
this manual 512 Kbytes 256 Kbytes
S6E2HG6G S6E2HGAG
S6E2HG6F S6E2HGA4F
S6E2HG6E S6E2HGA4E
S6E2HEGG S6E2HEA4G
S6E2HEG6F S6E2HE4F
S6E2HEGE S6E2HE4E
TYPEG6-M4
S6E2H46G S6E2H44G
S6E2H46F S6E2H44F
S6E2H46E S6E2H44E
S6E2H16G S6E2H14G
S6E2H16F S6E2H14F
S6E2H16E S6E2H14E
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CHAPTER 1-1: Multi-function Serial INTErfACE .........ueiiiiie et e et e e e e e e st e e e e e e e annenees
1. Overview of the Multi-fuNCtion Serial INEITACE ........ooiiiiiee et e e e e e e e e e s e aeeeaaeas
CHAPTER 1-2: UART (Asynchronous Serial INTEIrfaCe) .....ccuuuiiiiii ittt e e et a e e e enaraes
1. Overview of UART (Asynchronous Serial INtEIfACE) .........ceiiiiiiiiiiiiiiie ettt e st e e e s e st raeeeaeas
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2.1 Received Interrupt and FIag ST TIMING . .....uueeeiiiiieiiiiie ittt e e e st e s e e e snnr e e e sanne e e s nnnes
2.2 Interrupt and Flag Set Timing when Received FIFO IS USEA .........cccviiiiiiiiiiiiiee et
2.3 Transmit Interrupt and FIag SEE TIMING .....couveeeiiiiieiieie et e e e e st et e s e e e e snbr e e e sanneeesnnnes
2.4 Interrupt and Flag Set Timing when Transmit FIFO iS USEd ..........cccciiiiiiiieiiiiie e
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5. Setting Procedure and Program Flow in Operation Mode 0 (Asynchronous Normal Mode) .................
6. Setting Procedure and Program Flow in Operation Mode 1 (Asynchronous Multiprocessor Mode)
7. UART (Asynchronous Serial INterface) REGISIEIS........uuiiiiiiiieiiie ettt ettt ettt e e e st e e s sbee e e s teeeeeaneeeeeannes
7.1 Serial Control REGISIET (SCR) ..ciiiiiiiiiiiiieeitiee et e ettt e e ettt e e sttt e e s beeeeaatte e e s amseeeearbeeeeasbeeeeamneeeeantneeeeanseeesnnnes
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7.3 Serial StatuS REGISIEN (SSR) ....ciiitiiieiiuiite ittt e e a bt e e ekt e e aa b e e e e s b et e e e ahb et e e e b e e e e e b e e e nanre e e e
7.4  Extended Communication Control REGIStEr (ESCRY) .....cciiuiiiiiiiiieiieee ittt
7.5 Received Data Register/Transmit Data Register (RDR/TDR) ......cooiiiiiiiiiieeiiiite et
7.6  Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO) ...........coiiiiiiiiiiiiiieiiaiiiiieieee e
7.7  FIFO Control Register 1 (FCR1)
7.8  FIFO Control Register 0 (FCRO)

7.9 FIFO Byte Register (FBYTE).......cccocvvviivieiiiiee e,
CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

1. Overview of CSIO (Clock Synchronous Serial INTEIMACE)........cccuiiiiiiiieiiiee e

2. CSIO (Clock Synchronous Serial Interface) Interrupts
2.1 Received Interrupt and Flag St TIMING .....cooiuuiiiiiie ettt e et e e e e e s bbb e e e e e e s abbbe e e e e e e e anbnrreeeaeesanns
2.2 Interrupt and Flag Set Timing when Received FIFO iS USE ...........coiiiiiiiiiiiiiieie et
2.3 Transmit Interrupt and FIag SEt TIMING ......ouueeeiiiiieiieie et e e e e st b e e s e e e e snbr e e e eanneeeeannee
2.4 Interrupt and Flag Set Timing when Transmit FIFO IS USEd .........coccuiiiiiiiiiiiiiiciiee et
2.5 Timer Interrupt Occurrence and Flag Setting TiMING ......coouueiiiiiiieiieie et
2.6 Chip Select Error Occurrence and Flag Setting TiMING .......ccuuaiiiiuiiiiiaaeaiiiiie e e e e e e e e riaereee e e e e anes

3. CSIO (Clock Synchronous Serial Interface) OPEIatiONS ..........ooiuuuiiiiieei it e e e e st e e e e e s s aarreeeeaens
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3.4 SPI Transfer (Il)..............
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5. Serial Chip Select Operation
6. Dedicated Baud Rate Generator
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This chapter describes the overview of the multi-function serial interface.

1. Overview of the Multi-function Serial Interface
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1. Overview of the Multi-function Serial Interface
This multi-function serial interface has the following characteristics.

Interface Mode
The following interface modes are selectable for the multi-function serial interface depending on the operation mode settings.

B UARTO (Asynchronous normal serial interface)

B UART1 (Asynchronous multi-processor serial interface)

B CSIO (Clock synchronous serial interface) (SPI and 12S can be supported)

B LIN(LIN bus interface)

W |2C (12C bus interface)

Notes:

—  See Chapters UART(Asynchronous normal serial interface), CSIO (Clock synchronous serial interface) (SPI can be
supported), LIN(LIN bus interface) I?C (12C bus interface), and MFS-1?S(Inter-IC Sound Bus) for details about each
interface.

—  When MFS-I12S(Inter-IC Sound Bus) is used, set CSIO mode.

Switching the Interface Mode
To communicate through each serial interface, the serial mode register (SMR) shown in Table 1-1 should be used to set the
operation mode before starting the communication.

Table 1-1 Switching Interface Mode

MD2 MD1 MDO Interface Mode
0 0 0 UARTO (Asynchronous normal serial interface)
0 0 1 UART1 (Asynchronous multi-processor serial interface)
0 1 0 CSIO (Clock synchronization serial interface) (SPI and IS can be supported)
0 1 1 LIN(LIN bus interface)
1 0 0 12C (I°C bus interface)
Values other than the above Setting is prohibited.

Notes:

—  Transmission and reception cannot be guaranteed when the operation mode is switched while one of the serial
interfaces is still in use for transmission or reception operation.

—  To switch the current operation mode, issue a programmable clear (SCR:UPCL=1) or disable the 1°C (ISMK:EN=0) ,
and switch the operation mode continuously. After the operation mode is set, set each register.

—  The settings not listed in Table 1-1 are prohibited.

Transmission/Reception FIFO
This function has a 64-BYTE transmission FIFO and 64-BYTE reception FIFO. The FIFO capacity should be converted to 64
bytes when reading through this text.

LIN Sync field Detection: LSYN

To use an ICU in the LIN bus interface mode, use the ICU of the multifunction timer.

For switching an input to an ICU, see the section for Extended Function Pin Setting Register in the chapter I/O PORT in
Peripheral Manual.
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This chapter explains the UART (asynchronous serial interface) function supported

in operation mode 0 and 1 of the multifunction serial interface.

. Overview of UART (Asynchronous Serial Interface)

. UART Interrupt

. UART Operation

. Dedicated Baud Rate Generator

. Setting Procedure and Program Flow in Operation Mode 0 (Asynchronous Normal Mode)

. Setting Procedure and Program Flow in Operation Mode 1 (Asynchronous Multiprocessor Mode)

N oo o~ o WON P

. UART (Asynchronous Serial Interface) Registers
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1. Overview of UART (Asynchronous Serial Interface)

UART (asynchronous serial interface) is a general-purpose serial data communications interface for asynchronous
communications (start/stop synchronization) with external devices. It supports a bi-directional communications function
(normal mode) and a master/slave type communications function (multi-processor mode: both master and slave modes
supported). It also has transmit /received FIFO installed.

Functions of UART (Asynchronous Serial Interface)

Function

- Full duplex double buffer (when FIFO is not used)

1 Data - Transmit /received FIFO (size: max 128 bytes each)™? (when FIFO is
used)
5 Serial input - Run oversampling three times with the.bu.s clock a‘\nd determine the
value of received data based on the majority sampling value.
3 Transfer system Asynchronous
- A dedicated baud rate generator (constructed with a 15-bit reload
4 Baud rate counter)
- The external clock input can be adjusted with the reload counter.
Data length - 5 to 9 bits (in normal mode)/7 bits or 8 bits (in multiprocessor mode)
Signaling system NRZ (Non Return to Zero), inverted NRZ
- In synch with the falling edge of the start bit (in the NRZ system)
7 Start bit detection - In synch with the rising edge of the start bit (in the inverted NRZ
system)
- Framing error
8 Received error detection - Overrun error
- Parity error?
9 Hardware flow control CTS/RTS-based automatic transmit /received control *3
- Received interrupt
(upon reception completed, framing error, overrun error or parity
10 Interrupt request error?)

- Transmit interrupts (transmit data empty, transmit bus idle)
- Transmit FIFO interrupt (when transmit FIFO is empty)
- DMA(Transmit /Received) transferring support function is available.

Master/slave communications L
. One (master)-to-n (slaves) communication is enabled.
11 functions
) . (Both master and slave systems are supported.)
(in multiprocessor mode)

- Transmit /received FIFO installed (maximum capacity: 128 bytes for

transmit FIFO, 128 bytes for received FIFO) *1
. - Transmit FIFO or received FIFO can be selected.
12 FIFO options )
- Transmit data can be resent.

- Received FIFO interrupt timing can be changed via software.

- FIFO resetting is supported independently.

*1: The FIFO capacity size varies depending on the product type.
*2: Parity errors are only generated in normal mode.

*3: The channel number, which the hardware flow control input/output (RTS/CTS) can be used, is dependent on the product
type. See Data Sheet of the product used.
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2.  UART Interrupt

CHAPTER 1-2: UART (Asynchronous Serial Interface)

UART generates transmit or received interrupts. These interrupt requests can be generated if:

O Received data is set in the Received Data Register (RDR) or a data received error occurs.

O Transmit data is transferred from the Transmit Data Register (TDR) to the transmit shift register and the data
transmission is started.

O The transmit bus is idle (No data transmission occurs).

O Transmit FIFO data is requested.

UART Interrupt
Table 2-1 shows the relationships between the UART interrupt control bits and the interrupt factors.

Table 2-1 UART Interrupt Control Bits and Interrupt Factors

Interrupt Operation Interrupt .
Interrupt Flag Operation to Clear
Request . Mode Interrupt Factor Factor
Type . |Register . Interrupt Request Flag
Flag Bit 0 1 Enable Bit
A single-byte received Reading from the received data register (RDR)
Received of a data volume
matching the value set for
FBYTE.
RDRF SSR O | O |While the FRIIE bitis 1 and Reading from the Received Data Register (RDR)
. the received FIFO contains until received FIFO is emptied
Received ) ) ) SCR:RIE
valid data, a received idle
state continues for 8 bits or
longer period.
ORE SSR O | O |Overrun error ] ) ]
- Setting the received error flag clear bit
FRE SSR O O |Framing error
- (SSR:REC) to 1
PE SSR O x  |Parity error
Writing to the Transmit Data Register (TDR) or
. setting the transmit FIFO operation enable bit to 1
The Transmit Data ) ) o
TDRE SSR O O ) ) SCR:TIE when the transmit FIFO operation enable bit is
Register is empty . . .
set to 0 and valid data are present in transmit
FIFO (re-transmitting data) ™
. Writing to the Transmit Data Register (TDR) or
Transmit . . . .
setting the transmit FIFO operation enable bit to 1
TBI SSR (@) O |No data transmission SCR:TBIE |when the transmit FIFO operation enable bit is
set to 0 and valid data are present in transmit
FIFO (re-transmitting data) 1
. . The FIFO transmit data request bit (FCR1:FDRQ)
FDRQ FCR1 O O |Transmit FIFO is empty. |FCRL:FTIE |, . .
is set to 0 or transmit FIFO is full.

*1: Set the TIE bit to 1 only after the TDRE bit has been set to 0.
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2.1 Received Interrupt and Flag Set Timing
Data reception can be interrupted by a Received Completion (SSR:RDRF=1) or a Received Error Occurrence
(SSR:PE,ORE,FRE=1).

Received interrupt and flag set timing

Upon detection of the first stop bit, received data are stored in the Received Data Register (RDR). When the data received is
completed (SSR:RDRF=1) or when a data received error occurs (SSR:PE, ORE, FRE=1), each flag is set. If received
interrupts are enabled (SSR:RIE=1) then, a received interrupt occurs.

Note:

— If areceived error occurs, data in the Received Data Register (RDR) becomes invalid.

Figure 2-1 RDRF (Received Data Register Full) Flag Bit Set Timing

I EI 0 € €1 e € G0 £ €A

RDRF

A received interrupt occurred.

Figure 2-2 FRE (Framing Error) Flag Bit Set Timing

Rececij"a‘ig —\ ST/2/D0>§<D1>§?< D2 """"" D5>§< D6>§<D7>§\ SP ST/_

RDRF

mE

A received interrupt occurred.
Notes:

- If the first stop bit is "LOW," a framing error occurs.
- The RDRF bit is set to "1" and data can be received even if a framing error has occurred.
However, the received data is invalid.

Note:

During reception, if the following is detected at the same time as the stop bit sampling point or before the 1 to 2 bus clocks,
the relevant edge becomes invalid, which may disable normal received of the next data. To output frames continuously,
adequate intervals are required between frames.

—  The falling edge of serial data (When ESCR:INV=0)
—  The rising edge of serial data (When ESCR:INV=1)
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Figure 2-3 ORE (Overrun Error) Flag Bit Set Timing

Recelved -\ sT /D0) D1XD2)D3)D4YD5XDEAD7) SP\ ST/DOXD1XD2KD3XD4)DEXDEXD7Y SP*,

data

RDRF

Note:
If the next data is transferred before the received data is read (RDRF=1), an overrun error occurs.

ORE [

FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C

31



o CYPRESS

CHAPTER 1-2: UART (Asynchronous Serial Interface) N> CMBEDDED IN TOMORROW"

2.2

Interrupt and Flag Set Timing when Received FIFO is Used

If the received FIFO is used, an interrupt occurs when the FBYTE data (preset for the FBYTE register) is received.

Interrupt and flag set timing when received FIFO is used

[m]
[m]

m}

If the received FIFO is used, an interrupt occurs depending on the value set for the FBYTE register.

When full FBYTE data is received, the received data full flag (SSR:RDRF) of the Serial Status register is set to 1. If
received interrupts are enabled (SCR:RIE) during this time, a received interrupt occurs.

If the following two conditions are satisfied and if the received idle state continues for more than 8 baud rate clocks, the
receive data full flag (SSR:RDRF) is set to 1.

+ The received FIFO idle detection enable bit (FCR:FRIIE) is 1.

» The number of data sets stored in the received FIFO does not reach the transfer count.

If the RDR data is read during counting of 8 clocks, this counter is reset to 0, and counting for 8 clocks is restarted. If
received FIFO is disabled, this counter is reset to zero (0).If data remains in the received FIFO and if received FIFO is
enabled, the data counting is restarted.

When data is read from the Received Data Register (RDR) until received FIFO is emptied, the received data full flag
(SSR:RDRF) is cleared.

If the valid received data amount is the same as the FIFO capacity and if the next data is received, an overrun error
(SSR:ORE=1) occurs.

Figure 2-4 Received Interrupt Timing when Received FIFO is Used

2nd byte

SP| FT

3rd byte

SP| |ST| 4th byte

SP| |ST| 5th byte

Received data |ST| 1st byte |SP| |ST SP|

FBYTE setting
(with the transfer count)

Reading of FBYTE
1 2 1 2
(Effective byte count display) 0 >< >< >@@@< 0 >< ><

RDRF A
Data reading from RDR /
/ N )
An interrupt occurs when the FBYTE (transmit data) All received data are read.

count matches the received data count.

Figure 2-5 ORE (Overrun Error) Flag Bit Set Timing

32

Received data

|ST|62nd byte|SP| |ST|63rd byteISP| |ST|64th bytelSP| |ST|65th byte|SP| |ST|66th byte|SP|

FBYTE setting : 62
(with the transfer count) : .
Reading of FBYTE a2V o3 ) oa
(Effective byte count display) X X X

RDRF

/

An overrun error occurred.

Note:

If the next data set is received when the FBYTE reading is indicating the FIFO capacity,
an overrun error occurs.

This figure shows a case where a 64-byte FIFO capacity is applied.
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2.3 Transmit Interrupt and Flag Set Timing

A transmit interrupt occurs when transmit data is transferred from the Transmit Data Register (TDR) to the transmit shift
register (SSR:TDRE = 1) and transmission starts and when no transmission is performed (SSR:TBI = 1).

Transmit Interrupt and Flag Set Timing

B Transmit data empty flag (SSR:TDRE) set timing

After data has been transferred from the Transmit Data Register (TDR) to the transmit shift register, the next data can be
written in the TDR (SSR:TDRE = 1). If transmit interrupts are enabled (SCR:TIE = 1) during this time, a transmit interrupt
occurs. As the SSR:TDRE bit is read only, the SSR:TDRE bit is cleared to 0 when data is written to the Transmit Data

Register (TDR).
Figure 2-6 Transmit Data Empty Flag (SSR:TDRE) Set Timing

A transmit interrupt occured. A transmit interrupt occured.

Transmit data
(Mode O or 1)

TDRE

Data writing in TDR

ST : Start bit DO to D7 : Data bits SP : Stop bit

B Transmit bus idle flag (SSR:TBI) set timing

If the Transmit Data Register is empty (SSR:TDRE=1) and no data is transmitted, the SSR:TBI bit is set to 1. If transmit bus
idle interrupts are enabled (SCR:TBIE = 1) during this time, a transmit interrupt occurs. When transmit data is written to the
Transmit Data Register (TDR), both the SSR:TBI bit and the transmit interrupt request are cleared.

Figure 2-7 Transmit Bus Idle Flag (TBI) Set Timing

Transmitdata  \ST/DOXPL{P2XD3XD2XD5XD6XD7) sP \STXDOXD1{D2KD3KDKDSKDEK D7 SP

TBI |"|
TDRE A transmit interrupt by m

the TBI bit occured.
Writing in TDR |_|

ST: Start bit DO to D7: Data bits SP: Stop bit
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2.4 Interrupt and Flag Set Timing when Transmit FIFO is Used

When the transmit FIFO is used, an interrupt occurs if the FIFO contains no data.

Transmit Interrupt and Flag Set Timing when Transmit FIFO is Used

O If the Transmit FIFO contains no data, the FIFO transmit data request bit (FCR1:FDRQ) is set to 1.
If FIFO transmit interrupts are enabled (FCR1:FTIE=1), a transmit interrupt occurs.

o If a transmit interrupt has occurred and you have written the required data in transmit FIFO, clear the interrupt request
by setting the FIFO transmit data request bit (FCR1:FDRQ) to 0.

O The FIFO transmit data request bit (FCR1:FDRQ) is set to 0 when transmit FIFO becomes full.

O To check to see if transmit FIFO contains any data, read from the FIFO Byte Register (FBYTE).
If FBYTE=0x00, no data exists in the transmit FIFO.

Figure 2-8 Transmit Interrupt Timing when Transmit FIFO is Used

Transmit data |ST| 1st byte |SP| |ST|2nd byte ISP| |ST| 3rd byte |ST| |SP| 4th byte |SP| |SP|5th byte

LU 6 €) SN .6 0 GEEND G

FDRQ ,I w
Cleared if A trangnit interrupt aeared if A transmit interrupt

TDRE set to "0". occurred.*1 set to "0". occurred*1

Data writing in transmit _ _ _
FIFO (TDR) The transmit Data Register is empty.*2

*1) The FDRQ bit is set to "1" as Transmit FIFO is empty.
*2) The TDRE bit is set to “1” as the Transmit Shift Register and the Transmit Buffer Register

contain no data.
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3. UART Operation

UART operates in bi-directional serial asynchronous communications in mode 0 and master/slave multiprocessor
communications in mode 1.

UART Operation
B Transmit/received data format
O Transmit/received data always starts with a start bit, followed by transmit/received of data with the specified data bit
length, and ends with at least one-bit long stop bit.
O The BDS bit of the Serial Mode Register (SMR) determines the data transmission direction (LSB first or MSB first). If
parity is used, the parity bit is always placed between the last data bit and the first stop bit.
O In operation mode O (normal mode), selection is possible to use or not to use parity.
O In operation mode 1 (multiprocessor mode), no parity is added, and instead, the AD bit is added.

Figure 3-1 shows the transmit/received data formats for operation mode 0 and 1.
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Figure 3-1 Example Transmit/received Data Format (Operation Mode 0/1)

[Operation mode 0]

[Operation mode 1]

ST : Start bit
SP: Stop bit

P : Parity bit
AD: Address bit
D : Data bit

N

Without P

: H : >Data: 8 bits
iSP1:SP2:
S B With P

N

Without P

>Data: 7 bits

With P

:SP1iSpP2:
: : : Data: 8 bits

Data: 7 bits

—— —— ——

Notes:
The above figure shows formats when the data length is set to 7 or 8 bits. (In operation mode 0, the data length can be

36

set between 5 and 9 bits.)

If the BDS bit of the Serial Mode Register (SMR) is set to 1 (MSB first), the bits are processed from D7, and then D6,

D5, ... D1, and DO (P), in that order.

If the data length is set to X bits, the lower X bit of the Transmit/Received Data Register (TDR/RDR) is enabled.
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B Data transmission
If the transmit data empty flag bit (TDRE) of the Serial Status Register (SSR) is 1, the transmit data can be written in the
Transmit Data Register (TDR). (When transmit FIFO is enabled, transmit data can be written even if TDRE=0.)

If transmit data is written in the Transmit Data Register (TDR), the transmit data empty flag bit (SSR:TDRE) is set to 0.

Setting the transmission enable bit of the serial control register (SCR:TXE) to 1 causes transmit data to be loaded to the
transmit shift register, followed by sequential transmission starting with the start bit.

When transmission starts, the transmit data empty flag bit (SSR:TDRE) is set to 1 again. If transmit interrupts are then
enabled (SCR:TIE=1), a transmit interrupt is generated. In the interrupt processing, the next transmit data set can be written
in the Transmit Data Register,

Notes:

—  As the transmit data empty flag bit (SSR:TDRE) is initially set to 1, a transmit interrupt occurs as soon as transmit
interrupts are enabled (SCR:TIE).

—  As the FIFO transmit data request bit (FCR1:FDRQ) is initially set to 1, a transmit interrupt occurs as soon as FIFO
transmit interrupts are enabled (FCR1:FTIE=1).

B Data reception

O When reception is enabled (SCR:RXE=1), the interface performs reception.

O Upon detection of the start bit, one-frame data reception takes place according to the data format set in the extended
communications control register (ESCR:PEN, P, L2, L1, L0) and serial mode register (SMR:BDS). A start bit is detected
when falling (ESCR:INV=0) is detected after passing the noise filter (with the majority value applied after sampling
serial data input three times with the bus clock) or if rising (ESCR:INV=1) is detected and LOW is detected for the data
passing the sampling point.

O When one-frame reception is completed, the received data full flag bit (SSR:RDRF) is set to 1. If received interrupts are
then enabled (SCR:RIE=1), a received interrupt is generated.

O To read received data, perform reading of the received data after one-frame data received is completed and check the
state of the error flag of the Serial Status Register (SSR). Handle the received error if it is occurring.

O Reading of the received data causes the received data full flag bit (SSR:RDRF) to be cleared to 0.

O If received FIFO is enabled, the received data full flag bit (SSR:RDRF) is set to 1 when the number of received frames
has reached the value set for received FBYTE.

O If the following two conditions are satisfied and if the received idle state continues for more than 8 baud rate clocks, the
interrupt flag (RDRF) is set to 1.

* The received FIFO idle detection enable bit (FRIIE) is 1.

* The number of data sets stored in the received FIFO does not reach the transfer count.
If the RDR data is read during counting of 8 clocks, this counter is reset to 0, and counting for 8 clocks is restarted. If
received FIFO is disabled, this counter is reset to zero (0). If data remains in the received FIFO and if received FIFO
is enabled, the data counting is restarted.

O |If received FIFO is enabled, received FIFO does not store data in which an error has occurred when the error flag of
the Serial Status Register (SSR) is set to 1. Also note that the received data full flag bit (SSR:RDRF) is not set to 1.
(However, the RDRF flag is set to 1 in an overrun error.) What the received FBYTE indicates is the number of data sets
received normally before the error occurred. Unless the error flag of the Serial Status Register (SSR) is cleared to 0,
received FIFO is not enabled.

O |If received FIFO is enabled, the received data full flag bit (SSR:RDRF) is cleared to 0 when all data in received FIFO is
out.
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Notes:

— Datain the Received Data Register (RDR) becomes valid when the received data register full flag bit (SSR:RDRF) is
set to 1 and no received error occurs (SSR:PE, ORE, FRE=0).

—  Although a noise filter is built in (with the majority value applied after sampling serial data input three times with the bus
clock), wrong data may be received if any noise passes through the filter. As a countermeasure, you can design the
board so as not to allow noise to pass through this filter or perform communications so that noise that has passed may
not cause any problem (by adding check sum of data at the end and resending the data if any error occurs, for
example).

—  During reception, if the following is detected at the same time as the stop bit sampling point or before the 1 to 2 bus
clocks, the relevant edge becomes invalid, which may disable normal reception of the next data. To output frames
continuously, adequate intervals are required between frames.

—  The falling edge of serial data (When ESCR:INV=0)

—  Therising edge of serial data (When ESCR:INV=1)

B Clock selection
O You can use either an internal or external clock.
O To use the external clock, set SMR:EXT to 1. IN this case, the external clock is subject to frequency division by the
baud rate generator. The external clock is input from SCK.

B Start bit detection
O In asynchronous mode, the start bit is recognized based on detection of the falling edge of the SIN signal.
For that reason, reception is not started unless the falling edge of the SIN signal is input even if reception is enabled
(SCR:RXE=1).
O Upon detection of the start bit's falling edge, the received reload counter of the baud rate generator is reset and
reloaded to start countdown. Thus, sampling always takes place in the middle of data.

: Start bit Data bit
SIN
SIN
(Over-Sampled)
SEDGE Reload _
(Internal signal) counter resetl \ Data sampling
Received ) l
sampling clock | pd |
' A bit time 5

B Stop bit
O You can select the bit length to be between one and four.
O The received data full flag bit (SSR:RDRF) is set to 1 upon detection of the first stop bit.
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B Error detection
O In operation mode 0, parity, overrun and framing errors can be detected.
O In operation mode 1, overrun and framing errors can be detected but parity errors cannot be detected.

B Parity bit

O The parity bit can only be added in operation mode 0. The parity enable bit (ESCR:PEN) can be used to specify use or

non-use of parity and the parity selection bit (ESCR:P) to set even-number parity or odd-number parity.
O Parity cannot be used in operation mode 1.

Figure 3-2 shows transmit/received data when parity is enabled.

Figure 3-2 Operation when Parity is Enabled

ST DO D1 D2 D3 D4 D5 D6 D7 P SP

Received ' ' ' ' ' ' During received , a parity error occurs
data (Mode 0) I—, J—I : ] : : : : ! through even-number parity check.
L (ESCR:P=0)
SMR : PE R R R R R S S R R

Transmit data

l N Transmission of even-number parity bits
(Mode 0) H H H

(ESCR:P=0)

Transmit data

. . Transmission of odd-number parity bits
(Mode 0) l —

(ESCR:P=1)

ST : Start bit SP : Stop bit With parity (ESCR:PEN = 1), 8-bit long
Note : Parity cannot be used in operation mode 1.

B Data signaling system
By setting up the INV bit of the extended communications control register, you can select either the NRZ (Non Return to
Zero) signaling system (ESCR:INV=0) or inverted NRZ signaling system (ESCR:INV=1).

Figure 3-3 shows the NRZ and inverted NRZ signaling systems.
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Figure 3-3 NRZ (Non Return to Zero) Signaling System and Inverted NRZ Signaling System
SIN (NRZ) ST /DO XD1 D2 D3 D4 ) D5 ) D6 ) D7 /SP
INV=0
&waaw&cz? /ST\DOXDlXDZXD3XD4XD5XD6XD7\SP

SOT (NRZ)
INV =0

ST|DO|(D1|D2 D3| D4|D5 | D6 | D7 | SP

SOT (Inverted NRZ)

INV = 1 ST|DO|D1|D2| D3| D4|D5|D6|D7|SP

B Data transfer system
As for the data bit transfer method, either LSB first or MSB first can be selected.

B Hardware flow control
When flow control is enabled (ESCR:FLWEN=1), UART performs hardware flow control.

O During data transmission

If CTS is HIGH after data is transmitted, the next data is not transmitted even if the transmit buffer contains data

(TDRE=0) and the process waits until CTS is set to LOW. To have transmission wait, input HIGH in CTS before

the stop bit transmission is completed. Transmission continues up to the stop bit even if HIGH is input in CTS
during transmission.
Figure 3-4 Hardware Flow Control During Data Transmission (SMR:SBL=0, ESCR:ESBL=INV=PEN=L2=L1=L0=0)

st /00 )(ox Y02 X024 X 05 (06 (07 /57 \s7 /o0 (o Yoz X 03 (4 (05X D6 X 07 / 5P

7 ]
TDRE _| I_l |
Data writing in TDﬂ_l |_|
Transmit in
: wait state :

O During data reception
* If FIFO is not used
Upon reception of data one bit before the stop bit, "HIGH" is output to RTS . After received data is read, LOW is

outputto RTS,
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Figure 3-5 Hardware Flow Control During Data Reception (with FIFO is Unused.) (SMR:SBL=0,

ESCR:ESBL=INV=PEN=L2=L1=L0=0)
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RTS

RDRF

Received data ST/ D0 XP1X D2 XD3 X D4 X D5 XD6 X B7 /P ST/ Do) DLXD2X D3 X D4X DS X D6 X 07/ 5P

Reading from RDR

[ [
[ [
[

O If FIFO is used

If SSR:RDRF is not set (the specified number of data sets are not received in received FIFO), RTS outputs HIGH
upon reception of data one bit before the stop bit, but RTS outputs LOW upon detection of the stop bit. (For period

1

If SSR:RDRF is set (the specified number of data sets are received in received FIFO), RTS outputs HIGH upon
reception of data one bit before the stop bit. RTS outputs LOW after all data is read from received FIFO. (For

period 2)

Figure 3-6 Hardware Flow Control During Data Reception (with FIFO Used) (SMR:SBL=0,

ESCR:ESBL=INV=PEN=L2=L1=L0=0)

Received data

RTS

D6 X D

USP
—

D6 X Ey SpP

RDRF

The entire data is
read from received

-

ST

—

FIFO buffer.

S SN

Pl »
Y

Period

1

SN

A

Period 2

Notes:

—  When reception operation is disabled (RXE=0), the RTS signal is fixed to LOW.

— If the following two conditions are satisfied when received FIFO is used and if the received idle state continues for more

than 8 baud rate clocks, RDRF is set to 1 but LOW is maintained for the RTS signal.
—  The received FIFO idle detection enable bit (FCR1:FRIIE) is 1.

—  The preset data amount is not received and some data remains in received FIFO.

—  Performing programmable resetting (SCR:UPCL=1) clears the RTS signal to LOW.
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4. Dedicated Baud Rate Generator

As for the UART transmit/received clock source, either of the following can be selected.

O Dedicated baud rate generator (reload counter)
O An external clock input to the baud rate generator (reload counter)

Selecting the UART Baud Rate
Select one of the following two baud rates.

B Baud rate obtained by dividing an internal clock using the dedicated baud rate generator (reload counter)
This generator provides two internal reload counters, which support transmitting and receiving serial clocks
respectively. To select the baud rate, specify the 15-bit reload value using Baud Rate Generator Registers 1 and 0
(BGR1 and BGRO).
Each reload counter divides an internal clock by the set value.
To set the clock source, select an internal clock (BGR1:EXT=0).

B Baud rate obtained by dividing an external clock using the dedicated baud rate generator (reload counter)
Use an external clock for the clock source of the reload counter. The external clock is input from SCK.
To select the baud rate, specify the 15-bit reload value using Baud Rate Generator Registers 1 and 0 (BGR1 and
BGRO).
Each reload counter divides an external clock by the set value.
To set the clock source, select use of an external clock and the baud rate generator clock (BGR1:EXT=1).
This mode is designed for cases where an oscillator with a divided non-standard frequency is used.

Notes:
—  Setthe external clock (BGR1:EXT=1) while the reload counter is suspended (BGR1/0=15" h00).
— If an external clock is selected (BGR1:EXT=1), its HIGH and LOW signals must have a width at least of two bus clocks.
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4.1 Baud Rate Settings

The following explains how to set the baud rate, and also a result of serial clock frequency calculation.

Calculating the Baud Rate

Two 15-bit reload counters are set using the Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO).

The baud rate is obtained in the following formulas.

(1) Reload value

V=¢/b-1

V:Reload value b:Baudrate ¢:Bus clock frequency or external clock frequency

(2) Calculation example

Reload value:
V = (16 x 1000000) / 19200 — 1 = 832
Therefore, the baud rate is:
b = (16 x 1000000) / (832 + 1) = 19208 bps

To set the 16 MHz bus clock, use the internal clock, and set the 19200 bps baud rate, set the reload value as follows:

(3) Baud rate error

The baud rate error can be calculated by the following equation.

Error (%) = (Calculated value — Target value) / Target value X100
Example: To set the 20 MHz bus clock and 153600 bps target baud rate:

Reload value = (20 x 1000000) / (129 + 1)
Buad rate (Calculated value) = (20 x 1000000) / (129 + 1) = 153846 (bps)
Error (%) = (153846 - 153600) / 153600 x 100= 0.16 (%):

Notes:
— Ifthe reload value is set to O, the reload counter is stopped.

— Ifthe reload value is an even number, in the received serial clock, the width of a LOW signal is longer than that of a
HIGH signal by one bus clock cycle. If the value is odd, the serial clock has the same HIGH and LOW signal width.
—  Setthe reload value to 4 or more. Note that data may not be received normally due to the baud rate error and reload

value setting.
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Reload Value and Baud Rate for Each Bus Clock Frequency

Table 4-1 Reload Values and Baud Rates

Baud Rate 8 MHz 10 MHz 16 MHz 20 MHz 24 MHz 32 MHz
(bps) Value ERR Value ERR Value ERR Value ERR Value ERR Value ERR
4M - - - - - 0 4 0 5 0 7 0
2.5M - - - - - - 7 0 - - - -
2M - 0 0 7 0 9 0 11 0 15 0
M 7 0 9 0 15 0 19 0 23 0 31 0

500000 15 0 19 0 31 0 39 0 47 0 63 0
460800 - - - - - - - - 51 0.16 - -
250000 31 0 39 0 63 0 79 0 95 0 127 0
230400 - - - - - - 86 -0.22 103 0.16 138 -0.08
153600 51 0.16 64 0.16 103 0.16 129 0.16 155 0.16 207 0.16
125000 63 0 79 0 127 0 159 0 191 0 255 0
115200 - - 86 -0.22 138 -0.08 173 -0.22 207 0.16 277 -0.08
76800 103 0.16 129 0.16 207 0.16 259 0.16 312 -0.16 416 -0.08
57600 138 -0.08 173 -0.22 277 -0.08 346 0.06 416 -0.08 555 -0.08
38400 207 0.16 259 0.16 416 -0.08 520 -0.03 624 0 832 0.04
28800 277 -0.08 346 <0.01 555 -0.08 693 0.06 832 0.03 1110 0.01
19200 416 -0.08 520 -0.03 832 0.03 1041 -0.03 1249 0 1666 -0.02
10417 767 <0.01 959 <0.01 1535 <0.01 1919 <0.01 2303 <0.01 3071 <0.01
9600 832 0.04 1041 -0.03 1666 -0.02 2082 0.02 2499 0 3332 0.01
7200 1110 <0.01 1388 <0.01 2221 <0.01 2777 <0.01 3332 <0.01 4443 0.01
4800 1666 -0.02 2082 0.02 3332 <0.01 4166 <0.01 4999 0 6666 <0.01
2400 3332 <0.01 4166 <0.01 6666 <0.01 8332 <0.01 9999 0 13332 <0.01
1200 6666 <0.01 8332 <0.01 13332 <0.01 16666 <0.01 19999 0 26666 <0.01
600 13332 <0.01 16666 <0.01 26666 <0.01 - - - - - -
300 26666 <0.01 - - - - - - - - - -

Value: BGR1/0 register set value (decimal)
ERR: Baud rate error (%)
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Table 4-2 Reload Values and Baud Rates (continued)

CHAPTER 1-2: UART (Asynchronous Serial Interface)

Baud Rate 36 MHz 40 MHz 48 MHz 72 MHz 80 MHz 100 MHz
(bps) Value ERR Value ERR Value ERR Value ERR Value ERR Value ERR
4aM 8 0 9 0 11 0 17 0 19 0 24 0
2.5M - - 15 0 - - - - 31 0 39 0
2M 17 0 19 2 23 0 35 0 39 0 49 0
M 35 0 39 0 47 0 71 0 79 0 99 0

500000 71 0 79 0 95 0 143 0 159 0 199 0
460800 77 0.16 86 -0.22 103 0.16 155 0.16 173 -0.22 216 <0.01
250000 143 0 159 0 191 0 287 0 319 0 399 0
230400 155 0.16 173 -0.22 207 0.16 312 -0.16 346 0.06 433 <0.01
153600 233 0.16 259 0.16 312 -0.16 468 -0.05 520 -0.03 650 <0.01
125000 287 0 319 0 383 0 575 0 639 0 799 0
115200 312 -0.16 346 0.06 416 -0.08 624 0 693 0.06 867 <0.01
76800 468 -0.05 520 -0.03 624 0 937 -0.05 1041 -0.03 1301 <0.01
57600 624 0 693 0.06 832 0.04 1249 0 1388 <0.01 1735 <0.01
38400 937 -0.05 1041 -0.03 1249 0 1874 0 2082 0.02 2603 <0.01
28800 1249 0 1388 <0.01 1666 -0.02 2499 0 2777 <0.01 3471 <0.01
19200 1874 0 2082 0.02 2499 0 3749 0 4166 <0.01 5207 <0.01
10417 3455 <0.01 3839 <0.01 4607 <0.01 6911 <0.01 7679 <0.01 9599 <0.01
9600 3749 0 4166 <0.01 4999 0 7499 0 8332 0 10416 0
7200 4999 0 5555 <0.01 6666 <0.01 9999 0 11110 0 13888 0
4800 7499 0 8332 <0.01 9999 14999 0 16666 0 20832 0
2400 14999 0 16666 <0.01 19999 29999 0 - - - -
1200 29999 0 - - - - - - - - - -
600 - - - - - - - - - - - -
300 - - - - - - - - - - - -

For frequencies not described in Table 4-1 and Table 4-2, calculate them conforming to 4.1 Baud rate settings. (However, for

the maximum frequencies which differ by products, see Data Sheet of the product used.
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Allowable Baud Rate Range for Data Reception
The following shows the range of baud rate error allowed for the destination to receive data.

Set the received baud rate error by using the following formulas to ensure that the value falls within the allowable range.
Figure 4-1 Allowable Baud Rate Range for Data Reception

Sampling
v v v b4
UART transfer rate Start >< bit0 >< bitl >< >< bit7 >< Parity ><Stop§state
P FL : o

Single data frame (11xFL)

Allowable MIN transfer rate Start>< bit0 >< bitl >< \4>< bit7 >< Parity ><Stop sta?e

&
«

- >

FLmin

Allowable MAX transfer rate Start >< bit0 >< bitl ><‘\3< bit7 >< Parity ><Sté)p state

<
«

>

FLmax

As shown in Figure 4-1, after detection of the start bit, the sampling timing of received data is determined by the counter set
in the BGR1/0 register. Data can be received successfully if the bit sequence including the stop bit matches the sampling
timing.

If this applies to a reception of 11 bits, a theoretical explanation can be given in the following.

Assuming that the sampling timing margin is one bus clock (¢), the minimum allowable transfer rate (FLmin) is determined as
follows:

FLmin = (11bits x (V+1) - (V+1)/2 + 2)/¢ = (21V + 25)/2 ¢ (s) V: Reload value, ¢: Bus clock
Thus, the maximum baud rate that allows the destination to receive data (BGmax) is determined as follows.
BGmax = 11/FLmin = 22¢/(21V+25) (bps) V: Reload value, ¢: Bus clock
When data is received at the maximum allowable transfer rate (FLmax), the starting point of the received 11th bit is sampled.
Thus, the maximum allowable transfer rate (FLmax) is determined as follows:
10/11 x FLmax = (11bits x (V+1) — (V+1)/2 )/ V: Reload value, ¢: Bus clock
FLmax = (21/20 x 11 x (V+1)/¢

Assuming that the sampling timing margin (¢) is two clocks, the maximum allowable transfer rate (FLmax) is determined as
follows:

10/11x FLmax = (11bits x (V+1) — (V+1)/2 — 2)/¢ V: Reload value, ¢: Bus clock
FLmax = (21/20 x 11 x (V+1) — 44/20)/¢p = (231V +187)/20 ¢ (S) V: Reload value, ¢: Bus clock
Accordingly, the minimum baud rate that allows the destination to receive data (BGmin) is determined as follows:

BGmin=11/FLmax=220¢/(231V+187) (bps) V: Reload value, ¢: Bus clock
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From the above formulas for obtaining the minimum/maximum baud rate, the allowable error between UART and the
destination is obtained as follows.

Reload Value (V) Maximum Allowable Baud Rate Error Minimum Allowable Baud Rate Error

3 0% 0

10 +2.98% -3.08%
50 +4.37% -4.40%
100 +4.56% -4.58%
200 +4.66% -4.67%
32767 +4.76% -4.76%

Note:

—  Reception accuracy depends on the number of bits per frame, bus clock, and reload value. The higher the bus clock
and frequency division ratio are, the higher the accuracy becomes.

External Clock
Writing 1 to the EXT bit of the Baud Rate Generator Register (BGR) causes the baud rate generator to divide the external
clock's frequency. The external clock is input from SCK.

Note:
—  The external clock signal synchronizes with the internal clock on UART. Therefore, an external clock that does not allow
synchronization causes unstable operation.

Functions of Reload Counter

There are two types of reload counters: The transmission reload counter and the received reload counter, both functioning as
a dedicated baud rate generator. Each reload counter consists of a 15-bit register for the reload value, and generates
transmitting and receiving clocks from the external or internal clock.

Starting Counting
When the reload value is written to the Baud Rate Generator Registerl, 0 (BGR1 or BGRO), the reload counter starts
counting.

Restarting
The reload counter restarts counting in the following conditions.

B Common to transmit and received reload counters
A programmable reset (SCR:UPCL bit)

B Received reload counter
Detection of the start bit's falling edge in asynchronous mode
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5. Setting Procedure and Program Flow in Operation Mode 0
(Asynchronous Normal Mode)

Operation mode 0 enables asynchronous bi-directional serial communications.

CPU-to-CPU Connection
Select the bi-directional communication in operation mode 0 (normal mode). Connect two CPUs to each other as shown in
Figure 5-1 and Figure 5-2.

Figure 5-1 A connection Example of Bi-directional Communications in UART Operation Mode 0 (with Flow Control
Disabled)

SOT]| 'SOT
SIN SIN
SCK SCK
CPU _1 (Master) CPU_2 (Slave)

Figure 5-2 A Connection Example of Bi-directional Communications in UART Operation Mode 0 (with Flow Control)

SOT | SOT
SIN SIN
SCK SCK
CTS CTS
RTS | 'RTS
CPU_1 (Master) CPU_2 (Slave)
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Flowcharts

B If FIFO is not used

Figure 5-3 An Example of Bi-directional Communication Flowchart (if FIFO is not Used)

(Transmit side) (Received side)

(san ) (san )
! |

Set to the relevant Set the operatlo_n mode.
. (So as to have it match
operation mode. )
the setting on the
(Set to mode 0.) N
transmit side.)
>l Send data.
Set the 1-byte data
in TDR and start > RDRF=1
communication. No
Yes
Read and process
No Send data. the received data.
ves (ANS) l
Read and process Send the 1-byte
the received data. data.
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B If FIFO is used

A
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Figure 5-4 An Example of Bi-directional Communication Flowchart (if FIFO is Used)
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- Setting FBYTE
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6. Setting Procedure and Program Flow in Operation Mode 1

(Asynchronous Multiprocessor Mode)

In operation mode 1 (multiprocessor mode), communications by master/slave connections with multiple CPUs are enabled.

Either the master or slave function is available.

CPU-to-CPU Connection
In a master/slave type communications, as shown in Figure 6-1, the communications system is configured with two common

communication lines connected to the master CPU and multiple slave CPUs. UART can be used either as a master or a

slave.

Figure 6-1 A Connection Example for Master/slave Type Communications on UART

SOT

SIN

Master CPU

T

l

SOT

SIN

Slave CPU #0

[ |

SOT SIN

Slave CPU #1

Function Selection

In master/slave type communications, select the operation mode and data transfer system, as shown in Table 6-1.

Table 6-1 Selection of Master/slave Type Communications Functions

Operation Mode .
. Stop State Bit
Master Mode Slave Mode Data Parity . . .
Bit Direction
CPU CPU
Address AD=1
transmit +
and 7 or 8 bits
. Mode 1 Mode 1 .
reception . ] Address One bit or LSB or
(A/D bit (A/D bit OFF . .
Data . . AD=0 2 bits MSB first
. transmit) reception)
transmit +
and 7 or 8 bits
reception Data
Note:

— In operation mode 1, operate in word access mode for transmit/received data (TDR/RDR).
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B Communications procedure
Communications start when the master CPU transmits address data. Address data is a data set whose D8 bit is 1, and used

for selecting a slave CPU to communicate with. Each slave CPU judges the address as programmed, and communicates
with the master CPU if that address matches the assigned address.

Figure 6-2 and Figure 6-3 show flowcharts of master/slave type communications (in multiprocessor mode).
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Flowcharts
B If FIFO is not used

Figure 6-2 An Example Flowchart for Master/slave Type Communications (if FIFO Buffer is not Used)
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B If FIFO is used

Figure 6-3 An Example Flowchart for Master/slave Type Communications (if FIFO Buffer is Used)
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CHAPTER 1-2: UART (Asynchronous Serial Interface)

7. UART (Asynchronous Serial Interface) Registers

This section provides a list of UART (Asynchronous Serial Interface) registers.

UART (Asynchronous Serial Interface) Registers List

Table 7-1 UART (Asynchronous Serial Interface) Register List

bit15

bit8

bit7

bit0

SCR (Serial Control Register)

SMR (Serial Mode Register)

SSR (Serial Status Register)

ESCR (Extended Communication Control Register)

UART RDR1/TDR1 RDRO/TDRO
(Transmit/Received Data Register 1) (Transmit/Received Data Register 0)
BGR1 (Baud Rate Generator Register 1) BGRO (Baud Rate Generator Register 0)
FIFO FCR1 (FIFO Control Register 1) FCRO (FIFO Control Register 0)

FBYTE2 (FIFO2 Byte Register)

FBYTEL (FIFO1 Byte Register)

Table 7-2 UART (Asynchronous Serial Interface) Bit Assignment

bitl5 | bit1l4 | bitl3 | bitl2 | bitll | bitl0 | bit9 | bit8 | bit7 | bité bit5 | bit4 | bit3 | bit2 bitl bit0
SCR/
SMR UPCL - - RIE TIE | TBIE | RXE | TXE | MD2 | MD1 | MDO - SBL | BDS - SOE
SSR/ FLWE
REC - PE FRE | ORE |RDRF|TDRE | TBI ESBL | INV PEN P L2 L1 LO
ESCR N
TDR/ D8
- D7 D6 D5 D4 D3 D2 D1 DO
(RDR) (AD)
BGR1/
BGRO EXT B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
FCRY/
FCRO - - - FLSTE| FRIIE | FDRQ | FTIE | FSEL - FLST | FLD | FSET | FCL2 | FCL1 | FE2 FE1
FBYTE2/
FBYTEL FD15 | FD14 | FD13 | FD12 | FD11 | FD10 | FD9 FD8 FD7 FD6 FD5 FD4 | FD3 FD2 FD1 FDO
Operation Mode
UART (Asynchronous Serial Interface) operates in two different modes. The Serial Mode Register (SMR) determines the
mode to be enabled, depending on its setting, MD2, MD1 or MDO.
Table 7-3 UART (Asynchronous Serial Interface) Operation Modes
Operation mode MD2 | MD1 | MDO Type
0 0 0 UARTO (asynchronous normal mode)
0 0 1 UART1 (asynchronous multiprocessor mode)
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7.1 Serial Control Register (SCR)

The Serial Control Register (SCR) can perform transmit/received enable/disable, transmit/received interrupt enable/disable,
transmit bus idle interrupt enable/disable and UART reset operations.

bit 15 14 13 12 1 10 9 8 7 . 0
Field UPCL - - RIE TIE TBIE RXE TXE | (SMR) |
Attribute RIW - - RIW RIW RIW RIW RIW
Initial value 0 - - 0 0 0 0 0

[bit15] UPCL: Programmable Clear bit
Initializes the UART internal state.

bit Description
i
At Writing At Reading
No effect on opreration. )
"0" is always read.
Programmable clear
If setto "1",

B UART is reset directly (software reset). However, the current register settings are maintained. The transmit or received
state is disconnected immediately.

B The baud rate generator reloads the BGR1/0 register value and restarts operation.

B All of transmit/received interrupt factors (SSR:PE, FRE, ORE, RDRF, TDRE and TBI) are initialized (to 0b000011).

m RTS signal is cleared to LOW.

If setto O,
It has no effect on operation.
0 is always read during reading.

Notes:
— Disable an interrupt first, and then execute the programmable clear instruction.
— If the FIFO operation is used, disable it (FCRO:FE[2:1]=00) first and then execute Programmable Clear.

[bit14:13] - : Unused bits
- These bits' values are undefined when read.
These bits have no effect when written.

[bit12] RIE: Received interrupt enable bit

W This bit enables or disables an output of received interrupt request to the CPU.

B If the RIE bit and the received data flag bit (SSR:RDRF) are 1, or if any of the error flag bits (SSR:PE, ORE or FRE) is 1, a
received interrupt request is output.

bit Description
0 Disables the received interrupt.
1 Enables the received interrupt.
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[bit11] TIE: Transmit interrupt enable bit
B This bit enables or disables an output of Transmit Interrupt Request to the CPU.
B |f the TIE bit and SSR:TDRE bit are 1, a Transmit Interrupt Request is output.

bit Description
0 Disables a transmit interrupt.
1 Enables a transmit interrupt.

[bit10] TBIE: Transmit bus idle interrupt enable bit
B This bit enables or disables an output of transmit bus idle interrupt request to the CPU.
B If the TBIE bit and TBI bit are 1, a transmit bus idle interrupt request is output.

bit Description
0 Disables the transmit bus idle interrupt.
1 Enables the transmit bus idle interrupt.

[bit9] RXE: Received operation enable bit
Enables or disables UART received operation.

bit Description
0 Disables data received.
1 Enables data received.

Notes:

—  Reception is not started unless the falling edge of the start bit (in NRZ format, when ESCR:INV=0) is input even if
reception is enabled (RXE=1). (In the inverted NRZ format (ESCR:INV=1), reception is not started unless the rising
edge is input).

—  If data reception is disabled (RXE=0) during the received operation, the current data reception is stopped immediately.

—  When the received operation is disabled (RXE=0), the RTS signal is fixed to LOW.

[bit8] TXE: Transmission operation enable bit
Enables or disables the UART transmission operation.

bit Description
0 Disables the transmission.
1 Enables the transmission.
Note:
—  If data transmission is disabled (TXE=0) during the transmission operation, the current data transmission is stopped
immediately.
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7.2 Serial Mode Register (SMR)

The Serial Mode Register (SMR) is used to set the operation mode, transfer direction, data length and to select the stop bit
length as well as to enable/disable output of serial data to their pins.

bit 15 .. 8 7 6 5 4 3 2 1 0

Field | (SCR) | mD2 MD1 MDO - sBL | BDS | Reserved | SOE |
Attribute RIW RIW RIW - RIW RIW - RIW
Initial value 0 0 0 0 0 0 0 0

[bit7:5] MD2, MD1, MDO: Operation mode set bit
Set operation mode of the Asynchronous Serial Interface..

* This chapter explains the registers and their operation in operation mode 0 (asynchronous normal mode) and in operation
mode 1 (asynchronous multiprocessor mode).

bit7 bit6 bit5 Description
0 0 0 Operation mode 0 (asynchronous normal mode)
0 0 1 Operation mode 1 (asynchronous multiprocessor mode)
0 1 0 Operation mode 2 (clock sync mode)
0 1 1 Operation mode 3 (LIN communication mode)
1 0 0 Operation mode 4 (1°C mode)
Other than the above Setting is prohibited.

Notes:
—  Any bit setting other than above is prohibited.

—  To switch the current operation mode, issue a programmable clear instruction (SCR:UPCL=1) and switch the operation
mode continuously.

—  After the operation mode has been switched, set each register correctly.

[bit4] Reserved: Reserved bit
The read value is 0. Be sure to write 0.

[bit3] SBL: Stop bit length select bit
This bit sets a stop bit length (the frame end mark of the transmit data).

bit Description
ESCR:ESBL=0 1 bit

0 ESCR:ESBL=1 3 bits
ESCR:ESBL=0 2 bits

! ESCR:ESBL=1 4 bits

Notes:
— Inthe reception operation, only the first bit of the stop bit data is detected.
—  Always set this bit when transmission is disabled (SCR:TXE=0).
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[bit2] BDS: Transfer direction select bit

Specifies to transmit the least significant bit of the transmit serial data first (LSB first; BDS=0) or the most significant bit first

(MSB first; BDS=1).

bit Description
0 LSB first (The least significant bit is first transferred.)
1 MSB first (The most significant bit is first transferred.)

Note:

—  Set this bit when transmission and reception are disabled (SCR:TXE=SCR:RXE=0).

[bitl] Reserved bit
The read value is 0. Be sure to write 0.

[bit0] SOE: Serial data output enable bit
This bit enables or disables a serial data output.

bit Description
0 Disables a serial data output.
1 Enables a serial data output.

Note:

— If this bitis used as the SOT pin, the GPIO must also be set.
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7.3 Serial Status Register (SSR)

The Serial Status Register (SSR) is used to check the current transmit/received state, check the received error flag, and
clears the received error flag.

bit 15 14 13 12 11 10 9 8 7 0
Field REC - PE FRE ORE RDRF TDRE TBI (ESCR)
Attribute R/W - R R R R R R
Initial value 0 - 0 0 0 0 1 1

[bit15] REC: Received error flag clear bit
This bit clears the PE, FRE and ORE flags of the Serial Status Register (SSR).

bit Description
At writing At reading
No effect on operation. .
- "0" is always read.
1 Clears the received error flag (PE, FRE, ORE).

[bit14] - : Unused bit
This bit value is undefined when read.
This bit has no effect when written.

[bitl3] PE: Parity error flag bit (only functions in operation mode 0)

B |f a parity error occurs during data received with ESCR:PEN=1, this bit is set to 1. This is cleared if the REC bit of Serial
Status Register (SSR) is set to 1.

B If the PE bit and SCR:RIE bit are 1, a received interrupt request is output.

B |f this flag is set, data in the Received Data Register (RDR) is invalid.

B |f this flag is set when received FIFO is used, the received FIFO enable bit is cleared and the received data is not stored in
received FIFO.

bit Description
0 No parity error occurred.
1 A parity error occurred.

[bitl2] FRE: Framing error flag bit

W If a framing error occurs during data reception, this bit is set to 1. This is cleared if the REC bit of Serial Status Register
(SSR) is set to 1.

B |f the FRE bit and SCR:RIE bit are 1, a received interrupt request is output.

B |f this flag is set, data in the Received Data Register (RDR) is invalid.

B |f this flag is set when received FIFO is used, the received FIFO enable bit is cleared and the received data is not stored in
received FIFO.

bit Description
0 No framing error occurred.
1 A framing error occurred.

[bit1l] ORE: Overrun error flag bit

B If an overrun occurs during data reception, this bit is set to 1. This is cleared if the REC bit of Serial Status Register (SSR)
is setto 1.

B If the ORE and SCR:RIE bits are 1, a received interrupt request is output.

B |f this flag is set, data in the Received Data Register (RDR) is invalid.

B |f this flag is set when received FIFO is used, the received FIFO enable bit is cleared and the received data is not stored in
received FIFO.

bit Description
0 No overrun error occurred.
1 An overrun error occurred.
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[bit10] RDRF: Received data full flag bit

B This flag shows the state of the Received Data Register (RDR).

B When the received data is loaded in the RDR, this bit is set to 1. When data is read from the Received Data Register
(RDR), this bit is cleared to 0.

B If the RDRF bit and SCR:RIE bit are 1, a received interrupt request is output.

B If the received FIFO is used and if a certain count of data is received by the received FIFO, the RDRF bit is set to 1.

B If received FIFO is used, if both of the following conditions are satisfied, and if the Received Idle state continues more than
8 baud rate clocks, the RDRF bit is set to 1.
O The received FIFO idle detection enable bit (FCR1:FRIIE) is 1.
O The preset data amount is not received and some data remains in received FIFO.

If the RDR data is read during counting of 8 clocks, this counter is reset to 0, and counting for 8 clocks is restarted.

B [f the received FIFO is used and if this buffer is emptied, this bit is cleared to 0.

bit Description
0 The Received Data Register (RDR) is empty.
1 The Received Data Register (RDR) contains data.

[bit9] TDRE: Transmit data empty flag bit

B This flag shows the state of Transmit Data Register (TDR).

B |f transmit data is written in the TDR, this bit is set to 0 to indicate that the TDR contains valid data. When data is loaded to
the transmit shift register and when the transmission is started, this bit is set to 1 to indicate that the TDR does not have
the valid data.

B [f the TDRE bit and SCR:TIE bit are 1, a transmit interrupt request is output.

B When the UPCL bit of the Serial Control Register (SCR) is set to 1, the TDRE bit is set to 1.

B For the TDRE bit set/reset timing when transmit FIFO is used, see 2.4 Interrupt and Flag Set Timing when Transmit FIFO
is Used.

bit Description
0 The Transmit Data Register (TDR) contains data.
1 The Transmit Data Register is empty.

[bit8] TBI: Transmit bus idle flag

B This bit indicates that UART is not transmitting data.

B When transmit data is written in the Transmit Data Register (TDR), this bit is set to 0.

B If the Transmit Data Register is empty (TDRE=1) and not transmitting data, this bit is set to 1.

B When the UPCL bit of the Serial Control Register (SCR) is set to 1, this bit is set to 1.

B If this bit is 1 and if the transmit bus idle interrupt is enabled (SCR:TBIE=1), a transmit interrupt request is output.

bit Description
0 During data transmission
1 No data transmission
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7.4 Extended Communication Control Register (ESCR)
The Extended Communication Control Register (ESCR) is used to set a transmit/received data length, enable/disable a
parity bit, select a parity bit, invert the serial data format and set stop bit length selection.

bit 15 8 7 6 5 4 3 2 1 0

Field I (SSR) I FLWEN ESBL INV PEN P L2 L1 LO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

[bit7] FLWEN: Flow control enable bit
Selects to enable or disable the hardware flow control operation.

bit Description

0 Disables hardware flow control.

1 Enables hardware flow control.
Notes:

—  Set this bit when data transmission and reception is disabled (SCR:TXE=0, RXE=0).
—  Set this bit to 1 only when the hardware flow control is desired.

[bit6] ESBL: Extension stop bit length select bit
This bit sets a stop bit length (the frame end mark of the transmit data).

bit Description
SMR:SBL=0 1 bit
0 SMR:SBL=1 2 bits
SMR:SBL=0 3 bits
! SMR:SBL=1 4 bits
Notes:

— Inthe reception operation, only the first bit of the stop bit data is detected.
—  Always set this bit when transmission is disabled (SCR:TXE=0).

[bit5] INV: Inverted serial data format bit
Selects NRZ or inverted NRZ for the serial data format.

bit Description
0 NRZ format
1 Inverted NRZ format

[bit4] PEN: Parity enable bit (only functions in operation mode 0)
Sets to add (for transmit) and detect (for reception) a parity bit or not to.

bit Description
0 Disables parity.
1 Enables parity.

Note:
— In operation mode 1, this bit is internally fixed at O.
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[bit3] P: Parity select bit (only functions in operation mode 0)
When set to enable parity (ESCR:PEN=1, this bit is set to either odd-number parity 1 or even-number parity "0".

bit Description
0 Even-number parity
1 Odd-number parity

[bit2:0] L2, L1, LO: Data length select bit
These bits set a length of transmit/received data.

bit2 bitl bit0 Description

0 0 0 8-bit length

0 0 1 5-bit length

0 1 0 6-bit length

0 1 1 7-bit length

1 0 0 9-bit length
Notes:

= Any setting other than the above is prohibited.
= In operation mode 1, set the data length to seven or eight bits. Any other setting is prohibited.
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7.5 Received Data Register/Transmit Data Register (RDR/TDR)

The Received and Transmit Data Registers are allocated at the same address. This register functions as the Received Data
Register when data is read from it. This register operates as the Transmit Data Register when data is written in it.

When the FIFO operation is enabled, the RDR/TDR address functions as the FIFO read/write address.

Received Data Register (RDR)

bit 5 .. 9 8 7 6 5 4 3 2 1 0
Field | | b8 | o7z | pe | ps | ba | b3 | b2 | b1 | Do |
Attribute R R R
Initial value 0 0 0 0 0 0 0 0 0

The Received Data Register (RDR) is a 9-bit data buffer register for serial data reception.

B When serial data signals are sent to the Serial Input pin (SIN), they are converted by a shift register and stored in the
Received Data Register (RDR).
B The upper bits are set to 0 according to the data length, as follows.

Data length D8 D7 D6 D5 D4 D3 D2 D1 DO
9 bits X X X X X X X X X
8 bits 0 X X X X X X X X
7 bits 0 0 X X X X X X X
6 bits 0 0 0 X X X X X X
5 bits 0 0 0 0 X X X X X

(X represents the received data bit.)

B When the received data is stored in the Received Data Register (RDR), the received data full flag bit (SSR:RDRF) is set to
1. If a received interrupt is enabled (SSR:RIE=1), a received interrupt request is generated.

B The Received Data Register (RDR) must be read only when the received data full flag bit (SSR:RDRF) is 1. When data is
read from the Received Data Register (RDR), the received data full flag bit (SSR:RDRF) is cleared to 0 automatically.

B If a received error occurs (when SSR:PE, ORE or FRE is 1), data in the Received Data Register (RDR) becomes invalid.

B In operation mode 1 (multiprocessor mode), 7-bit or 8-bit long operation takes place and the received AD bit is stored in
the D8 bit.

B For 9-bit long data transfer and in operation mode 1, data must be read from RDR by 16-bit data accessing.

Notes:

— Ifthe Received FIFO is used and if the preset amount of data is received in the Received FIFO buffer, SSR:RDRF is set
to 1.

- If the received FIFO is used and if this buffer is emptied, the SSR:RDRF bit is cleared to 0.

- If a received error occurs when received FIFO is used (SSR:PE, ORE, or FRE is 1), the received FIFO enable bit is
cleared and the received data is not stored in the received FIFO buffer.
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Transmit Data Register (TDR)

bit 15 .. 9 8 7 6 5 4 3 2 1 0
Field | | b8 | b7z | be | ps | ba | b3 | b2 | b1 | Do |

Attribute w w w w w w w w w

Initial value 1 1 1 1 1 1 1 1 1

The Transmit Data Register (TDR) is a 9-bit data buffer register for serial data transmission.

B |f data transmission is enabled (SCR:TXE=1) and if the transmit data is written in the Transmit Data Register (TDR), the
transmit data is transferred to the Transmit Shift Register. The transmit data is then converted into serial data and sent out
from the serial data output pin (SOT).

B The upper bits are sequentially made invalid according to the data length as follows.

Data length D8 D7 D6 D5 D4 D3 D2 D1 DO
9 bits X X X X X X X X X
8 bits Invalid X X X X X X X X
7 bits Invalid | Invalid X X X X X X X
6 bits Invalid | Invalid | Invalid X X X X X X
5 bits Invalid | Invalid | Invalid | Invalid X X X X X

(X means a transmit data bit.)

B When the transmit data is written in the Transmit Data Register (TDR), the transmit data empty flag (SSR:TDRE) is
cleared to 0.

B When the transmit data is transferred to the transmit shift register and data transmission is started, and if transmit FIFO is
disabled or if transmit FIFO is empty, the transmit data empty flag (SSR:TDRE) is set to 1.

B If the transmit data empty flag (SSR:TDRE) is 1, transmit data can be written. If a transmit interrupt is enabled, a transmit
interrupt occurs. Perform transmit data write after a transmit interrupt is generated or when the transmit data empty flag
(SSR:TDRE) is 1.

B [f the transmit data empty flag (SSR:TDRE) is "0" and transmit FIFO is disabled or the transmit FIFO buffer is full, no
transmit data can be written.

B In operation mode 1 (multiprocessor mode), 7-bit or 8-bit long operation takes place and the AD bit is sent by writing to the
D8 bit.

B For 9-bit long data transfer and in operation mode 1, data must be written in TDR by 16-bit data accessing.

Notes:

—  The Transmit Data Register is a write-only register. While the Received Data Register is a read-only register. As the
transmission and received registers are allocated at the same address, the write and read values differ from each other.
Therefore, the INC/DEC instruction and other read-modify-write (RMW) instructions cannot be used.

—  For the transmit data empty flag (SSR:TDRE) set timing when transmit FIFO is used, see 2.4 Interrupt and Flag Set
Timing when Transmit FIFO is Used.
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7.6 Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO)
Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO) are used to set a frequency division ratio of serial clocks. Also,
an external clock can be selected as the clock source of the reload counter.

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Field | EXT | (BGR1) || (BGRO)
Attribute RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initalvalue. 0 0 0 ©0 O 0 0 0 o o 0 o0 0 0 0 0

B The Baud Rate Generator Registers are used to set a frequency division ratio of serial clocks.

B The BGR1 register corresponds to the upper bits, and the BGRO register corresponds to the lower bits. The reload value
to be counted can be written, and the BGR1/BGRO set value can be read.

B When the reload value is written in Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO), the reload counter starts
its counting.

B The EXT bit (bit15) specifies to use the clock source of reload counter as the internal clock or the external clock. If EXT=0
is set, an internal clock is used. If EXT=1 is set, an external clock is used. The external clock is input from SCK.

bit15] EXT: External clock select bit

bit Description
0 Uses the internal clock.
1 Uses an external clock.

[bit14:8] BGR1: Baud Rate Generator Register 1

bit14:8 Description
Write Writes data in bit8 to bit14 of reload counter.
Read Read the BGR1 set value.

bit7:0] BGRO: Baud Rate Generator Register 0

bit7:0 Description

Write Write data in bitO to bit7 of reload counter.

Read Read the BGRO set value.
Notes:

—  Data must be written in the Baud Rate Generator Registers (BGR1 and BGRO) by 16-bit data accessing.

— If the current values of Baud Rate Generator Registers (BGR1, BGRO) are changed, the new values are reloaded only
after the counter value has reached 15h00. In order to validate the new set values immediately, change the
BGR1/BGRO set values and execute the programmable clear (UPCL).

— If the reload value is an even number, in the received serial clock, the width of a LOW signal is longer than that of a
HIGH signal by one bus clock cycle. If the value is an odd number, the width of a LOW signal is the same as that of a
HIGH signal.

—  Setavalue 4 or higher to BGR1/BGRO. Note that data may not be received successfully depending on the baud rate
error and reload value settings.

—  To change the setting to an external clock (EXT=1) while the Baud Rate Generator is running, write "0" to the Baud
Rate Generators 1 and 0 (BGR1, BGRO), execute Programmable Clear (UPCL) and then set for an external clock
(EXT=1).

66 FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C



& CYPRESS

N> EMBEDDED IN TOMORROW™ CHAPTER 1-2: UART (Asynchronous Serial Interface)

7.7 FIFO Control Register 1 (FCR1)
The FIFO Control Register (FCR1) is used to set the FIFO test, select the transmit or received FIFO, enable the transmit
FIFO interrupt, and control the interrupt flag.

bit 15 14 13 12 11 10 9 8 7 0
Field Reserved FLSTE FRIIE FDRQ FTIE FSEL | (FCRO) |
Attribute - R/W RW RW RW RW
Initial value - 0 0 1 0 0

[bit15:13] Reserved bits
The read value is 0. Be sure to write 0.

[bit1l2] FLSTE: Re-transmission data lost detect enable bit
This bit enables the FIFO re-transmission data lost flag (FLST) detection.

bit Description
0 Disables the Data Lost detection.
1 Enables the Data Lost detection.

Note:
—  To set this bit to 1, set the FSET bit to 1 first, and then set this bit to 1.

[bit1ll] FRIIE: Received FIFO idle detection enable bit
This bit sets to detect the received idle state if the received FIFO contains valid data and if it continues more than 8-bit hours.
If the received interrupt is enabled (SCR:RIE=1), a received interrupt is generated when the received idle state is detected.

bit Description
0 Disables the received FIFO idle detection.
1 Enables the received FIFO idle detection.

Note:
— In case of using Received FIFO, set this bit to 1.

[bit10] FDRQ: Transmit FIFO data request bit

This bit requests for the transmit FIFO data.

If this bit is 1, the transmit data is being requested. At this time, if a transmit FIFO interrupt is enabled (FTIE=1), a transmit
FIFO interrupt request is output.

The FDRQ bit is set when:

B The FBYTE (for transmission) is O (Transmit FIFO is empty).

The FDRQ bit is reset when:

W This bit is set to 0.

B Transmit FIFO is filled with data.

bit Description
0 Does not request for the transmit FIFO data.
1 Requests for the transmit FIFO data.

Notes:

- "0" written when transmit FIFO is enabled is valid.

— Ifthe FBYTE (for transmission) is O, this bit cannot be set to 0.
- If this bit is set to 1, it has no effect on the operation.

- If a read-modify-write instruction is issued, 1 is read.

FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C 67



o CYPRESS

CHAPTER 1-2: UART (Asynchronous Serial Interface) N> CMBEDDED IN TOMORROW"

[bit9] FTIE: Transmit FIFO interrupt enable bit
This bit enables a transmit FIFO interrupt. If this bit is set to 1, an interrupt occurs when the FDRQ bit is set to 1.

bit Description
0 Disables the transmit FIFO interrupt.
1 Enables the transmit FIFO interrupt.

[bit8] FSEL: FIFO select bit
This bit selects the transmit or received FIFO.

bit Description

0 Transmit FIFO:FIFO1; Received FIFO:FIFO2

1 Transmit FIFO:FIFO2; Received FIFO:FIFO1
Notes:

—  This bit is not cleared by the FIFO Reset (FCRO:FCL[2:1]=11).
—  To change this bit state, first disable the FIFO operation (FCRO:FE[2:1]=00).
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7.8 FIFO Control Register 0 (FCRO)

The FIFO Control Register 0 (FCRO) is used to enable/disable the FIFO operation, reset FIFO, save the read pointer, and set
the data re-transmission.

bit 15 8 7 6 5 4 3 2 1 0
Field | (FCR1) | - FLST FLD FSET FCL2 FCL1 FE2 FE1
Attribute - R R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

[bit7] - : Unused bit
When read, always 0 is read.
When written, always set this bit to 0.

[bit6] FLST: FIFO re- transmit data lost flag bit
This bit shows that the re- transmit data of transmit FIFO has been lost.

The FLST bit is set when:

B Data is written (overwritten) in the FIFO buffer when the FLSTE bit of FIFO Control Register 1 (FCR1) is 1 and the write
pointer for transmit FIFO matches the read pointer which has been saved by the FSET bit.

The FLST bit is reset when:

B FIFO is reset (FCL bit is set to 1).
B The FSET bit is set to 1.

If this bit is set to 1, the data identified by the read pointer (saved by the FSET bit) is overwritten. Therefore, the FLD bit
cannot set the data re-transmission even if an error has occurred. If this bit is set to 1 and if you wish to re-transmit data, first
reset FIFO. Then, write data in the FIFO buffer again.

Bit Description
0 No Data Lost has occurred.
1 Data Lost has occurred.

[bit5] FLD: FIFO pointer reload bit
This bit reloads the data, being saved in transmit FIFO by the FSET bit, to the reload pointer. This bit can be used to

re-transmit data after a communication error or others have occurred.
When the re-transmission setting has finished, this bit is set to 0.

bit Description
0 Not reloaded
1 Reloaded

Notes:

— Ifthis bitis 1, data is being reloaded in the read pointer. Therefore, data writing except for FIFO reset is disabled.

- When FIFO is enabled or when data is being transmitted, this bit cannot be set to 1.

—  After you have set the TIE bit and TBIE bit to 0, set this bit to 1. After you have enabled transmit FIFO, set the SCR:TIE
bit and SCR:TBIE bit to 1.
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[bit4] FSET: FIFO pointer save bit

This bit saves the transmit FIFO read pointer.

If the read pointer value is saved before being transmitted and if the FLST bit is 0, the data can be re-transmitted even if a
communication error or others have occurred.

If set to 1, the current read pointer value is saved.
If set to 0, the read pointer is not saved..

Description

bit
At writing At reading

Not saved

0 is always read.

The read pointer value is saved.

Note:
—  This bit can be set to 1 only when the transmission byte count (FBYTE) is 0.

[bit3] FCL2: FIFO2 reset bit

This bit resets the FIFO2 value.

If this bit is set to 1, the FIFO2 internal state is initialized.

Only the FCR1:FLST bit is initialized, and the other bits of FCR1/FCRO registers are kept.

. Description
bit

At writing At reading

No effect on operation.
FIFO2 is reset.

0 is always read.

Notes:

- Disable the transmit and reception first, and then reset FIFO2.

—  Set the transmit FIFO interrupt enable bit to O before the execution.
—  The valid data count of the FBYTE2 register is set to 0.

[bit2] FCL1: FIFOL1 reset bit

This bit resets the FIFOL1 state.

If this bit is set to 1, the FIFOL1 internal state is initialized.

Only the FCR1:FLST bit is initialized, and the other bits of FCR1/FCRO registers are kept.

Description

Bit — :
At writing At reading

No effect on operation.
FIFO1 is reset.

0 is always read.

Notes:

— Disable the transmit and reception first, and then reset FIFO1.

—  Set the transmit FIFO interrupt enable bit to O before the execution.
—  The valid data count of the FBYTEL register is set to 0.
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[bitl] FE2: FIFO2 operation enable bit
This bit enables or disables the FIFO2 operation.

B To use the FIFO2 operation, set this bit to 1.

B If FIFO2 is set as transmit FIFO (FCR1:FSEL=1) and if data exists in FIFO2 when this bit is set to 1, the data transmission
starts immediately when the UART is enabled to transmit data (SCR:TXE=1). During this time, set both SCR:TIE bit and
SCR:TBIE bit to "0". Then, set this bit to 1 and set both SCR:TIE bit and SCR:TBIE bit to 1.

B If received FIFO is selected by the FSEL bit and if a received error has occurred, this bit is cleared to 0. This bit cannot be

set to 1 until the received error is cleared.

If FIFO2 is used as transmit FIFO, this bit must be set to 1 or 0 when the transmit buffer is empty (SSR: TDRE=1).

If FIFO2 is used as received FIFO, this bit must be set to "0" when the received buffer is empty (SSR:RDRF=0) and no

valid data exists in received FIFO (FBYTE2=0) after reception is disabled (SCR:RXE=0).

B If FIFO2 is used as received FIFO, this bit must be set to 1 when the received buffer is empty (SSR:RDRF=0) after
reception is disabled (SCR:RXE=0).

B The FIFO2 state is held even if the FIFO2 operation is disabled.

bit Description
0 Disables the FIFO2 operation.
1 Enables the FIFO2 operation.

[bit0] FE1: FIFO1 operation enable bit
This bit enables or disables the FIFO1 operation.

B To use the FIFO1 operation, set this bit to 1.

B When the FIFOL1 is set as transmit FIFO (FCR1:FSEL=0) and if data exists in FIFO1 when this bit is set to 1, the data
transmission starts immediately when the UART is set to enable data transmission (SCR:TXE=1). During this time, set
both SCR:TIE bit and SCR:TBIE bit to 0. Then, set this bit to 1 and set both TIE bit and SCR:TBIE bit to 1.

B If received FIFO is selected by the FSEL bit and if a received error has occurred, this bit is cleared to 0. This bit cannot be
set to 1 until the received error is cleared.

B If FIFOL1 is used as transmit FIFO, this bit must be set to 1 or 0 when the transmit buffer is empty (SSR: TDRE=1).

B If FIFO1 is used as received FIFO, this bit must be set to 0 when the received buffer is empty (SSR:RDRF=0) and no valid
data exists in received FIFO (FBYTE2=0) after reception is disabled (SCR:RXE=0).

B If FIFOL1 is used as received FIFO, this bit must be set to 1 when the received buffer is empty (SSR:RDRF=0) after
reception is disabled (SCR:RXE=0).

B The FIFOL1 state is held even if the FIFO1 operation is disabled.

bit Description
0 Disables the FIFO1 operation.
1 Enables the FIFO1 operation.
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7.9 FIFO Byte Register (FBYTE)
The FIFO Byte Register (FBYTE) indicates the effective data count in the FIFO buffer. Also, this register can be used to
generate a received interrupt when certain number of data sets are received in the received FIFO.

bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Field (FBYTE2) || (FBYTEL)
Attributle RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Intalvalue 0 0 0 ©O0 0 0 0O 0 o 0o o0 0 ©0 0 0 ©

The FBYTE register indicates the effective data count of data written from or received in FIFO. The following shows the
settings of the FCR1:FSEL bit.

Table 7-4 Display of data count

FSEL FIFO selection Data count display
0 FIFO2: Received FIFO, FIFO1:Transmit FIFO FIFO2:FBYTEZ2, FIFO1:FBYTE1l
1 FIFO2: Transmit FIFO, FIFO1:Received FIFO FIFO2:FBYTEZ2, FIFO1:FBYTE1l

B The initial value of data transfer count is 0x08 for the FBYTE register.

B Set a data count to flag a received interrupt for the FBYTE register of received FIFO. If this specified transfer count
matches the FBYTE register display, the receive data full flag bit (RDRF) is set to 1.

B If the following two conditions are satisfied and if the received idle state continues for more than 8 baud rate clocks, the
receive data full flag bit (RDRF) is set to 1.
O The received FIFO idle detection enable bit (FRIIE) is 1.
O The number of data sets stored in the received FIFO does not reach the transfer count.

If the RDR data is read during counting of 8 clocks, this counter is reset to 0, and counting for 8 clocks is restarted. If received
FIFO is disabled, this counter is reset to zero (0). If data remains in the received FIFO and if received FIFO is enabled, the
data counting is restarted.

FBYTEL, FBYTEZ2: FIFO2 data count display bits, FIFO1 data count display bits
At writing Sets the transfer data count.

At reading Reads the effective count of data.

Read (Effective data count)
During transmit: The number of data sets already written in the FIFO buffer but not transmitted yet
During reception: The number of data sets reception in FIFO

Write (Transfer data count)
During transmit: Set 0x00.
During reception: Set the data count to generate a received interrupt.
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Table 7-5 Data Count to be Saved in FIFO

CHAPTER 1-2: UART (Asynchronous Serial Interface)

FIFO Operation Max. FBYTE Count of Data to be
) Data Length
Capacity Mode Count Stored
Mode 0 5 bits to 8 bits 16 16
16 BYTES Mode 0 9 bits 8 8
Mode 1 Enitre bits
Mode 0 5 bits to 8 bits 32 32
32 BYTES Mode 0 9 bits
16 16
Mode 1 Entire bits
Mode 0 5 bits to 8 hits 64 64
64 BYTES Mode 0 9 bits
—— 32 32
Mode 1 Entire bits
Mode 0 5 bits to 8 bits 128 128
128 BYTES Mode 0 9 bits
—— 64 64
Mode 1 Entire bits
Notes:

—  Set 0x00 in the FBYTE register of transmit FIFO.

—  Set adata value equal to or greater than 1 in the FBYTE register of received FIFO.

—  This state can be changed only after the data reception has been disabled.
—  Aread-modify-write instruction cannot be used for this register.
-  Any setting exceeding the FIFO capacity is prohibited.
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This chapter explains the Clock Synchronous Serial Interface (CSIO) function that is
supported in Operation mode 2. This CSIO is a part of the multifunction serial interface
functions.

. Overview of CSIO (Clock Synchronous Serial Interface)
. CSIO (Clock Synchronous Serial Interface) Interrupts

. CSIO (Clock Synchronous Serial Interface) Operations
. Serial Timer Operation

. Serial Chip Select Operation

. Dedicated Baud Rate Generator

. CSIO (Clock Synchronous Serial Interface) Registers

0 N O o b~ WN PP

. Restrictions on CSIO (Clock Synchronous Serial Interface)
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1. Overview of CSIO (Clock Synchronous Serial Interface)

The CSIO is a general-purpose serial data communication interface (supporting the SPI) to allow synchronous
communication with an external device. It also has transmit/received FIFO (up to 128 bytes each) " installed.

CSIO (Clock Synchronous Serial Interface) Functions

Function

- Full duplex double buffer (when FIFO is not used)
- Transmit/Received FIFO (up to 128 bytes each) 1 (if FIFO is used)
- Clock synchronization (without start/stop bit)

1 Data buffer

2 Transfer system - Master/slave function
- SPI supported (for both master and slave modes)

- Dedicate baud rate generator provided (configured with a 15-bit
3 Baud rate reload counter; in master mode operation)

- An external clock can be entered (in the slave mode operation).
Data length Variable from 5 bits to 16 bits.

Received error detection Overrun error

- Received interrupt (a received completion, an overrun error)

- Transmit interrupt (a transmit data empty, a transmit bus idle)

6 Interrupt request - Transmit FIFO interrupt (when transmit FIFO is empty)

- DMA (Transmit/Received) transferring support functions are
available.

- One channel control (single control)
7 Serial chip select - Setup/hold/deselect time can be set to be changeable.
- Active level can be set for each channel.

. . - Data can be sent at a specific period automatically in synchronization
8 | Synchronous transmit function . o
with serial timer.

- 16-bit serial timer is mounted.

9 Timer function . . .

- Operation clock division ratio can be selected from 1/1 to 1/256.
10 Synchronous mode - Master or slave function
11 Pin access - The serial data output pin can be set to 1.

- FIFO for transmit/received installed (maximum capacity: 128 bytes for

transmit FIFO, 128 bytes for received FIFO) *1
) - Transmit FIFO or received FIFO can be selected.

12 FIFO options

- Transmit data can be resent.
- Received FIFO interrupt timing can be changed via software.

- FIFO resetting is supported independently.
*1: The FIFO capacity size varies depending on the product.

76 FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C



A
W

N

CYPRESS

EMBEDDED IN TOMORROW™

CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

2. CSIO (Clock Synchronous Serial Interface) Interrupts

The CSIO interrupts contain the received interrupt, the transmit interrupt, and the status interrupt. These interrupt requests
can be generated if

O Areceived data is set in the Received Data Register (RDR) or a data received error occurs.
O Atransmit data is transferred from the Transmit Data Register (TDR) to the transmit shift register and the data
transmission is started

O0O0o0oa0o

CSIO Interrupts
Table 2-1 shows the CSIO interrupt control bits and the interrupt factors.

Table 2-1 CSIO Interrupt Control Bits and Interrupt Factors

The transmit bus is idle (No data transmission occurs).
A transmit FIFO data is requested.

The serial timer comparison value (STMCR) and the serial timer value (STMR) match.
The chip select error occurs.

Interrupt .
Flag Interrupt Factor Operation
Interrupt Type| Request . Interrupt Factor .
| Register Enable Bit to Clear Interrupt Request Flag
Flag Bit
A single-byte reception Reading from the received data register (RDR)
Reception of a data volume
matching the value set for
RDRF | SsrR [FBYTE. : _ _ _
Reception The FRIIE l_)lt is 1,_ received |gcRr-RIE Ref_sldlng f_rom the Rgcewed_ Data Register (RDR)
FIFO contains valid data, until received FIFO is emptied
and the Received Idle state
continues more than 8 bits
time hours.
Setting the Received Error Flag Clear bit
ORE SSR Overrun error (SSR:REC) to 1
Writing to the Transmit Data Register (TDR) or
. . setting the transmit FIFO operation enable bit to 1
TDRE SSR The Transmit Data Register SCR:TIE when the transmit FIFO operation enable bit is set
s empty. to 0 and valid data are present in transmit FIFO
Transmission (re-transmitting data)
Writing to the Transmit Data Register (TDR) or
setting the transmit FIFO operation enable bit to 1
TBI SSR No data transmission SCR:TBIE when the transmit FIFO operation enable bit is set
to 0 and valid data are present in transmit FIFO
(re-transmitting data) *
. . . The FIFO transmit data request bit (FCR1:FDRQ)
FDRQ FCR1 |Transmit FIFO is empty. FCR1:FTIE is set to "0" or transmit EIEO is full.
In Slave mode (SCR:MS=1),
or when the serial chip select
pin is in inactive master
Transmission mode (SCR:MS=0) at
CSE SACAR |transferring, the transmit SACSR:CSEIE Writing 0 to the Chip Select Flag Bit (SACSR:CSE).
count is the set value of
TBYTE or less and the next
transmit data is not written in
TDR (SSR:TDRE=1)
The values of the Serial
Timer Register (STMR) and . Writing 0 to the Timer Interrupt Flag bit
Status TINT SACSR the Serial Timer Comparison SACSRTINTE (SACSR:TINT).
Register (STMCR) match.

*: Set the TIE bit to 1 only after the TDRE bit has been set to 0.
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2.1 Received Interrupt and Flag Set Timing
Data reception can be interrupted by a Received Completion (SSR:RDRF=1) or a Received Error Occurrence
(SSR:ORE=1).

Received Interrupt and Flag Set Timing

When the last data bit is detected, the received data is stored in the Received Data Register (RDR). When the data reception
is completed (SSR:RDRF=1) or when a data received error occurs (SSR:ORE=1), each flag is set. If a received interrupt is
enabled (SCR:RIE=1) during this time, a received interrupt occurs.

Note:
— If areceived error occurs, data in the Received Data Register (RDR) is invalidated.

Figure 2-1 Data Receiving and Flag Set Timing

s« LI
SIN ><DO><D1><D2><D3><D4><D5><D6>< D7

Received data

sampling IIIIIII

Note: A received interrupt occurred.

This figure shows the signal timing under the
following conditions.

SCR: MS=1, SPI=0

ESCR: L2 to LO=0b000

SMR:SCINV=0, BDS=0, SCKE=0, SOE=0
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Figure 2-2 ORE (Overrun Error) Flag Set Timing

o UL U U

SIN DO | D1 | D2| D3| D4 | D5 |D6 | D7 | DO |D1|D2|D3|D4|D5|D6|D7!

sampling

Recelveddatalllll|||||||||||

ORE

An overrun error occurred.

Note:

This figure shows the signal timing under the
following conditions.

SCR: MS=1, SPI=0

ESCR: L2 to LO=0b000

SMR:SCINV=0, BDS=0, SCKE=0, SOE=0

Note:

If the next data is transferred before the received data is read (RDRF=1), an overrun error occurs.
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2.2 Interrupt and Flag Set Timing when Received FIFO is Used

If received FIFO is used, an interrupt occurs when the FBYTE data (preset for the FBYTE register (FBYTE)) is received.

Received Interrupt and Flag Set Timing when Received FIFO is Used

O If received FIFO is used, an interrupt occurs depending on the value set for the FBYTE register.

O When the amount of data set for transfer count in the FBYTE register is received, the received data full flag bit
(SSR:RDRF) of the Serial Status Register is set to 1. If a received interrupt (SCR:RIE) is enabled during this time, a
received interrupt occurs.

o If the following two conditions are satisfied and if the received idle state continues for more than 8 baud rate clocks, the
received data full flag bit (RDRF) is set to 1.

* The received FIFO idle detect enable bit (FRIIE) is 1.
* The number of data sets stored in the received FIFO does not reach the transfer count.

If the RDR data is read during counting of 8 clocks, this counter is reset to 0, and counting for 8 clocks is restarted. If received
FIFO is disabled, this counter is reset to 0. If data remains in the received FIFO and if received FIFO is enabled, the data
counting is restarted.

O When the received data (RDR) is all read and received FIFO is emptied, the received data full flag (SSR:RDRF) is
cleared.

O If the display of the valid received data amount is the same as the FIFO capacity and if the next data is received, an
overrun error (SSR:ORE=1) occurs.

Figure 2-3 Received Interrupt Occurrence Timing when Received FIFO is Used

L e

.

Received data 1st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte

FBYTE :X : : : P : : : :

(Received) i H i i i i H H

Valid byte display H 0 X 1 X 2 eeaa ! X 2 eeaa .
H : : : : : :

.

.
.
.

RDRF

S
.

Data reading

from RDR : : i i : : + 3
f f f I g
An interrupt occurs when the FBYTE setting (transfer count)
matches the received data count. All recevied data are read.
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Figure 2-4 ORE (Overrun Error) Flag Bit Set Timing

Received data 1 st byte 2nd byte 3rd byte 4th byte 5th byte 6th byte 7th byte
FBYTE Poe0
(Received) : H H H H :
- >< 60 >< 61 >< 62 >:< 63 >< 64
Valid byte display H H : : : :
RDRF
ORE

An interrupt occurs when the value set for FBYTE (received data)

matches the received data count. An overrun error occurred.

Note:

If the FIFO buffer capacity is displayed by the FIFO display and if the next data is received, an overrun error occurs.
This figure shows a case where a 64-byte FIFO capacity is applied.
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2.3 Transmit Interrupt and Flag Set Timing

A transmit interrupt occurs if transmit data is transferred from the Transmit Data Register (TDR) to the transmit shift register
(SSR:TDRE=1) and the data transmission is started, or if no data is transmitted (SSR:TBI=1).

Transmit Interrupt and Flag Set Timing

B Transmit data empty flag (SSR:TDRE) set timing

After data has been transferred from the Transmit Data Register (TDR) to the transmit shift register, the next data can be
written in the TDR (SSR:TDRE=1). If a transmit interrupt is enabled (SCR:TIE=1) during this time, a transmit interrupt occurs.
As the SSR:TDRE bit is read only, the SSR:TDRE bit is cleared to 0 when data is written to the Transmit Data Register

(TDR).

Figure 2-5 Transmit Data Empty Flag (SSR:TDRE) Set Timing

e« JUUUUUUHUUUUUUL
Transmit data_X DoX D1>< D2><D3><D4>< D5>(D6 X D7XDO>< D1><D2><D3>< D4><D5><:

TDRE EL
Data writing in TDR |_| / r
\/

A transmit interrupt occurred.

B Transmit bus idle flag (SSR:TBI) set timing
If the Transmit Data Register is empty (SSR:TDRE=1) and no data is transmitted, the SSR:TBI bit is set to 1. If a transmit bus

idle interrupt is enabled (SCR:TBIE=1) during this time, a transmit interrupt occurs. When transmit data is written to the
Transmit Data Register (TDR), both the SSR:TBI bit and the transmit interrupt request are cleared.

Figure 2-6 Transmit Bus Idle Flag (TBI) Set Timing (SCSCR:CSENO0=0, SACSR:TSYNE=0)
Transmitdata_XiDOXDlXDZXDsXD‘lX[BXDBX D7 >§<D0>i<D1>éD2>(éD3>j<D4XD5>i<

AN T S S N S ?
TDRE [ I s// s LJ
A transm|t mterrupt occurred
Data writing |_| due toa Bus Idle state |_|
in TDR : : : : : :
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2.4 Interrupt and Flag Set Timing when Transmit FIFO is Used

When transmit FIFO is used, an interrupt occurs if the buffer contains no data.

Transmit Interrupt and Flag Set Timing when Transmit FIFO is Used

O If transmit FIFO contains no data, the FIFO transmit data request bit (FCR1:FDRQ) is set to 1.
If a FIFO transmit interrupt is enabled (FCR1:FTIE=1) during this time, a transmit interrupt occurs.

O If you have written the required data in transmit FIFO after occurrence of a transmit interrupt, clear the interrupt request
by setting the FIFO transmit data request bit (FCR1:FDRQ) to 0.

O When transmit FIFO is filled with data, the FIFO transmit data request bit (FCR1:FDRQ) is set to 0.

O You can check a presence of data in transmit FIFO by reading the FIFO Byte Register (FBYTE).
If FBYTE=0x00, no data exists in transmit FIFO.

Figure 2-7 Transmit Interrupt Occurrence Timing when Transmit FIFO is Used

SCK

Transmit data X 1st byte X 2nd byte X 3rd byte X 4th byte

FBYTE display 0 n@ 1 @( 1 X 0

FDRQ

~

Data writing in )
H |_| The transmit:buffer is empty.(*2)

Transmit FIFO buffer

H ’ A transmit interrupt '
TDRE i Clearedifsetto “0”. ocuurred.(*1) Pt /

TXE

!

*1: The FDRAQ bit is set to “1” as the Transmit FIFO buffer is empty.
*2: The TDRE bit is set to “1” as the Transmit Buffer register contains no data.

FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C 83



o CYPRESS

CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface) > EMBEDDED IN TOMORROW

2.5 Timer Interrupt Occurrence and Flag Setting Timing
Timer interrupt occurs when the values of the Serial Timer Register (STMR) and The Serial Timer Comparison Register
(STMCR) match.

Timer Interrupt Occurrence and Flag Setting Timing
O When the values of the Serial Timer Register (STMR) and the Serial Timer Comparison Register (STMCR) match, the
Timer Interrupt Flag (SACSR:TINT) is set to 1.
At this time, when the Timer Interrupt is enabled (SACSR:TINTE=1), the Status Interrupt occurs.

Figure 2-8 Timer Interrupt Occurrence Timing

STMR 0 X1X2><"'><9X‘°>IK°X1
STMCR 10 E

INT Status interrypt occurs \l_
StTairmte_ g M l
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2.6 Chip Select Error Occurrence and Flag Setting Timing

In Master mode (SCR:MS=0), the Chip Select Error occurs when only the data of the frame count not greater than the
TBYTE set value is transmitted and no valid data exists in the Transmit Data Register (TDR). Moreover, the Chip Select Error
occurs at transmitting in Slave Mode Operation (SCR:MS=1) when Serial Chip Select pin becomes inactive.

Chip Select Error Occurrence and Flag Setting Timing

B Master Mode (SCR:MS=0)

The Chip Select Error occurs when the Transmit Byte Error is enabled (TBEEN=1) and no valid data exists in the Transmit
Data Register (TDR) before the data frame of TBYTE set value (SSR:TDRE=1) If the one of the following conditions meets:

O When the Chip Select is used
O When the synchronous transmission with the Serial Timer is used.

At this time, when the Chip Select Error Interrupt is enabled (SACSR:CSEIE=1), the transmit error occurs.

Figure 2-9 Chip Select Error Occurrence Timing (SCSCR:CSENO0=0, SACSR:TSYNE=1)

Transml ssion 1st byte | 2nd byte
data

TBYTEO 3

Transmission
counter * A X 2 X

TDRE |
TBI

|
TDR RW [1]] :

T

Transmission Interrupt occurs \l

|
f
|
|
}
|1
I
|
|
|
|

CSE

* A: Internal counter transmission byte count

Notes:

—  When the Serial Chip Select is used, the Chip Select Error Flag (SACSR:CSE) is set to 1 after the elapse of Deselect
Time from the chip Select Error occurrence. Moreover, when the transmit data is written to the Transmit Data Register
(TDR) in the Hold Delay Time, the transmission operation does not start and the Chip Select Error Flag (SACSR:CSE)
is set to 1 after the elapse of the Deselect Time.

—  When the Chip Select Error Flag (SACSR:CSE) is set to 1, the transmission operation does not start even if the transmit
data is written to the Transmit Data Register (TDR).

—  While using the Synchronous Transmission, when the Chip Select Error Flag(SACSR:CSE) is set to 1, the transmission
operation does not start even if the following condition is met:

— Atthe transmission in synchronization with serial timer, the Real Timer Register (STMR) and the Serial Timer
Comparison Register match.
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B Slave Mode (SCR:MS=1)
The Chip Select Error occurs when the Serial Chip Select pin becomes inactive while transmitting (SSR:TBI=1).
At this time, if the Chip Select Error Interrupt is enabled (SACSR:CSEIE=1), the Transmission Interrupt occurs.

Figure 2-10 Chip Select Error Occurrence Timing (CSLVL=0, SCR:SPI=0)

scs Input |

|
oRE | ] i
oRRr [ i
TXE | i
TBI ] j
osE Interrunt soeurs
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3. CSIO (Clock Synchronous Serial Interface) Operations

The clock synchronous data transfer is used.

3.1 Normal Transfer (I)

Features
Item Description
1 | Serial clock (SCK) signal mark level HIGH
2 | Transmit data output timing SCK signal falling edge
3 Received data sampling SCK signal rising edge
4 | Data length 5 bits to 16 bits

Register Settings
The register values required for normal transfer (1) are listed on the table below.

Table 3-1 Normal Transfer (I) Register Settings

bitl5 | bitl4 | bitl3 | bitl2 | bitll | bitl0 | bit9 | bit8 | bit7 | bité | bit5 | bit4 | bit3 | bit2 | bitl | bitO
SCR/ UPCL | MS SPI RIE TIE | TBIE | RXE | TXE | MD2 | MD1 | MDO - SCINV| BDS | SCKE | SOE
SMR 0 1/0 0 * * * * * 0 1 0 0 0 * 1/0 *
SSR/ REC - - - ORE |RDRF | TDRE | TBI SOP L3 - WT1 | WTO L2 L1 LO
ESCR 0 - - - - - - - 0 * - * * * * *
TDR1/0 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
RDRl/O * * * * * * * * * * * * * * * *
BGR1/ - B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
BGRO - * * * * * * * * * * * * * * *
1: Setto 1.
0: Setto 0.
*: User-dependent values
Note:
The above bit setting (1/0) varies depending on the master or slave mode operation. Set as follows.
—  During master mode operation: SCR:MS=0, SMR:SCKE=1
—  During slave mode operation: SCR:MS=1, SMR:SCKE=0
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Normal Transfer (I) Timing Chart (When Serial Chip Select Pin is not Used.)

« Data transmission  —— 1St byte e 2nd byte

-~
Lt}

SCK

SOT

TDRRWgWéH%::::::.

TXE J

e Data reception

SIN

RXE J

*A:  HIGH if SCR : MS=0
D7 value if SCR : MS=1
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Master Mode Operation (SCR:MS=0, SMR:SCKE=1)

|
1

N

|

3.

Data transmission

If serial data output is enabled (SMR:SOE=1), data transmission is enabled (SCR:TXE=1) and data reception is disabled
(SCR:RXE=0), and when the transmit data is written in the TDR, the SSR:TDRE bit is set to 0. This causes the transmit
data to be output in synchronization with a falling edge of the serial clock (SCK) output.

. When the transmit data of the first bit is output, the SSR:TDRE bit is set to 1. Therefore, if the transmit interrupt is enabled

(SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in
the register.

Data reception

If the serial data output is disabled (SMR:SOE=0), data transmission is enabled (SCR:TXE=1) and data reception is
enabled (SCR:RXE=1), and when a dummy data is written in the TDR, the received data is sampled at a rising edge of
serial clock (SCK) output.

. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1) during this time,

a received interrupt request is output.
The received data (RDR) can be read during this time.
When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.

Notes:

To perform data reception only, write a dummy data in the TDR so that the serial clock (SCK) is output.
If the FIFO transmission and reception are enabled, the serial clocks (SCK) for the preset number of frames are output
when the frames to be transferred are set in the FBYTE register.

Data transmission and reception

. To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the

data transmission and reception (SCR:TXE, RXE=1).

. When the transmit data is written in the TDR, the SSR:TDRE bit is set to 0 and the transmit data is output in

synchronization with a falling edge of the serial clock (SCK) output. When the transmit data of the first bit is output, the
SSR:TDRE bit is set to 1. If a transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output. During this
time, the transmit data of the 2nd byte can be written in the register.

. The received data is sampled at a rising edge of the serial clock (SCK) output. When the last bit of received data is

received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received interrupt request is
output. The received data (RDR) can be read during this time. When the received data is read, the SSR:RDRF bit is
cleared to 0.
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B Continuous data transmit or reception waiting
If anything other than ESCR:WT1, ESCR:WTO0=00 is set for the continuous data transmission or reception, a wait is inserted
between frames.
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Slave Mode Operation (SCR:MS=1, SMR:SCKE=0)

|
1.

w

Data transmission

If serial data output is enabled (SMR:SOE=1) and data transmission is enabled (SCR:TXE=1) and when the transmit data
is written in the TDR, the SSR:TDRE bit is set to 0. This causes the transmit data to be output in synchronization with a
falling edge of the serial clock (SCK) input.

. When the transmit data of the first bit is output, the SSR:TDRE bit is set to 1. If a transmit interrupt is enabled

(SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in
the register.

Data reception
If the serial data output is disabled (SMR:SOE=0) and data reception is enabled (SCR:RXE=1), the received data is
sampled at a rising edge of serial clock (SCK) input.

. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received

interrupt request is output.
The received data (RDR) can be read during this time.
When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.

Data transmission and reception

To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the
data transmission and reception (SCR:TXE, RXE=1).

When the transmit data is written in the TDR, the SSR:TDRE bit is set to 0 and the transmit data is output in
synchronization with a falling edge of the serial clock (SCK) input. When the transmit data of the first bit is output, the
SSR:TDRE bit is set to 1. If a transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output. During this
time, the transmit data of the 2nd byte can be written in the register.

The received data is sampled at a rising edge of the serial clock (SCK) input. When the last bit of received data is
received, the SSR:RDRF bit is set to 1. If the received interrupt is enabled (SCR:RIE=1), a received interrupt request is
output. The received data (RDR) can be read during this time. When the received data is read, the SSR:RDRF bit is
cleared to 0.
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Normal Transmission (I) Timing Chart (When Serial Chip Select Pin is Used)

CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

outputs undefined value

outputs” High”

:OY
1,

internal counter counting transmit byte number

SCR:MS
*D: For Master made operation,

*B: SCR:MS
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0, outputs SCS
1, Inputs SCS

1, outputs “D7”

0, outputs "High”

SCR:MS

MS

*A: SCR:MS
*C: MS
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Master Mode Operation (SCR:MS=0, SMR:SCKE=1, SCSCR:CSOE=1, SCSCR:CSENn*=1)
*: n is the number of the serial chip select pin used

B Data Transmission

1.

n

Pw

If serial data output is enabled (SMR:SOE=1), data transmission is enabled (SCR:TXE=1), and data reception is disabled
(SCR:RXE=0) and when the transmit data is written in the TDR, the SSR:TDRE bit is set to 0. And then, the Serial Chip
Select pin (SCS) becomes active and the serial clock output is started after the elapse of the setup time of the Serial Chip
Select pin. After starting the Serial Clock output, this causes the transmit data to be output in synchronization with a
falling edge of the serial clock (SCK) output.

When the transmit data of the first bit is output, the SSR:TDRE bit is set to 1. If a transmit interrupt is enabled
(SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in
the register.

After completing the times of the data transmission specified with TBYTE, the serial clock stops.

After the elapse of the hold time of the Serial Chip Select pin following the Serial Clock stop, the Serial Chip Select pin
(SCS) becomes inactive. However, if the Serial Chip Select Active Level is held (SCSCR:SCAM=1), the Serial Chip
Select pin (SCS) holds the active state.

Data Reception

1. If the serial data output is disabled (SMR:SOE=0), data transmission is enabled (SCR:TXE=1), data reception is enabled
(SCR:RXE=1), and a dummy data is written to TDR, the Serial Chip Select pin (SCS) becomes active and the serial clock
output is started after the elapse of the setup time of the Serial Chip Select pin. After starting the Serial Clock output, the
received data is sampled at a rising edge of serial clock (SCK) output.

2. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received
interrupt request is output.

The received data (RDR) can be read during this time.

3. When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.

4. After the data reception is completed for the time specified with TBYTE, the serial clock is stopped.

5. After the serial clock is stopped, the Serial Chip Select pin (SCS) becomes inactive after the elapse of the hold time of the
Serial Chip Select pin. However, if the Serial Chip Select Active Level is held (SCSCR:SCAM=1), the Serial Chip Select
pin (SCS) holds the active state.

Note:

To perform only the data reception, write a dummy data to TDR in order to output the Serial Clock (SCS).
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Data transmission and reception
To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the
data transmission and reception (SCR:TXE, RXE=1).

. When the transmit data is written in the TDR, the SSR:TDRE bit is set to 0 . Then, the Serial Chip Select pin (SCS)

becomes active and the serial clock output is started after the elapse of the setup time of the Serial Chip Select pin. After
starting the Serial Clock output, the transmit data is output in synchronization with a falling edge of the serial clock (SCK)
output. When the transmit data of the first bit is output, the SSR:TDRE bit is set to 1. If a transmit interrupt is enabled
(SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in
the register.

The received data is sampled at a rising edge of the serial clock (SCK) output during the data transmission and reception.
When the last bit of received data is received, the SSR:RDRF bit is set to 1. If the received interrupt is enabled
(SCR:RIE=1), a received interrupt request is output. The received data (RDR) can be read during this time. When the
received data is read, the SSR:RDRF bit is cleared to 0.

After the data reception and transmission are completed for the time specified with TBYTE, the serial clock is stopped.
After the serial clock is stopped, the Serial Chip Select pin (SCS) becomes inactive after the elapse of the hold time of the
Serial Chip Select pin. However, if the Serial Chip Select Active Level is held (SCSCR:SCAM=1), the Serial Chip Select
pin (SCS) holds the active state.

Continuous Data Transmit or Reception Waiting

If anything other than ESCR:WT1, ESCR:WT0=00 is set for the continuous data transmission or reception, a wait is inserted
between frames.

94

- ESCR:WT1=0, ESCR:WT0=1(in master mode operation)

1st Byte 2nd Byte

A 4

- ESCR:WT1=1, ESCR:WT0=0(in master mode operation)
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seck | Uy uUyUyT
TDRE l l

A
A

- ESCR:WT1=1, ESCR:WT0=1(in master mode operation)
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Slave Mode Operation (SCR:MS=1, SMR:SCKE=0, SCSCR:CSENO0=1, SCSCR:CSOE=0, SCSCR:SCAM=0)

=

N

w

N

Data Transmission
If serial data output is enabled (SMR:SOE=1) and data transmission is enabled (SCR:TXE=1) and when the transmit data
is written in the TDR, the SSR:TDRE bit is set to 0.

. When the Serial Chip Select pin (SCS) becomes active, the transmission operation is started and the transmit data is

output in synchronization with the falling edge of serial clock (SCK) input.

. When the transmit data of the first bit is output, the SSR:TDRE bit is set to 1. If a transmit interrupt is enabled

(SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in
the register.

. When the Serial Chip Select pin (SCS) becomes inactive, the transmission operation is stopped and the serial output pin

(SOT) becomes High.

Data Reception

If the serial data output is disabled (SMR:SOE=0) , data reception is enabled (SCR:RXE=1), and the serial chip select pin
(SCS) becomes active, the data reception is started and the received data is sampled at a rising edge of serial clock
(SCK) input.

. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received

interrupt request is output.

. The received data (RDR) can be read during this time.
. When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.
. When the serial chip select pin (SCS) becomes inactive, the data reception is stopped.

Data Reception and Transmission

. To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the

data transmission and reception (SCR:TXE, RXE=1).

. When the transmit data is written in the TDR, the SSR:TDRE bit is set to 0 and the transmit data is output in

synchronization with a falling edge of the serial clock (SCK) input. When the transmit data of the first bit is output, the
SSR:TDRE bit is set to 1. If a transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output. During this
time, the transmit data of the 2nd byte can be written in the register.

During the data reception and transmission, the received data is sampled at a rising edge of the serial clock (SCK) input.
When the last bit of received data is received, the SSR:RDRF bit is set to 1. If the received interrupt is enabled
(SCR:RIE=1), a received interrupt request is output. The received data (RDR) can be read during this time. When the
received data is read, the SSR:RDRF bit is cleared to 0.

. When the serial chip select pin (SCS) becomes inactive, the data reception and transmission is stopped and the serial

output pin (SOT) becomes High.
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CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface) ?-‘QE!DEBTE«§?§
3.2 Normal Transfer (ll)
Features
Item Description
1 Serial clock (SCK) signal mark level LOW
2 | Transmit data output timing SCK signal rising edge
3 | Received data sampling SCK signal falling edge
4 Data length 5 bits to 16 bits
Register Settings
The register values required for normal transfer (lII) are listed on the table below.
Table 3-2 Normal Transfer (Il) Register Settings
bitl5 | bitl4 | bitl3 | bitl2 | bitll | bitl0 | bit9 | bit8 | bit7 | bité | bit5 | bit4 | bit3 | bit2 | bitl | bit0
SCR/ UPCL | MS SPI RIE TIE | TBIE | RXE | TXE | MD2 | MD1 | MDO - SCINV| BDS | SCKE | SOE
SMR1 0 1/0 0 * * * * * 0 1 0 0 1 * 1/0 *
SSR/ REC - - - ORE |RDRF | TDRE | TBI SOP L3 - WT1 | WTO L2 L1 LO
ESCR O - - - - - - - 0 * - * * * * *
TDR1/0 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
RDR]_/O * * * * * * * * * * * * * * * *
BGR1/ - B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 Bl BO
BGRO - * * * * * * * * * * * * * * *
1: Setto 1.
0: Setto 0.

*: User-dependent values

Note:

The above bit setting (1/0) varies depending on the master or slave mode operation. Set as follows.

—  During master mode operation: SCR:MS=0, SMR:SCKE=1
—  During slave mode operation: SCR:MS=1, SMR:SCKE=0
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CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

Normal Transfer (Il) Timing Chart (Serial Chip Select Pin is not Used)
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RDRRD

*A:  HIGH if SCR:MS=0
D7 value if SCR:MS=1
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Master Mode Operation (SCR:MS=0, SMR:SCKE=1)

]
1.

3.

Data transmission

If serial data output is enabled (SMR:SOE=1), data transmission is enabled (SCR:TXE=1) and data reception is disabled
(SCR:RXE=0), and when the transmit data is written in the TDR, the SSR:TDRE bit is set to 0. This causes the transmit
data to be output in synchronization with a rising edge of the serial clock (SCK) output.

. When the transmit data of the first bit is output, the SSR:TDRE bit is set to 1. Therefore, if the transmit interrupt is enabled

(SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in
the register.

Data reception

If the serial data output is disabled (SMR:SOE=0), data transmission is enabled (SCR:TXE=1) and data reception is
enabled (SCR:RXE=1), and when a dummy data is written in the TDR, the received data is sampled at a falling edge of
serial clock (SCK) output.

. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1) during this time,

a received interrupt request is output.
The received data (RDR) can be read during this time.
When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.

Notes:

98

To perform data reception only, write a dummy data in the TDR so that the serial clock (SCK) is output.
If the FIFO transmission and reception are enabled, the serial clocks (SCK) for the preset number of frames are output
when the frames to be transferred are set in the FBYTE register.

Data transmission and reception

. To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the

data transmission and reception (SCR:TXE, RXE=1).

. When the transmit data is written in the TDR, the SSR:TDRE bit is set to 0 and the transmit data is output in

synchronization with a rising edge of the serial clock (SCK) output. When the transmit data of the first bit is output, the
SSR:TDRE bit is set to 1. If a transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output. During this
time, the transmit data of the 2nd byte can be written in the register.

. The received data is sampled at a falling edge of the serial clock (SCK) output. When the last bit of received data is

received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received interrupt request is
output. The received data (RDR) can be read during this time. When the received data is read, the SSR:RDRF bit is
cleared to 0.
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B Continuous data transmit or reception waiting
If anything other than ESCR:WT1, ESCR:WTO0=00 is set for the continuous data transmission or reception, a wait is inserted

between frames.

- ESCR:WT1, ESCR:WT0=01 (in master mode operation)

1bit
1st Byte PIN 2nd Byte

»
< < »

sek [yt gy yyLL
TDRE l

- ESCR:WT1, ESCR:WTO0=10 (in master mode operation)

P 1st Byte 12bits |, 2nd Byte

sek (U UUUUULEE U uuU
TDRE |

- ESCR:WT1, ESCR:WTO0=11 (in master mode operation)

1st Byte 3bits 2nd Byte
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Slave Mode Operation (SCR:MS=1, SMR:SCKE=0)

]
1.

w

Data transmission

If serial data output is enabled (SMR:SOE=1) and data transmission is enabled (SCR:TXE=1) and when the transmit data
is written in the TDR, the SSR:TDRE bit is set to 0. This causes the transmit data to be output in synchronization with a
rising edge of the serial clock (SCK) input.

When the transmit data of the first bit is output, the SSR:TDRE bit is set to 1. If a transmit interrupt is enabled
(SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in
the register.

Data reception
If the serial data output is disabled (SMR:SOE=0) and data reception is enabled (SCR:RXE=1), the received data is
sampled at a falling edge of serial clock (SCK) input.

. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received

interrupt request is output.
The received data (RDR) can be read during this time.
When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.

Data transmission and reception

To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the
data transmission and reception (SCR:TXE, RXE=1).

When the transmit data is written in the TDR, the SSR:TDRE bit is set to 0 and the transmit data is output in
synchronization with a rising edge of the serial clock (SCK) input. When the transmit data of the first bit is output, the
SSR:TDRE bit is set to 1. If a transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output. During this
time, the transmit data of the 2nd byte can be written in the register.

The received data is sampled at a falling edge of the serial clock (SCK) input. When the last bit of received data is
received, the SSR:RDRF bit is set to 1. If the received interrupt is enabled (SCR:RIE=1), a received interrupt request is
output. The received data (RDR) can be read during this time. When the received data is read, the SSR:RDRF bit is
cleared to 0.
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Master Mode Operation (SCR:MS=0, SMR:SCKE=1, SCSCR:CSOE=1, SCSCR:CSENn*=1)
*: n is the number of the serial chip select pin used

B Data Transmission

1. If serial data output is enabled (SMR:SOE=1), data transmission is enabled (SCR:TXE=1) and data reception is disabled
(SCR:RXE=0), and when the transmit data is written in the TDR, the SSR:TDRE bit is set to 0. Then, the serial chip select
pin (SCS) becomes active and then, the Serial Chip Select pin (SCS) becomes active and the serial clock output is
started after the elapse of the setup time of the Serial Chip Select pin. After starting the Serial Clock output, this causes
the transmit data to be output in synchronization with a rising edge of the serial clock (SCK) output.

2. When the transmit data of the first bit is output, the SSR:TDRE bit is set to 1. Therefore, if the transmit interrupt is enabled
(SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in
the register.

3. After completing the times of the data transmission specified with TBYTE, the serial clock is stopped.

4. After the elapse of the hold time of the Serial Chip Select pin following the Serial Clock stop, the Serial Chip Select pin
(SCS) becomes inactive. However, if the Serial Chip Select Active Level is held (SCSCR:SCAM=1), the Serial Chip
Select pin (SCS) holds the active state.

B Data Reception
1. If the serial data output is disabled (SMR:SOE=0), data transmission is enabled (SCR:TXE=1), data reception is enabled
(SCR:RXE=1), and a dummy data is written to TDR, the Serial Chip Select pin (SCS) becomes active and the serial clock
output is started after the elapse of the setup time of the Serial Chip Select pin. After starting the Serial Clock output, the
received data is sampled at a falling edge of serial clock (SCK) output.
2. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received
interrupt request is output.
The received data (RDR) can be read during this time.
. When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.
. After the data reception is completed for the time specified with TBYTE, the serial clock is stopped.
. After the serial clock is stopped, the Serial Chip Select pin (SCS) becomes inactive after the elapse of the hold time of the
Serial Chip Select pin. However, if the Serial Chip Select Active Level is held (SCSCR:SCAM=1), the Serial Chip Select
pin (SCS) holds the active state.

Notes:

—  To perform data reception only, write a dummy data in the TDR so that the serial clock (SCK) is output.

— If the FIFO transmission and reception are enabled, the serial clocks (SCK) for the preset number of frames are output
when the frames to be transferred are set in the FBYTE register.

g b w

B Data transmission and reception

1. To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the
data transmission and reception (SCR:TXE, RXE=1).

2. When the transmit data is written in the TDR, the SSR:TDRE bit is set to 0 . Then, the Serial Chip Select pin (SCS)
becomes active and the serial clock output is started after the elapse of the setup time of the Serial Chip Select pin. After
starting the Serial Clock output, the transmit data is output in synchronization with a rising edge of the serial clock (SCK)
output. When the transmit data of the first bit is output, the SSR:TDRE bit is set to 1. If a transmit interrupt is enabled
(SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in
the register.

3. The received data is sampled at a falling edge of the serial clock (SCK) output during the data transmission and reception.

When the last bit of received data is received, the SSR:RDRF bit is set to 1. If the received interrupt is enabled

(SCR:RIE=1), a received interrupt request is output. The received data (RDR) can be read during this time. When the

received data is read, the SSR:RDRF bit is cleared to 0.

After the data reception and transmission are completed for the time specified with TBYTE, the serial clock is stopped.

After the serial clock output is stopped, the Serial Chip Select pin (SCS) becomes inactive after the elapse of the hold

time of the Serial Chip Select pin. However, if the Serial Chip Select Active Level is held (SCSCR:SCAM=1), the Serial

Chip Select pin (SCS) holds the active state.

o s
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B Continuous data transmit or reception waiting

CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

If anything other than ESCR:WT1, ESCR:WT0=00 is set for the continuous data transmission or reception, a wait is inserted

between frames.

- ESCR.WT1=0, ESCR.WT0=1(in master mode operation)

1 bit
1st Byte P I‘

2nd Byte

»
»

&
b

A

SCK UL

TDRE l l

- ESCR.WT1=1, ESCR.WT0=0(in master mode operation)

1st Byte .2 bits |
»le

2nd Byte

A 4

A
A
A

SCK EEEaiERERNRERERERENE

TDRE l l

+ ESCR.WT1=1, ESCR.WTO0=1(in master mode operation)

'z

2nd Byte

A 4
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Slave Mode Operation(SCR:MS=1, SMR:SCKE=0, SCSCR:CSEN0=1, SCSCR:CSOE=0, SCSCR:SCAM=0)

|
1.

2.

3.

Data Transmission

If serial data output is enabled (SMR:SOE=1), and data transmission is enabled (SCR:TXE=1), and when the transmit
data is written in the TDR, the SSR:TDRE bit is set to 0.

When the Serial Chip Select pin (SCS) becomes active, the transmit data output is started. Then the transmit data is
output in synchronization with a rising edge of the serial clock (SCK) input.

When the transmit data of the first bit is output, the SSR:TDRE bit is set to 1. Therefore, if the transmit interrupt is enabled
(SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in
the register.

If the Serial Chip Select pin (SCS) becomes inactive, the data transmission is stopped and the serial output pin (SOT)
becomes High.

Data Reception

If the serial data output is disabled (SMR:SOE=0) , data reception is enabled (SCR:RXE=1), and the serial chip select pin
(SCS) becomes active, the data reception is started and the received data is sampled at a falling edge of serial clock
(SCK) input.

. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received

interrupt request is output.

. The received data (RDR) can be read during this time.
. When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.
. When the serial chip select pin (SCS) becomes inactive, the data reception is stopped.

Data Transmission and Reception

. To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the

data transmission and reception (SCR:TXE, RXE=1).

. When the transmit data is written in the TDR, the SSR:TDRE bit is set to 0 . Then, the Serial Chip Select pin (SCS)

becomes active and the serial clock output is started. After starting the Serial Clock output, the transmit data is output in
synchronization with a rising edge of the serial clock (SCK) input. When the transmit data of the first bit is output, the
SSR:TDRE bit is set to 1. If a transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output. During this
time, the transmit data of the 2nd byte can be written in the register.

. The received data is sampled at a falling edge of the serial clock (SCK) input during the data transmission and reception.

When the last bit of received data is received, the SSR:RDRF bit is set to 1. If the received interrupt is enabled
(SCR:RIE=1), a received interrupt request is output. The received data (RDR) can be read during this time. When the
received data is read, the SSR:RDRF bit is cleared to 0.

. The serial clock output is stopped when the Serial Chip Select pin (SCS) becomes inactive and the serial output pin

(SOT) becomes High.

104 FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C



& CYPRESS

“agge> EMBEDDED IN TOMORROW™

3.3 SPI Transfer (I)

CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

Features
Item Description
1 Serial clock (SCK) signal mark level "HIGH"
2 | Transmit data output timing SCK signal rising edge
3 Received data sampling SCK signal falling edge
4 Data length 5 bits to 16 bits

Register Settings

The register values required for SPI transfer (l) are listed on the table below.
Table 3-3 SPI Transfer (I) Register Settings

bitl5 | bitl4 | bitl3 | bitl2 | bitll | bitl0 | bit9 | bit8 | bit7 bité | bit5 | bit4 | bit3 | bit2 bitl | bit0
SCR/ |UPCL| MS | SPI | RIE | TIE | TBIE | RXE | TXE | MD2 | MD1 | MDO - |SCINV| BDS |SCKE | SOE
SMR 0 1/0 1 * * * * * 0 1 0 0 0 * 1/0 *
SSR/ REC - - - ORE |RDRF |TDRE| TBI | SOP | L3 - WTL1 | WTO | L2 L1 LO
ESCR 0 - - _ _ _ - - O * - * * * * *
TDR1/0 | D15 | D14 | D13 | D12 | D11 | D10 | D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
RDRl/O * * * * * * * * * * * * * * * *
BGRL/ - B14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 Bl BO
BGRO - * * * * * * * * * * * * * * *
1: Setto 1.
0: Setto 0.
*: User-dependent values
Note:
The above bit setting (1/0) varies depending on the master or slave mode operation. Set as follows.
—  During master mode operation: SCR:MS=0, SMR:SCKE=1
—  During slave mode operation: SCR:MS=1, SMR:SCKE=0
FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C 105




&= CYPRESS

CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface) > EMBEDDED IN TOMORROW

SPI Transfer (I) Timing Chart (Serial Chip Select Pin is not Used)

1st byte 2nd byte

i Umﬂf ELHI Um‘
soT %@@X @@@
%

e Data transmission

“

SCK

TDRE

TDR RW

TXE J

e Data reception

SIN

Sampling

RDR RD

RXE J

*A: During slave mode transmission (MS=1, SCKE=0, SOE=1), 4 machine cycles or more time
is required after writing data in the TDR

*B: HIGH if SCR:MS=0
DO of the 3rd byte if SCR:MS=1 and TDRE is LOW
HIGH if SCR:MS=1 and TDRE is HIGH
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Master Mode Operation (SCR:MS=0, SMR:SCKE=1)

B Data transmission

1. If serial data output is enabled (SMR:SOE=1), data transmission is enabled (SCR:TXE=1) and data reception is disabled
(SCR:RXE=0), and when the transmit data is written in the TDR, the SSR:TDRE bit is set to 0. This causes the first bit to
output. Then, the transmit data is output in synchronization with a rising edge of the serial clock (SCK) output.

The SSR:TDRE bit is set to 1 before a half cycle of a falling edge of serial clock (SCK) output. Therefore, if the transmit
interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the 2nd byte
can be written in the register.

N

B Data reception

1. If the serial data output is disabled (SMR:SOE=0), data transmission is enabled (SCR:TXE=1) and data reception is
enabled (SCR:RXE=1), and when a dummy data is written in the TDR, the received data is sampled at a falling edge of
serial clock (SCK) output.

2. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1) during this time,
a received interrupt request is output.
The received data (RDR) can be read during this time.

3. When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.

Notes:

—  To perform data reception only, write a dummy data in the TDR so that the serial clock (SCK) is output.

- If the FIFO transmission and reception are enabled, the serial clocks (SCK) for the preset number of frames are output
when the frames to be transferred are set in the FBYTE register.

B Data transmission and reception

1. To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the
data transmission and reception (SCR:TXE, RXE=1).

2. When the transmit data is written in the TDR, the SSR:TDRE is set to 0 and the first bit is output. Then, the transmit data
is output in synchronization with a rising edge of the serial clock (SCK) output. The SSR:TDRE bit is set to 1 before a half
cycle of a falling edge of the first serial clock. If a transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is
output. During this time, the transmit data of the 2nd byte can be written in the register.

3. The received data is sampled at a falling edge of the serial clock (SCK) output. When the last bit of received data is
received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received interrupt request is
output. The received data (RDR) can be read during this time. When the received data is read, the SSR:RDRF bit is
cleared to 0.
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B Continuous data transmit or reception waiting
If anything other than ESCR:WT1, ESCR:WTO0=00 is set for the continuous data transmission or reception, a wait is inserted

between frames.

A
s

-

CYPRESS
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- ESCR:WT1, ESCR:WT0=01 (in master mode operation)

1Byte

1bit

»le

2Byte

<

TDRE

P

ScK |_| L.

g

yuuuuuy

- ESCR:WT1, ESCR:WTO0=10 (in master mode operation)

1Byte

2Byte

SCK

TDRE

<

»

tuuvyuvuuy

- ESCR:WT1, ESCR:WT0=11 (in master mode operation)

1Byte

2Byte ol
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Slave Mode Operation (SCR:MS=1, SMR:SCKE=0)

|
1.

N

Data transmission

If serial data output is enabled (SMR:SOE=1) and data transmission is enabled (SCR:TXE=1) and when the transmit data
is written in the TDR, the SSR:TDRE bit is set to 0. This causes the first bit to output. Then, the transmit data is output in
synchronization with a rising edge of the serial clock (SCK) output.

When the first bit of transmit data is output, the SSR:TDRE bit is set to 1. If a transmit interrupt is enabled (SCR:TIE=1), a
transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in the register.

Note:

|
1.

If data transmission is enabled (SCR:TXE=1) and if the first transmit data is written in the TDR at a time other than the
serial clock (SCK) signal mark level, the first data bit is not output and the data transmission may fail. After the data
transmission is enabled (SCR:TXE=1), the first transmit data must be written in the TDR at a signal mark level of the
serial clock (SCK).

Data reception
If the serial data output is disabled (SMR:SOE=0) and data reception is enabled (SCR:RXE=1), the received data is
sampled at a falling edge of serial clock (SCK) input.

. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received

interrupt request is output.
The received data (RDR) can be read during this time.

. When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.

Data transmission and reception

. To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the

data transmission and reception (SCR:TXE, RXE=1).

. When the transmit data is written in the TDR, the SSR:TDRE is set to 0 and the first bit is output. Then, the transmit data

is output in synchronization with a rising edge of the serial clock (SCK) input. When the first bit of transmit data is output,
the SSR:TDRE bit is set to 1. If a transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output. During
this time, the transmit data of the 2nd byte can be written in the register.

. The received data is sampled at a falling edge of the serial clock (SCK) input. When the last bit of received data is

received, the SSR:RDRF bit is set to 1. If the received interrupt is enabled (SCR:RIE=1), a received interrupt request is
output. The received data (RDR) can be read during this time. When the received data is read, the SSR:RDRF bit is
cleared to 0.

Continuous switching from data reception to transmission

Disable the serial data output (SMR:SOE=0), enable a received interrupt (SCR:RIE=1), enable data reception
(SCR:RXE=1), and enable data transmission (SCR:TXE=1). If dummy data is written in the TDR at a signal mark level of
serial clock (SCK), the received data is sampled at a falling edge of serial clock (SCK) input.

To continue data reception, write a dummy data in the TDR between the time when a received interrupt is requested and
when the next serial clock (SCK) rises.

To switch the data reception to the data transmission, enable the serial data output (SMR:SOE=1), disable a received
interrupt (SCR:RIE=0), and disable data reception (SCR:RXE=0) between the time when a received interrupt is
requested and when the next serial clock (SCK) rises. Also, output the transmit data in synchronization with a rising edge
of serial clock after the transmit data has been written in the TDR and the data reception has completed.
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CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

SPI Transfer (I) Timing Chart (Serial Chip Select Pin is Used)

2nd byte

1st byte
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Transmit dat

write

TXE
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Received data read
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RDRF
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TBYTE
Transmit
counter *D
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1. SCKE

In Slave mode transmission (MS

*A:

the period of 4 machine cycles or more is required from writing to TDR

*B: At MS
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0, outputs SCS
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Outputs ” DO”
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Internal counter counting transfer bytes in Master mode transmission
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Master Mode Operation (SCR:MS=0, SMR:SCKE=1, SCSCR:CSOE=1, SCSCR:CSENn*=1)
*: n is the number of the serial chip select pin used.

B Data transmission

1. If serial data output is enabled (SMR:SOE=1), data transmission is enabled (SCR:TXE=1) and data reception is disabled
(SCR:RXE=0), and when the transmit data is written in the TDR, the SSR:TDRE bit is set to 0. Then, the transmit data of
the first bit is output and the Serial Chip Select pin (SCS) becomes active at the same time, and then, the serial clock
output is started after the elapse of the setup time of the Serial Chip Select pin. After starting the Serial Clock output, this
causes the transmit data to be output in synchronization with a rising edge of the serial clock (SCK) output.

. The SSR:TDRE bhit is set to 1 before a half cycle of a falling edge of the first serial clock (SCK) output. Therefore, if the
transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the
2nd byte can be written in the register.

. After completing the times of the data transmission specified with TBYTE, the serial clock is stopped.

. After the elapse of the hold time of the Serial Chip Select pin following the Serial Clock stop, the Serial Chip Select pin
(SCS) becomes inactive. However, if the Serial Chip Select Active Level is held (SCSCR:SCAM=1), the Serial Chip
Select pin (SCS) holds the active state.

N

AW

B Data reception

1. If the serial data output is disabled (SMR:SOE=0), data transmission is enabled (SCR:TXE=1) and data reception is
enabled (SCR:RXE=1), and when a dummy data is written in the TDR, the Serial Chip Select pin (SCS) becomes active
and then, the serial clock output is started after the elapse of the setup time of the Serial Chip Select pin. After starting the
serial clock output, the received data is sampled at a falling edge of serial clock (SCK) output.

2. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1) during this time,

a received interrupt request is output.

The received data (RDR) can be read during this time.

When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.

After the data reception is completed for the time specified with TBYTE, the serial clock output is stopped.

After the serial clock output is stopped, the Serial Chip Select pin (SCS) becomes inactive after the elapse of the hold

time of the Serial Chip Select pin. However, if the Serial Chip Select Active Level is held (SCSCR:SCAM=1), the Serial

Chip Select pin (SCS) holds the active state.

akrw

Notes:

—  To perform data reception only, write a dummy data in the TDR so that the serial clock (SCK) is output.

— If the FIFO transmission and reception are enabled, the serial clocks (SCK) for the preset number of frames are output
when the frames to be transferred are set in the FBYTE register.

B Data transmission and reception

1. To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the
data transmission and reception (SCR:TXE, RXE=1).

2. When the transmit data is written in the TDR, the SSR:TDRE is set to 0 and the first bit is output and the the Serial Chip
Select pin (SCS) becomes active at the same time. The serial clock output is started after the elapse of setup time of the
Serial Chip Select pin. After the serial clock output, the transmit data is output in synchronization with a rising edge of the
serial clock (SCK) output. The SSR:TDRE bit is set to "1" before a half cycle of a falling edge of the first serial clock (SCK)
output. Therefore, if the transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output. During this time,
the transmit data of the 2nd byte can be written in the register.

3. The received data is sampled at a falling edge of the serial clock (SCK) output. When the last bit of received data is
received, the SSR:RDRF bit is set to 1. If the received interrupt is enabled (SCR:RIE=1), a received interrupt request is
output. The received data (RDR) can be read during this time. When the received data is read, the SSR:RDRF bit is
cleared to 0.

4. After the data reception is completed for the time specified with TBYTE, the serial clock output is stopped.

5. After the serial clock output is stopped, the Serial Chip Select pin (SCS) becomes inactive after the elapse of the hold
time of the Serial Chip Select pin. However, if the Serial Chip Select Active Level is held (SCSCR:SCAM=1), the Serial
Chip Select pin (SCS) holds the active state.
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B Continuous data transmit or reception waiting [*]
If anything other than ESCR:WT1, ESCR:WT0=00 is set for the continuous data transmission or reception, a wait is inserted

between frames.

+ ESCR.WT1=0, ESCR.WT0=1(in master mode operation)

1st Byte N 2nd Byte

<& »
L »

se« Uy

ESCR.WT1=1, ESCR.WT0=0(in master mode operation)

1st Byte L2 bits 2nd Byte -~

»le
U UUUy
TDRE | |

A
A

SCK .

ESCR.WT1=1, ESCR.WTO0=1(in master mode operation)

1st Byte 3 bits 2nd Byte -~

e
>

A

A 4

SCK .

TORE | [ ] |
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Slave Mode Operation (SCR:MS=1, SMR:SCKE=0, SCSCR:CSEN=1, SCSCR:SCAM=0) [*]

B Data Transmission

1. If serial data output is enabled (SMR:SOE=1), and data transmission is enabled (SCR:TXE=1), and when the transmit
data is written in the TDR, the SSR:TDRE bit is set to 0.

2. When the Serial Chip Select pin (SCS) becomes active, the transmit data output is started. Then the transmit data is
output in synchronization with a rising edge of the serial clock (SCK) output.

3. When the transmit data of the first bit is output, the SSR:TDRE bit is set to 1. Therefore, if the transmit interrupt is enabled

(SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in

the register.

If the Serial Chip Select pin (SCS) becomes inactive, the data transmission is stopped and the serial output pin (SOT)

becomes High.

»

Note:

—  If the data transmission is enabled (SCR:TXE=1) and the first transmit data is written to TDR at a level other than the
mark level, the data of the first bit is not output and the normal data transmission is not executed. After the data
transmission is enabled (SCR:TXE=1), write the first transmit data to TDR when the serial clock (SCK) is at the Mark
level

B Data reception

1. If the serial data output is disabled (SMR:SOE=0) , data reception is enabled (SCR:RXE=1), and the serial chip select pin
(SCS) becomes active, the data reception is started and the received data is sampled at a falling edge of serial clock
(SCK) input.

2. When the last bit is received, the SSR:RDREF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received
interrupt request is output.

3. The received data (RDR) can be read during this time.

4. When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.

5. When the serial chip select pin (SCS) becomes inactive, the data reception is stopped.

B Data reception and transmission

1. To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the
data transmission and reception (SCR:TXE, RXE=1).

2. When the transmit data is written in the TDR, the SSR:TDRE is set to 0. Then, the Serial Chip Select pin (SCS) becomes
active, so, the data transmission and reception is started and the first bit is output. The transmit data output is started
after the elapse of setup time of the Serial Chip Select pin. After the data transmission and reception started, the transmit
data is output in synchronization with a rising edge of the serial clock (SCK) input. When the first bit of the transmit data is
output, the SSR:TDRE bit is set to 1. Therefore, if the transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt
request is output. During this time, the transmit data of the 2nd byte can be written in the register.

3. The received data is sampled at a falling edge of the serial clock (SCK) input. When the last bit of received data is
received, the SSR:RDRF bit is set to 1. If the received interrupt is enabled (SCR:RIE=1), a received interrupt request is
output. The received data (RDR) can be read during this time. When the received data is read, the SSR:RDRF bit is
cleared to 0.

4. When the Serial Chip Select pin (SCS) becomes inactive, the serial clock output is stopped and the serial output pin
(SOT) becomes High.
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3.4 SPI Transfer (Il
Features
Item Description
1 Serial clock (SCK) signal mark level LOW
2 | Transmit data output timing SCK signal falling edge
3 Received data sampling SCK signal rising edge
4 Data length 5 bits to 16 bits
Register Settings
The register values required for SPI transfer (II) are listed on the table below.
Table 3-4 SPI Transfer (II) Register Settings
bitl5 | bitl4 | bitl3 | bitl2 | bitll | bitl0 | bit9 | bit8 | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bit0
SCR/ UPCL | MS SPI RIE TIE | TBIE | RXE | TXE | MD2 | MD1 | MDO - SCINV| BDS | SCKE | SOE
SMR 0 1/0 1 * * * * * 0 1 0 0 1 * 1/0 *
SSR/ | REC - - - ORE |RDRF |[TDRE| TBI | SOP | L3 - WT1 | WTO | L2 L1 LO
ESCR 0 - - - - . R . 0 * - X N " " .
TDR1/0 D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
RDRl/O * * * * * * * * * * * * * * * *
BGR1/ - B14 B13 B12 B11 B10 B9 B8 B7 B6 B5 B4 B3 B2 Bl BO
BGRO _ * * * * * * * * * * * * * * *
1: Setto 1.
0: Setto 0.

*: User-dependent values

Note:

The above bit setting (1/0) varies depending on the master or slave mode operation. Set as follows.

—  During master mode operation: SCR:MS=0, SMR:SCKE=1
—  During slave mode operation: SCR:MS=1, SMR:SCKE=0

114

FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C




&= CYPRESS

mmp>  EMBEDDED IN TOMORROW~ CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

SPI Transfer (II) Timing Chart (Serial Chip Select Pin is not Used)

1st byte o 2nd byte

e Data transmission

W;Jmmmmmmmm&‘

Ewmwmm:

TDRE i J

TDR RW J H

TXE J

e Data reception

SIN

oo [ L

RXE J

*A: During slave mode transmission (MS=1, SCKE=0, SOE=1), 4 machine cycles or more time
is required after writing data in the TDR

*B: HIGH if SCR:MS=0
DO of the 3rd byte if SCR:MS=1 and TDRE is LOW
HIGH if SCR:MS=1 and TDRE is HIGH
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Master Mode Operation (SCR:MS=0, SMR:SCKE=1)

B Data transmission

1. If serial data output is enabled (SMR:SOE=1), data transmission is enabled (SCR:TXE=1) and data reception is disabled
(SCR:RXE=0), and when the transmit data is written in the TDR, the SSR:TDRE bit is set to 0. This causes the transmit
data to be output in synchronization with a falling edge of the serial clock (SCK) output.

2. The SSR:TDRE bit is set to 1 before a half cycle of a rising edge of the first serial clock (SCK) output. Therefore, if the
transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the
2nd byte can be written in the register.

B Data reception

1. If the serial data output is disabled (SMR:SOE=0), data transmission is enabled (SCR:TXE=1) and data reception is
enabled (SCR:RXE=1), and when a dummy data is written in the TDR, the received data is sampled at a rising edge of
serial clock (SCK) output.

2. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1) during this time,
a received interrupt request is output.
The received data (RDR) can be read during this time.

3. When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.

Notes:

—  To perform data reception only, write a dummy data in the TDR so that the serial clock (SCK) is output.

—  If the FIFO transmission and reception are enabled, the serial clocks (SCK) for the preset number of frames are output
when the frames to be transferred are set in the FBYTE register.

B Data transmission and reception

1. To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the
data transmission and reception (SCR:TXE, RXE=1).

2. When the transmit data is written in the TDR, the SSR:TDRE is set to "0" and the first bit is output. Then, the transmit
data is output in synchronization with a falling edge of the serial clock (SCK) output. The SSR:TDRE bit is set to 1 before
a half cycle of a rising edge of the first serial clock. If a transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt
request is output. During this time, the transmit data of the 2nd byte can be written in the register.

3. The received data is sampled at a rising edge of the serial clock (SCK) output. When the last bit of received data is
received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received interrupt request is
output. The received data (RDR) can be read during this time. When the received data is read, the SSR:RDRF bit is
cleared to 0.

116 FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C



& CYPRESS

mmp>  EMBEDDED IN TOMORROW~ CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

B Continuous data transmit or reception waiting
If anything other than ESCR:WT1, ESCR:WT0=00 is set for the continuous data transmission or reception, a wait is inserted
between frames.

- ESCR:WT1, ESCR:WTO0=01 (in master mode operation)

1bit

Nlg N
Vl‘ 1

sek |y yyl
TDRE | |

1st Byte 2nd Byte

<& »n
« L

- ESCR:WT1, ESCR:WTO0=10 (in master mode operation)

»
W L

SCK NEREREREREREREREE LT LT LT L
TDRE | |

P 1st Byte |2bits | 2nd Byte
- Vl‘ »

- ESCR:WT1, ESCR:WTO0=11 (in master mode operation)

1st Byte . 3bits |, 2nd Byte

Vl‘ Ll

L L LU L
TDRE | | | |

A

SCK
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Slave Mode Operation (SCR:MS=1, SMR:SCKE=0)

]
1.

Data transmission

If serial data output is enabled (SMR:SOE=1) and data transmission is enabled (SCR:TXE=1) and when the transmit data
is written in the TDR, the SSR:TDRE bit is set to 0. This causes the first bit to output. Then, the transmit data is output in
synchronization with a falling edge of the serial clock (SCK) input.

When the first bit of transmit data is output, the SSR:TDRE bit is set to 1. If a transmit interrupt is enabled (SCR:TIE=1), a
transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in the register.

Note:

|
1.

If data transmission is enabled (SCR:TXE=1) and if the first transmit data is written in the TDR at a time other than the
serial clock (SCK) signal mark level, the first data bit is not output and the data transmission may fail. After the data
transmission is enabled (SCR:TXE=1), the first transmit data must be written in the TDR at a signal mark level of the
serial clock (SCK).

Data reception
If the serial data output is disabled (SMR:SOE=0) and data reception is enabled (SCR:RXE=1), the received data is
sampled at a rising edge of serial clock (SCK) input.

. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received

interrupt request is output.
The received data (RDR) can be read during this time.

. When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.

Data transmission and reception

. To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the

data transmission and reception (SCR:TXE, RXE=1).

. When the transmit data is written in the TDR, the SSR:TDRE is set to "0" and the first bit is output. Then, the transmit

data is output in synchronization with a falling edge of the serial clock (SCK) input. When the first bit of transmit data is
output, the SSR:TDRE bit is set to 1. If a transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output.
During this time, the transmit data of the 2nd byte can be written in the register.

. The received data is sampled at a rising edge of the serial clock (SCK) input. When the last bit of received data is

received, the SSR:RDRF bit is set to 1. If the received interrupt is enabled (SCR:RIE=1), a received interrupt request is
output. The received data (RDR) can be read during this time. When the received data is read, the SSR:RDRF bit is
cleared to 0.

Continuous switching from data reception to transmission

Disable the serial data output (SMR:SOE=0), enable a received interrupt (SCR:RIE=1), enable data reception
(SCR:RXE=1), and enable data transmission (SCR:TXE=1). If dummy data is written in the TDR at a signal mark level of
serial clock (SCK), the received data is sampled at a falling edge of serial clock (SCK) input.

. To continue data reception, write a dummy data in the TDR between the time when a received interrupt is requested and

when the next serial clock (SCK) rises.

To switch the data reception to the data transmission, enable the serial data output (SMR:SOE=1), disable a received
interrupt (SCR:RIE=0), and disable data reception (SCR:RXE=0) between the time when a received interrupt is
requested and when the next serial clock (SCK) rises. Also, output the transmit data in synchronization with a rising edge
of serial clock after the transmit data has been written in the TDR and the data reception has completed.
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SPI Transfer (II) Timing Chart (Serial Chip Select Pin is not Used)
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Master Mode Operation (SCR:MS=0, SMR:SCKE=1, SCSCR:CSOE=1, SCSCR:CSENn*=1)
*: n is the number of the serial chip select pin used.

Data transmission

1. If serial data output is enabled (SMR:SOE=1), data transmission is enabled (SCR:TXE=1) and data reception is disabled
(SCR:RXE=0), and when the transmit data is written in the TDR, the SSR:TDRE bit is set to 0. Then, the transmit data of
the first bit is output and the Serial Chip Select pin (SCS) becomes active at the same time, and then, the serial clock
output is started after the elapse of the setup time of the Serial Chip Select pin. After starting the Serial Clock output, this
causes the transmit data to be output in synchronization with a falling edge of the serial clock (SCK) output.
The SSR:TDRE bit is set to 1 before a half cycle of a falling edge of the first serial clock (SCK) output. Therefore, if the
transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the
2nd byte can be written in the register.

2. After completing the times of the data transmission specified with TBYTE, the serial clock is stopped.

3. After the elapse of the hold time of the Serial Chip Select pin following the Serial Clock stop, the Serial Chip Select pin
(SCS) becomes inactive. However, if the Serial Chip Select Active Level is held (SCSCR:SCAM=1), the Serial Chip
Select pin (SCS) holds the active state.

Data Reception

1. If the serial data output is disabled (SMR:SOE=0), data transmission is enabled (SCR:TXE=1) and data reception is
enabled (SCR:RXE=1), and when a dummy data is written in the TDR, the Serial Chip Select pin (SCS) becomes active
and then, the serial clock output is started after the elapse of the setup time of the Serial Chip Select pin. After starting the
serial clock output, the received data is sampled at a rising edge of serial clock (SCK) output.

2. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1) during this time,

a received interrupt request is output.

The received data (RDR) can be read during this time.

When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.

After the data reception is completed for the time specified with TBYTE, the serial clock output is stopped.

After the serial clock output is stopped, the Serial Chip Select pin (SCS) becomes inactive after the elapse of the hold

time of the Serial Chip Select pin. However, if the Serial Chip Select Active Level is held (SCSCR:SCAM=1), the Serial

Chip Select pin (SCS) holds the active state.

Notes:

—  To perform data reception only, write a dummy data in the TDR so that the serial clock (SCK) is output.

— If the FIFO transmission and reception are enabled, the serial clocks (SCK) for the preset number of frames are output
when the frames to be transferred are set in the FBYTE register.

aprw

Data Transmission and Reception

1. To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the
data transmission and reception (SCR:TXE, RXE=1).

2. When the transmit data is written in the TDR, the SSR:TDRE is set to 0 and the first bit is output and the Serial Chip
Select pin (SCS) becomes active at the same time. The serial clock output is started after the elapse of setup time of the
Serial Chip Select pin. After the serial clock output, the transmit data is output in synchronization with a falling edge of the
serial clock (SCK) output. The SSR:TDRE bit is set to 1 before a half cycle of a rising edge of the first serial clock (SCK)
output. Therefore, if the transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is output. During this time,
the transmit data of the 2nd byte can be written in the register.

3. The received data is sampled at a rising edge of the serial clock (SCK) output. When the last bit of received data is
received, the SSR:RDRF bit is set to 1. If the received interrupt is enabled (SCR:RIE=1), a received interrupt request is
output. The received data (RDR) can be read during this time. When the received data is read, the SSR:RDRF bit is
cleared to 0.

4. After the data reception is completed for the time specified with TBYTE, the serial clock output is stopped.

5. After the serial clock output is stopped, the Serial Chip Select pin (SCS) becomes inactive after the elapse of the hold
time of the Serial Chip Select pin. However, if the Serial Chip Select Active Level is held (SCSCR:SCAM=1), the Serial
Chip Select pin (SCS) holds the active state.
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B Continuous data transmit or reception waiting
If anything other than ESCR:WT1, ESCR:WT0=00 is set for the continuous data transmission or reception, a wait is inserted

between frames.

ESCR.WT1=0, ESCR.WT0=1(in master mode operation)

1bi
1st Byte ‘Lblt‘ 2nd Byte

& »
b »

&
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se« U UUUHUUUUuyyuyy
TORE || ] l

- ESCR.WT1=1, ESCR.WTO0=0(in master mode operation)

1st Byte |2 bits | 2nd Byte
e >

A
A 4

A

SCK L

TDRE l l

+ ESCR.WT1=1, ESCR.WTO0=1(in master mode operation)
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Slave Mode Operation (SCR:MS=1, SMR:SCKE=0, SCSCR:CSEN=1, SCSCR:SCAM=0)

|
1.

2.

Data transmission

If serial data output is enabled (SMR:SOE=1), and data transmission is enabled (SCR:TXE=1), and when the transmit
data is written in the TDR, the SSR:TDRE bit is set to 0.

When the Serial Chip Select pin (SCS) becomes active, the transmit data output is started and the first bit of the transmit
data is output. After starting the data transmission, the transmit data is output in synchronization with a falling edge of the
serial clock (SCK) output.

When the transmit data of the first bit is output, the SSR:TDRE bit is set to 1. Therefore, if the transmit interrupt is enabled
(SCR:TIE=1), a transmit interrupt request is output. During this time, the transmit data of the 2nd byte can be written in
the register.

If the Serial Chip Select pin (SCS) becomes inactive, the data transmission is stopped and the serial output pin (SOT)
becomes High.

Note:

If data transmission is enabled (SCR:TXE=1) and if the first transmit data is written in the TDR at a time other than the
serial clock (SCK) signal mark level, the first data bit is not output and the data transmission may fail. After the data
transmission is enabled (SCR:TXE=1), the first transmit data must be written in the TDR at a signal mark level of the
serial clock (SCK)

Data reception

If the serial data output is disabled (SMR:SOE=0) , data reception is enabled (SCR:RXE=1), and the serial chip select pin
(SCS) becomes active, the data reception is started and the received data is sampled at a falling edge of serial clock
(SCK) input.

. When the last bit is received, the SSR:RDRF bit is set to 1. If a received interrupt is enabled (SCR:RIE=1), a received

interrupt request is output.
The received data (RDR) can be read during this time.

. When the received data (RDR) is read, the SSR:RDRF bit is cleared to 0.
. When the serial chip select pin (SCS) becomes inactive, the data reception is stopped.

Data transmission and reception

. To perform data transmission and reception simultaneously, enable the serial data output (SMR:SOE=1) and enable the

data transmission and reception (SCR:TXE, RXE=1).

. When the transmit data is written in the TDR, the SSR:TDRE is set to 0 and the first bit is output and the Serial Chip

Select pin (SCS) becomes active at the same time. After the starting data transmission and reception, the transmit data is
output in synchronization with a falling edge of the serial clock (SCK) input. The SSR:TDRE bit is set to 1 after the first bit
of transmit data is output. Therefore, if the transmit interrupt is enabled (SCR:TIE=1), a transmit interrupt request is
output. During this time, the transmit data of the 2nd byte can be written in the register.

. The received data is sampled at a rising edge of the serial clock (SCK) input. When the last bit of received data is

received, the SSR:RDRF bit is set to 1. If the received interrupt is enabled (SCR:RIE=1), a received interrupt request is
output. The received data (RDR) can be read during this time. When the received data is read, the SSR:RDRF bit is
cleared to 0.

. After the Serial Chip Select pin (SCS) becomes inactive, the data transmission and reception is stopped and the serial

output pin (SOT) becomes High.
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4. Serial Timer Operation
The serial timer is used for either timer function or synchronous transmission function.

Operations of Serial Timer
B Starting method of serial timer
The serial timer is started by setting Serial Timer Enable bit (SACSR:TMRE) to 1.

O Start-up with Serial Timer Enable bit (SACSR:TMRE)

When Serial Timer Enable bit (SACSR:TMRE) is set to 1, the serial timer is started and the serial timer register
(STMR) counts from 0.

Figure 4-1 Start-up with Serial Timer Enable Bit (STMCR=10, SACSR:TSYNE=0)

P Serial Timer Start-up

10

STMCR

TINT

—

TMRE

B Stop method of serial timer
When the Serial Timer Enable bit (SACSR:TMRE) is set to 0, the serial timer is stopped.
In this case, the value of the serial Timer Register (STMR) is held.

B Timer operation
When the Synchronous Transmission Enable bit (SACSR:TSYNE) is 0, the serial timer functions as timer.

When the values of Serial Timer Register (STMR) and Serial Timer Comparison Register (STMCR) match, the Timer
Interrupt Flag (SACSR:TINT) is set to 1 and the Serial Timer Register (STMR) is reset to 0.

Figure 4-2 Timer Operation (STMCR=10, SACSR:TSYNE=0)

SR 0 e X XXX e X X X

STMCR 10

Timer start-up |_|

o TN ] [
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Figure 4-3 Serial Timer Initial Setting Flow Chart

Start
A

Serial Timer Comparison Register Setting(STMCR)
Serial Support Control Status Register Setting(SACSR)
(Serial Timer Enabled (SACSR:TMRE=1),
Synchronization Transmission Disabled (SACSR:TSYNE=0) ,
Timer Interrupt Enable (SACSR:TINTE=1))

End

Figure 4-4 Serial Timer Interrupt Process Flow Chart

TINT Interrupt
(SACSR:TINT=1)

Timer Interrupt Clear
(SACSR:TINT=0)

imer Operation
finished ?

¢ YES

Serial Timer Disabled
(SACSR: TMRE=0)

End
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Note:
When the following conditions are met, the Timer Interrupt Flag (SACSR:TINT) is fixed to 1.

—  The Timer Comparison Register (STMCR) is set to 0x0000 when Synchronous Transmission is disabled
(SACSR:TSYNE=0)
—  The division ratio of Timer Operation Clock (SACSR:TDIV) is set to 0000 during the timer operation.

B Transmission in synchronization with the timer
When the Synchronous Transmission Enable bit (SACSR:TSYNE) is 1, the serial timer is used for synchronous
transmission.

The transmission in synchronization with the timer is implemented as follows:

1. Inthe case where data exists in Transmission data register (SSR:TDRE="0"), when the values of the Serial Timer
Register (STMR) and Serial Timer Comparison Register (STMCR) match, the transmission is started and the Serial Timer
Register is reset to”’0”. The data of the count specified with TBYTEQO is transmitted.

2. After the data of the count specified with TBYTEO has been transmitted, the transmission is stopped until the values of
the Serial Timer Register (STMR) and Serial Timer Comparison Register (STMCR) match again.

Figure 4-5 Transmission in Synchronization with Timer (STMR=10, TBYTEO=2, SACSR:TSYNE=1)

Transmit data is output Transmit data is output Does not trans_mit data
when STMR and STMCR meet. When STMR and STMCR meet. Because no data exists. (TDRE=0)

Transmission
1st Byte | 2nd Byte 3rd Byte | 4th Byte
Data

STIR 0 XX+ XXX o XX X e X e -+ o)) X - o) X))

TBYTEO 2

. Load xl-oad
Iraneniesin z S S SRR S 2
STMCR 10

TDRE |
TBI |
TDR RW

TINT L
Timer
Start-up (]

*A: Internal Counter counting Transmitted bytes
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In the case where the Synchronous Transmission is enabled (SACSR:TSYNE=1) and the Serial Timer Register (STMR) and
the Serial Timer Comparison Register match, the transmission is not started in the following conditions:

O When transmission is disabled (SCR:TXE=0)
O In slave mode operation (SCR:MS=1)
O When no valid data exists in the transmission data register (SSR:TDRE=1)

However, when no valid data exists in the transmission data register (SSR:TDRE=1), if the synchronous transmission is
enabled (SACSR:TSYNE=1) and the Serial Timer Register (STMR) and the Serial Timer Comparison Register match, the
transmission is started immediately after writing transmission data to the transmission data register.

When a valid data exists in the Transmission Data Register (TDR) after the data of the count specified in TBYTE has been
finished (SSR:TDRE=0), the transmission data is not transferred until the Serial Timer Register (STMR) and the Serial Timer
Comparison Register match.

But, when the Serial Timer Register (STMR) and the Serial Timer Comparison Register match during transmitting
(SSR:TBI=0) at Synchronous Transmission enabled (SACSR:TSYNE=1), transmission is reserved. When the transmission
is reserved, the transmission continues after the transmission of times specified in TBYTEO has been finished.

The transmission reservation is released with one of the following conditions:

O Programmable reset (SCR:UPCL=1)
O Transmission is disabled (SCR:TXE=0)
o Data select error (SACSR:CSE=1)

To execute the synchronous reception, disable the Serial Data output (SMR:SOE=0), enable the Transmission (SCR:TXE=1)
and reception (SCR:RXE=1), and write dummy data of the reception count to TDR.

Figure 4-6 Timer Synchronization Transmission Initial Setting Flowchart

Serial Timer Comparison Register Setting
(STMCR)
Serial Support Control Status Register
Setting (SACSR)
(Serial Timer Enabled (SACSR:TMRE=1),
Synchronization Transmission Disabled
(SACSR:TSYNE=1) )

A

Write transmit data to
Transmit Data Register (TDR).

End
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Figure 4-7 Timer Synchronization Transmission Interrupt Handling Flowchart

TDRE Interrupt
(SSR:TDRE=1)

Synchronized
Transmission
finished ?

NO

A

Write transmit
data to transmit Serial Timer
Data Register disabled.
(TDR).
A
End

Note:
When no valid data exists in the Transmit Data Register (TDR) (SSR:TDRE=1) before transmitting the data frames of set

value in TBYTE, execute the operations:
—  When the Transfer Byte Error is enabled (TBEEN=1), the Chip Select Error (SACSR:CSE=1) occurs. When the Chip
Select Error Flag (SACSR:CSE) is set to 1, the transfer is not started even if the transmit data is written in the Transmit

Data Register (TDR).
—  When the Transfer Byte Error is disabled (TBEEN=0), transmission is stopped until the transmit data is written. If the
transmit data is written, the transmission is restarted.
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5. Serial Chip Select Operation

This section shows the serial chip select operation.

B Master mode operation (SCR:MS=0)
In master mode (SCR:MS=0), the Serial Chip Select pin operates as follows:

1. When the transmit data is written at serial chip select operation enabled (SCSCR:CSENnN=1) and transmission enabled
(SCR:TXE=1), the Serial Chip Select pin becomes active.

2. After the elapse of setup time of the Serial Chip Select pin, the transmission and reception operation is started.

3. After the data transmit and reception of the times specified with TBYTE, the serial clock is stopped.

4. After the elapse of the hold time of the Serial Chip Select pin following the serial clock stop, the Serial Chip Select pin
becomes active.

Figure 5-1 Serial Chip Select Operation (Master Transmission (MS=0), Normal Transfer(SPI1=0), SCINV=0)

: Set-up : : Hold Delay |
< Delay > < >
SGS Output | |
| | —
|
SCK - :

Transmit Data

| |
Do {Di D2 == fD5)D6 | ] D7 [
! |

TBYTE N

Transmit N*2 X N=1 . 0 X N
Counterx1

TDR RW |—| e

*1:Internal Counter counting transmit bytes.

Figure 5-2 Serial Chip Select Operation (Master Transmission (MS=0), SPI Transfer (SPI=1), SCINV=0)

: Set-up : | Hold delay :
.Delay » < »
SCS Output | |
| | —
|
SCK an :

| |
Transmit data \ DO : X D1 X D2 X: - X D5 XD6 X D7 : :
TBYTE N
Counter N*2 \ N-1 . 0 AN
TDR RW |—| e

*1:Internal Counter counting transmit bytes.
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Notes:

— If the transmission is disabled (SCR:TXE=1) and software reset is executed (SCR:UPCL=1) when the Serial Chip
Select pin is active, the Serial Chip Select pin becomes inactive.

—  When the Serial Chip Select pin does not hold active state (SCSCR:SCAM=0), the Serial Chip Select pin becomes
inactive and the transmission bus becomes idle state (SSR:TBI=1) if the transmit data does not exist (SSR:TDRE=1)
after the elapse of deselect time.

—  When SCSCR:CSENO is set to 0 in the master mode operation (SCR:MS=0), the transmission and reception operation
is executed irrespective of the Serial Chip Select pin state.

—  When the frames of count less than the value specified with TBYTE have been transmitted, the following operations are
executed if no valid transmit data exists in the Transmit Data Register (TDR) (SSR:TDRE=1), the following operations
are executed:

»  The Chip Select Error occurs (SACSR:CSE=1) when the Transfer Byte Error is enabled (TBEEN=1). The Serial
Chip Select pin becomes inactive after the elapse of the hold delay time following the Chip Select Error
(SACSR:CSE=1). When the Chip Select Error Flag (SACSR:CSE) is set tol, the transmission operation is not
executed even if the transmit data is written in the Transmit Data Register (TDR).

»  When the Transfer Byte Error is disabled (TBEEN=0), the transmission operation is stopped until transmit data
is written in the Transmit Data Register (TDR). At this time, the Serial Chip Select pin is in active state. After the
transmit data is written in the Transmit Data Register (TDR), the transmission operation is restarted.
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B Serial Chip Select Timing Adjustment
When the Serial Chip Select Operation is enabled (SCSCR:CSENnN=1) in Master mode operation (SCR:MS=0), setup delay,
hold delay, and deselect time can be adjusted by changing the Serial Chip Select Timing Register (SCSTR3:0).

O Setup Delay Time

This is the period from the time when the Serial Chip Select pin becomes active to the time when serial clock is
output. For the details of setup delay time, see Figure 5-3 and Figure 5-4.
This time is adjusted with Chip select setup delay bits (SCSTR1:CSSU7:0).

O Hold Delay Time

This is the period from the time when the serial Clock output is finished to the time when the Serial Chip Select pin
becomes inactive. For the details of hold delay time, see Figure 5-3 and Figure 5-4.
This time is adjusted with Chip select hold delay bits (SCSTR0:CSHD7:0)

O Deselecttime
This is the minimum period from the time when the Serial Chip Select pin becomes inactive to the time when the
Serial Chip Select pin becomes active again. Even if transmit data is written in the Transmit Data Register (TDR)
during deselecting, the Serial Chip Select pin does not become active until the deselect time is finished. For details of

deselect time, see Figure 5-3 and Figure 5-4.
This time is adjusted with Chip select deselect bits (SCSTR3:2:CSDS15:0)

Figure 5-3 Timing Adjustment (Normal Transfer (SPI=0), SCINV=0)

| Set-up | | Hold
[ Delay

SCS Output

SCK

| |
| Delay | Deselect |

- —p|

i |
i\DO \Di {D2 D3 --- D6 ) ED7 ] Do _

D

Transmit data

Transmit data
writing [1 [1

TBI

Figure 5-4 Timing Adjustment (SPI Transfer (SPI=1), SCINV=0)

| Hold |
| Delay | Decelect |

< Delax. < >t »

|
| Setup |

SCS Output

i :

| |

| | |

SCK ! ' '
| LT L L LT L L L

| | |

\ Do Jp1 b2 Jp3 J --- JD6 JD7 ]

| | |

Wit [ a | [

TBI

Transmit data

\ DO
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Notes:

—  When no hold delay time exist (SCSTR0:CSHD7:0=0x00 in normal transfer (SCR:SPI=0), the Chip Select pin may
become inactive before the sampling of the last bit. In such case, increase the values SCSTR0:CSHD7:0 to adjust the
above timing.

—  When no setup delay time exist (SCSTR1:CSSU7:0=0x00 in normal transfer (SCR:SPI=0), the Chip Select pin may
become inactive before the sampling of the first bit. In such case, increase the values SCSTR1:CSSU7:0 to adjust the

above timing.

B Chip Select Pin Independent Operation (Available only in Mater mode operation (SCR:MS=0))

For TYPE3-M4, TYPE4-M4, TYPES5-M4 products, when Serial Chip Select Start bit (SCSCR:SST1-0) is equivalent with
Serial Chip select End bit(SCSCR:SED1-0), Chip Select at the only pin set by these bits operates.

When Serial Chip Select Active is not held (SCSCR:SCAM=0), the Serial Chip Select pin becomes inactive every time when
the data transmission and reception of times specified withy TBYTE is executed.

For the operation of the Serial Chip Select pin when Serial Chip Select Active is held (SCSCR:SCAM=1), see Serial Chip
Select Active Held Operation.

Figure 5-5 Chip Select Independent Operation (SST1-0=0, SED1-0=0, CSEN0=1, SCAM=0)

SCS0 |_| |_|

TBYTEO N

i \ Load Load \ Load
I;ﬁﬂig; N (vt o o Nl o 0 IR
Se SCSO

*1:transmit counter counting transmit bytes.

Note:
— Atthe independent operation, the timing adjustment (for setup time, hold time, and deselect time) of the Serial Chip
Select pin is available.
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B Chip Select Pin Round-Robin Operation(Available only Master mode operation(SCR:MS=0))
TYPE3-M4, TYPE4-M4, TYPE5-M4 products can use this function. TYPE1-M4, TYPE2-M4, TYPEG6-M4 products can't use
this function.

When Serial Chip Select Start bit (SCSCR:SST1-0) is not equivalent with Serial Chip Select End bit(SCSCR:SED1-0), some
Chip Select pins become active by rotation.

1. When writing transmission data to TDR during Serial Chip Select output enabled(SCSCR:CSOE=1) and transmission
enabled(SCR:TXE=1), Serial Chip Select becomes active from the pin set by Serial Chip Select Start
bit(SCSCR:SST1-0)

2. When Serial Chip Select Active Hold bit is not enabled (SCSCR:SCAM=0), Serial Chip Select pin becomes inactive after
transmitting/receiving data by setting the number times at TBYTE. Then, next number Serial Chip Select pin becomes
active. "

However, when next number Serial Chip Select pin is disabled (SCSCR:CSENnN=0), that Serial Chip Select pin is
skipped.

3. When the number of active Chip Serial Select pin is equivalent with the number of Serial Chip Select pin set by Serial
Chip Select End bit, Serial Chip Select Pin set by Serial Chip Select start bit becomes active.

*1 : After SCS0 becomes active, SCS1 becomes active. After SCS3 becomes active, SCS0O becomes active.

When Serial Chip Select Active Hold bit is enabled (SCSCR:SCAM=1), see Serial Chip Select Active Held Operation for that
operation

Figure 5-6 is the timing chart explaining the operation when Serial Chip Select Start pin is SCS0(SST1-0=0) and Serial Chip
Select End pin is SCS3(SED1-0=3).

Figure 5-6 Chip Select Pin Round-Robin Operation (SST1-0=0, SED1-0=3, CSEN3=1, CSEN2=1, CSEN1=1, CSENO=1,
SCAM=0)

SCS0 —l ,_—L
SCS1 ,_ —|
SCS2 ,_—l
SCS3 ,_—l
so UL U UL AU UL AU UL = AU UL =AU
TBYTEO N
\ Load
TBYTE1 M \
\ Load \
TBYTE2 \ L \
\ \ Load
TBYTE3 \ \ 1
Transmitted Load \
times N x N1 == O M-1 e 0 -1 0 1 0 N N1 0 )
counter *1
SCD SCS0 X SCS1 - X SCS2 --- X SCS3 - X SCSO --- X
* 1 :Internal counter of transmission data byte |

Figure 5-7 is the timing chart explaining the operation when Serial Chip Select Start pin is SCS1(SST1-0=1) and Serial Chip
Select End pin is SCS2(SED1-0=2).
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Figure 5-7 Chip Select Pin Round-Robin Operation (SST1-0=1, SED1-0=2, CSEN3=0, CSEN2=1, CSEN1=1, CSENO0=0,

SCAM=0)

SCSi | |

SCS2 | |

soe UL U0 UL - UL -

TBYTEI M
\Load
TBYTE2 L \
Transmitted Load
times M [ M1 o Y LY 1 0 M-1 o |
counter*1
ScD SCSt -+ X_ SCS2 X__Scst X__ SCs2

* 1 :Internal counter of transmitted data byte |

Figure 5-8 is the timing chart explaining the operation when Serial Chip Select Start pin is SCS0(SST1-0=0) and Serial Chip

Select End pin is SCS3(SED1-0=3) and SCS1 and SCS3 are disable(CSEN1-2="00").

Figure 5-8 Chip Select Pin Round-Robin Operation (SST1-0=1, SED1-0=3, CSEN3=1, CSEN2=0, CSEN1=0, CSENO0=0,

SCAM=0)

SCS0 | |

SCS3 | |

I

s T UL MU UL U UL U

TBYTEO N
\ Load
TBYTES3 [ \
Transmitted Load
times N X N-1 0 I-1 0 N-1 ) X
counter *1
SCD SCS0 X SCS3 X SCS0 X SCS3

* 1 :Internal counter of transmitted data byte

Notes:

— At any following condition, Serial Chip Select Pin becomes active set by Serial Chip Select Start bit(SCSCR:SST1-0)

»  When changing transmission operation from disabled to enabled.
»  When software reset is executed (SCR:UPCL=1).

—  During Round-Robin operation, Serial Chip Select Pin Timing Adjustment (Set up timing, Hold timing, Deselect timing)

is enabled.
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B Serial Chip Select Active Held Operation (SCSCR:SCAM=1) (Available only in master mode operation (SCR:MS=0))

When the transmission is started with setting the Serial Chip Select Active Holding bit (SCSCR:SCAM) to 1, the Serial Chip
Select pin is held in Active State.

Table 5-1 Serial Chip Select Active Holding bit (SCSCR:SCAM)

Present
Present SSR:
SCSCR:
Present State TDRE Next State
SCAM )
. bit
bit
Transmitting 0 The Serial Chip Select pin is held in “Active state” until
(Transmit count < - the frames of count specified with TBYTE are
TBYTE) 1 transmitted.
After the hold delay time, sets the Serial Chip Select
0 pin to “inactive”.
After the elapse of deselect time, the next transmission
0 is started.
o After the hold delay time, sets the Serial Chip Select
the transmission of . . .
pin to “inactive”.
frames of count 1 . Lo
B ) After the elapse of deselect time, the transmission is
specified with . . . .
. stopped until the next transmit data is written.
TBYTE are finished. - - -
1 Holds the Serial Chip Select to be “active”.

In active state of Serial Chip Select pin, the

1 transmission continues.

The Serial Chip Select pin holds to be active until the
frames of count specified with TBYTE again.

Chip Select Error
occurs - -
(SACSR:CSE=1)
Software reset is

Irrespective of SCAM setting, the Serial Chip Select is
set to be inactive after the hold delay time is elapsed.

executed
(SCR:UPCL=1) Irrespective of SCAM setting, the Serial Chip Select is
Transmission set to be inactive immediately.

disabled
(SCR:TXE=0)

Note:
When all the following conditions are met, the Serial Chip Select pin is not held, and the Serial Chip Select pin becomes
inactive after the elapse of the hold delay time, and Chip Select Error occurs (SACSR:CSE=1).

—  Transfer byte error is enabled (SACSR:TBEEN=1).
—  The data transmission and reception of counts specified with TBYTE is not finished.
—  The transmit data register (TDR) is empty (SSR:TDRE=1).
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B Slave Mode Operation (SCR:MS=1)

When the Serial Chip Select pin0 (SCSO0) is enabled (SCSCR:CSENO0=1) and the input of the Serial Chip Select pin becomes
active, the transmission or reception operation is executed in synchronization of serial clock (SCK). Then, when the input of
Serial Chip Select pin becomes inactive, the transmission or reception operation is finished.

Figure 5-9 Serial Chip Select Operation in Slave Mode Operation (Slave Transmission, SCINV=0)

SCS Input
SCK

Transmit data

4 D0 ) D1 D2 JD3 |D4 \D5 }D6 Y D7 |

(SPI1=0)

TOR R [
TBI ] T

Notes:

—  While the Serial Chip Select pin input is in “inactive state”, the operation is not started even if the serial clock is input.

—  During reception operation, the Serial Chip Select input becomes inactive state before the last bit is sampled, the data
received is deleted.

—  During transmission operation, the Serial Chip Select input becomes inactive state, the data transmitted is deleted and
chip select error (SACSR:CSE) occurs.

— When TDR is empty (SSR:TDRE=1) and the Serial Chip Select input becomes inactive state, transmit bus idle state
occurs(SSR:TBI=1).

— In Slave Mode Operation (SCR:MS=1), when SCSCR:CSENO is set to 0, the data transmission and reception is
executed irrespective of the Serial Chip Select pin state.
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B Format setting of Serial Chip Select Pin
TYPE1-M4, TYPE2-M4, TYPE4-M4, TYPEG6-M4 products have Serial Chip Select pin 0.
TYPE3-M4 and TYPE5-M4 products have Serial Chip Select pin 0-3.

Note:
- For details, see Data Sheet of the product used.

These can be set to each Chip Select Pin by the bits showed at Table 5-2, are chip select active level, clock inversion, SPI
mode enabled/disabled, serial data direction and data length.

Table 5-2 Format Setting of Serial Chip Select Pin

. Active Level of Clock . . Data
Conditions . . SPI Mode Data Direction
Chip Select Inversion Length
SCS0
. SCSCRO0:SCLVL SMR:SCINV SCR:SPI SMR:BDS ESCR:L3-0
Chip select output
format . . . . .
SCSs1 SCSFRO: SCSFRO: SCSFRO: SCSFRO: SCSFRO:
enabled output CS1SCLVL CSISCINV | CS1SPI CS1BDS CS1L3-0
(SCR: CSFE=1)
and SCS2 SCSFR1: SCSFR1: SCSFR1: SCSFR1: SCSFR1:
Master mode output CS2SCLVL CS2SCINV CS2SPI CS2BDS CS2L3-0
(SCR:MS=0) SCS3 SCSFR2: SCSFR2: SCSFR2: SCSFR2: SCSFR2:
output CS3SCLVL CS3SCINV CS3SPI CS3BDS CS3L3-0
Chip select
format disabled
(SCR:CSFE=0)
Slave mode SCSCRO:SCLVL | SMR:SCINV | SCR:SPI SMR:BDS ESCR:L3-0
(SCR:MS=1)
Chip select disabled
(CSEN3-0=0000)
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B |nitial Setting Flowchart
Figure 5-10 Initial Setting Flowchart of Chip Select

Initial Setting
Start

Set operation mode2
(SMR.MD2-0="010")

!

Set Serial Mode Register (SMR)

Set Serial Control Register (SCR)
Then, transmission and reception are
disabled (RXE=0/TXE=0)

Set Extended Communication Control
Register (ESCR)

Set Serial Support Control
Register(SACSR)

Set Serial Chip Select Control Status
Register (SCSCR)

Set Baud Rate Generator Register
(BGR1-0)

Not utilized

FIFO utilized ?

Utilized

Set FIFO Control Register (FCR1-0)

Set FIFO Byte Register (FBYTE)

Master
or Slave?

Set Serial Chip Select Timing Register
(SCSTR3-0)

Set Serial Chip Select Format Register
(SCSFR2-0)

This setting is needed at only
SCR:CSFE=1

Set Transfer Byte Register
(TBYTE3-0)

(94

Set Serial Control Register (SCR)
-Set transmission enabled (TXE)
- Set reception enabled (RXE)
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6. Dedicated Baud Rate Generator

The dedicated baud rate generator functions in the master mode operation only. However, if received FIFO is used, set the
dedicated baud rate generator in the slave mode operation, too.

CSIO (Clock Synchronous Serial Interface) Baud Rate Selection
The dedicated baud rate generator settings vary depending on the master or slave mode operation.

[1] During Master Mode Operation
B Divide the internal clock frequency using the dedicated baud rate generator, and select a baud rate.

O This generator provides two internal reload counters, which support transmitting and receiving serial clocks respectively.
To select the baud rate, specify the 15-bit reload value using Baud Rate Generator Registers 1 and 0 (BGR1 and
BGRO).

O The internal clock frequency is divided by the reload counter set value.

[2] During Slave Mode Operation
The dedicated baud rate generator does not function in the slave mode operation (SCR:MS=1).
(An external clock, entered from the SCK clock input pin, is used directly.)

Note:
— Ifreceived FIFO is used, set the dedicated baud rate generator even in the slave mode operation.
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6.1 Baud Rate Settings

This section explains how to set the baud rate. Also, the calculation result of serial clock frequency is shown.

Calculating the Baud Rate

Two 15-bit reload counters are set using the Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO).

The baud rate is obtained in the following formulas.

(1) Reload value

V=¢/b-1

V: Reload value; b :Baud rate; ¢: Bus clock frequency

(2) Calculation example

Reload value:
V = (16 x 1000000) / 19200 — 1 = 832
Therefore, the baud rate is:
b = (16 x 1000000) / (832 + 1) = 19208 bps

To set the 16 MHz bus clock, use the internal clock, and set the 19200 bps baud rate, set the reload value as follows:

(3) Baud rate error

The baud rate error can be calculated by the following equation.

Error (%) = (Calculated value — Target value) / Target value 100
Example: To set the 20 MHz bus clock and 153600 bps target baud rate:

Reload value = (20 x 1000000) / 1536009 - 1=129
Buad rate (Calculated value) = (20 x 1000000) / (129 + 1) = 153846 (bps)
Error (%) = (153846 - 153600) / 153600 x 100=0.16 (%):

Notes:
— Ifthe reload value is set to O, the reload counter is stopped.

— Ifthe reload value is even, the HIGH and LOW width of serial clock changes as follows, depending on SMR:SCIN bit

and SCR:SPI bit settings. If the value is odd, the serial clock has the same "HIGH" and LOW signal width.

=  When in normal transfer (SCR:SPI=0) and the mark level of the serial clock is HIGH (SMR:SCINV=0), or when in SPI
transfer (SCR:SPI=1) and the mark level of the serial clock is "LOW" (SMR:SCINV=1), the HIGH width of serial clock is

longer for 1 cycle of bus clock.

—  When in normal transfer (SCR:SPI=0) and the mark level of the serial clock is LOW (SMR:SCINV=1), or when in SPI
transfer (SCR:SPI=1) and the mark level of the serial clock is "HIGH" (SMR:SCINV=0), the LOW width of serial clock is

longer for 1 cycle of bus clock.
—  Set the reload value to 3 or more.
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Reload Values and Baud Rates for Each Bus Clock Frequency

Table 6-1 Reload Values and Baud Rates

Baud Rate 8 MHz 10 MHz 16 MHz 20 MHz 24 MHz 32 MHz
(bps) Value ERR Value ERR Value ERR Value ERR Value ERR Value ERR
8M - - - - - - - - - - 3 0
6M - - - - - - - - 3 0 - -
5M - - - - - - 3 0 - - - -
4aM - - - - 3 0 4 0 5 0 7 0
2.5M - - 3 0 - - 7 0 - - - -
2M 0 4 0 7 0 9 0 11 0 15 0
M 7 0 9 0 15 0 19 0 23 0 31 0

500000 15 0 19 0 31 0 39 0 47 0 63 0
460800 - - - - - - - - 51 0.16 - -
250000 31 0 39 0 63 0 79 0 95 0 127 0
230400 - - - - - - 86 -0.22 103 0.16 - -
153600 51 0.16 64 0.16 103 0.16 129 0.16 155 0.16 207 0.16
125000 63 0 79 0 127 0 159 0 191 0 255 0
115200 - - 86 -0.22 138 -0.08 173 -0.22 207 0.16 277 -0.08
76800 103 0.16 129 0.16 207 0.16 259 0.16 312 -0.16 416 -0.08
57600 138 -0.08 173 -0.22 277 -0.08 346 0.06 416 -0.08 555 -0.08
38400 207 0.16 259 0.16 416 -0.08 520 -0.03 624 0 832 0.04
28800 277 -0.08 346 0.06 555 -0.08 693 0.06 832 0.03 1110 0.01
19200 416 -0.08 520 -0.03 832 -0.03 1041 -0.03 1249 0 1666 -0.02
10417 767 <0.01 959 <0.01 1535 <0.01 1919 <0.01 2303 <0.01 3071 <0.01
9600 832 0.04 1041 -0.03 1666 -0.02 2082 0.02 2499 0 3332 0.01
7200 1110 <0.01 1388 <0.01 2221 <0.01 2777 <0.01 3332 <0.01 4443 0.01
4800 1666 -0.02 2082 -0.02 3332 <0.01 4166 <0.01 4999 0 6666 <0.01
2400 3332 <0.01 4166 <0.01 6666 <0.01 8332 <0.01 9999 0 13332 <0.01
1200 6666 <0.01 8332 <0.01 13332 <0.01 16666 <0.01 19999 0 26666 <0.01
600 13332 <0.01 16666 <0.01 26666 <0.01 - - - - - -
300 26666 <0.01 - - - - - - - - - -

O Value: BGR1/0 register set value
O ERR: Baud rate error (%)
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Table 6-2 Reload Values and Baud Rates (Continued)

CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

Baud Rate 36 MHz 40 MHz 48 MHz 72 MHz 80 MHz 100 MHz
(bps) Value ERR Value ERR Value ERR Value ERR Value ERR Value ERR
8M - - 4 0 5 8 9 0 - -
6M 5 0 - - 7 11 - - - -
5M - - 0 - - - - 15 0 19 0
4aM 8 0 0 11 0 17 0 19 0 24 0
2.5M - - 15 0 - - - - 31 0 39 0
2M 17 0 19 0 23 0 35 0 39 0 49 0
M 35 0 39 0 47 0 71 0 79 0 99 0

500000 71 0 79 0 95 0 143 0 159 0 199 0
460800 e 0.16 86 -0.22 103 0.16 155 0.16 173 -0.22 216 <0.01
250000 143 0 159 0 191 0 287 0 319 0 399 0
230400 155 0.16 173 -0.22 207 0.16 312 -0.16 346 0.06 433 <0.01
153600 233 0.16 259 0.16 312 -0.16 468 -0.05 520 -0.03 650 <0.01
125000 287 0 319 0 383 0 575 0 639 0 799 0
115200 312 -0.16 346 0.06 416 -0.08 624 0 693 0.06 867 <0.01
76800 468 -0.05 520 -0.03 624 0 937 -0.05 1041 -0.03 1301 <0.01
57600 624 0 693 0.06 832 0.04 1249 0 1388 <0.01 1735 <0.01
38400 937 -0.05 1041 -0.03 1249 0 1874 0 2082 0.02 2603 <0.01
28800 1249 0 1388 <0.01 1666 -0.02 2499 0 2777 <0.01 3471 <0.01
19200 1874 0 2082 0.02 2499 0 3749 0 4166 <0.01 5207 <0.01
10417 3455 <0.01 3839 <0.01 4607 <0.01 6911 <0.01 7679 <0.01 9599 <0.01
9600 3749 0 4166 <0.01 4999 0 7499 0 8332 0 10416 0
7200 4999 0 5555 <0.01 6666 <0.01 9999 0 11110 0 13888 0
4800 7499 0 8332 <0.01 9999 14999 0 16666 0 20832 0
2400 14999 0 16666 <0.01 19999 29999 0 - - - -
1200 29999 0 - - - - - - - - - -
600 - - - - - - - - - - - -
300 - - - - - - - - - - - -

O Value: BGR1/0 register set value

O ERR : Baud rate error (%)

For frequencies not described in Table 6-1 and Table 6-2, calculate them conforming to the formula in 6.1 Baud rare settings.
(However, for the maximum frequency, see Data Sheet of the product used because it is varied by products.)

Functions of Reload Counter
There are two types of reload counter: the transmit reload counter and the received reload counter. They function as the

dedicated baud rate generators. Each reload counter consists of a 15-bit register for the reload value, and generates

transmitting and receiving clocks from internal clocks.

Starting Counting

When the reload value is written to the Baud Rate Generator Register (BGR1 or BGRO), the reload counter starts counting.

Restarting

The reload counter restarts counting in the following conditions.

B Common to transmit and received reload counters
A programmable reset (SCR:UPCL bit)
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6.2 CSIO (Clock Synchronous Serial Interface) Setup Procedure and Program
Flow
The CSIO (Clock Synchronous Serial Interface) allows bidirectional and synchronous serial data transmission.

B CPU-to-CPU connection
Select the bidirectional communication for the CSIO (Clock Synchronous Serial Interface). Connect two CPUs to each other
as shown in Figure 6-1.

Figure 6-1 Connection Example for CSIO (Clock Synchronous Serial Interface) Bi-directional Communication

SOT 1SOT
SIN SIN
SCK » SCK
JUuUuL
CPU_1 (Master) CPU_2 (Slave)
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Flowcharts

B |f FIFO is not used
Figure 6-2 Example of Bi-directional Communication Flowchart (if FIFO is not Used)

CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

(Master system)

( Start )

Y

Set an operation
format.

[

\ 4
Set the 1-byte data
in TDR and start
communication.

No
Yes

Read and process
the received data.

(Slave system)

( Start )

Y

Set an operation format.

(Matched with the
master system)

Send data.
—

No

Send data.

(ANS)

Read and process
the received data.

Send the 1-byte
data.

FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C

143



o CYPRESS

CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface) > EMBEDDED IN TOMORROW

B If FIFO is used

Figure 6-3 Example of Bi-directional Communication Flowchart (if FIFO is Used)

(Master system) (Slave system)
C Start > C Start >
\ 4 l

Set an operation format.
(Matched with the master system)

. I

Set an operation format.

Enable the transmit / Enable the transmit /
received FIFO. received FIFO.
i <
v
Set the received Set the received
FBYTE. FBYTE.
Send data. No
Set N bytes in the transmit .
FIFO buffer, and set FDRQ > RDRF=1
bit to “0”.
Yes
\ 4
Read and process
the FBYTE data.
Send data.
< \ 4
No (ANS) Set N bytes in the transmit
FIFO buffer, and set FDRQ
bit to “0”.
Yes

Read and process
the FBYTE data.
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CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

CSIO (Clock Synchronous Serial Interface) Registers

This section provides a list of CSIO (Clock Synchronous Serial Interface) registers.

CSIO (Clock Synchronous Serial Interface) Register List

Table 7-1 CSIO (Clock Synchronous Serial Interface) Register List (TYPE1-M4, TYPE2-M4, TYPE6-M4 Products)

bit15 bit8

bit7 bit0

SCR (Serial Control Register)

SMR (Serial Mode Register)

SSR (Serial Status Register)

ESCR (Extended Communication Control Register)

RDR1/TDR1 (Transmit/Received Data register 1)

RDRO/TDRO (Transmit/Received Data register 0)

SACSR (Serial Support Control Status Register)

STMR (Serial Timer Register)

CSIO STMCR (Serial Timer Comparison Register)
SCSCR (Serial Chip Select Control Status Register)
SCSTR1 (Serial Chip Select Timing Registerl) SCSTRO (Serial Chip Select Timing Register0)
SCSTR3 (Serial Chip Select Timing Register3) SCSTR2 (Serial Chip Select Timing Register2)
- TBYTEO(Transfer Byte Register0)
BGR1 (Baud Rate Generator Register 1) BGRO (Baud Rate Generator Register 0)
FIFO FCR1 (FIFO Control Register 1) FCRO (FIFO Control Register 0)

FBYTE2 (FIFO2 Byte Register)

FBYTE1 (FIFO1 Byte Register)

Table 7-2 CSIO (Clock Synchronous Serial Interface) Register List (TYPE3-M4, TYPE4-M4, TYPE5-M4 Products)

bitl5 bit8

bit7 bit0

SCR (Serial Control Register)

SMR (Serial Mode Register)

SSR (Serial Status Register)

ESCR (Extended Communication Control Register)

RDR1/TDR1 (Transmit/Received Data register 1)

RDRO/TDRO (Transmit/Received Data register 0)

SACSR (Serial Support Control Status Register)

STMR (Serial Timer Register)

STMCR (Serial Timer Comparison Register)

SCSCR (Serial Chip Select Control Status Register)

csio SCSTR1 (Serial Chip Select Timing Registerl) SCSTRO (Serial Chip Select Timing Register0)
SCSTR3 (Serial Chip Select Timing Register3) SCSTR2 (Serial Chip Select Timing Register2)
SCSFR1 (Serial Chip Select Format Registerl) SCSFRO (Serial Chip Select Format Register0)
- SCSFR2 (Serial Chip Select Format Register2)
TBYTE1(Transfer Byte Registerl) TBYTEO(Transfer Byte Register0)
TBYTE3(Transfer Byte Register3) TBYTE2(Transfer Byte Register2)
BGR1 (Baud Rate Generator Register 1) BGRO (Baud Rate Generator Register 0)

FIFO FCR1 (FIFO Control Register 1) FCRO (FIFO Control Register 0)

FBYTE2 (FIFO2 Byte Register)

FBYTE1 (FIFO1 Byte Register)
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Table 7-3 CSIO (Clock Synchronous Serial Interface) Bit Assignment (TYPE1-M4, TYPE2-M4, TYPEG6-M4 Product)

bitl5 | bitl4 | bitl3 | bitl2 | bitll | bit10 | bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0
SCR/
SMR UPCL | MS SPI RIE TIE | TBIE | RXE | TXE | MD2 | MD1 | MDO - SCINV| BDS | SCKE | SOE
SSR/
REC - - - ORE |RDRF|TDRE| TBI | SOP | L3 - WT1 | WTO | L2 L1 LO
ESCR
TDR1/0
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
(RDR1/0)
SACSR - - TBEEN [CSEIE| CSE - - TINT |TINTE | TSYNE - TDIV3 | TDIV2 | TDIV1 | TDIVO | TMRE
STMR |TM15| TM4 | TM3 | TM2 | TM11 | TM10 | TM9 | TM8 | TM7 | TM6 | TM5 | TM4 | TM3 | TM2 | TM1 | TMO
STMCR | TC15 | TC14 | TC13 | TC12 | TC11 | TC10 | TC9 | TC8 | TC7 | TC6 | TC5 | TC4 | TC3 | TC2 | TC1 | TCO
SCSCR - - - - - - |SCAM|CDIV2|CDIV1|CDIVO|CSLVL| - - - |CSEN0|CSOE
SCSTR
10 CSSU7 | CSSUG | CSSUS | CSSU4 | CSSU3 [ CSSU2 | CSSUL | CSSUO | CSHD7 | CSHD6 | CSHDS | CSHD4 | CSHD3 | CSHD2 | CSHD1 | CSHDO
SCSTR | CSDS | CSDS | CSDS | CSDS | CSDS | CSDS
CSDS9 | CSDS8 | CSDS7 | CSDS6 | CSDS5 | CSDS4 | CSDS3 | CSDS2 | CSDS1 | CSDS0
32 15 14 13 12 11 10
CSO | CSO | CSO | CSO | CSO | CSO | CsO | csO
TBYTEO - - - - - - - -
TD7 | TD6 | TD5 | TD4 | TD3 | TD2 | TD1 | TDO
BGR1/
- B14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 B1 BO
BGRO
FCRL/
ECRO - - - |FLSTE| FRIIE |FDRQ| FTIE | FSEL | - FLST | FLD | FSET | FCL2 | FCL1 | FE2 | FE1
FBYTE2/
FBYTEL FD15 | FD14 | FD13 | FD12 | FD11 | FD10 | FD9 | FD8 | FD7 | FD6 | FD5 | FD4 | FD3 | FD2 | FD1 | FDO
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CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

Table 7-4 CSIO (Clock Synchronous Serial Interface) Bit Assignment (TYPE3-M4, TYPE4-M4, TYPE5-M4 Products)

bitl5 | bitl4 | bitl3 | bitl2 | bitll | bit10 | bit9 bit8 bit7 bit6 bit5 bit4 bit3 bit2 bitl bit0

SCR/
SMR UPCL | MS SPI RIE TIE | TBIE | RXE | TXE | MD2 | MD1 | MDO - SCINV| BDS | SCKE | SOE

SSR/
ESCR REC - - - ORE |RDRF|TDRE| TBI | SOP | L3 |CSFE| WT1 | WTO | L2 L1 LO

TDR1/0
D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO

(RDR1/0)
SACSR - - TBEEN |[CSEIE| CSE - - TINT | TINTE | TSYNE - TDIV3 | TDIV2 | TDIV1 | TDIVO | TMRE
STMR |TM15| TM4 | TM3 | TM2 | TM11 [ TM10 | TM9 | TM8 | TM7 | TM6 | TM5 | TM4 | TM3 | TM2 | TM1 | TMO
STMCR | TC15 | TC14 | TC13 | TC12 | TC11 | TC10 | TC9 | TC8 | TC7 | TC6 | TC5 | TC4 | TC3 | TC2 | TC1 | TCO
SCSCR | SST1 | SSTO | SED1 | SEDO | SCD1 | SCDO | SCAM |CDIV2 |CDIV1|CDIVO|CSLVL|CSEN3|CSEN2 [ CSEN1 | CSENO | CSOE

SCSTR
10 CSSU7 | CSSU6 | CSSU5 | CSSU4 | CSSU3 [ CSSU2 | CSSUL | CSSUO | CSHD7 | CSHD6 | CSHDS | CSHD4 | CSHD3 | CSHD2 | CSHD1 | CSHDO

SCSTR | CSDS | CSDS | CSDS | CSDS | CSDS | CSDS
CSDS9 | CSDS8 | CSDS7 | CSDS6 | CSDS5 | CSDS4 | CSDS3 | CSDS2 | CSDS1 | CSDS0
32 15 14 13 12 11 10

SCSFR CS2 | CS2 | CS2 | CS2 | CS2 | CS2 | CS2 | CS2 [ CS1 | CSl1 | Cs:1|CSl |Csi|Csl|cCst|csa
1/0 LVL [SCINV| SPI | BDS | L3 L2 L1 LO LVL [SCINV| SPI | BDS | L3 L2 L1 LO
CS3 | CS3 | CS3 | CS3 | CS3 | CS3 | CS3 | Cs3

SCSFR2
LVL |SCINV| SPI | BDS | L3 L2 L1 LO
TBYTE CS1 | CS1 | CS1 [ CS1 | CS1 | CS1 | CS1 |CS1 |CSO|CsO|CsO|CsO|CsOo|CsO| CsO | cso
1/0 TD7 | TD6 | TD5 | TD4 | TD3 | TD2 | TD1 | TDO | TD7 | TD6 | TD5 | TD4 | TD3 | TD2 | TD1 | TDO
TBYTE CS3 | CS3 | CS3 | CS3 | CS3 | CS3 | CS3 | CS3 | CS2 | Cs2 | CSs2 | CSs2 | Cs2 | Cs2 | Cs2 | cs2
3/2 TD7 | TD6 | TD5 | TD4 | TD3 | TD2 | TD1 | TDO | TD7 | TD6 | TD5 | TD4 | TD3 | TD2 | TD1 | TDO

BGR1/
- B14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 Bl BO

BGRO

FCRL/
£CRO - - - |FLSTE| FRIIE |FDRQ| FTIE | FSEL | - FLST | FLD | FSET | FCL2 | FCL1 | FE2 | FE1

FBYTE2/
FBYTEL FD15 | FD14 | FD13 | FD12 | FD11 | FD10 | FD9 | FD8 | FD7 | FD6 | FD5 | FD4 | FD3 | FD2 | FD1 | FDO
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7.1 Serial Control Register (SCR)
The Serial Control Register (SCR) is used to enable/disable a transmit/received interrupt, enable/disable a transmit idle
interrupt, and enable/disable data transmission and reception. Also, the register can set the SPI connection and reset the

CSIO settings.

bit 15 14 13 12 1 10 9 8 7 0
Field UPCL MS SPI RIE TIE TBIE RXE TXE | (SMR) |
Attribute R/W R/W R/IW R/W R/IW RW RW R/W
Initial value 0 0 0 0 0 0 0 0

[bit15] UPCL: Programmable clear bit
Initializes the CSIO internal state.

If setto 1:

B The CSIO is reset directly (software reset). However, the current register settings are kept. The transmit or received state
is disconnected immediately.

B The baud rate generator reloads the BGR1/0 register value and restarts operation.

B All of transmit/received interrupt factors (SSR:TDRE, TBI, RDRF, ORE, TINT, CSE) are initialized.

B All of Serial Chip Select pins become inactive state.

If setto O:
No effect on the operation.

0 is always read from this bit.

Description
At Writing At Reading
No effect on the operation.

bit

0 is always read.

Programmable clear

Notes:
— Disable an interrupt first, and then execute the programmable clear instruction.
— If the FIFO operation is used, disable it (FCRO:FE[2:1]=00) first and then execute the programmable clear instruction.

[bit14] MS: Master/Slave function select bit
Selects the master or slave mode.

bit Description
0 Master mode
1 Slave mode

Notes:

— If the slave mode is selected and if SMR:SCKE=0, the external clock is entered directly.
—  Set this bit when the data transmission and reception is disabled (TXE=RXE=0).

—  After you have set the MS bit, enable data reception (RXE=1).
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[bit13] SPI: SPI corresponding bit
This bit allows the SPI communication.

bit Description
0 Normal synchronous transfer
1 SPI correspond

Notes:
—  Set this bit when the data transmission and reception is disabled (TXE=RXE=0).
—  This bit is used for one of the following cases[*]: (TYPE1-M4, TYPE2-M4, TYPE6-M4 products)
»  When the Chip Select pin is disabled (SCSCR:CSEN0=0).
»  When in Slave Mode Operation (SCR:MS=1)
—  This bitis used for any of the following cases. (TYPE3-M4, TYPE4-M4, TYP5-M4 products)
»  When the Chip Select pin is disabled (SCSCR:CSEN3-0=0000).
»  When in Slave Mode Operation (SCR:MS=1)
»  When the data format of chip select pin is disabled (ESCR:CSFE=0).
»  When the data format of chip select pin is enabled (ESCR:CSFE=1) and chip select pin0 is active.

[bit12] RIE: Received interrupt enable bit

B This bit enables or disables an output of received interrupt request to the CPU.

B If the RIE bit and the received data flag bit (SSR:RDRF) are 1, or if any of error flag bits (ORE) is 1, a received interrupt
request is output.

bit Description
0 Disables the received interrupt.
1 Enables the received interrupt.

[bitll] TIE: Transmit interrupt enable bit
B This bit enables or disables an output of transmit interrupt request to the CPU.
B If the TIE and SSR:TDRE bits are 1, a transmit interrupt request is output.

bit Description
0 Disables a transmit interrupt.
1 Enables a transmit interrupt.
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[bit10] TBIE: Transmit bus idle interrupt enable bit
B This bit enables or disables an output of transmit bus idle interrupt request to the CPU.
B |f the TBIE bit and SSR:TBI bit are 1, a transmit bus idle interrupt request is output.

bit Description
0 Disables the transmit bus idle interrupt.
1 Enables the transmit bus idle interrupt.

[bit9] RXE: Data received enable bit
Enables or disables a CSIO data reception.

bit Description

0 Disables data reception.

1 Enables data reception.
Notes:

— If data reception is disabled (RXE=0), the current data reception is stopped immediately.
—  After you have set the MS bit and SMR:SCINV bit, enable the data reception (RXE=1).

[bit8] TXE: Data transmission enable bit
Enables or disables a CSIO data transmission.

bit Description
0 Disables the transmission.
1 Enables the transmission.
Notes:

—  If data transmission is disabled (TXE=0), the current data transmission is stopped immediately.
—  When the Serial Chip Select is used (SCSCR:CSEN=1) in Master Mode Operation(SCR:MS=1), execute the
programmable reset. (SCR:UPCL=1)

150 FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C



& CYPRESS

mmp>  EMBEDDED IN TOMORROW~ CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

7.2 Serial Mode Register (SMR)

The Serial Mode Register (SMR) is used to select an operation mode, to set a transmission direction, data length and serial
clock inversion, and to enable or disable an output of serial data and clock to their pins.

bit 15 8 7 6 5 4 3 2 1 0
Field | (SCR) | MD2 MD1 MDO - SCINV BDS SCKE SOE
Attribute R/W R/W R/W - R/W R/W R/W R/W

Initial value 0 0 0 - 0 0 0 0

[bit7:5] MD2, MD1, MDO: Operation mode set bits
These bits set an operation mode.

0b000: Sets operation mode 0 (asynchronous normal mode).

0b001: Sets operation mode 1 (asynchronous multiprocessor mode).
0b010: Sets operation mode 2 (clock synchronous mode).

0b011: Sets operation mode 3 (LIN communication mode).

Ob100: Sets operation mode 4 (I°C mode).

*This chapter explains the registers and their operation in operation mode 2 (clock synchronous mode).

bit7 bit6 bit5 Description
0 0 0 Operation mode 0 (asynchronous normal mode)
0 0 1 Operation mode 1 (asynchronous multiprocessor mode)
0 1 0 Operation mode 2 (clock synchronous mode)
0 1 1 Operation mode 3 (LIN communication mode)
1 0 0 Operation mode 4 (1°C mode)
Values other than the above Setting is prohibited.

Notes:

—  Any bit setting other than above is prohibited.

—  To switch the current operation mode, issue a programmable clear instruction (SCR:UPCL=1) and switch the operation
mode continuously.

—  After the operation mode has been set, set each register correctly.

[bit4] Reserved: Reserved bit
The read value is 0. Be sure to write 0.

[bit3] SCINV: Serial clock invert bit
Inverts the serial clock format. This bit is used for the communication of the Serial Chip Select pin0 when the chip select is
used in the master mode operation (SCR:MS=0).

If setto O:

B The signal mark level of serial clock output is set to HIGH.

B The transmit data is output at a falling edge of serial clock during normal transfer, but it is output in synchronization with a
rising edge of serial clock during SPI transfer.

B The received data is sampled at a rising edge of serial clock during normal transfer, but it is sampled at a falling edge of
serial clock during SPI transfer.
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If setto 1:

B The signal mark level of serial clock output is set to LOW.

B The transmit data is output at a rising edge of serial clock during normal transfer, but it is output in synchronization with a
falling edge of serial clock during SPI transfer.

B The received data is sampled at a falling edge of serial clock during normal transfer, but it is sampled at a rising edge of
serial clock during SPI transfer.

bit Description

0 Signal mark level HIGH format

1 Signal mark level LOW format
Notes:

—  Always set this bit when transmission and reception are disabled (TXE=RXE=0).
—  After setting the SCINV bit, enable data reception (SCR:RXE=1).
—  This bitis used in the one of the following cases: (TYPE1-M4, TYPE2-M4, TYPEG6-M4 products)
»  When the chip select pin is disabled (SCSCR:CSEN=0)
»  In slave mode operation (SCR:MS=1)
—  This bit is used in the any of the following cases: (TYPE3-M4, TYPE4-M4, TYPE5-M4 products)
»  When the chip select pin is disabled (SCSCR:CSEN3-0=0000)
» In slave mode operation (SCR:MS=1)
»  When the data format of chip select pin is disabled (ESCR:CSFE=0).
»  When the data format of chip select pin is enabled (ESCR:CSFE=1) and chip select pin0 is active.

[bit2] BDS: Transfer direction select bit

Specifies to transfer the least significant bit of the transfer serial data first (LSB first; BDS=0) or the most significant bit first
(MSB first; BDS=1). This bit is utilized for the communication of chip select pinO when chip select is enabled during Master
mode (SCR:MS=0).

bit Description

0 LSB first (The least significant bit is first transferred.)

1 MSB first (The most significant bit is first transferred.)
Notes:

—  Always set this bit when transmission and reception are disabled (SCR:TXE=RXE=0).
—  This bitis used in the one of the following cases: (TYPE1-M4, TYPE2-M4, TYPEG6-M4 products)
»  When the chip select pin is disabled (SCSCR:CSEN=0)
» In slave mode operation (SCR:MS=1)
—  This bitis used in the any of the following cases: (TYPE3-M4, TYPE4-M4, TYPE5-M4 products)
»  When the chip select pin is disabled (SCSCR:CSEN3-0=0000)
»  In slave mode operation (SCR:MS=1)
»  When the data format of chip select pin is disabled (ESCR:CSFE=0).
»  When the data format of chip select pin is enabled (ESCR:CSFE=1) and chip select pin0 is active.
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[bitl] SCKE: Master mode serial clock output enable bit
This bit controls the serial clock 1/O port.

bit Description
0 Disables a serial clock output.
1 Enables a serial clock output.

Note:
- If this bit is used as the SCK pin, the GPIO must also be set.

[bit0] SOE: Serial data output enable bit
This bit enables or disables a serial data output.

bit Description
0 Disables a serial data output.
1 Enables a serial data output.

Note:
— If this bitis used as the SOT pin, the GPIO must also be set.
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7.3 Serial Status Register (SSR)

The Serial Status Register (SSR) is used to check the current transmission/reception state, check the Received Error flag,
and clear the Received Error flag.

bit 15 14 13 12 1 10 9 8 7 . 0
Field REC - | - | Reseved | ORE | RDRF | TDRE B8 | (ESCR) |
Attribute R/W - - - R R R R
Initial value 0 - - - 0 0 1 1

[bit15] REC: Received error flag clear bit
This bit clears the ORE flag of the Serial Status Register (SSR).

B If this bit is set to 1, the error flag is cleared.
B This bit has no effect on the operation if set to 0.

"0" is always read.

Description

bit
At writing At reading

No effect on the operation.
Clears the Received Error flag (FRE, ORE).

0 is always read.

[bit14:13] - : Unused bits
The values of these bits are undefined when read.
These bits have no effect on the operation when written.

[bit12] Reserved: Reserved bits
The read value is 0. Be sure to write 0.

[bit11] ORE: Overrun error flag bit

B If an overrun occurs during data reception, this bit is set to 1. This is cleared if the REC bit of Serial Status Register (SSR)
is setto 1.

B |f the ORE and SCR:RIE bits are 1, a received interrupt request is output.

B If this flag is set, data of the Received Data Register (RDR) is invalid.

B |f this flag is set when received FIFO is used, the received FIFO enable bit is cleared and the received data is not stored in
received FIFO.

bit Description
0 No overrun error occurred.
1 An overrun error occurred.

154 FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C



& CYPRESS

mmp>  EMBEDDED IN TOMORROW~ CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

[bit10] RDRF: Received data full flag bit
B This flag shows the state of Received Data Register (RDR).
B When the received data is loaded in the RDR, this bit is set to 1. When data is read from the Received Data Register
(RDR), this bit is cleared to 0.
B If the RDRF bit and SCR:RIE bit are 1, a received interrupt request is output.
B If received FIFO is used and if the preset amount of data is received in received FIFO, the RDRF bit is set to 1.
B If received FIFO is used, if both of the following conditions are satisfied, and if the Received Idle state continues more than
8 baud rate clocks, the RDRF bit is set to 1.
O The received FIFO idle detect enable bit (FCR1:FRIIE) is 1.
O The preset data amount is not received and some data remains in received FIFO.

If the RDR data is read during counting of 8 clocks, this counter is reset to 0, and counting for 8 clocks is restarted.

B [f the received FIFO is used and if this buffer is emptied, this bit is cleared to 0.

bit Description
0 The Received Data Register (RDR) is empty.
1 The Received Data Register (RDR) contains data.

[bit9] TDRE: Transmit data empty flag bit

B This flag shows the state of Transmit Data Register (TDR).

B [f transmit data is written in the TDR, this bit is set to 0 to indicate that the TDR contains valid data. When data is loaded to
the transmit shift register and when the transmission is started, this bit is set to 1 to indicate that the TDR does not have
the valid data.

B If the TDRE bit and SCR:TIE bit are 1, a transmit interrupt request is output.

B When the UPCL bit of the Serial Control Register (SCR) is set to 1, the TDRE bit is set to 1.

B For the TDRE bit set/reset timing when transmit FIFO is used, see 2.4 Interrupt and Flag Set Timing when Transmit FIFO
is Used.

bit Description
0 The Transmit Data Register (TDR) contains data.
1 The Transmit Data Register (TDR) is empty.

[bit8] TBI: Transmit bus idle flag bit

B This bit indicates that the CSIO is not transmitting data.

B When data is written in the Transmit Data Register (TDR), this bit is set to 0.

B If the Transmit Data Register (TDR) is empty (TDRE=1) and if no transmission is started at the state that Serial Chip
Select pin is deselected, this bit is set to 1.

B When the UPCL bit of the Serial Control Register (SCR) is set to 1, the TDRE bit is set to 1.

B If this bit is 1 and if a transmit bus Idle interrupt is enabled (SCR:TBIE=1), a transmit interrupt request is output.

bit Description
0 During data transmission
1 No data transmission
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7.4 Extended Communication Control Register (ESCR)

The Extended Communication Control Register (ESCR) is used to set a transmit/received data length and to fix the serial
data output to the HIGH state.

B TYPE1-M4, TYPE2-M4, TYPE6-M4 products

bit 15 8 7 6 5 4 3 2 1 0
Field - SOP L3 Reserved WT1 WTO L2 L1 LO
Attribute R/W R/W - R/W R/W R/W R/W R/W
Initial value 0 0 - 0 0 0 0 0
B TYPE3-M4, TYPE4-M4, TYPE5-M4 products
bit 15 8 7 6 5 4 3 2 1 0
Field - SOP L3 CSFE WT1 WTO L2 L1 LO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial value 0 0 0 0 0 0 0 0

[bit7] SOP: Serial output pin set bit

W This bit sets the serial data output pin to the HIGH state. When this bit is set to 1, the SOT pin is set to HIGH. After that,
this bit needs not be set to 0.

B When it is read, 0 is always read.

Description
bit
At writing At reading
0 No effect on the operation.
0 is always read.
1 Sets the SOT pin to HIGH state.

Note:
— Do not set this bit during serial data transmission.

[bit5] Reserved : Reserved bit (TYPE1-M4, TYPE2-M4, TYPE6-M4 products)
For TYPE1-M4, TYPE2-M4, TYPEG6-M4 products, the read value is 0. Be sure to write 0

[bit5] CSFE : Serial Chip Select Format enable bit (TYPE3-M4, TYPE4-M4, TYPE5-M4 products)
TYPE3-M4, TYPE4-M4, TYPE5-M4 products has this bit.
This bit enables/disables the serial chip select format. When this bit sets to 1, each serial chip select pin format can be set as
following.

O Active level of serial chip select

O Mark level of serial clock
O Selection of SPI transfer/Normal transfer
O Serial data direction
O Data length of serial data
bit Description
0 Set to same data format and clock format in all serial chip select pin
1 Enable to different formats and clock formats in each serial chip select pin
Notes:

—  This bit is disabled in the any of the following cases:

—  When the chip select pin is disabled (SCSCR:CSEN3-0="0000")
— In slave mode operation (SCR:MS=1)

—  Set this bit when transmission is disabled (SCR:TXE=0).
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[bit4:3] WT1, WTO: Data transmit/received wait select bits
In master mode operation, these bits set a wait count for continuous data transmission or reception. In slave mode operation,

these bits are set to 00.

B When 00 is set, SCK is output continuously.

B When 01 is set, SCK is output after 1-bit time wait.
B When 10 is set, SCK is output after 2-bit time wait.
B When 11 is set, SCK is output after 3-bit time wait.

bit4 bit3 Description
0 0 0-bit
0 1 1-bit
1 0 2-bits
1 1 3-bits

[bit6, bit2:0] L3, L2, L1, LO: Data length select bits
These bits set a length of transmit/received data.

-
w

,_
(N
—
[
—
=}

Description

8-bit length

5-bit length

6-bit length

7-bit length

9-bit length

10-bit length

11-bit length

12-bit length

13-bit length

14-bit length

RPlRPr|IP|IO|lO|jlO|lO|O|O|O|O

15-bit length

=

o|o|o|O|(rRr|FRP|(P|P|O|J|O|O|O
RPlRr|O[O|Rr|[P|O|O|RL,|[RL|O|O
RP|O(RP|O|RP|O|RP|O|FR|[O|FL,]|O

16-bit length

Notes:

—  Any bit setting other than above is prohibited.

—  These bits are used in one of the following conditions: (TYPE1-M4, TYPE2-M4, TYPE6-M4 products)

—  These bits are used in any of the following conditions: (TYPE3-M4, TYPE4-M4, TYPE5-M4 products)
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When the Chip Select pin is disabled (SCSCR:CSEN3-0=0000b).

At slave mode operation (SCR:MS=1)

When the Chip Select pin is disabled (SCSCR:CSEN3-0=0000).

At slave mode operation (SCR:MS=1)

When the data format of chip select pin is disabled (ESCR:CSFE=0).
When the data format of chip select pin is enabled (ESCR:CSFE=1) and chip select pin0 is active.
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7.5 Received Data Register/Transmit Data Register (RDR/TDR)
The Received and Transmit Data Registers are allocated at the same address. This register functions as the Received Data
Register when data is read from it. This register functions as the Transmit Data Register when data is written in it.

Received Data Register (RDR)

bit
Field

Attribute
Initial Value

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
D D D D D D D D D D D D D D D D
15 | 14 |13 |12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
R R R R R R R R R R R R R R R R
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The Received Data Register (RDR) is a 16-bit data buffer register for serial data reception.

B When serial data signals are sent to the Serial input pin (SIN), they are converted by a shift register and stored in the
Received Data Register (RDR).

B Considering data length, the received data is stored from the lower bit and other bits are set t0”0”. Example: 45h is
received in 8-bit data length, D7 to DO =45h, D31 to D8 =0

B When the received data is stored in the Received Data Register (RDR), the received data full flag bit (SSR:RDRF) is set to
1. If areceived interrupt is enabled (SCR:RIE=1), a received interrupt request is generated.

B The Received Data Register (RDR) must be read only when the received data full flag bit (SSR:RDRF) is 1. When data is
read from the Serial Received Data Register (RDR), the received data full flag bit (SSR:RDRF) is cleared to 0

automatically.

B If a received error occurs (SSR:ORE), data in the Received Data Register (RDR) is invalid.

Notes:

- If the received FIFO is used and if a certain count of data is received by the received FIFO, the RDRF bit is set to 1.

— Ifreceived FIFO is used and if this buffer is emptied, the RDRF bit is cleared to 0.

— Ifreceived FIFO is used and if a received error occurs (SSR:ORE), the received FIFO enable bit is cleared and the
received data is not stored in received FIFO.
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Transmit Data Register (TDR)

Initial Value 1 1 1 1 1

bit 15 14 13 12 1 10
Field D D D D D D
15 14 | 13 | 12 | 11 | 10
Attribute w w W W w W

» S|o O|o©
P S| O

7
D
7
w
1

» S|lo O|lo
= S|o O|w,
PS> O
P S|lw Olw
P SN ON
P S|k Ofr
» S|o O|o

[N

The Transmit Data Register (TDR) is a 16-bit data buffer register for serial data transmission.

B |f data transmission is enabled (SCR:TXE=1) and if the transmit data is written in the Transmit Data Register (TDR), the

transmit data is transferred to the transmit shift register. Then, the data is converted into serial data, and output at the
serial data output pin (SOT).

Considering the bit length, the transmit data is stored from the lower bit and other bits are invalid. Example: 0x45 is
received in 8-bit data length, D7 to DO =0x45, D15 to D8 =0

When the transmit data is written in the Transmit Data Register (TDR), the transmit data empty flag (SSR:TDRE) is
cleared to 0.

When the transmit data is transferred to the transmit shift register and data transmission is started, and if transmit FIFO is
disabled or if transmit FIFO is empty, the transmit data empty flag (SSR:TDRE) is set to 1.

If the transmit data empty flag (SSR:TDRE) is 1, the next transmit data can be written in the buffer. If a transmit interrupt is
enabled, a transmit interrupt occurs. The next transmit data must be written only after the transmit interrupt has occurred
or when the transmit data empty flag (SSR:TDRE) is 1.

If the transmit data empty flag (SSR:TDRE) is 0 and if transmit FIFO is disabled or transmit FIFO is full, the transmit data
cannot be written in the Transmit Data Register (TDR).

Notes:

The Transmit Data Register is a write-only register. While the Received Data Register is a read-only register. As these
two registers are allocated at the same address, the write and read values differ from each other. Therefore, the
INC/DEC instruction and other read-modify-write (RMW) operation cannot be used.

For the transmit data empty flag (SSR:TDRE) set timing when transmit FIFO is used, see 2.4 Interrupt and Flag Set
Timing when Transmit FIFO is Used.
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7.6 Serial Support Control Register (SACSR)

Serial Support Control Register (SACSR) is used to control the serial test, select the starting method of serial timer,
enable/disable the timer interrupt, enable/disable the synchronous transmission, set the division ratio for the operation clock
of serial timer, and enable/disable the serial timer.

bit 15 14 13 12 11 10 9 8
Field Reserved TBEEN CSEIE CSE - - TINT
Attribute - R/W R/W R/W - - R/W
Initial Value 00 0 0 0 0 0 0
bit 7 6 5 4 3 2 1 0
Field TINTE TSYNE - TDIV3 TDIV2 TDIV1 TDIVO TMRE
Attribute R/W R/W - R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

[bit15:14] Reserved: Reserved bits
At reading: The read value is 0.
At writing: Always write 0.

[bitl3] TBEEN: Transfer Byte Error Enable bit
In Master mode operation (SCR:MS=0), enables/disables the real chip select error occurrence.
For details, see 2.6 Chip select error occurrence and flag set timing.

bit Transfer Byte Error Enable bit
0 Disables the chip select error occurrence in Master mode operation (SCR:MS=0).
1 Enables the chip select error occurrence in Master mode operation (SCR:MS=0).

Note:
—  Change this bit when Data transmission and reception is disabled (SCR:TXE=RXE=0).

[bitl2] CSEIE: Chip Select Error Interrupt Enable bit
B This bit is used to enable/disable the chip select error interrupt request output.
B When CSEIE bit and Chip Select Error Flag bit (CES) are 1, outputs the transmission interrupt request.

bit Chip Select Error Interrupt Enable bit
0 Disables the Chip Select Error Interrupt.
1 Enables the Chip Select Error Interrupt Enable bit.
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[bit1l] CES: Chip Select Error Flag

This bit is used to indicate the presence or absence of the Chip Select Error occurrence.

For details, see 2.6 Chip select error occurrence and flag set timing.

When this bit is 1 and the Chip Select Error Interrupt Enable bit (CSEIE) is 1, outputs the data transmission interrupt request.
When this bit is set tol, this bit is reset to 0.

Setting 1 to this bit is invalid.

bit Chip Select Error Flag
0 Chip Select Error occurs
1 No Chip Select Error occurs..

Notes:

—  This bit is reset to 0 by executing the software reset (SCR:UPCL=1).

- “1”is read by reading with Read-Modify-Write instruction.

=  When the Serial Chip Select is not used (SCSCR:CSENO0=0) in Slave mode operation (SCR:MS=1), this bit cannot be
setto 1.

—  When a Chip Select Error occurs, disable the data transmission and then write 0 to this bit. To restart the data
transmission, write 0 to this bit to enable the data transmission (SCR:TXE=1) and write the transmit data to the
Transmission Data Register (TDR).

— If anoise of one bus clock or more occurs on the Serial Chip Select input in the slave mode transmission, this bit may
be set to 1. In such case, restart the transmission after the completion of the master mode transmission.

[bit8] TINT: Timer Interrupt Flag
When the values of the Serial Timer Register (STMR) and the Serial Timer Comparison Register (STMCR) match, the Serial
Timer Register (STMR) is set to 0 and this register is set to 1.

When this bit is set to 1 and the Timer Interrupt Enable bit (TINTE) is set to 1, the stats interrupt request is output.

When this bit is set tol, this bit is reset to 0.
Setting 1 to this bit is invalid.

bit Description
0 No Timer Interrupt Request exists.
1 Timer Interrupt Request exists.

Notes:

—  This bit is reset to 0 by executing the software reset (SCR:UPCL=1).

— lisread by reading with Read-Modify-Write command.

—  When the Synchronous Transmission Enable bit (TSYNE) is 1, this bit is not set to 1.

[bit7] TINTE: Timer Interrupt Enable bit
This bit is used to enable/disable the Timer Interrupt to CPU.
When this bit is 1 and Timer Interrupt Flag (TINT) is 1, the Status Interrupt Request is output.

bit7 Description
0 Disables an interrupt with serial timer.
1 Enables an interrupt with serial timer.
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[bit6] TSYNE: Synchronous Transmission Enable bit

This bit enables/disables the synchronous transmission.

When this bit is 1 and the following condition is met, the transmission is started.

B The values of Serial Timer Register (STMR) and Serial Timer Comparison Register (STMCR) meet at the transmission

synchronizing with a timer.

bit Description

0 Disables the synchronous transmission.
The serial timer is used as a timer.

1 Enables the synchronous transmission.

The serial timer is not used as a timer.

Notes:

Only when the Serial Timer Enable bit (TMRE) is 0, this bit can be changed.

When the transmission is disabled (SCR:TXE=0) at Synchronous Transmission enabled (TSYNE=1), the transmission
is not started even the following condition is met.

The values of Serial Timer Register (STMR) and Serial Timer Comparison Register (STMCR) meet.

In Slave mode operation (SCR:MS=1), this bit is fixed to 0 internally.

[bit4:1] TDIV3:0: Timer Operation Clock Division bit
This bit is used to set the serial timer division ratio.

Timer Operation Clock
bit4 bit3 bit2 bitl Division ¢= o= o= o= o= o=
Ratio 8 MHz 10 MHz 16 MHz 20 MHz 24 MHz 32 MHz
0 0 0 0 ¢ 125 ns 100 ns 62.5ns 50 ns 41.67 ns 31.25ns
0 0 0 1 o2 250 ns 200 ns 125 ns 100 ns 83.33 ns 62.5ns
0 0 1 0 o4 500 ns 400 ns 250 ns 200 ns 166.67 ns 125ns
0 0 1 1 /8 1lus 800 ns 500 ns 400 ns 333.33 ns 250 ns
0 1 0 0 $/16 2 us 1.6 ys 1ps 800 ns 666.67 ns 500 ns
0 1 0 1 /32 4 us 3.2 us 2 s 1.6 ps 1.33 us 1pus
0 1 1 0 $/64 8 us 6.4 us 4 us 3.2 s 2.67 ps 2 s
0 1 1 1 $/128 16 ps 12.8 ps 8 us 6.4 us 5.33 us 4 us
1 0 0 0 /256 32 s 25.6 ps 16 ps 12.8 ps 10.67 ps 8 ys

¢:  Bus clock
Notes:

This bit can be changed only when the Serial Timer Enable bit (TMRE) is 0.
Other than the above change is disabled.

[bit0] TMRE: Serial Timer Enable bit
This bit enables/disables the serial timer operation.

bit Serial Timer Enable bit

Stops the Serial Timer operation.
At the time of stop, the value of the Serial Timer 8STMR) is held.

0

When this bit is changed from 0 to 1, initialize the Serial Timer Register (STMR) to 0
and start the operation of the Serial Timer.

Note:

162

When the synchronous transmission with the Serial Timer is executed, change this bit from 0 to 1 at transmission
disabled.
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7.7 Serial Timer Register (STMR)

The Serial Timer Register (STMR) is used to indicate the timer value of the serial timer.

Bit Configuration of Serial Timer Register (STMR)

bit 15 14 13 12 1 10 9 8

Field | tmis | tmua [ TMi3 | TMI2 ™11 TM10 ™9 ™8
Attribute R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0
bit 7 6 5 4 3 2 1 0

Field ™7 ™6 ™5 ™4 ™3 ™2 T™L T™O
Attribute R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0

[bit15:0] TM[15:0]: Timer Data bits
These bits indicate the timer value of the serial timer.

During the timer operation, the timer value of the serial timer is incremented by 1 every timer operation clock

(SACSR:TDIV3:0).

Note:
— At starting the timer operation, this bit is initialized to 0.
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7.8 Serial Timer Comparison Register (STMCR)

This register is used to set the timer comparison value of the serial timer.

Bit Configuration of Serial Timer Register (STMCR)

bit 15 14 13 12 1 10 9 8
Field | Tcis TC14 Tc13 | T2 | Tem TC10 TCY TC8
Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial Value 0 0 0 0 0 0 0 0
bit 7 6 5 4 3 2 1 0
Field TC7 TC6 TC5 TC4 TC3 TC2 TC1 TCO
Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial Value 0 0 0 0 0 0 0 0

[bit15:0] TC15:0: Compare bits
Set the comparison values of the serial timer.

This bit is compared with the Serial Timer Register (STMR) and the Serial Timer Register (STMR) is set to 0 if the values of
this bit and the Serial Timer Register (STMR) meet when the Serial Timer Register (STMR) is revised. At that time, when the
synchronous transmission is disabled (SACSR:TSYNE=0), the Timer Interrupt Flag (SACSR: TINT) is set to 1 and when the
synchronous transmission is enabled (SACSR:TSYNE=1), the transmission is started.

The interval of executing the following operations is (STMCR:TC+1) x Timer Operation Clock (specified with

SACSR:TDIV3:0.)

B SACSR:TINT is set to 1.

B The transmission is started with the transmission synchronizing with the serial clock.

Notes:

—  When all the following conditions are met, the Timer Interrupt Flag (SACSR:TINT) is fixed to 1.
—  Synchronous transmission is disabled (SACSR:TSYNE=0).
—  This register is set to 0x0000.

—  Timer is operating.

—  Timer Operation Clock Division value (SACSR:TDIV) is set to 0b0000.
—  Only when the Serial Timer is disabled (SACSR:TMRE=0), this register can be changed.
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7.9 Serial Chip Select Control Status Register (SCSCR)

This register is used to select the start pin and end pin of the Serial Chip Select, to display the output pin of the Serial Chip
Select, to hold the active level of the Serial Chip Select, to reverse the Serial Chip Select, and to enable/disable the output of
the Serial Chip Select.

(TYPE1-M4, TYPE2-M4, TYPE6-M4 products)
Bit Configuration of Serial Chip Select Control Status Register (SCSCR)

bit 15 14 13 12 1 10 9 8
Field | - | - | - | - | - | - SCAM CDIV2
Attribute - - - - - - R/W R/W
Initial Value 0 0 0 0 0 0 0 0
bit 7 6 5 4 3 2 1 0
Field CDIV1 coivo | cswi | - - - CSENO CSOE
Attribute RIW RIW RIW - - - RIW RIW
Initial Value 0 0 1 0 0 0 0 0

(TYPE3-M4, TYPE4-M4, TYPE5-M4 products)
Bit Configuration of Serial Chip Select Control Status Register (SCSCR)

bit 15 14 13 12 1 10 9 8
Field | sst | ssto | sept | sebo | scbi | scpo SCAM CDIV2
Attribute RIW RIW RIW RIW R R RIW RIW
Initial Value 0 0 0 0 0 0 0 0
bit 7 6 5 4 3 2 1 0
Field CDIV1 CDIVO CSLVL CSEN3 CSEN2 CSEN1 CSENO CSOE
Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial Value 0 0 1 0 0 0 0 0

[bit15:14] SST1-0: Serial Chip Select Active Start bit (TYPE3-M4, TYPE4-M4, TYPE5-M4 products)
Selects the starting pin of serial chip select.

Serial chip select becomes active by rotation from the pin set by this bit after transmission is changed from disabled
(SCR:TXE= 0) to enabled (SCR:TXE= 1) when transmission data is written in TDR.

bit15:14 Description
00 Serial chip select starting pin is SCS0
01 Serial chip select starting pin is SCS1
10 Serial chip select starting pin is SCS2
11 Serial chip select starting pin is SCS3
Notes:

—  Always set this bit when transmission and reception are disabled(SCR:TXE=RXE= 0)

—  When Serial Chip Select Start bit(SCSCR:SST1-0) is equivalent with Serial Chip select End bit(SCSCR:SED1-0), Chip
Select operates at the only pin set by these bits.

—  This bit is disabled in slave mode operation (SCR:MS=1)

—  Only serial chip select pins set enabled (CSEN=1) becomes active.

—  Set the serial chip select pin enabled (CSEN=1) which is set by this bit when serial chip select pin is enabled during
Master mode(SCR:MS= 0).
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[bit13:12] SED1-0: Serial Chip Select Active End bit (TYPE3-M4, TYPE4-M4, TYPE5-M4 products)
Selects the ending pin of serial chip select.

After serial chip select pin set by this bit becomes active, serial chip select pin set by Serial Chip Select Active Start bit
(SST1,SSTO) becomes active.

bit13:12 Description
00 Serial chip select ending pin is SCS0
01 Serial chip select ending pin is SCS1
10 Serial chip select ending pin is SCS2
11 Serial chip select ending pin is SCS3
Notes:

—  Always set this bit when transmission and reception are disabled(SCR:TXE=RXE= 0)

—  When Serial Chip Select Start bit (SCSCR:SST1-0) is equivalent with Serial Chip select End bit(SCSCR:SED1-0), chip
select operates at the only pin set by these bits.

—  This bit is disabled in slave mode operation (SCR:MS=1)

=  Only serial chip select pins set enabled (CSEN=1) become active.

—  Set the serial chip select pin enabled (CSEN=1) which is set by this bit when serial chip select pin is enabled during
Master mode(SCR:MS= 0).

[bit11:10] SCD1-0: Serial Chip Select Active Display bit (TYPE3-M4, TYPE4-M4, TYPE5-M4 products)
Display the active serial chip select pin.

bit11:10 Description
00 SCSO is active
01 SCS1 is active
10 SCS2 is active
11 SCS3 is active
Notes:

—  When serial chip select pin is inactive, display next serial chip select pin becomes active.
—  This bet becomes 00 in slave mode(SCR:MS=1) or transmission disabled(SCR:TXE=0) or software
reset(SCR:UPCL=1).

[bit9] SCAM: Serial Chip Select Active Hold bit
Selects the holding or not-holding the active status of Serial Chip Select pin.

For details, see Serial Chip Select Active Holding Operation (SCSCR:SCAM=1)(Available only in Master mode operation
(SCR:MS=0)) in 5. Serial Chip Select Operation.

bit Serial Chip Select Active Holding bit
0 Dose not hold the Active Status of Serial Chip Select pin.
1 Holds the Active Status of Serial Chip Select pin.

Notes:

—  When the transmission is disabled (SCR:TXE=0) and Software reset is executed (SCR:UPCL=1), the Serial Chip
Select pin becomes inactive irrespective of the value of this bit.

—  When a Serial Chip Error occurs (SACSR:CSE=1), the Serial Chip Select pin becomes inactive irrespective of the value
of this bit.
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[bit8:6] CDIV2:0: Serial Chip Select Timing Operation Clock Division bit
Set the division ratio of the Serial Chip Select Timing Operation Clock.

Serial Chip Select Timing Operation Clock
bit8 bit7 bit6 Division o= o= o= o= ¢= ¢=
Ratio 8 MHz 10 MHz 16 MHz 20 MHz 24 MHz 32 MHz
0 0 0 [0} 125 ns 100 ns 62.5 ns 50 ns 41.67 ns 31.25ns
0 0 1 o2 250 ns 200 ns 125ns 100 ns 83.33 ns 62.5 ns
0 1 0 o4 500 ns 400 ns 250 ns 200 ns 166.67 ns 125 ns
0 1 1 /8 lus 800 ns 500 ns 400 ns 333.33 ns 250 ns
1 0 0 /16 2 us 1.6 ys 1pus 800 ns 666.67 ns 500 ns
1 0 1 $/32 4 us 3.2 ps 2 us 1.6 ps 1.33 ps 1pus
1 1 0 ¢/64 8 us 6.4 us 4 us 3.2 us 2.67 ps 2 us
¢: Bus clock
Notes:

—  This bit can be changed only when the transmission and reception operations are disabled (SCR:TXE=RXE=0).

The setting of this bit is invalid in Slave mode operation (SCR:MS=1).
The settings other the above are prohibited.

[bit5] CSLVL: Serial Chip Select Level Setting bit
Selects High or Low for the Serial Chip Select pin level in inactive state.

This bit is available for Chip Select pin0Q.

bit Serial Chip Select Level Setting bit
0 Sets the Inactive Level to Low.
1 Sets the Inactive Level to High.

Notes:

FM4

This bit can be changed only when the transmission and reception operations are disabled (SCR:TXE=RXE=0).
This bit is used in the following condition: (TYPE1-M4, TYPE2-M4, TYPE6-M4 products)

» In Slave mode operation (SCR:MS=1)
This bit is used in the following condition: (TYPE3-M4, TYPE4-M4, TYPES5-M4 products)

» In Slave mode operation (SCR:MS=1)

»  When the data format of chip select pin is disabled (ESCR:CSFE=0).

»  When the data format of chip select pin is enabled (ESCR:CSFE=1) and chip select pin0 is active.
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[bit4:2] CSEN3-1: Serial Chip Select Enable bit (TYPE3-M4, TYPE4-M4, TYPE5-M4 products)
TYPE3-M4, TYPE4-M4, TYPE5-M4 products has these bits.

These bits are used to enable or disable the Serial Chip Select pin.

CSENS3 bit is equivalent with SCS3 pin, CSEN2 bit is equivalent with SCS2 pin, CSENL1 bit is equivalent with SCS1 pin.

bit Serial Chip Select Enable bit

0 Disables the operation of Serial Chip Select pin.

1 Enables the operation of Serial Chip Select pin.
Notes:

—  This bit can be changed only when the transmission and reception operations are disabled (SCR:TXE=RXE=0)

—  When CSENS3-0 is set to 0000 in Master mode operation (SCR:MS=0), the transmission and reception operations are
executed irrespective of the Serial Chip Select pin.

— Disable the Serial Chip Select pin not used.

[bitl] CSENO: Serial Chip Select Enable bit
This bit is used to enable or disable the Serial Chip Select pin.

CSENQO bit is equivalent with SCSO pin.
In Slave mode operation (SCR:MS=1), only CSENO bit can enable or disable the Serial Chip pin.

bit Serial Chip Select Enable bit

0 Disables the operation of Serial Chip Select pin.

1 Enables the operation of Serial Chip Select pin.
Notes:

—  This bit can be changed only when the transmission and reception operations are disabled (SCR:TXE=RXE=0)

—  When CSENO is set to 0 in Master mode operation (SCR:MS=0), the transmission and reception operations are
executed irrespective of the Serial Chip Select pin.

— When CSENO is set to 0 in Slave mode operation (SCR:MS=1), the transmission and reception operations are
executed irrespective of the Serial Chip Select pin.

— Disable the Serial Chip Select pin not used.

[bit0] CSOE: Serial Chip Select Output Enable bit
This bit is used to enable or disable the Serial Chip Select pin Output.

bit Serial Chip Select Output Enable bit
0 Disables all the Serial Chip Select pins.
1 Enables all the Serial Chip Select pins.

Notes:

—  This bit can be changed only when the transmission and reception operations are disabled (SCR:TXE=RXE=0)
— In Slave mode operation (SCR:MS=1), This bit is set to 0.

168 FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C



A,

\J - ’
!‘QE!BBTE§§ CHAPTER 1-3: CSIO (Clock Synchronous Serial Interface)

7.10 Serial Chip Select Timing Register (SCSTR3:0)

These registers are used to set the setup delay time, the hold delay time, and deselect time of Serial Chip Select.

Bit Configuration of Serial Chip Select Timing Registers (SCSTR1, SCSTRO)

bit 15 14 13 12 11 10 9 8
Field CSSuU7 CSSU6 CSSU5 CSSu4 I CSSU3 | CSSuU2 I CSSU1 CSSUO0
Attribute R/W RW RW RW RW R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0
bit 7 6 5 4 3 2 1 0
Field CSHD7 CSHD6 CSHD5 CSHD4 CSHD3 CSHD2 CSHD1 CSHDO
Attribute R/W RW RW RW R/W R/W RW R/W
Initial Value 0 0 0 0 0 0 0 0

[bit15:8] CSSU[7:0]: Serial Chip Select Setup Delay bit
Set the period from the time when the Serial Chip Select pin becomes active to the time when the Serial Clock is output.

When these bits are set to 00h, the time when the Serial Chip Select pin becomes active becomes the same as the time
when the Serial Clock is output.
bit15:8 Setup Delay Time

0x00 The Serial Chip Select pin becomes active on starting the output of the Serial Clock.

0x01 1xSerial Chip Select Timing Operation Clock
0x02 2xSerial Chip Select Timing Operation Clock

OXFE 254xSerial Chip Select Timing Operation Clock
OxFF 255xSerial Chip Select Timing Operation Clock

Notes:
—  This bit can be changed only when the transmission and reception operations are disabled (SCR:TXE=RXE=0)

— In Slave mode operation (SCR:MS=1), this bit cannot be set.

[bit7:0] CSHD[7:0]: Serial Chip Select Hold Delay bits
Set the period from the time when the Serial Clock output is finished to the time when the Serial Chip Select pin becomes

inactive. When these bits are set to 00h, the time when the Serial Chip Select pin becomes inactive becomes the same as
the time when the Serial Clock output is finished.
bit7:0 Hold Delay Time

0x00 The time when the Serial Chip Select pin becomes inactive becomes the same as the time when the
Serial Clock output is finished.
0x01 1xSerial Chip Select Timing Operation Clock

0x02 2xSerial Chip Select Timing Operation Clock

OxFE 254xSerial Chip Select Timing Operation Clock
OxFF 255xSerial Chip Select Timing Operation Clock

Notes:
—  This bit can be changed only when the transmission and reception operations are disabled (SCR:TXE=RXE=0)

— In Slave mode operation (SCR:MS=1), this bit cannot be set.
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Bit Configuration of Serial Chip Select Timing Register (SCSTR3, SCSTR2)

bit 15 14 13 12 11 10 9 8
Field CSDS15 CSDS14 CSDS13  CSDS12 CSDS11 CSDS10 CSDS9 CSDS8
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0
bit 7 6 5 4 3 2 1 0
Field CSDS7 CSDS6 CSDS5 CSDs4 CSDS3 CSDS2 CSDsS1 CSDSO0
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 0 0 0 0 0 0 0 0

[bit15:0] CSDS[15:0]: Serial Chip Deselect bits
Set the minimum period from the time when the Serial Chip Select pin becomes inactive to the time when the Serial Chip
Select pin becomes active again.

bit15:0 Deselect Minimum Time
0x0000 No Deselect minimum time (5 bus clock time)
0x0001 1xSerial Chip Select Timing Operation clock
0x0002 2xSerial Chip Select Timing Operation clock
OXFFFE 65534xSerial Chip Select Timing Operation clock
OxFFFF 65535xSerial Chip Select Timing Operation clock
Notes:

—  This bit can be changed only when the transmission and reception operations are disabled (SCR: TXE=RXE=0)

— In Slave mode operation (SCR:MS=1), this bit cannot be set.

— Irrespective of the deselect time setting, 5 bus clock times or more are required for the period the time when the Serial
Chip Select pin becomes inactive to the time when the Serial Chip Select pin becomes active again.

- Do not set SCSTR2:CSDS=0x0001 and SCSCR:CDIV=0b000 at the same time.
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7.11 Serial Chip Select Format Register(SCSFR2-0)
TYPE3-M4, TYPE4-M4, TYPE5-M4 products has this register.
This register is used to set the active level, clock Inversion, SPI mode, data direction and data length in each serial chip

select pin.

(TYPE3-M4, TYPE4-M4, TYPE5-M4 products)
Bit Configuration of Serial Chip Select Format Register (SCSFR2-0)

Figure 7-1 and Figure 7-2 show the bit configuration of Serial Chip Select Format Register(SCSFR2-0).
Figure 7-1 Bit configuration of Serial Chip Select Format Register (SCSFR1-0)

bit 15 14 13 12 11 10 9 8

Field CS2 CS2 Cs2 Cs2 Cs2 CS2 Cs2 Cs2
CSLVL SCINV SPI BDS L3 L2 L1 LO

Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 1 0 0 0 0 0 0 0
Bit 7 6 5 4 3 2 1 0

Field Cs1 CS1 Cs1 Cs1 Cs1 Cs1 Cs1 Cs1
CSLVL SCINV SPI BDS L3 L2 L1 LO

Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial Value 1 0 0 0 0 0 0 0

[bit15]CS2CSLVL: Serial Chip Select 2 Level Setting bit

Selects High or Low for the Serial Chip Select pin level in inactive state of Serial Chip Select pin when Serial Chip Select
Format is enabled(ESCR:CSFE=1).

This bit is available for Chip Select pin2.

bit Serial Chip Select Level Setting bit
0 Sets the Inactive Level to L.
1 Sets the Inactive Level to H.

Notes:

—  This bit can be changed only when the transmission and reception operations are disabled (SCR:TXE=RXE=0).
—  This bit is disabled in Slave mode operation (SCR:MS=1).
—  This bit is disabled when the data format of chip select pin is disabled (ESCR:CSFE=0).

[bit14]CS2SCINV: Serial Clock Invert bit of Serial Chip Select 2
Inverts the serial clock format. This bit is used in active state of Serial Chip Select pin when Serial Chip Select Format is
enabled (ESCR:CSFE=1).
This bit is available for Chip Select pin2.
If setto "0
O The signal mark level of serial clock output is set to HIGH.
O The transmit data is output at a falling edge of serial clock during normal transfer, but it is output in synchronization with
a rising edge of serial clock during SPI transfer.
O The received data is sampled at a rising edge of serial clock during normal transfer, but it is sampled at a falling edge of
serial clock during SPI transfer.
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If setto "1™
O The signal mark level of serial clock output is set to LOW.
O The transmit data is output at a rising edge of serial clock during normal transfer, but it is output in synchronization with a
falling edge of serial clock during SPI transfer.
O The received data is sampled at a falling edge of serial clock during normal transfer, but it is sampled at a rising edge of
serial clock during SPI transfer.

bit Description

0 Signal mark level HIGH format

1 Signal mark level LOW format
Notes:

—  This bit can be changed only when the transmission and reception operations are disabled (SCR:TXE=RXE=0).
—  This bit is disabled in Slave mode operation(SCR:MS=1).
—  This bit is disabled when the data format of chip select pin is disabled(ESCR:CSFE=0).

[bit13] CS2 SPI: SPI corresponding bit of Serial Chip Select 2
This bit allows the SPI communication in active state of Serial Chip Select pin when Serial Chip Select Format is enabled
(ESCR:CSFE=1). .

If set to 0: Normal synchronous transfer
If set to 1: SPI correspond

This bit is available for Chip Select pin2.

bit Description

0 Normal synchronous transfer

1 SPI correspond
Notes:

—  This bit can be changed only when the transmission and reception operations are disabled (SCR:TXE=RXE=0).
—  This bit is disabled in Slave mode operation (SCR:MS=1).
—  This bit is disabled when the data format of chip select pin is disabled (ESCR:CSFE=0).

[bit12] CS2BDS: Transfer direction select bit of Serial Chip Select 2

Specifies to transfer the least significant bit of the transfer serial data first (LSB first; BDS=0) or the most significant bit first
(MSB first; BDS=1) in active state of Serial Chip Select pin. This bit is utilized when Serial Chip Select Format is enabled
(ESCR:CSFE=1).

This bit is available for Chip Select pin2.

bit Description

0 LSB first (The least significant bit is first transferred.)

1 MSB first (The most significant bit is first transferred.)
Notes:

—  This bit can be changed only when the transmission and reception operations are disabled (SCR:TXE=RXE=0).
—  This bit is disabled in Slave mode operation (SCR:MS=1).
—  This bit is disabled when the data format of chip select pin is disabled (ESCR:CSFE=0).
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[bit11:8] CS2 L3, L2, L1, LO: Data length select bits of Serial Chip Select 2
These bits set a length of transmit/received data in active state of Serial Chip Select pin when Serial Chip Select Format is
enabled (ESCR:CSFE=1).

This bit is available for Chip Select pin2.

bitll bit10 bit9 bit8 Description
0 0 0 0 8-bit length
0 0 0 1 5-bit length
0 0 1 0 6-bit length
0 0 1 1 7-bit length
0 1 0 0 9-bit length
0 1 0 1 10-bit length
0 1 1 0 11-bit length
0 1 1 1 12-bit length
1 0 0 0 13-bit length
1 0 0 1 14-bit length
1 0 1 0 15-bit length
1 0 1 1 16-bit length
Notes:

—  Any bit setting other than above is prohibited.

—  This bit can be changed only when the transmission and reception operations are disabled (SCR:TXE=RXE=0).
—  This bit is disabled in Slave mode operation (SCR:MS=1).

—  This bit is disabled when the data format of chip select pin is disabled (ESCR:CSFE=0).

[bit7:0] CS1CSLVL, CS1SCINV, CS1SPI, CS1BDS, CS1L3-0 :Setting bits of Serial Chip Select 1
These bits set serial chip selectl.Refer to the description of serial chip select pin2 each bits for the details.

Figure 7-2 Bit configuration of Serial Chip Select Format Register (SCSFR2)

bit 15 8 7 6 5 4 3 2 1 0
Field CSs3 CS3 CSs3 CS3 CSs3 CS3 Cs3 CS3
CSLVL SCINV SPI BDS L3 L2 L1 LO
Attribute R/W R/W R/W R/W R/W R/W R/W R/W
Initial Vaue 1 0 0 0 0 0 0 0

[bit7:0] CS3CSLVL, CS3SCINV, CS3SPI, CS3BDS, CS3L3-0 :Setting bits of Serial Chip Select 3
These bits set serial chip select3.Refer to the description of serial chip select pin2 each bits for the details.
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7.12 Transfer Byte Register (TBYTE3-0)

This register is used to set the transfer data count at Serial Chip Select pin in active mode.

(TYPE1-M4, TYPE2-M4, TYPEG-M4 products)
Bit Configuration of Transfer Byte (TBYTEOQ)

bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Field | - | | (TBYTEO)
Awibute - - - - - - - - RW RW RW RW RW RW RW RW
IniialVale 0 0 0 0 0 0 0 0 o 0 0o 0 0 0 0 0

(TYPE3-M4, TYPE4-M4, TYPE5-M4 products)
Bit Configuration of Transfer Byte (TBYTE3-0)

bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Field | (TYBTE1) || (TBYTEO)
Attrbute  RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
InitialValue 0 0 0 0 0O 0O 0 0 o o o 0o 0 ©0 0 ©
bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Field (TYBTE3) | | (TBYTE2)
Attrbute  RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
InitalValue 0 0 0 0 0 0O 0 0 o o o o 0 ©0 0 ©

The Transfer Byte Register sets the transfer data count at Serial Chip Select pin in active mode. After the Serial Chip Select
pin become active, the data of the count specified with this register is transferred and then the Serial Chip Select pin
becomes inactive.

Serial Chip Select pin 0(SCSO0) is corresponds to TBYTEOQ, Serial Chip Select pin 1(SCS1) is corresponds to TBYTEL, Serial
Chip Select pin 2(SCS2) is corresponds to TBYTEZ2, Serial Chip Select pin 3(SCS3) is corresponds to TBYTES.

When the Serial Chip Select is disabled (SCSCR:CSENO0=0), the Transfer Byte Register0 (TBYTEDO) is used for the
transmission synchronizing with a timer. After starting the transmission synchronizing with a timer, the data of count specified
with TBYTEQO is transferred.

When this bit is changed during transfer operation (SSR:TBI=0), the setting of transfer data count changed becomes valid
after the data of count initially specified has been finished.

TBYTE Transfer Byte Register
Write Write to TBYTE.
Read TBYTE Setting Value
Notes:

—  When this bit is set to (00)h, the transfer count is eight times.
— In Slave mode operation (SCR:MS=1), this bit cannot be set.
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7.13 Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO)

Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO) are used to set a frequency division ratio of serial clocks.

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Field | - | (BGR1) | | (BGRO)
Attribute - R/W R/W
Initial value - 0000000 0x00

B Set a clock frequency division to the Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO).

B The BGR1 register corresponds to the high-order bits, and the BGRO register corresponds to the low-order bits. The
reload value to be counted can be written, and the BGR1/BGRO set value can be read.

B When the reload value is written in Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO), the reload counter starts
its counting.

[bit15] - : Unused bit
This bit value is undefined when read.
This bit has no effect on the operation when written.

bit14:8] BGR1: Baud Rate Generator Register 1

bit14:8 Description
Write Writes data in bit8 to bit14 of reload counter.
Read Reads the BGR1 set value.

bit7:0] BGRO: Baud Rate Generator Register 0

bit7:0 Description

Write Write data in bit0 to bit7 of reload counter.

Read Reads the BGRO set value.
Notes:

—  Data must be written in the Baud Rate Generator Registerl, 0(BGR1 and BGRO) by 16-bit data accessing.

- If the reload value is even, the HIGH and LOW width of serial clock are as follows. If the value is odd, the serial clock
has the same HIGH and LOW signal width.

If SMR:SCINV=0, the HIGH width of serial clock is longer for 1 cycle of bus clock.
If SMR:SCINV=1, the LOW width of serial clock is longer for 1 cycle of bus clock.

—  Set the reload value to 3 or more.

— If the current values of Baud Rate Generator Registerl, 0(BGR1, BGRO) are changed, the new values are reloaded
only after the counter value has reached "15h00". In order to validate the new set values immediately, change the
BGR1/BGRO set values and execute the CSIO reset instruction (SCR:UPCL).

— Ifreceived FIFO is used and if you wish to set the received FIFO idle detect enable bit (FCR1:FRIIE) to 1 and starts the
slave mode operation, set the desired baud rate in BGR1/BGRO.
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7.14 FIFO Control Register 1 (FCR1)
The FIFO Control Register (FCR1) is used to set the FIFO test, select the transmit or received FIFO, enable the transmit
FIFO interrupt, and control the interrupt flag.

bit 15 14 13 12 11 10 9 8 7 0
Field Reserved FLSTE FRIIE FDRQ FTIE FSEL | (FCRO) |
Attribute - - - R/W R/W R/W R/W R/W
Initial value - - - 0 0 1 0 0

[bit15:13] Reserved : Reserved bits
The read value is 0. Be sure to write 0.

[bit1l2] FLSTE: Re-transmit data lost detect enable bit
This bit enables the FLST bit detection.

If set to 0: The FLST bit detection is disabled.
If setto 1: The FLST bit detection is enabled.

bit Description
0 Disables the Data Lost detection.
1 Enables the Data Lost detection.

Note:
- If you wish to set this bit to 1, set the FSET bit to 1 first, and then set this bit to 1.

[bit1l] FRIIE: Received FIFO idle detection enable bit
This bit sets to detect the received idle state if the received FIFO contains valid data and if it continues more than 8-bit hours.
If the received interrupt is enabled (SCR:RIE=1), a received interrupt is generated when the received idle state is detected.

bit Description
0 Disables the received FIFO idle detection.
1 Enables the received FIFO idle detection.

Note:
— In case of using Received FIFO, set this bit to 1.
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[bit10] FDRQ: Transmit FIFO data request bit
This bit requests for the transmit FIFO data.

If this bit is 1, the transmit data is being requested. If the transmit FIFO interrupt is enabled (FTIE=1) during this time, a

transmit FIFO interrupt request is output.

The FDRQ bit is set when:

B The FBYTE (for transmission) is "0" (Transmit FIFO is empty).
B Transmit FIFO is reset.

The FDRQ bit is reset when:

M This bit is set to 0.
B Transmit FIFO is filled with data.

bit Description
0 Does not request for the transmit FIFO data.
1 Requests for the transmit FIFO data.

Notes:

If the FBYTE (for transmission) is 0, this bit cannot be set to 0.
If this bit is 0, the FSEL bit state cannot be changed.
If this bit is set to 1, it has no effect on the operation.
If a read-modify-write instruction is issued, 1 is read.

[bit9] FTIE: Transmit FIFO interrupt enable bit

This bit enables a transmit FIFO interrupt. If this bit is set to 1, an interrupt occurs when the FDRQ bit is set to 1.

bit Description
0 Disables the transmit FIFO interrupt.
1 Enables the transmit FIFO interrupt.

[bit8] FSEL: FIFO select bit
This bit selects the transmit FIFO and received FIFO.

bit Description
0 Transmit FIFO:FIFO1; Received FIFO:FIFO2
1 Transmit FIFO:FIFO2; Received FIFO:FIFO1

Notes:

This bit is not cleared by FIFO reset (FCRO:FCL[2:1]=11).
To change this bit state, first disable the FIFO operation (FCRO:FE[2:1]=00).
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7.15 FIFO Control Register 0 (FCRO)

The FIFO Control Register 0 (FCRO) is used to enable/disable the FIFO operation, reset FIFO, save the read pointer, and set
the data re-transmission.

bit 15 8 7 6 5 4 3 2 1 0
Field | (FCR1) | - FLST FLD FSET FCL2 FCL1 FE2 FE1
Attribute - R R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

[bit7] - : Unused bit
0 is always read.
0 must always be written.

[bit6] FLST: FIFO re-transmit data lost flag bit

This bit shows that the re-transmit data of transmit FIFO has been lost.

The FLST bit is set when:

B The FLSTE bit of FIFO Control Register 1 (FCR1) is 1, the write pointer of transmit FIFO matches the read pointer which
has been saved by the FSET bit, and data is written in FIFO.

The FLST bit is reset when:
B FIFO is reset (FCL bit is set to 1).
M The FSET bitis setto 1.

If this bit is set to 1, the data identified by the read pointer (saved by the FSET bit) is overwritten. Therefore, the FLD bit
cannot set the data re-transmission even if an error has occurred. If this bit is set to 1 and if you wish to re-transmit data, first
reset FIFO. Then, write data in the FIFO buffer again.

bit Description
0 No Data Lost has occurred.
1 Data Lost has occurred.

[bit 5] FLD: FIFO pointer reload bit

This bit reloads the data, being saved in transmit FIFO by the FSET bit, to the reload pointer. This bit can be used to
re-transmit data after a communication error or others have occurred.

When the re-transmission setting has finished, this bit is set to 0.

bit Description
0 Not reloaded
1 Reloaded

Notes:

— Ifthis bitis 1, data is being reloaded in the read pointer. Therefore, data writing except for FIFO reset is disabled.

- When FIFO is enabled or when data is being transmitted, this bit cannot be set to 1.

—  After you have set the SCR:TIE bit and SCR:TBIE bit to 0, set this bit to 1. After you have enabled transmit FIFO, set
the SCR:TIE bit and SCR:TBIE bit to 1.
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[bit4] FSET: FIFO pointer save bit
This bit saves the transmit FIFO read pointer.

If the read pointer is saved before transmission and if the FLST bit is 0, data can be re-transmitted even when a

communication error or others occur.

If set to 1: The current read pointer value is saved.
If set to 0: No effect on the operation.

bit Description
i
At writing At reading
Not saved )
"0" is always read.
Saved

Note:
—  This bit can be set to 1 only when the transmit byte count (FBYTE) is O.

[bit3] FCL2: FIFO2 reset bit
This bit resets the FIFO2 value.
When this bit is set to 1, the FIFO2 internal state is initialized.

Only the FCR1:FLST2 bit is initialized, but the other bits of FCR1/FCRO registers are kept.

. Description
bit

At writing At reading

No effect on the operation.
FIFO2 is reset.

0 is always read.

Notes:

- Disable the transmission and reception first, and then reset FIFO2.
—  Set the transmit FIFO interrupt enable bit to 0 before the execution.
—  The valid data count of the FBYTE2 register is set to 0.

[bit2] FCL1: FIFO1 reset bit
This bit resets the FIFO1 value.
When this bit is set to 1, the FIFOL1 internal state is initialized.

Only the FCR1:FLST1 bit is initialized, but the other bits of FCR1/FCRO registers are kept.

. Description
bit

At writing At reading

No effect on the operation.
FIFOL1 is reset.

0 is always read.

Notes:

— Disable the transmission and reception first, and then reset FIFO1.
—  Set the transmit FIFO interrupt enable bit to 0 before the execution.
—  The valid data count of the FBYTEL register is set to 0.
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[bitl] FE2: FIFO2 operation enable bit
This bit enables or disables the FIFO2 operation.

B To use the FIFO2 operation, set this bit to 1.

B If FIFO2 is set as transmit FIFO (FCR1:FSEL=1) and if data exists in FIFO2 when this bit is set to 1, the data transmission
starts immediately when the UART is enabled to transmit data (SCR:TXE=1). During this time, set both SCR:TIE bit and
SCR:TBIE bit to 0. Then, set this bit to 1 and set both SCR:TIE bit and SCR:TBIE bit to 1.

B If received FIFO is selected by the FSEL bit and if a received error has occurred, this bit is cleared to 0. This bit cannot be
set to 1 until the received error is cleared.

B |f FIFO2 is used as transmit FIFO, this bit must be set to 1 or 0 when the transmit buffer is empty (SSR:TDRE=1).

B If FIFO2 is used as received FIFO, this bit must be set to 0 when the received buffer is empty (SSR:RDRF=0) and no valid
data exists in received FIFO (FBYTE2=0x00) after reception is disabled (SCR:RXE=0).

B If FIFO2 is used as received FIFO, this bit must be set to 1 when the received buffer is empty (SSR:RDRF=0) after
reception is disabled (SCR:RXE=0).

B The FIFO2 state is held even if the FIFO2 operation is disabled.

bit Description
0 Disables the FIFO2 operation.
1 Enables the FIFO2 operation.

[bit0] FE1: FIFO1 operation enable bit
This bit enables or disables the FIFO1 operation.

B To use the FIFO1 operation, set this bit to 1.

B |f FIFOL1 is set as transmit FIFO (FCR1:FSEL=0) and if data exists in FIFO1 when this bit is set to 1, the data transmission
starts immediately when the UART is enabled to transmit data (SCR:TXE=1). During this time, set both SCR:TIE bit and
SCR:TBIE bit to 0. Then, set this bit to 1 and set both TIE bit and TBIE bit to 1.

B If received FIFO is selected by the FSEL bit and if a received error has occurred, this bit is cleared to 0. This bit cannot be
set to 1 until the received error is cleared.

B If FIFOL1 is used as transmit FIFO, this bit must be set to 1 or 0 when the transmit buffer is empty (SSR:TDRE=1).

B If FIFOL1 is used as received FIFO, this bit must be set to 0 when the received buffer is empty (SSR:RDRF=0) and no valid
data exists in received FIFO (FBYTE2=0x00) after reception is disabled (SCR:RXE=0).

B If FIFOL1 is used as received FIFO, this bit must be set to 1 when the received buffer is empty (SSR:RDRF=0) after
reception is disabled (SCR:RXE=0).

B The FIFOL1 state is held even if the FIFO1 operation is disabled.

bit Description
0 Disables the FIFO1 operation.
1 Enables the FIFO1 operation.
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7.16 FIFO Byte Register (FBYTE)
The FIFO Byte Register (FBYTE) indicates the effective data count in the FIFO buffer.

bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Field (FBYTE2) || (FBYTEL)

Attribute  RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW

Intalvalue 0 0 0 ©O0 0 0 0 0 o o 0 o0 0 0 0 o0

The FBYTE register indicates the effective data count of FIFO. The following shows the settings of the FCR1:FSEL bit.

Table 7-5 Display of data count

FCR1:FSEL FIFO selection Byte count display
0 FIFO2: Received FIFO, FIFO1: Transmit FIFO FIFO2:FBYTEZ2, FIFO1:FBYTE1
FIFO2: Transmit FIFO, FIFO1: Received FIFO FIFO2:FBYTEZ2, FIFO1:FBYTE1

B The initial value of data transfer count is 0x08 for the FBYTE register.
B Set a data count to generate a received interrupt flag for the FBYTE register of received FIFO. If this transfer data count
matches the FBYTE register display, the received data full flag bit (RDRF) is set to 1.
B [f the following two conditions are satisfied and if the received idle state continues for more than 8 baud rate clocks, the
received data full flag bit (RDRF) is set to 1.
O The received FIFO idle detection enable bit (FRIIE) is 1.
O The number of data sets stored in the received FIFO does not reach the transfer count.

If the RDR data is read during counting of 8 clocks, this counter is reset to 0, and counting for 8 clocks is restarted. If received

FIFO is disabled, this counter is reset to 0. If data remains in the received FIFO and if received FIFO is enabled, the data
counting is restarted.

B To receive data in the master mode operation (master mode reception), set both SCR:TIE and SCR:TBIE bits to 0, set the
received data count in the FBYTE register of transmit FIFO, and set the FCR1:FDRQ bit to 0. After set the SCR.RXE bit to
1, by setting the SCR:TXE to 1, the serial clock is output for the preset data amount, and the preset amount of data can be
received. Set the SCR:TIE bit and SCR:TBIE bit to 1 only after the FCR1:FDRQ bit has been set to 1.
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[bit15:8] FBYTEZ2: FIFO2 data count display bits

[bit7:0] FBYTE1: FIFO1 data count display bits

Writing

Sets the transfer data count.

Reading

Reads the effective count of data.

Read (Effective data count)

During transmission:
During reception:

Write (Transfer data count)

During transmission:  Set 0x00.

During reception:

Table 7-6 Data Count to be Saved in FIFO

Set the data count to generate a received interrupt.

. Count of Data to be
FIFO Capacity Data Length Max. FBYTE count
saved
16 BYTEs 5 bits to 16 bits 8 8
32 BYTEs 5 bits to 16 bits 16 16
64BYTES 5 bits to 16 bits 32 32
64 BYTEs 5 bits to 16 bits 64 64
Notes:

o CYPRESS
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The number of data sets already written in FIFO but not transmitted yet
The number of data sets received in FIFO

—  The FBYTE register of transmit FIFO must be 0x00 except when data is received in the master mode operation.

—  During the master mode data reception, the transmit data count must be set only when transmit FIFO is empty and both
SCR:TIE bit and SSR:TBIE bit are 0.

—  To disable the reception (SCR:RXE=0) when data is being received in the master mode operation, disable transmit
FIFO first, and then disable the transmission and reception.

—  The FBYTE bit of received FIFO must be set to 1 or larger.

—  Change the FBYTE data of received FIFO only after you have disabled the data reception.

—  Aread-modify-write instruction cannot be used for this register.
—  Any setting exceeding the FIFO capacity is prohibited.

182
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8. Restrictions on CSIO (Clock Synchronous Serial Interface)

This section shows the restrictions on CSIO (Clock Synchronous Serial Interface).

B When the Chip Select is used in normal transmit mode (SCR:SPI=0) and master mode (SCR:MS=0), set the setup hold
delay to meet the one of the following conditions:
O Hold Delay + Setup Delay < Baud rate conversion value — 2 x tCYCP
O Baud rate conversion value/2 < Hold Delay + 3 x tCYCP

Baud rate conversion value: Inverse number of Baud rate (Definition)
tever : APB Bus clock frequency

<Calculation Example>

When Baud rate: 1 [Mbps] (Baud rate conversion value: 1 [us]), Peripheral bus clock: 48 [MHz] (Cycle: about 20 [ns]) and
SCSCR:CDIV=0, Hold Delay and Setup Delay conditions are calculated as follows:

B Hold Delay:
SCSTR: CSHD value xtcycp x 2SCSCRCDIVValue = SCSTR:CSHD Value x 20[ns]

B Setup Delay:
SCSTR: CSSU value xtcycp x 2SCSCRCDIVValue = SCSTR:CSSU Value x 20[ns]

From the above condition formulas, set SCSTR:CSHD Value and SCSTR:CSSU Value conforming to the combination in
Table 8-1.

Table 8-1 Setting Conditions of Hold Delay and Setup Delay (Calculation Example)

SCSTR:CSHD Value SCSTR:CSSU Value
23 or more Arbitrary value
22 25 or less
21 26 or less
20 27 or less
46 or less
47 or less

In master mode (SCR:MS=0) and SPI Transfer mode (SCR:SPI=1), when transfer data count is 1 (TBYTE=1) is set and
Serial Chip Select Hold Function is used, use CSIO under the following condition:

B Set No Serial Data Transmit and Reception Wait (ESCR:WT1, WTO0 =00)
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This chapter explains the LIN communication function, a part of multifunction serial
interface functions and supported in Operation Mode 3.

. Overview of LIN Interface (Ver. 2.1) (LIN Communication Control Interface Ver. 2.1)
. LIN Interface (Ver. 2.1) Interrupts

. Dedicated Baud Rate Generator

. LIN Interface (Ver. 2.1) Operations

. Operation Mode 3 (LIN Communication Mode) Setting Procedure and Program Flow

o o~ WN

. LIN Interface (ver. 2.1) Registers
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1. Overview of LIN Interface (Ver. 2.1) (LIN Communication Control
Interface Ver. 2.1)

The LIN interface (ver. 2.1) (LIN communication control interface ver. 2.1) supports functions complying with the LIN bus. It
also has transmit/received FIFO (up to 128 bytes) installed.

Functions of LIN Interface (ver. 2.1) (LIN Communication Control Interface Ver. 2.1)

Function

- Full duplex double buffer (when FIFO is not used)
- Transmit/received FIFO (max 128 bytes) * (when FIFO is used)

- Run oversampling three times with the bus clock and determine the value

1 Data buffer

2 Serial input ) o )
of received data based on the majority sampling value.

3 Transfer mode Asynchronous

- A dedicated baud rate generator (constructed with a 15-bit reload counter)
- The external clock can be adjusted with the reload counter.

Data length 8 bits
Signaling system NRZ (Non Return to Zero)

4 Baud rate

Start bit detection Synchronized with the falling edge of the start bit

. . - Framing error
8 Received error detection
- Overrun error

- Received interrupts
(reception completed, framing error, overrun error)
- Transmit interrupts (transmit data empty, transmit bus idle)
9 Interrupt request - Status interrupts (LIN break field detection)
- Interrupt request to ICU (LIN Sync field detection: LSYN)
- Transmit FIFO interrupt (when transmit FIFO is empty)
- DMA (Transmit/Received) transferring support function is available.

- Supports LIN Protocol Revision 2.1

- Master device operations

- Slave device operations

- LIN break field generation (with variable bit length ranging from 13 to 16

LIN bus option bits)

- LIN break delimiter generation (with variable data length ranging from 1 to
4 bits)

- LIN break field detection

- Detection of LIN sync field start/stop edges connected to input capture

- Transmit/received FIFO installed (maximum capacity: 128 bytes for

transmit FIFO, 128 bytes for received FIFO) *

1 . - Transmit FIFO or received FIFO can be selected.
FIFO options .
1 - Transmit data can be resent.

- Received FIFO interrupt timing can be changed via software.

- FIFO resetting is supported independently.

*: The FIFO quantity varies depending on the products type.
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LIN Interface (Ver. 2.1) Interrupts

Received interrupts and transmit interrupts are provided for LIN interface (ver. 2.1). These interrupt requests can be

generated if:

O Received data is set in the Received Data Register (RDR) or a data received error occurs.

O Transmit data is transferred from the Transmit Data Register (TDR) to the transmit shift register and the data
transmission is started.

O The transmit bus is idle (No data transmission occurs).

O Transmit FIFO data is requested.

O ALIN break field is detected.

LIN Interface (Ver. 2.1) Interrupts
Table 2-1 shows the interrupt control bits and the interrupt factors of LIN interface (ver. 2.1).

Table 2-1 LIN Interface (Ver. 2.1) Interrupt Control Bits and Interrupt Factors

Interrupt )
Interrupt Flag Interrupt Factor Operation to Clear
Request . Interrupt Factor .
Type ) Register Enable Bit Interrupt Request Flag
Flag Bit
A single-byte reception Reading from the received data register (RDR)
Reception of a data
volume matching the
value set for FBYTE.
RDRF SSR \ell\gyltehtah?eEECSdbllztIEOl Re:_:lding f_rom the R(_eceived_ Data Register (RDR)
Reception contains valid data, a SCR:RIE until received FIFO is emptied
received idle state
continues for 8 bits or
longer period.
ORE SSR Overrun error Setting the Reception Error Flag Clear bit
FRE SSR Framing error (SSR:REC) to "1"
Writing to the Transmit Data Register (TDR) or
. setting the transmit FIFO operation enable bit to "1"
TDRE SSR -FI;ZZig:rn?sn:eI:n?)?;a SCR:TIE when the transmit FIFO operation enable bit is set to
"0" and valid data are present in transmit FIFO
(re-transmitting data) ™
Writing to the Transmit Data Register (TDR), setting
Transmission the LIN break field setting bit (LBR) to "1", or setting
L . the transmit FIFO operation enable bit to "1" when
TBI SSR No data transmission SCR-TBIE the transmit FIFO operation enable bit is set to "0"
and valid data are present in transmit FIFO
(re-transmitting data).™
. . . The FIFO transmit data request bit (FCR1:FDRQ) is
FDRQ FCR1 Transmit FIFO is empty. [FCRL:FTIE set to "0" or transmit FIFO is full.
Status LBD SSR LIN break feld is ESCRILBIE  |The SSR:LBD bitis set to "0".
etected
ICPO/ The first rising edge in  [ICSA10.ICEOQ
Input icp1  |/CSALONCSASZ o't IN Sync field ICSA10ICEL |
2 - h _ Disables ICPO and ICP1
capture ICPO/ || ~cr10/1c5A32 |The fifth falling edge in ICSA32.ICEO
ICP1 the LIN Sync field ICSA32.ICE1

*1: Set the TIE bit to 1 only after the TDRE bit has been set to 0.

*2: For the correspondence between the channel number of Input capture and that of LIN, see the descriptions of
EPFRO1/EPFR0O2/EPFRO3 register.
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2.1 Received Interrupt and Flag Set Timing

Data reception can be interrupted by a received completion (SSR:RDRF = 1), a received error occurrence (SSR:ORE, FRE =

1), or a LIN break field detection.

Received Interrupt and Flag Set Timing

Upon detection of the first stop bit, received data are stored in the Received Data Register (RDR). When the data reception is

A

-

completed (SSR:RDRF = 1) or when a data received error occurs (SSR:ORE, FRE = 1), each flag is set. If received

interrupts are enabled (SCR:RIE = 1) during this time, a received interrupt occurs.

Note:

— If areceived error occurs, data in the Received Data Register (RDR) is invalidated.

Figure 2-1 RDRF (Received Data Full Flag Bit) Set Timing

Rece(ij\;i:—\% ST/ DO>§< D1>§< D2

RDRF

D5>< D6>< D7>< SP

A received interrupt occurred.

Figure 2-2 FRE (Framing Error Flag Bit) Set Timing

Rece(ij‘;etg \ ST /EX D1 >@ D5>;< D6 m

RDRF

SP ST/

FRE

Notes:
- When the first stop bit is at "LOW" level, a framing error occurs.

received data is invalid.

A received interrupt occurred.

- The RDRF bit is set to "1" and data can be received even if a framing error has occurred. However, the

Note:

ws CYPRESS

EMBEDDED IN TOMORROW™

—  During reception, if a falling edge of the serial data is detected concurrently with, or 1 to 2 bus clocks before the

188

sampling point of the stop bit, the edge is ignored and the next data may not be received successfully. To output frames

continuously, adequate intervals are required between frames.
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Figure 2-3 ORE (Overrun Error Flag Bit) Set Timing

wm \57/0oxprxpz)(pa)(oe)ps){peXpr) 5P\ st /DoYpiXp2X psXpaxDs KDY SR,

RDRF

ORE [

Notes:
If the next data is transferred before the received data is read (RDRF=1), an overrun error occurs.

LIN Break Field Detection Flag (LBD) Set Timing

If 0 is input for a width of 11 bits or more as serial input (SIN), the LBD bit is set to 1. If LIN break field interrupts are enabled

(ESCR:LBIE = 1) then, a received interrupt occurs.
Figure 2-4 LBD (LIN Break Field Detection Flag) Set Timing

Received data g g

(SIN) \ /—\_/—\
Sampling clock

Sampling point I I I I I I I I I I I I

LBD
/

The LBD is cleared by the CPU.

LIN Break

After 11 "LOW" state bits of the received data are detected at falling edge of the sampling clock,
an LIN Break is detected at a rising edge of the sampling clock. When an LIN Break is
detected, the LBD bit is set to "1".
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2.2 Interrupt and Flag Set Timing when Received FIFO is Used
If received FIFO is used, an interrupt occurs when the FBYTE data (preset for the FBYTE register (FBYTE)) is received.

Received Interrupt and Flag Set Timing when Received FIFO is Used
If the received FIFO is used, an interrupt occurs depending on the value set for the FBYTE register.

O When the amount of data set for transfer count in the FBYTE register is received, the received data full flag
(SSR:RDRF) of the Serial Status register is set to 1. If received interrupts are enabled (SCR:RIE) during this time, a
received interrupt occurs.

O If both of the following conditions are satisfied and if the received idle state continues for more than 8 baud rate clocks,
the received data full flag (SSR:RDRF) is set to 1.

* The received FIFO idle detection enable bit (FCR:FRIIE) is 1.

* The number of data sets stored in the received FIFO does not reach the transfer count.
If the RDR data is read during counting of 8 clocks, this counter is reset to 0 and counting for 8 clocks is restarted. If
received FIFO is disabled, this counter is reset to 0. If data remains in the received FIFO and if received FIFO is
enabled, the data counting is restarted.

O When the received data (RDR) is all read and received FIFO is emptied, the received data full flag (SSR:RDRF) is
cleared.

O If the display of the valid received data amount is the same as the FIFO capacity and if the next data is received, an
overrun error (SSR:ORE = 1) occurs.

Figure 2-5 Received Interrupt Occurrence Timing when Received FIFO is Used

DATA Field Check Sum Field Sync Break

n
» « » «

SP

Received data |ST| 7th byte |SP| |sT| 8th byte |sp ST|Check Sum

FBYTE
(Received)

Valid byte display 6 X 7 X 8 XX)O(XXX)W 0
RDRF A

Data reading /

from RDR /

An interrupt occurs when the FBYTE(received data) All received data are read.
count matches the received data count.

9
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Figure 2-6 ORE (Overrun Error) Flag Bit Set Timing

Receive data ‘ST ‘GZIh byte ‘sp‘ ‘ST‘63th byte SP‘ H 64th byte sp‘ ‘ST‘ 65th byte sp‘ ‘ST‘ 66th byte ‘ 54
FBYTE : : : :
(Receive) : 62 :
valid byte display 61 >< 62 | 63 i 64
RDRF ' :
ORE /’i
An overrun error occurred.
Note:

If the FIFO capacity is displayed by the FBYTE and if the next data is received,
an overrun error occurs.

This figure shows that the 64 bytes of FIFO capacity are used.
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2.3 Transmit Interrupt and Flag Set Timing
A transmit interrupt occurs when transmit data is transferred from the Transmit Data Register (TDR) to the transmit shift
register (SSR:TDRE = 1) and transmission starts and when no transmission is performed (SSR:TBI = 1).

Transmit Interrupt and Flag Set Timing

B Transmit data empty flag (TDRE) set timing

After data has been transferred from the Transmit Data Register (TDR) to the transmit shift register, the next data can be
written (SSR:TDRE=1). If transmit interrupts are enabled (SCR:TIE=1) during this time, a transmit interrupt occurs. As the
TDRE bit is read only, the SSR:TDRE bit is cleared to "0" when data is written to the Transmit Data Register (TDR).

Figure 2-7 Transmit Data Empty Flag (SSR:TDRE) Set Timing

A transmit interrupt occured. A transmit interrupt occured.
Transmit data
(Mode 0 or 1) sT [Do D3 SP\ST ‘ D2
— v y
TDRE _|
Data writing in TDR |_| |_|
ST : Start bit DO to D7 : Data bits SP : Stop bit

B Transmit bus idle flag (TBI) set timing

If the Transmit Data Register is empty (TDRE=1) and no data is transmitted, the SSR:TBI bit is set to 1. If transmit bus idle
interrupts are enabled (SCR:TBIE=1) during this time, a transmit interrupt occurs. When transmit data is written to the
Transmit Data Register (TDR), both the TBI bit and the transmit interrupt request are cleared.

Figure 2-8 Transmit Bus Idle Flag (TBI) Set Timing

Transmit data sT/DoXD1XD2)XD3 XD4 XD5 XD6 XD7 V'SP TXD0X D1X D2(D3XD4XD5X DEXD7XS P

TBI |—|

TDRE A transmit interrupt by m

the TBI bit occured.

Dtat writing J |_|

ST : Start bit DO to D7 : Data bits SP : Stop bhit
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2.4 Interrupt and Flag Set Timing when Transmit FIFO is Used

When the transmit FIFO is used, an interrupt occurs if the transmit FIFO contains no data.

Transmit Interrupt and Flag Set Timing when Transmit FIFO is Used
O If the transmit FIFO contains no data, the FIFO transmit data request bit (FCR1:FDRQ) is set to 1.

If FIFO transmit interrupts are enabled (FCR1:FTIE=1) during this time, a transmit interrupt occurs.

O If a transmit interrupt has occurred and you have written the required data in transmit FIFO, clear the interrupt request

by setting the FIFO transmit data request bit (FCR1:FDRQ) to 0.
O When transmit FIFO is filled with data, the FIFO transmit data request bit (FCR1:FDRQ) is set to 0.
O To check to see if transmit FIFO contains any data, read from the FIFO Byte Register (FBYTE).

If FBYTE=0x00, no data exists in the transmit FIFO.

Figure 2-9 Transmit Interrupt Occurrence Timing when Transmit FIFO is Used

Transmit data ‘ST‘ 1st byte ‘SP‘ ‘ST‘ 2nd byte M ‘ST‘ 3rd byte ‘ST‘ ‘SP‘ 4th byte ‘SP‘ }SP‘Sth byte

FDRQ ; 1{ W

7 N :
Cleared if A transmit interrupt Cleared if
TDRE setto “ 0". occurred.(*1). setto “0". /V’i

/

*1) The FDRQ bit is set to “1” as transmit FIFO is empty.

Data writing in . : .
transmit FIFO w The transmit buffer is empty. *2

*2) The TDRE bit is set to “1” as transmit FIFO and the Transmit Data Register contain no data.
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3. Dedicated Baud Rate Generator

For the LIN interface (ver. 2.1) transmitting/receiving clock source, either of the following can be selected.

O Dedicated baud rate generator (reload counter)
O An external clock input to the baud rate generator (reload counter)

LIN Interface (ver. 2.1) Baud Rate
Select one of the following two baud rates.

B Baud rate obtained by dividing an internal clock using the dedicated baud rate generator (reload counter)
This generator provides two internal reload counters, which support transmitting and receiving serial clocks respectively. To
select the baud rate, specify the 15-bit reload value using Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO).

Each reload counter divides an internal clock by the set value.
To set the clock source, select an internal clock (SMR:EXT = 0).

B Baud rate obtained by dividing an external clock using the dedicated baud rate generator (reload counter)
Use an external clock for the clock source of the reload counter.

To select the baud rate, specify the 15-bit reload value using Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO).
Each reload counter divides an external clock by the set value.

To set the clock source, select use of an external clock and the baud rate generator clock (SMR:EXT = 1).

This mode is designed for cases where an oscillator with a divided non-standard frequency is used.

Notes:
—  Setthe external clock (EXT = 1) while the reload counter is stopped (BGR1/BGRO = 15h00).
— If an external clock is selected (EXT = 1), its HIGH and LOW signals must have a width at least of two bus clocks.
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3.1 Baud Rate Settings

The following explains how to set the baud rate, and also a result of serial clock frequency calculation.

Calculating the Baud Rate

Two 15-bit reload counters are set using the Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO).

The baud rate is obtained in the following formulas.

(1) Reload value

V=¢/b-1

V:Reload value b:Baud rate ¢: Bus clock frequency or external clock frequency

(2) Calculation example

Reload value:
V = (16 x 1000000) / 19200 — 1 = 832
Therefore, the baud rate is:
b = (16 x 1000000 / (832 + 1) = 19208 hns

To set the 16 MHz bus clock, use the internal clock, and set the 19200 bps baud rate, set the reload value as follows:

(3) Baud rate error

The baud rate error can be obtained from the following equation.

Error (%) = (Calculated value — Target value) / Target value 100
Example: To set the 20 MHz bus clock and 153600 bps target baud rate:

Reload value =:(20 x 1000000) / (129 + 1)
Buad rate (Calculated value) = (20 x 1000000) / (129 + 1) = 153846 (bps)
Error (%) = (153846 - 153600) / 153600 x 100=0.16 (%):

Notes:
— Ifthe reload value is set to O, the reload counter is stopped.

— Ifthe reload value is even, the LOW signal width of serial clock is longer than the HIGH signal width for a single cycle of

bus clock. If the value is odd, the serial clock has the same HIGH and LOW signal width.

—  Setthe reload value to 3 or more. Note that data may not be received normally due to the baud rate error and reload

value setting.
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Reload Value and Baud Rate for Each Bus Clock Frequency

Table 3-1 Reload Values and Baud Rates

A
s

-
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Baud Rate 8 MHz 10 MHz 16 MHz 20 MHz 24 MHz 32 MHz
(bps) Value ERR Value ERR Value ERR Value ERR Value ERR Value ERR
8M - - - - - - - - - - 3 0
6M - - - - - - - - 3 0 - -
5M - - - - - - 3 0 - - - -
4aM - - - - 3 0 4 0 5 0 7 0
2.5M - - 3 0 - - 7 0 - - - -
2M 0 4 0 7 0 9 0 11 0 15 0
M 0 9 0 15 0 19 0 23 0 31 0

500000 15 0 19 0 31 0 39 0 47 0 63 0
460800 - - - - - - - - 51 -0.16 - -
250000 31 0 39 0 63 0 79 0 95 0 127 0
230400 - - - - - - 86 -0.22 103 0.16 138 -0.08
153600 51 0.16 64 0.16 103 0.16 129 0.16 155 0.16 207 0.16
125000 63 0 79 0 127 0 159 0 191 0 255 0
115200 - - 86 -0.22 138 -0.08 173 -0.22 207 0.16 277 -0.08
76800 103 0.16 129 0.16 207 0.16 259 0.16 312 -0.16 416 -0.08
57600 138 -0.08 173 -0.22 277 -0.08 346 0.16 416 -0.08 555 -0.08
38400 207 0.16 259 0.16 416 -0.08 520 -0.03 624 0 832 0.04
28800 277 -0.08 346 0.06 555 -0.08 693 0.06 832 0.04 1110 0.01
19200 416 -0.08 520 -0.03 832 0.04 1041 -0.03 1249 0 1666 -0.02
10417 767 <0.01 959 <0.01 1535 <0.01 1919 <0.01 2303 <0.01 3071 <0.01
9600 832 0.04 1041 <0.01 1666 -0.02 2082 0.02 2499 0 3332 0.01
7200 1110 <0.01 1388 <0.01 2221 <0.01 2777 <0.01 3332 <0.01 4443 0.01
4800 1666 -0.02 2082 0.01 3332 <0.01 4166 <0.01 4999 0 6666 <0.01
2400 3332 <0.01 4166 <0.01 6666 <0.01 8332 <0.01 9999 0 13332 | <0.01
1200 6666 <0.01 8332 <0.01 | 13332 | <0.01 | 16666 | <0.01 | 19999 0 26666 | <0.01
600 13332 | <0.01 | 16666 | <0.01 | 26666 | <0.01 - - - - - -
300 26666 | <0.01 - - - - - - - - - -

Value: BGR1/0 register set value

ERR: Baud rate error (%)
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Table 3-2 Reload Values and Baud Rates (Continued)

CHAPTER 1-4: LIN Interface (Ver. 2.1) (LIN Communication Control Interface Ver. 2.1)

Baud Rate 36 MHz 40 MHz 48 MHz 72 MHz 80 MHz 100 MHz
(bps) Value ERR | Value ERR Value ERR Value ERR Value ERR Value ERR
8M - - 4 0 5 8 9 0 - -
6M 5 0 - - 7 11 - - - -
5M - - 0 - - - - 15 0 19 0
4aM 8 0 0 11 0 17 0 19 0 24 0
2.5M - - 15 0 - - - - 31 0 39 0
2M 17 0 19 0 23 0 35 0 39 0 49 0
M 35 0 39 0 47 0 71 0 79 0 49 0

500000 71 0 79 0 95 0 143 0 159 0 99 0
460800 e 0.16 86 -0.22 103 0.16 155 0.16 173 -0.22 199 0
250000 143 0 159 0 191 0 287 0 319 0 216 <0.01
230400 155 0.16 173 -0.22 207 0.16 312 -0.16 346 0.06 399 0
153600 233 0.16 259 0.16 312 -0.16 468 -0.05 520 -0.03 433 <0.01
125000 287 0 319 0 383 0 575 0 639 0 650 <0.01
115200 312 -0.16 346 0.06 416 -0.08 624 0 693 0.06 867 <0.01
76800 468 -0.05 520 -0.03 624 0 937 -0.05 1041 -0.03 799 0
57600 624 0 693 0.06 832 0.04 1249 0 1388 <0.01 867 <0.01
38400 937 -0.05 1041 -0.03 1249 0 1874 0 2082 0.02 1301 <0.01
28800 1249 0 1388 <0.01 1666 -0.02 2499 0 2777 <0.01 1735 <0.01
19200 1874 0 2082 0.02 2499 0 3749 0 4166 <0.01 2603 <0.01
10417 3455 <0.01 3839 <0.01 4607 <0.01 6911 <0.01 7679 <0.01 3471 <0.01
9600 3749 0 4166 <0.01 4999 0 7499 0 8332 0 5207 <0.01
7200 4999 0 5555 <0.01 6666 <0.01 9999 0 11110 0 9599 <0.01
4800 7499 0 8332 <0.01 9999 14999 0 16666 0 10416 0
2400 14999 0 16666 | <0.01 | 19999 29999 0 - - 13888 0
1200 29999 0 - - - - - - - - 20832 0
600 - - - - - - - - - - - -
300 - - - - - - - - - - - -

For frequencies not described in Table 3-1 and Table 3-2, calculate them by using formulas in 3.1 Baud rate settings.
(However, for the maximum frequencies, see Data Sheet of the product used because they are differed by products)
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Allowable Baud Rate Range for Data Reception
The following shows the range of baud rate error allowed for the destination to receive data.

Set the reception baud rate error by using the following formulas to ensure that the value falls within the allowable range.
Figure 3-1 Allowable Baud Rate Range for Data Reception

Sampling
v v v v v Av4
LIN Start bit0 bit1 bit6 bit7 Stop
transfer rate :
<—> :
FL :
< : >

Single data frame (10xFL)

Allowable Start>< bit0 >< bit1 >< j< bit6 >< bit7 >< Stop'
minimum

transfer rate < —>
FLmin :

Allowable . . . _
maximum Start bit0 bit1 bit6 bit7 : Stop

transfer rate
<

>
FLmax

As shown in Figure 3-1, after detection of the start bit, the sampling timing of received data is determined by the counter set
in the BGR1/BGRO register. Data can be received successfully if the last data including the stop bit matches the sampling
timing.

If this applies to a reception of 10 bits, a theoretical explanation can be given in the following.

Assuming that the sampling timing margin is one bus clock (¢), the minimum allowable transfer rate (FLmin) is determined as
follows:

FLmin = (10bit x (V+1) — (V+1)/2 + 2)/ ¢ = (19V + 23)/2 ¢ (s) V: Reload value, ¢: Bus clock
Thus, the maximum baud rate that allows the destination to receive data (BGmax) is determined as follows.

BGmax = 10/FLmin = 20¢/(19V+23) (bps) V: Reload value, ¢: Bus clock

When data is received at the maximum allowable transfer rate (FLmax), the starting point of the received data 10th bit is
sampled.

Thus, the maximum allowable transfer rate (FLmax) is determined as follows:
9/10xFLmax = (10bit x (V+1) — (V+1)/2)/ ¢ V: Reload value, ¢: Bus clock
FLmax = (19/18 x 10 x (V+1))/¢

Assuming that the sampling timing margin (¢) is two clocks, the maximum allowable transfer rate (FLmax) is determined as
follows:

9/10xFLmax = (10bit x (V+1) — (V+1)/12 - 2)/ ¢ V: Reload value, ¢: Bus clock
FLmax = (19/18 x 10 x (V+1) — 40/18)/ ¢ = (190V + 150)/18 ¢ (S) V: Reload value, ¢: Bus clock
Accordingly, the minimum baud rate that allows the destination to receive data (BGmin) is determined as follows:

BGmin = 10/FLmax = 18¢/(19V+15) (bps) V: Reload value, ¢: Bus clock
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From the above formulas that yields the minimum/maximum baud rates, the allowable baud rate errors between the LIN
interface (ver. 2.1) and the destination can be obtained as shown in the following table.

Reload Value (V) Maximum Allowable Baud Rate Error Minimum Allowable Baud Rate Error
3 0% 0
10 +3.28% -3.41%
50 +4.83% -4.87%
100 +5.04% -5.07%
200 +5.15% -5.16%
32767 +5.26% -5.26%

Note:

—  Reception accuracy depends on the number of bits per frame, bus clock, and reload value. The higher the bus clock
and frequency division ratio are, the higher the accuracy becomes.

External Clock
Writing "1" to the EXT bit of the Baud Rate Generator Register (BGR) causes the baud rate generator to divide the external
clock's frequency.

Note:
—  The external clock signal is synchronized with the internal clock on the LIN interface (ver. 2.1). Therefore, an external
clock that does not allow synchronization causes unstable operation.

Functions of Reload Counter

There are two types of reload counters: The transmit reload counter and the received reload counter, both functioning as a
dedicated baud rate generator. Each reload counter consists of a 15-bit register for the reload value, and generates
transmitting and receiving clocks from the external or internal clock.

Starting Counting
When the reload value is written to the Baud Rate Generator Registerl, 0 (BGR1 or BGRO), the reload counter starts
counting.

Restarting
The reload counter restarts counting in the following conditions.

B Common to transmit and received reload counters
A programmable reset (SCR:UPCL bit)

B Received reload counter
Detection of the start bit's falling edge in asynchronous mode
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4. LIN Interface (Ver. 2.1) Operations

The LIN interface (ver. 2.1) performs bi-directional LIN communication of master and slave.

Master Mode Operations
B Selecting master mode
To operate the LIN interface as a master, set the SCR:MS bit to 0.

B Break field transmission-sync field transmission
O The break field length (ESCR:LBL1, LBLO) and the break field delimiter length (ESCR:DEL1, DELO) can be selected.
O If transmission is enabled (SCR:TXE=1), and the SCR:LBR bit (LIN Break field setting bit) is set to "1", then the break
field is transmitted.
O The sync field is transmitted when "0x55" is written to the Transmit Data Register (TDR).

Notes:
—  Before setting the Transmit Data Register (TDR) to 0x55, set the SCR:LBR bit (LIN break field setting bit) to 1.
—  Setting the SCR:RXE bit (reception enable bit) to 1 does not enable the Break field to perform reception.

Figure 4-1 Break Field-sync Field Transmission

LIN Break )
LIN Break i _delimiter | Sync Field

N
L}

LIN bus

ESCR:LBL1/0 H

A

ESCR:DEL1/0 |_|

SCR:LBR H

SCR:TXE
SCR:RXE J

Data writing in Sync H
field (Ox55)

SSR:TDRE
SSR:TBI _\

: Break field length — With ESCR:LBL[1:0] , it can be set between 13 and 16 bits long.

Break delimiter length — With ESCR:DEL[1:0], it can be set between 1 and 4 bits long.
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B Sync field transmission - ID field transmission
O When the first bit of the sync field (0x55) is transmitted, the SSR:TDRE (transmit data empty) bit is set to 1.
If transmit interrupts are enabled (SCR:TIE = 1) during this time, a transmit interrupt occurs.

O If a transmit interrupt occurs, the ID field can be written to the Transmit Data Register (TDR).
O If areceived interrupt occurs, compare the received data with the transmit data to make sure that no error has occurred.
O The ID field is output in 8-bit data length and LSB-first order.
Sync Break
delimiter . Sync Field : ID Field :
>< > >

§5T01234567SP§ST01234567SP§

LIN bus

SSR:TDRE ﬂ

SSR:RDRF H (
Data writing in H

ID field

B |D field transmission - DATA field transmission/reception
Select whether to transmit the DATA field to a slave device or to receive the DATA field.

(To transmit the DATA field)

When the first bit of the ID field is transmitted, the SSR:TDRE bit is set to 1. Then data can be written to the DATA
field.

Figure 4-2 ID Field Transmission-DATA Field Transmission

Sync Field : ID field transmission . Data field transmission

& N
L] L]

LIN bus E

SSR:TDRE

St ] ] ]
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(To receive the DATA field)

m}

m}

When the first bit of the ID field is transmitted, the SSR:TDRE bit is set to 1. However, do not write any transmit data
then.

Also disable transmit interrupts (SCR:TIE = 0).

When the DATA field is received, SSR:RDRF is set to 1. If received interrupts are enabled (SSR:RIE = 1) then, a
received interrupt occurs.

A start bit is detected when a falling edge is detected after data passes the noise filter (with the majority value applied
after sampling serial data input three times with the bus clock) and a LOW level is detected for the data passing the
sampling point.

Figure 4-3 ID Field Transmission - DATA Field Reception

Sync Field . ID field transmission . Data field reception
LIN bus
SSR:TDRE
SSR:RDRF ] [ ] [ ]
Data reading of r
Data field
Notes:

202

The LIN interface (Ver. 2.1) includes noise filter (with the majority value applied after sampling serial data input three
times with the bus clock). However, design the board so as not to allow noise to pass through this filter or perform
communications so that any noise that has passed does not cause any problems (e.g., by adding a data checksum to
the end and resending the data if any error occurs).

During reception, if a falling edge of the serial data is detected concurrently with, or 1 to 2 bus clocks before the
sampling point of the stop bit, the edge is ignored and the next data cannot be received successfully. To output frames
continuously, adequate intervals should be considered between frames.
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B Master mode operation timing chart (when FIFO is not used)

Figure 4-4 LIN Bus Timing (when DATA Field is Transmitted and FIFO is not Used)

Break field Sync Field ID Field Data field transmission

LNbus L.

SCRILBR j

Data writing I—[

in TDR

TDR
TIE _J
RETXE _ [}
SCRRXE _ [1]
SCR:MS "0
TDRE(TIRQ)__:

RDRF(RIRQ)

Start of LIN break

Data writing in Sync
field (0x55)

A transmit interrupt occurred.:
The ID field is set.

A transmit interrupt occurred.:

The Data field is set.
A received interrupt occurred.:

The Data is read.
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Figure 4-5 LIN Bus Timing (when DATA Field is Received and FIFO is not Used)
Break field  Sync Field
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Data reading from RDR
Data writing in TDR {1

204

ID Field Data field reception

A

>
>

A

LINbus i}

.
>

i

A

<&
<

i

SCRILBR _|]

[ OX55 )

TDR 53

TIE

RIETXE _ |

RXE
SCR:TBIE

TDRE

RDRF (RIRQ)

Start of LIN break

Data writing in Sync field

(0x55)

A transmit interrupt occurred.: |

The ID field is set.

TIE is cleared.
Areceived interrupt occurred.: The Data is read.

Areceived interrupt occurred.: The Data is read.
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B Master mode operation timing chart (when FIFO is used)

Figure 4-6 LIN Bus Timing (when DATA Field is Transmitted and FIFO is Used)
Break field  Sync Field ID Field Data field transmission

LIN bus
SCR:LBR

Data writing in FIFO __ J{ji: L
TDR )6yne Field:(0x55)(;
Transmit FBYTE Wi i5.. SR
FDRQ _"’“l :
FTE 71|
RIETXE _|
RXE _|

FDRQ(TIRQ)_H :

RDRF(RlRQ\ Piiiir G I

dy::

iD Fiel
4

Start of LIN break

A transmit interrupt occurred.:
Transmit FIFO is written.

A received interrupt occurred.: The Data is read.

Transmit FIFO is enabled, but received FIFO is disabled.
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Figure 4-7 LIN Bus Timing (when DATA Field is Received and FIFO is Used)

A
s

-

CYPRESS

EMBEDDED IN TOMORROW™

Break field . Sync Field . D Field . Data field reception

LIN bus

SCRILBR  :[]

Data writing in FIFO ‘

or 5

Transmit FBYTE

FDRQ
FTIE

Received FBYTE (setting):fx

Received FBYTE (display)}

TIE it
TXE
RIE HE
RXE [
TE [
TRQ ]

RDRF(RIRQ) i

A transmit interrupt

occurred.: Transmit
A received interrupt

FIFO is written. A transmit interrupt occurred : Received
occurred.: The ID N
Start of LIN break a4 is set. FIFO is read.

SCR: TIE is cleared.

A received interrupt occurred.: The Data is read.—

A received interrupt occurred.: The Data is read.
Received FIFO enabled
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Slave Mode Operations
B Selecting slave mode

To operate the LIN interface as a slave, set the SCR:MS bit to 1.

B Break field reception - sync field reception
1 If the break field is input, the break field is detected (SSR:LBD = 1) at the 11th bit.

If the ESCR:LBIE bit is set to 1 then, a received interrupt occurs.
Enable ICU interrupts then to detect both edges.
The LIN interface (ver. 2.1), upon the detection of the first falling edge in the sync field, sets the internal signal (LSYN)

input to ICU to HIGH to start the ICU. This internal signal (LSYN) turns to LOW at the fifth falling edge.

set value is obtained as follows:

If the free run timer is not overflowed:
BGRvalue=(b-a)xFel/l(8 x¢)-1

If the free run timer is overflowed:
BGR value=(max+1+b-a)xFe/(8x¢)-1

2.
3.
4,
max:
a:
b:
o:
Fe:
Note:

Maximum value of the free run timer

The ICU data register value after the first interrupt
The ICU data register value after the second interrupt

Bus clock frequency (MHz)

External clock frequency (MHz). When the internal clock is used (EXT = 0),

Fe = ¢ is assumed.

—  To operate the break field and the sync field, disable the reception (SCR:RXE = 0).

Figure 4-8 Break Field Reception-sync Field Reception

The internal signal (LSYN) input to ICU is a value that the HIGH period multiplies the baud rate by eight. The baud rate

LIN bus

LSYN

SSR:LBD

Break Field

Sync Field

nigl nigl
L]

A

L]

siaipinininn

-

(1)

(2) (3).(4)

B D field reception - DATA field transmission/reception
After reception of the ID field, whether to transmit or to receive the DATA field to master can be selected.

(To transmit the DATA field)

After reception of the ID field, write data to the Transmit Data Register (TDR). Enable transmit interrupts (SCR:TIE =
1) during this time.
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Figure 4-9 ID Field Reception - DATA Field Transmission

SynC Field ID field reception Data field transmission

LIN bus

SSR:RDRF |_|

A
A
4

SSR:TDRE _| _|

SCR:TIE

Data reading r
from RDR

Data writing —| |_| I_I

in TDR

(To receive the DATA field)

m}

m}

Every time the DATA field is received, SSR:RDRF is set to 1. If received interrupts are enabled (SCR:RDRF = 1) then, a
received interrupt occurs.

A start bit is detected when a falling edge is detected after data passes the noise filter (with the majority value applied
after sampling serial data input three times with the bus clock) and a LOW level is detected for the data passing the
sampling point.

Figure 4-10 ID Field Reception - DATA Field Reception

Sync Field ID field reception Data field reception

nih
Ll

LIN bus
SSR:RDRF r r

Data reading r ]
from RDR

Y.
A

Notes:

208

The LIN interface (Ver. 2.1) includes noise filter (with the majority value applied after sampling serial data input three
times with the bus clock). However, design the board so as not to allow noise to pass through this filter or perform
communications so that any noise that has passed does not cause any problems (e.g., by adding a data checksum to
the end and resending the data if any error occurs).

During reception, if a falling edge of the serial data is detected concurrently with, or 1 to 2 bus clocks before the
sampling point of the stop bit, the edge is ignored and the next data cannot be received successfully. To output frames
continuously, adequate intervals should be considered between frames.
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B Slave mode operation timing chart

Figure 4-11 LIN Bus Timing (when DATA Field is Transmitted and FIFO is not Used)

Break field Sync Field D Field Data field transmission
LIN bus AU
LSYN (ICU input)
LBD 2
LBIE
RIE
RXE
TIE |
TXE |
TDRE(TIRQ)
RDRF(RIRQ) H Hi H
ICU(IRQ) 3 ¥
A status interrupt occurred.:J
LBD is cleared.
IRQ(ICU) —
IRQ is cleared.

Baud rate setting
Received interrupt enabled (RIE=1)

Received enabled (RXE=1)
Transmit interrupt enabled (TIE=1)—]

Transmission enabled (TXE=1)
Areceived interrupt occurred.The Data is read-

A transmit interrupt occurred.The Data is set:
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Figure 4-12 LIN Bus Timing (when DATA Field is Received and FIFO is not Used)

Break field . Sync Field , ID Field Data field reception

LIN bus
LSYN (ICU input)
LBD
LBIE
RIE

RXE
TIE

TXE
TDRE(TIRQ)

RDRF(RIRQ)
ICU(IRQ)

A status interrupt occurred.:
LBD is cleared.
IRQ(ICU)
IRQ is cleared.
Baud rate setting
Received interrupt enabled (RIE=1)
Received enabled (RXE=1)

A received interrupt occurred.: The Data is read.
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B |f FIFO is used
Figure 4-13 LIN Bus Timing (when DATA Field is Transmitted and FIFO is Used)

Data field transmission

LIN bus :
LSYN (ICU input) :
LBD
LBIE :

RIE

RXE
TIE

TXE
Data writing in
transmit FIFO
TDRE(TIRQ)
RDRF(RIRQ)

ICU(IRQ)

A status interrupt occurred.: J
LBD is cleared.

IRQ(CU) —
IRQ is cleared.
Baud rate setting
Received interrupt enabled (RIE=1)
Received enabled (RXE=1)
Data writing in transmit FIFO
Transmission enabled (TXE=1)
Received FIFO disabled

A received interrupt occurred.: The Data is read.

FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C 211



o CYPRESS

CHAPTER 1-4: LIN Interface (Ver. 2.1) (LIN Communication Control Interface Ver. 2.1) > EMBEDDED IN TOMORROW™

Figure 4-14 LIN Bus Timing (when DATA Field is Received and FIFO is Used)

LIN bus : i | ]
LSYN (ICU input) _: :
LBD
LBIE
RIE

RXE
TIE

TXE
Data reading from
received FIFO
TDRE(TIRQ)

RDRF(RIRQ)
ICU(IRQ)

A status interrupt occurred.: _|
LBD is cleared.

IRQ(ICU)
IRQ is cleared.

Baud rate setting
Received interrupt enabled (RIE=1)

Received enabled (RXE=1 Reading from receive data )
( ) Received FIFO enabled Reading from
received FIFO
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5. Operation Mode 3 (LIN Communication Mode) Setting Procedure and
Program Flow

In Operation Mode 3 (LIN communication mode), the LIN interface (Ver. 2.1) can be used for a LIN master or LIN slave

system.

Register Settings
B CPU-to-CPU connection
Figure 5-1 shows a communication system consisting of one LIN master and one LIN slave. The LIN interface (ver. 2.1) can

work as a LIN master or a LIN slave.
Figure 5-1 Example of LIN Bus System Communication

soT >l a4 <—s0T
SIN < » SIN
LIN master transceiver transceiver LIN slave
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Example Flowchart
B Master mode operations

A
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“agge> EMBEDDED IN TOMORROW™

Figure 5-2 Example Flowchart of LIN Communication in Master Mode (when FIFO is not Used)

Initial settings:

Set the operation mode to 3 and master mode.
Enable the serial data output, and set a baud rate.
Set an LIN Break length and a Break delimiter length.
TXE=1, TIE=0, RXE=1, RIE=1

le

LIN Break field transmission: LBR=1
LIN Sync field transmission: TDR=0x55

% RDRF=1

Received interrupt
LIN Sync field reception *1
ID field transmission: TDR=ID
RDRF=1
Received interrupt

| ID field reception *1 |

RDRF=1
Received interrupt

Data field
reception?

No (Transmit)

u

| Datal reception *1: RDR | |

Set transmit Datal: TDR=Datal
TIE=1

RDRF=1
Received interrupt

7

TDRE=1
Transmit interrupt

~\

| DataN reception *1: RDR | |

Set transmit Data2: TDR=Data2 |

RDRF=1
Received interrupt

=\

Datal reception *1: RDR |

Note:

*1:If an error has occurred, carry out the relevant error recovery action.
*2:1f the FRE and ORE bits are "1", set the SSR:REC bit to “1” to clear the error flag.

Detect any error in each processing, and deal appropriately with any that exist.

TDRE=1
Transmit interrupt

=\

Set transmit DataN: TDR=DataN
TIE=0

RDRF=1
Received interrupt

-\

Data(N-1) reception *1: RDR |

RDRF=1
Received interrupt

-\

DataN reception *1: RDR |

Error existing?

No

A\ 4

Error processing *2
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Figure 5-3 Example Flowchart of LIN Communication in Master Mode (when FIFO is Used)

Initial settings:

Set the operation mode to 3 and master mode.
Enable the serial data output, and set a baud rate.
Set an LIN Break length and a Break delimiter length.
TXE=1, TIE=0, RXE=1, RIE=1

FSEL=0, FE1=1,FE2=0, FTIE=0

A 4

\

LIN Break field transmission: LBR=1
Write N bytes in TDR.

RDRF=1
Receive interrupt

| LIN Sync field reception *1 |

RDRF=1
Received interrupt

| ID field reception *1 |

RDRF=1
Received interrupt

No (Transmit)

»

Data field reception?
RDRF=1
Yes (Received) Received interrupt
| FBYTE2seting, FE2=1 | | Received Datal 1 |
RDRF=1 RDRF=1
Received interrupt Received interrupt
| Received M bytes.*1 | | Received DataM.*1 |
I

»

Y\

Error existing?

Error processing *2

*1:If an error has occurred, carry out the relevant error recovery action.
*2:If the FRE and ORE bits are "1", set the SSR:REC bit to “1” to clear the error flag.

Note:
Detect any error in each processing, and deal appropriately with any that exist.
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B Slave mode operations
Figure 5-4 Example Flowchart of LIN Communication in Slave Mode (when FIFO is not Used)

Initial settings:

Set the operation mode to 3 and
slave mode.

TXE=1, TIE=0, RXE=0, RIE=1
Connect between UA  RT and ICU.

¢
RXE=0, enable ICU interrupt.
LBIE=1
LBD=1
Sync Break interrupt v
LBD=0, LBIE=0 Yes (Received) Data field No (Transmit)
Enable ICU interrupt . = eception 2

Received interrupt y

ICU interrupt | Received Datal. *1 | Set transmit Datal: TDR=Datal
Read the ICU data. RDRF=1 TIE=1
Clear the ICU interrupt flag. Received interrupt %TDRE:].
- Transmit interrupt
ICU interrupt | Received DataN. *1 | s
P | Set transmit Data2: TDR=Data2 |
Read the ICU data. RDRF=1

)

Adjust the baud rate.
RXE=1 |
Clear the ICU interrupt flag.

Received interrupt
Received Datal. *1 |

Disable an ICU interrupt. TDRE=1
Transmit interrupt
RDRF=1
Received interrupt Set transmit DataN: TDR=DataN
TIE=0
ID field reception *1

Received interrupt

| RDRF=1

| Receive DataN. *1

|

Error processing *2

\ 4

*1 : If an error has occurred, carry out the relevant error
recovery action.
*2 : If the FRE and ORE bits are "1", set the SSR:REC bit to "1"
to clear the error flag.
Note:
Detect any error in each processing, and deal appropriately
with any that exist.

Transmit Wake-up code,

No
Wake-up Yes
ransmission? v
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Figure 5-5 Example Flowchart of LIN Communication in Slave Mode (when FIFO is Used)

Initial settings:

Set the operation mode to 3 and

slave mode.

TXE=1,TIE=0,RXE=0,RIE=1

FE1=1, FE2=0, FSEL=0

Connect between UART and ICU.
le

v

RXE=0, enable ICU interrupt.
LBIE=1

LBD=1

47

LBD=0, LBIE=0
Enable ICU interrupt.

% ICU interrupt

Read the ICU data.
Clear the ICU interrupt flag.

% ICU interrupt

Read the ICU data.
Adjust the baud rate.
RXE=1
Clear the ICU interrupt flag.
Disable an ICU interrupt.

o7

ID field reception *1

Sync Break interrupt]

RDRF=1
Received interrupt

Note:

Yes (Received Data field
eception2

y

No (Transmit)

Y

| FBYTE2setting, FE2=1 | [

Write N bytes in TDR. |

RDRF=1
Received interrupt

RDRF=1
Received interrupt

| Received N bytes.*1 | |

Received Datal.*1 |

RDRF=1
Received interrupt

Received DataN. *1 |

»{Error processing *2

Wake-up Y
ransmission?

PtTransmit Wake-up code;

A4

*1:If an error has occurred, carry out the relevant error recovery action.
*2:If the FRE and ORE bits are “1”, set the SSR:REC bit to “1” to clear the error flag.

Detect any error in each processing, and deal appropriately with any that exist.
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A

6. LIN Interface (ver. 2.1) Registers

The following shows a list of LIN interface (ver. 2.1) registers.

List of LIN Interface (ver. 2.1) Registers

Table 6-1 List of LIN Interface (ver. 2.1) Registers

s
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bit15 bit8 bit7 bito
SCR (Serial Control Register) SMR (Serial Mode Register)
:;:t’:rface SSR (Serial Status Register) ESCR (Extended Communication Control Register)
(ver. 2.1) - RDR/TDR (Transmit/Received Data Register)
BGR1 (Baud Rate Generator Register 1) BGRO (Baud Rate Generator Register 0)
FIFO FCR1 (FIFO Control Register 1) FCRO (FIFO Control Register 0)
FBYTE2 (FIFO2 Byte Register) FBYTEL (FIFO1 Byte Register)

Table 6-2 LIN Interface (ver. 2.1) Bit Assignment

bitl5 | bitl4 | bitl3 | bitl2 | bitll | bitl0 | bit9 | bit8 | bit7 | bit6 | bit5 | bit4 | bit3 | bit2 | bitl | bitO

SCR/
SMR UPCL | MS LBR | RIE TIE | TBIE | RXE | TXE | MD2 | MD1 | MDO |WUCR| SBL - - SOE

SSR/
ESCR REC - LBD | FRE | ORE |RDRF |TDRE | TBI - ESBL - LBIE | LBL1 | LBLO | DEL1 | DELO

TDR/
- D7 D6 D5 D4 D3 D2 D1 DO

RDR
BGR1 EXT | B14 | B13 | B12 B11 B10 B9 B8 B7 B6 BS B4 B3 B2 B1 BO

FCR1/
FCRO - - - FLSTE| FRIIE [FDRQ | FTIE | FSEL - FLST | FLD | FSET | FCL2 | FCL1 | FE2 | FE1

FBYTE2/
FBYTEL FD15 | FD14 | FD13 | FD12 | FD11 | FD10 | FD9 | FD8 | FD7 | FD6 | FD5 | FD4 | FD3 | FD2 | FD1 | FDO
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6.1 Serial Control Register (SCR)

The Serial Control Register (SCR) is used to enable/disable a transmit/received interrupt, enable/disable a transmit idle
interrupt, and enable/disable data transmission and reception. Also, the SCR can be used to generate a LIN Break field and
reset the LIN interface (ver. 2.1).

bit 15 14 13 12 1 10 9 8 7 . 0
Field | upcL | Ms | LBR RIE TIE TBIE RXE TXE | (SMR) |
Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial value 0 - - 0 0 0 0 0

[bit15] UPCL: Programmable clear bit
Initializes the internal state of LIN interface (ver. 2.1).

If setto 1:

B The LIN interface (ver. 2.1) is reset directly (Software reset). However, the current register settings are maintained. The
transmit or received state is disconnected immediately.

B The baud rate generator reloads the BGR1/0 register value and restarts operation.

B All of transmit/received interrupt factors (SSR:TDRE, TBI, RDRF, FRE, ORE, LBD) are initialized.

If setto O:
No effect on the operation.

0 is always read.

Description
At Writing At Reading
No effect on the operation.

bit

"0" is always read.

Programmable clear

Notes:

— Disable an interrupt first, and then execute the programmable clear instruction.

— If the FIFO operation is used, disable it (FCRO:FE[2:1]:=00) first and then execute the programmable clear instruction.

—  To switch from reception operation to transmit operation continuously, execute the programmable clear instruction after
data is received and write transmit data to the Transmit Data Register (TDR).

[bit14] MS: Master/Slave function select bit
Selects the master or slave mode.

bit Description
0 Master mode
1 Slave mode
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[bit13] LBR: LIN Break Field setting bit (valid in master mode only)
If this bit is set to 1, a LIN Break field (having the length set by the ESCR:LBL1/LBLO bit) is generated. Also, a LIN Break
delimiter (set by the ESCR:DEL1/DELO bit) is generated.

When written:

When 0 is written: No effect on the operation.
When 1 is written: A LIN Break field is generated.

When read:

0 is always read.

bit Description

i
At Writing At Reading
No effect on the operation. .
—— "0" is always read.
A LIN Break field is generated.

Notes:

—  This bit setting is valid in the master mode operation only (MS=0).
— Do not set this bitto "1" when a LIN Break field is being generated.

[bit12] RIE: Received interrupt enable bit

B This bit enables or disables an output of received interrupt request to the CPU.

B If the RIE bit and the received data flag bit (SSR:RDRF) are 1, or if any of the error flag bits (SSR:FRE, ORE) is 1, a
received interrupt request is output.

bit Description
0 Disables the received interrupt.
1 Enables the received interrupt.

[bit11] TIE: Transmit interrupt enable bit
B This bit enables or disables an output of transmit interrupt request to the CPU.
B |f the TIE and SSR:TDRE bits are 1, a transmit interrupt request is output.

bit Description
0 Disables a transmit interrupt.
1 Enables a transmit interrupt.

[bit10] TBIE: Transmit bus idle interrupt enable bit
B This bit enables or disables an output of transmit bus idle interrupt request to the CPU.
W |f the TBIE bit and SSR:TBI bit are 1, a transmit bus idle interrupt request is output.

bit Description
0 Disables the transmit bus idle interrupt.
1 Enables the transmit bus idle interrupt.
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[bit9] RXE: Data reception enable bit
This bit enables or disables a data reception by the LIN interface (ver. 2.1).

bit Description
0 Disables data frame reception.
1 Enables data frame reception.

Notes:

—  Data reception is not started unless a falling edge of the start bit is input even if the data reception is enabled (RXE=1).

— When a LIN Break field is being sent in the master mode operation, no data is received even if data reception is
enabled (RXE=1).
—  If data reception is disabled (RXE=0), the current data reception is stopped immediately.

[bit8] TXE: Data transmission enable bit
This bit enables or disables a data transmission by the LIN interface (ver. 2.1).

bit Description
0 Disables data frame transmission.
1 Enables data frame transmission.

Note:
—  If data transmission is disabled (TXE=0), the current data transmission is stopped immediately.
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6.2 Serial Mode Register (SMR)

The Serial Mode Register (SMR) is used to set an operation mode, to select a transmission direction, data length, and stop
bit length, and enable or disable an output of serial data to their pins.

bit 15 .. 8 7 6 5 4 3 2 1 0
Field | (SCR) | mD2 MD1 MDO | WUCR | SBL Reserved SOE
Attribute RIW RIW RIW RIW RIW - - RIW

Initial value 0 0 0 0 0 0 0 0

[bit7:5] MD2, MD1, MDO: Operation mode setting bits
These bits set an operation mode.

*This chapter explains the registers and their operation in operation mode 3 (LIN communication mode).

bit7 bit6 bit5 Description
0 0 0 Operation mode 0 (asynchronous normal mode)
0 0 1 Operation mode 1 (asynchronous multiprocessor mode)
0 1 0 Operation mode 2 (clock synchronous mode)
0 1 1 Operation mode 3 (LIN communication mode)
1 0 0 Operation mode 4 (12C mode)
Values other than the above Setting is prohibited.

Notes:

—  Any bit setting other than above is inhibited.

—  To switch the current operation mode, issue a programmable clear instruction (SCR:UPCL=1) and switch the operation
mode continuously.

—  After the operation mode has been set, set each register correctly.

[bit4] WUCR: Wake-up control bit
Selects a pin to be used for an external interrupt.

If setto 0: The INT pin is set as an external interrupt pin.
If setto 1: The SIN pin is set as an external interrupt pin.

bit Description
0 Disables the Wake-up function.
1 Enables the Wake-up function.
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[bit3] SBL: Stop bit length select bit

CHAPTER 1-4: LIN Interface (Ver. 2.1) (LIN Communication Control Interface Ver. 2.1)

This bit sets a stop bit length (the frame end mark of the transmit data).

bit Description

0 ESCR:ESBL=0 Stop bit is set to 1 bit
ESCR:ESBL=1 Stop bit is set to 3 bits

1 ESCR:ESBL=0 Stop bit is set to 2 bits
ESCR:ESBL=1 Stop bit is set to 4 bits

Notes:

— Inreception operation, only the first bit of the stop bit data is detected.
—  Always set this bit when transmission is disabled (SCR:TXE=0).

[bit2:1] Reserved: Reserved bits
The read value is 0. Be sure to write 0.

[bit0] SOE: Serial data output enable bit
This bit enables or disables a serial data output.

bit Description
0 Disables a serial data output.
1 Enables a serial data output.

Note:

- If this bit is used as the SOT pin, the GPIO must also be set.
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6.3 Serial Status Register (SSR)

The Serial Status Register (SSR) is used to check the current transmission/reception state, check the Received Error flag,
detect a LIN Break field, and clear the Received Error flag.

bit 15 14 13 12 11 10 9 8 7 0
Field REC - LBD FRE ORE RDRF TDRE TBI | (ESCR) |
Attribute R/W - R/W R R R R R
Initial value 0 - 0 0 0 0 1 1

[bit15] REC: Received Error flag clear bit
This bit clears the FRE and ORE flags of the Serial Status Register (SSR).

. Description
bit

Writing Reading

No effect on the operation.
Clears the Received Error flag (FRE, ORE).

"0" is always read.

[bit14] - : Unused bit
This bit value is undefined when read.
This bit has no effect on the operation when written.

[bit13] LBD: LIN Break field detection flag bit

This bit shows a detection of LIN Break field.

When 11-bit wide or more of serial input (SIN) are LOW, the LBD bit is set to 1. If the LIN Break field interrupt enable bit
(LBIE) is 1 during this time, a status interrupt occurs.

) Description
bit At Writing At Reading
Clears the LBD flag. A Break field was not detected.
No effect on the operation. A Break field was detected.

Note:
- If a read-modify-write instruction is issued, 1 is read.

[bit12] FRE: Framing error flag bit

B |f a framing error occurs during data reception, this bit is set to 1. If the REC bit of Serial Status Register (SSR) is set to 1,
this flag is cleared.

W If the FRE and RIE bits are 1, a received interrupt request is output.

W |f this flag is set, data of the Received Data Register (RDR) is invalid.

B If this flag is set when received FIFO is used, the received FIFO enable bit is cleared and the received data is not stored in
received FIFO.

bit Description
0 No framing error occurred.
1 A framing error occurred.
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[bit1l] ORE: Overrun error flag bit

B If an overrun occurs during data reception, this bit is set to 1. If the REC bit of Serial Status Register (SSR) is set to 1, this
flag is cleared.

B If the ORE and RIE bits are 1, a received interrupt request is output.

B If this flag is set, data in the Received Data Register (RDR) is invalid.

B If this flag is set when received FIFO is used, the received FIFO enable bit is cleared and the received data is not stored in
received FIFO.

bit Description
0 No overrun error occurred.
1 An overrun error occurred.

[bit10] RDRF: Received data full flag bit

B This flag shows the state of Received Data Register (RDR).

B When the received data is loaded in the RDR, this bit is set to 1. When the Received Data Register (RDR) is read, this bit
is cleared to 0.

B If the RDRF and RIE bits are 1, a received interrupt request is output.

B If received FIFO is used, the RDRF bit is set to 1 when the preset amount of data is received in received FIFO.

B If received FIFO is used, this bit is cleared to 0 when received FIFO is emptied.

bit Description
0 The Received Data Register (RDR) is empty.
1 The Received Data Register (RDR) contains data.

[bit9] TDRE: Transmit data empty flag bit

B This flag shows the state of Transmit Data Register (TDR).

B If the transmit data is written in the TDR, this bit is set to O to indicate that the TDR contains valid data. When the data is
loaded to the transmit shift register and when the transmission is started, this bit is set to 1 to indicate that the TDR does
not contain the valid data.

B If the TDRE and TIE bits are 1, a transmit interrupt request is output.

B When the UPCL bit of Serial Control Register (SCR) is set to 1, the TDRE bit is set to 1.

B For the TDRE bit set/clear timing when transmit FIFO is used, see 2.4 Interrupt and Flag Set Timing when Transmit FIFO
is Used.

bit Description
0 The Transmit Data Register (TDR) contains data.
1 The Transmit Data Register (TDR) is empty.

[bit8] TBI: Transmit bus idle flag bit

B This bit indicates that the LIN interface (ver. 2.1) is not transmitting data.

B When transmit data is written in the Transmit Data Register (TDR), this bit is set to 0.

B When the LIN Break field is set (SMR:LBR=1), this bit is set to 0.

B [f the Transmit Data register (TDR) is empty (TDRE=1) and if no transmission is started, this bit is set to 1.

B [f the Transmit Data Register is emptied after the LIN Break field has been transmitted, this bit is set to 1.

B If this bit is 1 and if a transmit bus idle interrupt is enabled (SCR:TBIE=1), a transmit interrupt request is output.

bit Description
0 Data being transmitted
1 No data transmission
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The Extended Communication Control Register (ESCR) is used to enable/disable a LIN Break field interrupt, detect a LIN

Break field, set a LIN Break field length and a Break delimiter length, and select a stop bit length.

bit 15 8 7 6 5 4 3 2 1 0
Field | (SSR) | Reserved | ESBL - LBIE LBL1 LBLO DEL1 DELO
Attribute - R/W - R/W R/W R/W R/W R/W

Initial value 0 0 - 0 0 0 0 0

[bit7] Reserved: Reserved bit
The read value is 0. Be sure to write 0.

[bit6] ESBL: Extended stop bit length select bit
This bit sets a stop bit length (the frame end mark of the transmit data).

bit Description

0 SMR:SBL=0 Stop bit length is set to 1 bit
SMR:SBL=1 Stop bit length is set to 2 bits

1 SMR:SBL=0 Stop bit length is set to 3 bits
SMR:SBL=1 Stop bit length is set to 4 bits

Notes:
= Inreception operation, only the first bit of the stop bit data is detected.
—  Always set this bit when transmission is disabled (TXE=0).

[bit5] - : Unused bit
This bit value is undefined when read.
This bit has no effect on the operation when written.

[bit4] LBIE: LIN Break field detect interrupt enable bit
This bit enables or disables a LIN Break field detect interrupt.

If the LIN Break field detect flag (LBD) is 1, a received interrupt occurs when an interrupt is enabled (LBIE=1).

bit Description
0 Disables a LIN Break field detect interrupt.
1 Enables a LIN Break field detect interrupt.
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[bit3:2] LBL1/LBLO: LIN Break field length select bits (valid in master mode only)
B These bits set a LIN Break field generation time (in number of bits).

B This bit must be set before the LBR bit of Serial Control Register (SCR) is set to 1 (for LIN Break field transmission).

B ALIN Break field is always detected at the 11th bit in the slave mode operation regardless of this bit setting.

bit3 bit2 Description
0 0 13 bits length
0 1 14 bits length
1 0 15 bits length
1 1 16 bits length

—  This bit setting is valid in the master mode operation only (SMR:MS=0).

[bit1:0] DEL1/DELO: LIN Break delimiter length select bits (valid in master mode only)
B These bits set a LIN Break delimiter length (in number of bits).

B These bits must be set before the LBR bit of Serial Control Register (SCR) is set to 1 (for LIN Break field transmission).

bitl bit0 Description

0 0 1 bit length

0 1 2 bits length

1 0 3 bits length

1 1 4 bits length
Note

—  This bit setting is valid in the master mode operation only (SMR:MS=0).
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6.5 Received Data Register/Transmit Data Register (RDR/TDR)
The Received and Transmit Data Registers are allocated at the same address. This register functions as the Received Data
Register when data is read from it. This register functions as the Transmit Data Register when data is written in it.

Received Data Register (RDR)

bit 15 8 7 6 5 4 3 2 1 0
Field | | oz | pe | bs | pa | b3 | b2 | b1 | Do |
Attribute R R
Initial value 0 0 0 0 0 0 0 0

The Received Data Register (RDR) is a data buffer register for serial data reception.

B When serial data signals are sent to the Serial Input pin (SIN), they are converted by a shift register and stored in the
Received Data Register (RDR).

B When the received data is stored in the Received Data Register (RDR), the received data full flag bit (SSR:RDRF) is set to
1. If a received interrupt is enabled (SSR:RIE=1), a received interrupt request is generated.

B The Received Data Register (RDR) must be read only when the received data full flag bit (SCR:RDRF) is 1. When data is
read from the Serial Received Data Register (RDR), the received data full flag bit (SSR:RDRF) is cleared to 0
automatically.

B If a received error occurs (when SSR:ORE or FRE is 1), data in the Received Data Register (RDR) becomes invalid.

Notes:

— Ifreceived FIFO is used and if the preset amount of data is received in received FIFO, the RDRF bit is set to 1.

- If received FIFO is used and if this buffer is emptied, the RDRF bit is cleared to 0.

— If areceived error occurs when received FIFO is used (SSR:ORE or FRE is 1), the received FIFO enable bit is cleared
and the received data is not stored in received FIFO.
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Transmit Data Register (TDR)

bit 15 8 7 6 5 4 3 2 1 0
Field | | o7z | pe | pbs | pa | b3 | b2 | b1 | Do |

Attribute w w w w w w w w

Initial value 1 1 1 1 1 1 1 1

The Transmit Data Register (TDR) is a data buffer register for serial data transmission.

B |f data transmission is enabled (SCR:TXE=1) and if the transmit data is written in the Transmit Data Register (TDR), the
transmit data is transferred to the transmit shift register. Then, the data is converted into serial data, and output at the
serial data output pin (SOT).

B When the transmit data is written in the Transmit Data Register (TDR), the transmit data empty flag (SSR:TDRE) is
cleared to 0.

B When the transmit data is transferred to the serial transmit shift register and data transmission is started, and if transmit
FIFO is disabled or if transmit FIFO is empty, the transmit data empty flag (SSR:TDRE) is set to 1.

B [f the transmit data empty flag (SSR:TDRE) is 1, the next transmit data can be written in the buffer. If a transmit interrupt is
enabled, a transmit interrupt occurs. The next transmit data must be written only after the transmit interrupt has occurred
or when the transmit data empty flag (SSR:TDRE) is 1.

B [f the transmit data empty flag (SSR:TDRE) is 0 and transmit FIFO is disabled or transmit FIFO is full, no transmit data can
be written in the Transmit Data Register (TDR).

Notes:

—  The Transmit Data Register is a write-only register. While the Received Data Register is a read-only register. As these
two registers are allocated at the same address, the write and read values differ from each other. Therefore, the
INC/DEC instruction and other read-modify-write (RMW) operation cannot be used.

—  For the transmit data empty flag (SSR:TDRE) set timing when transmit FIFO is used, see 2.4 Interrupt and Flag Set
Timing when Transmit FIFO is Used.
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6.6 Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO)
Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO) are used to set a frequency division ratio of serial clocks. Also,
an external clock can be selected as the clock source of the reload counter.

bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Field | EXT | (BGR1) || (BGRO)
Attributle  RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RMW
Intalvalue 0 0 0 ©O0 0 0 0O 0 o 0o o0 0 ©0 0 0 ©

B The Baud Rate Generator Registers are used to set a frequency division ratio of serial clocks.

B The BGR1 register corresponds to the high-order bits, and the BGRO register corresponds to the low-order bits. The
reload value to be counted can be written, and the BGR1/BGRO set value can be read.

B When the reload value is written in Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO), the reload counter starts
its counting.

B The EXT bit (bit15) specifies to use the clock source of reload counter as the internal clock or the external clock. If EXT=0
is set, an internal clock is used. If EXT=1 is set, an external clock is used.

[bitl5] EXT: External clock select bit

bit Description
0 Uses the internal clock.
1 Uses an external clock.

bit14:8] BGR1: Baud Rate Generator Register 1

bit14:8 Description
Write Writes data in bit8 to bit14 of reload counter.
Read Reads the BGR1 set value.

bit7:0] BGRO: Baud Rate Generator Register 0

bit7:0 Description

Write Writes data in bit0 to bit7 of reload counter.

Read Reads the BGRO set value.
Notes:

—  Data must be written in the Baud Rate Generator Registerl, 0 (BGR1 and BGRO) in 16-bit data access mode.

— If the current values of Baud Rate Generator Registerl, 0 (BGR1, BGRO) are changed, the new values are reloaded
only after the counter value has reached 15h00. In order to validate the new set values immediately, change the
BGR1/BGRO set values and execute the programmable clear (UPCL).

— Ifthe reload value is even, the LOW signal width of serial clock is longer than the HIGH signal width for a single cycle of
bus clock. If the value is odd, the serial clock has the same HIGH and LOW signal width.

—  Setthe reload value to 3 or more. Note that data may not be received normally due to the baud rate error and reload
value setting.

—  When the baud rate generator is operating and if you need to switch to the external clock (EXT=1), first set the baud
rate generators 1 and 0 (BGR1 and BGRO) to 0. Then, execute the programmable clear instruction (UPCL) and select
the external clock (EXT=1).
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6.7 FIFO Control Register 1 (FCR1)

The FIFO Control Register (FCR1) is used to set the FIFO test, select transmit or received FIFO, enable transmit FIFO
interrupt, and control the interrupt flag.

bit 15 14 13 12 11 10 9 8 7 0
Field Reserved FLSTE FRIIE FDRQ FTIE FSEL | (FCRO) |
Attribute - R/W R/W R/W R/W R/W
Initial value - 0 0 1 0 0

[bit15:13] Reserved: Reserved bits
The read value is 0. Be sure to write 0.

[bitl2] FLSTE: Re-transmit data lost detect enable bit
This bit enables the FLST bit detection.

bit Description
0 Disables the Data Lost detection.
1 Enables the Data Lost detection.

Note:
—  To set this bit to 1, set the FSET bit to 1 first, and then set this bit to 1.

[bit1l] FRIIE: Received FIFO idle detect enable bit

This bit sets to detect the received idle state if received FIFO contains valid data for more than 8-bit hours. If the received

interrupt is enabled (SCR:RIE=1), a received interrupt is generated when the received idle state is detected.

bit Description
0 Disables the received FIFO idle detection.
1 Enables the received FIFO idle detection.

Note:
- In case of using Received FIFO, set this bit to 1.
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[bit10] FDRQ: Transmit FIFO data request bit

This bit requests for the transmit FIFO data.

If this bit is 1, the transmit data is being requested. If the Transmit Interrupt is enabled (FTIE=1) during this time, a transmit
FIFO interrupt request is output.

The FDRQ bit is set when:
B The FBYTE (for transmission) is 0 (Transmit FIFO is empty).
B Transmit FIFO is reset.

The FDRQ bit is cleared when:
M This bit is set to 0.
B Transmit FIFO is filled with data.

bit Description

0 Does not request for the transmit FIFO data.

1 Requests for the transmit FIFO data.
Notes:

- If the FBYTE (for transmission) is 0, this bit cannot be set to 0.
- If this bit is 0, the FSEL bit state cannot be changed.
— Ifthis bitis set to 1, it has no effect on the operation.
- If a read-modify-write instruction is issued, 1 is read.

[bit9] FTIE: Transmit FIFO interrupt enable bit
This bit enables a transmit FIFO interrupt. If this bit is set to 1, an interrupt occurs when the FDRQ bit is set to 1.

bit Description
0 Disables the transmit FIFO interrupt.
1 Enables the transmit FIFO interrupt.

[bit8] FSEL: FIFO select bit
This bit selects the transmit FIFO and received FIFO.

bit Description

0 Transmit FIFO:FIFO1; Received FIFO:FIFO2

1 Transmit FIFO:FIFO2; Received FIFO:FIFO1
Notes:

—  This bitis not cleared by FIFO reset (FCRO:FCL[2:1]=11).
—  To change this bit state, first disable the FIFO operation (FCR0:FE[2:1]=00).
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6.8 FIFO Control Register 0 (FCRO)
FIFO Control Register 0 (FCRO) is used to enable/disable the FIFO operation, reset FIFO, save the read pointer, and set the
data re-transmission.

bit 15 8 7 6 5 4 3 2 1 0
Field | (FCR1) | - FLST FLD FSET FCL2 FCL1 FE2 FE1
Attribute - R R/W w R/W R/W R/W R/W

Initial value - 0 0 0 0 0 0 0

[bit7] - : Unused bit
This bit value is undefined when read.
This bit has no effect on the operation when written.

[bit6] FLST: FIFO re-transmit data lost flag bit
This bit shows that the re-transmit data of transmit FIFO has been lost.

The FLST bit is set when:
B The FLSTE bit of FIFO Control Register 1 (FCR1) is 1, the write pointer of transmit FIFO matches the read pointer which
has been saved by the FSET bit, and data is written in FIFO.

The FLST bit is cleared when:
B FIFO is reset (FCL bit is set to 1).
B The FSET bit is set to 1.

If this bit is set to 1, the data identified by the read pointer (saved by the FSET bit) is overwritten. Therefore, the FLD bit
cannot set the data re-transmission even if an error has occurred. If this bit is set to 1 and if you wish to re-transmit data, first
reset FIFO. Then, write data in FIFO again.

bit Description
0 No Data Lost has occurred.
1 Data Lost has occurred.

[bit5] FLD: FIFO pointer reload bit

This bit reloads the data, being saved in transmit FIFO by the FSET bit, to the reload pointer. This bit can be used to
re-transmit data after a communication error or others have occurred.

When the re-transmission setting has finished, this bit is set to 0.

bit Description
0 Not reloaded
1 Reloaded

Notes:

— Ifthis bitis 1, data is being reloaded in the read pointer. Therefore, data writing except for FIFO reset is disabled.

—  When FIFO is enabled or when data is being transmitted, this bit cannot be setto 1.

- After you have set the TIE and TBIE bits to O, set this bit to 1. After you have enabled transmit FIFO, set the TIE and
TBIE bits to 1.
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[bit4] FSET: FIFO pointer save bit

This bit saves the transmit FIFO read pointer.

If the read pointer is saved before transmission and if the FLST bit is 0, data can be re-transmitted even when a
communication error or others occur.

bit Description
0 Not saved
1 Saved

Note:
—  This bit can be set to 1 only when the transmit byte count (FBYTE) is O.

[bit3] FCL2: FIFO2 reset bit

This bit resets the FIFO2 value.

If this bit is set to 1, the FIFO2 internal state is initialized.

Only the FCR1:FLST2 bit is initialized, but the other bits of FCR1/FCRO registers are kept.

bit Description
i
Writing Reading
No effect on the operation. .
- 0 is always read.
FIFO2 is reset.
Notes:

—  Disable the transmission and reception first, and then reset FIFO2.
—  Set the transmit FIFO interrupt enable bit to O before the execution.
—  The valid data count of the FBYTE2 register is set to 0.

[bit2] FCL1: FIFO1 reset bit

This bit resets the FIFO1 value.

If this bit is set to 1, the FIFOL1 internal state is initialized.

Only the FCR1:FLST1 bit is initialized, but the other bits of FCR1/FCRO registers are kept.

bit Description
|
Writing Reading
No effect on the operation. .
- 0 is always read.
FIFOL is reset.
Notes:

—  Disable the transmission and reception first, and then reset FIFO1.
—  Set the transmit FIFO interrupt enable bit to 0O before the execution.
—  The valid data count of the FBYTEL register is set to 0.
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[bitl] FE2: FIFO2 operation enable bit
This bit enables or disables the FIFO2 operation.

B To use the FIFO2 operation, set this bit to 1.

B If FIFO2 is set as transmit FIFO and if data exists in FIFO2 when this bit is set to 1, the data transmission starts
immediately when the LIN interface (ver. 2.1) is enabled to transmit data (TXE=1). During this time, set both TIE and TBIE
bits to 0. Then, set this bit to 1 and set both TIE and TBIE bits to 1.

B If received FIFO is selected by the FSEL bit and if a received error has occurred, this bit is cleared to 0. This bit cannot be

set to 1 until the received error is cleared.

If FIFO2 is used as transmit FIFO, this bit must be set to 1 or 0 when the transmit buffer is empty (TDRE=1).

If FIFO2 is used as received FIFO, this bit must be set to 0 when the received buffer is empty (SSR:RDRF=0) and no valid

data exists in received FIFO (FBYTE2=0x00) after reception is disabled (SCR:RXE=0).

B If FIFO2 is used as received FIFO, this bit must be set to 1 when the received buffer is empty (SSR:RDRF=0) after
reception is disabled (SCR:RXE=0).

B The FIFO2 state is held even if the FIFO2 operation is disabled.

bit Description
0 Disables the FIFO2 operation.
1 Enables the FIFO2 operation.

[bit0] FE1: FIFOL1 operation enable bit
This bit enables or disables the FIFO1 operation.

B To use the FIFO1 operation, set this bit to 1.

B If FIFO1 is set as transmit FIFO and if data exists in FIFO1 when this bit is set to 1, the data transmission starts
immediately when the LIN interface (ver. 2.1) is enabled to transmit data (TXE=1). During this time, set both TIE and TBIE
bits to 0. Then, set this bit to 1 and set both TIE and TBIE bits to 1.

B [f received FIFO is selected by the FSEL bit and if a received error has occurred, this bit is cleared to 0. This bit cannot be
set to 1 until the received error is cleared.

B If FIFOL1 is used as transmit FIFO, this bit must be set to 1 or 0 when the transmit buffer is empty (TDRE=1).

B If FIFO1 is used as received FIFO, this bit must be set to 0 when the received buffer is empty (SSR:RDRF=0) and no valid
data exists in received FIFO (FBYTE2=0x00) after reception is disabled (SCR:RXE=0).

B If FIFOL1 is used as received FIFO, this bit must be set to 1 when the received buffer is empty (SSR:RDRF=0) after
reception is disabled (SCR:RXE=0).

B The FIFOL1 state is held even if the FIFO1 operation is disabled.

bit Description
0 Disables the FIFO1 operation.
1 Enables the FIFO1 operation.
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6.9 FIFO Byte Register (FBYTE)
The FIFO Byte Register (FBYTE) indicates the effective data count in the FIFO buffer. Also, this register can be used to
generate a received interrupt when a certain number of data sets is received in the received FIFO.

bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Field (FBYTE2) || (FBYTEL)

Attributle RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Intalvalue 0 0 0 ©O0 0 0 0O 0 o 0o o0 0 ©0 0 0 ©

The FBYTE register indicates the effective data count of FIFO. The following shows the settings of the FCR1:FSEL bit.
Table 6.9-1 Display of data count

FCR1:FSEL FIFO selection Data count display
FIFO2:Received FIFO, FIFO1:Transmit FIFO FIFO2:FBYTEZ2, FIFO1:FBYTE1
FIFO2:Transmit FIFO, FIFO1:Received FIFO FIFO2:FBYTE2, FIFO1l:FBYTE1

B The initial value of data transfer count is 0x08 for the FBYTE register.

B Set a data count to the FBYTE register of received FIFO to generate a received interrupt flag. If this transfer data count
matches the FBYTE register display, the received data full flag bit (RDRF) is set to 1.

B |f the following two conditions are satisfied and if the received idle state continues for more than 8 baud rate clocks, the
received data full flag (SSR:RDRF) is set to 1.
O The received FIFO idle detect enable bit (FRIIE) is 1.
O The number of data sets stored in the received FIFO does not reach the transfer count.

If the RDR data is read during counting of 8 clocks, this counter is reset to 0, and counting for 8 clocks is restarted. If received
FIFO is disabled, this counter is reset to 0. If data remains in received FIFO and if received FIFO is enabled, the data
counting is restarted.
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[bit15:8] FBYTEZ2: FIFO2 data count display bits

[bit7:0] FBYTEL: FIFO1 data count display bits

Writing

Sets the transfer data count.

Reading

Reads the effective count of data.

Read (Effective data count)

During transmission: The number of data sets already written in FIFO but not transmitted yet

During reception: The number of data sets received in FIFO

Write (Transfer data count)

During transmission: Set 0x00.
During reception: Set the data count to generate a received interrupt.

Table 6-3 Data Count to be Saved in FIFO

. Max. Data Count to
FIFO Capacity Max. FBYTE Count .
be Saved in FIFO
16 BYTEs 16 16
32 BYTEs 32 32
64 BYTEs 64 64
128 BYTEs 128 128
Notes:
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Set 0x00 in the FBYTE register of transmit FIFO.

Set data equal to or greater than 1 in the FBYTE register of received FIFO.
This state can be changed only after the data transmission or reception has been disabled.

A read-modify-write instruction cannot be used for this register.
Any setting exceeding the FIFO capacity is prohibited.

After setting FIFO select bit (FCR1:FSEL), set FIFO byte register (FBYTE).

FIFO select bit (FCR1:FSEL) and FIFO byte register (FBYTE) cannot be set at the same time.

In the FIFO data count display at transmit, the data count which is made by subtracting 1 from transmit data written
count is displayed. This is because data transmitted is written to be saved in transmit FIFO when the data not

CHAPTER 1-4: LIN Interface (Ver. 2.1) (LIN Communication Control Interface Ver. 2.1)

transmitted to TDR register exists. When data in TDR register is transmitted, the data not transmitted in transmit FIFO is
transferred to TDR register.

In the FIFO data count display at reception, the count of data which is received but not read is displayed. The data

under receiving at TDR register is no included.
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This chapter explains the I12C function supported in operation mode 4 of the
multifunction serial interface.

1. Overview of I2C Interface (12°C Communications Control Interface)
2. I2C Interface Operation

3. Dedicated Baud Rate Generator

4. 12C Communication Operation Flowchart Examples

5. I2C Interface Registers
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1. Overview of I2C Interface (I2°C Communications Control Interface)

The 12C interface (1°C communications control interface) supports the I2C bus and operates as a master/slave device on the
12C bus. It also has transmit/received FIFO (up to 128 bytes each)*1 installed.

Functions of I°C Interface (I1)C communications Control Interface)

Function
- Full duplex double buffer (when FIFO is not used)
1 Data buffer ) ) )
- Transmit/received FIFO (max 128 bytes each) * (when FIFO is used)
o Removes noise from 2 clocks to 32 clocks in the bus clock for serial clock/serial
2 Serial input )
data input.
3 Transfer mode Synchronous
- A dedicated baud rate generator (constructed with a 15-bit reload
counter)
4 Baud rate . .
- The external clock can be adjusted with the reload counter.
- Supports Standard-mode/Fast-mode/ Fast-mode Plus*2
Data length 8 bits
Signaling system NRZ (Non Return to Zero)

- Received interrupt

- Transmit interrupt

7 Interrupt request - Request of status interrupt/interrupt to ICU

- Transmit FIFO interrupt (when transmit FIFO is empty)

- DMA(Transmit/Received) transferring support function is available.

- Master/slave transmission and reception functions

- Arbitration function

- Clock synchronization function

- Transmission direction detection function

8 rc - Function to generate and detect iteration start condition
- Bus error detection function

- General call addressing function

- 7-bit addressing as master/slave

- Generation of interrupt enabled during transmission or a bus error

- The 10-bit addressing function can be programmatically enabled.

- Transmit/received FIFO installed (maximum capacity: 128 bytes for
transmit FIFO, 128 bytes for received FIFO) *1

9 FIFO - Transmit FIFO or received FIFO can be selected.

- Transmit data can be resent.

- Received FIFO interrupt timing can be changed via software.

- FIFO resetting is supported independently.

*1: The FIFO capacity size varies depending on the product type.

*2: For Fast-mode Plus operation, the dedicated 1/O settings are required. For details, see Chapter I/O Port.
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2.
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I2C Interface Operation

2.1 I’C Interface Interrupt
I2C interface interrupt request is generated due to the following factors.

B After transmission/reception of the first byte and after data transmission/reception is completed
B Stop condition
B |teration start condition

B FIFO transmit data request

B FIFO received data completed

I2C Interface Interrupt

Table 2-1 shows the interrupt control bits and interrupt factors for the 12C interface.

Table 2-1 Interrupt Control Bits and Interrupt Factors for the I2C Interface

Interrupt
Type

Interrupt
Request
Flag Bit

Flag
Register

Interrupt Factor

Interrupt
Factor Enable
Bit

Operation to Clear Interrupt Request Flag

Status

INT

IBCR

The first byte has been
transmitted/received*1

(except for master operation when
SSR:DMA=1)

Data has been
transmitted/received*1
(When SSR:DMA=0)

Bus Error detection (EIBCR:BCE=0)

Detection of arbitration lost

Detection of reserved address

Reception of NACK

Received FIFO being full during
reception as a slave
(When SSR:DMA=0)

IBCRIINTE

Setting the interrupt flag bit (IBCR:INT) to O

Setting IBCR:INT to O after reading received data
until received FIFO is emptied

SPC

RSC

IBSR

Stop condition

Detection of iteration start

IBCR:CNDE

Setting SPCto 0

Setting RSC to 0

Reception

RDRF

SSR

Reception of reserved address

Completion of data reception

Reception of a data volume
matching the value set for FBYTE.

Detection of reception idling when
FRIE=1

ORE

SSR

Overrun error

SMR:RIE

Reading from the received data register (RDR)

Reading from the Received Data Register (RDR)
until received FIFO is emptied

Setting the reception error flag bit (SSR:REC) to 1
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Interrupt Interrupt
Interrupt Flag .
Request . Interrupt Factor Factor Enable | Operation to Clear Interrupt Request Flag
Type . Register .
Flag Bit Bit
The Transmit Data Register is Writing to the Transmit Data Register (TDR) or
empty. setting the transmit FIFO operation enable bit to 1
TDRE SSR ) ) SMR:TIE when the transmit FIFO operation enable bit is set
Setting the transmit buffer empty flag ) . .
. to 0 and valid data are present in transmit FIFO
set bit (SSR:TSET) to 1 o
(re-transmitting data) *2
Transmissio . . The FIFO transmit data request bit is set to 0 or
FDRQ FCR1 |Transmit FIFO is empty. FCR1:FTIE . .
n transmit FIFO is full.
No transmission operation Writing to the Transmit Data Register (TDR) or
TBI setting the transmit FIFO operation enable bit to 1
(SSR: SSR  |Setting the transmit buffer empty flag|SCR:TBIE when the transmit FIFO operation enable bit is set
DMA=1) set bit (SSR:TSET) to 1 to 0 and valid data are present in transmit FIFO

(re-transmitting data) *3

*1: If normal data can be transmitted/received and SSR:TDRE is 0, no interrupt is generated. This to support DMA
transfers.
To generate the IBCR:INT bit at a time of data transmission/reception, the SSR:TDRE bit needs to be setto 1
before the IBCR:INT bit is set.

*2: Be sure to check that the SSR:TDRE bit is set to 0 and then set the SMR:TIE bit to 1.

*3: Be sure to check that the SSR:TBI bit is set to 0 and then set the SSR:TBIE bit to 1.

242
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2.2 I’C bus Operation

The 12C interface performs communications using two two-way bus lines, a serial data line (SDA) and a serial clock line
(SCL).

I2C bus start condition

The following shows the 12C bus start condition.
Figure 2-1 Start Condition

SDA \

SCL \

Start condition

I2C Bus Stop Condition
The following shows the 12C bus stop condition.

Figure 2-2 Stop Condition

SDA /

SCL /

Stop condition

I2C Bus Iteration Start Condition
The following shows the 12C bus iteration start condition.

Figure 2-3 Iteration Start Condition

SDA / \
SCL / \ / \

ACK

Iteration start condition ACK: Acknowledge
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2.3 Master Mode

Master mode generates the start condition on the 12C bus and outputs clocks to the 12C bus. When the MSS bit in the IBCR
register is set to 1 while the I2C bus is in idle state (SCL=HIGH, SDA=HIGH), master mode is activated, causing the ACT bit
in the IBCR register to be set to 1.

Generating Start Condition
The start condition is generated under the following condition.
O When SDA=H, SCL=H, ISMK:EN=1 and IBSR:BB=0, the IBCR:MSS bit is setto 1.

Outputting the start condition to the 12C bus causes the IBCR:ACT bit to be set to 1. After that, when the start condition is
received, the IBSR:BB bit is set to 1 to indicate that the I12C bus is carrying out communications. (See Figure 2-4.)

Figure 2-4 Start Condition Output and Relationships with Respective Bits
Start condition

SDA \ / A6 X A5
Y e

BB bit
MSS bit \
Setto "1".
ACT bit
TRX bit
FBT bit
TDRE bit

A6: Address bit 6
A5: Address bit 5

Note:
— In operation mode 4 (I1>°C mode), the bus clock is used at a frequency no lower than 8 MHz.
Also note that setting of a baud rate generator that exceeds 400 kbps is prohibited.
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Slave Address Output
Outputting the start condition causes data that are set in the TDR register to be output as the address, starting with bit 7.

When FIFO is enabled, the data in the TDR register that is written the earliest is output. bit 0 is used as the data direction bit
(R/W). When the data direction bit (R/W) is 0, it indicates that data flow in the write direction (from the master to a slave). Set
the address to the TDR register before setting the IBCR:MSS bit to 1 or IBCR:SCC bitto 1.

For the output timing of the address and the data direction, see Figure 2-5, Figure 2-6.
Figure 2-5 Address and Data Direction (When FIFO is Disabled)

1 2 3 4 5 6 7 8
AR AR AR AR AR AR AUy AurA

SDA \ / A6(D7) XA5(D6)X A4(D5)XA3(D4)XA2(D3)X Al(DZ)X AO(Dl)XR/W(DOX: cK :X:

BB bit

MSS bit (*1)

TDRE bit

INT bit

<Detection of reserved address>

RSA bit

RDRF bit

INT bit A

SCL is kept "L" when INT bit is "1".
A6 to AO: Address hits

D7 to DO: TDR register bits

R/W: Data direction (write direction if "L")

ACK: Acknowledge (Acknowledged if "L" and output in Slave mode)

*1 : An address must be set in the TDR register before setting the MSS bit to "1".
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Figure 2-6 Address and Data Direction (When Transmit/received FIFO is Enabled)

1 2 3 4 5 6 7 8
AR AN AN AR AN AN ARV AWV A
SDA \ /A6(D7)XA5(D6)XA4(D5)XA3(D4)XA2(D3)XA1(D2)XAO(D1)XR/W(D0)X: CEK: :X:

BBbit

MSS bit(*1)

INT bit(*2)

<Detection of reserved address>

RSA bit
RDRF bit
INT bit .
vV’
A6 to AO: Address bits SCL is kept "L" when INT bit is "1".

D7 to DO: TDR register bits

R/W: Data direction (write direction if L")

ACK: Acknowledge (Acknowledged if "L" and output in Slave mode)

*1 : An address must be set in the TDR register before setting the MSS bit to “1”.

*2 :If acknowledged with "L" and if R/W="L", the Send FIFO buffer has data. If acknowledged with "L"
and if R/W="H", the Receive FIFO buffer has no data, the INT bit is not set to "1".
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CHAPTER 1-5: 12C Interface (I2C Communications Control Interface)

Acknowledgement Reception by First Byte Transmission
When the data direction bit (R/W) is output, the 1°C interface receives acknowledgement from a slave. The following lists

operations to enable/disable FIFO.

Table 2-2 Operations after Acknowledgement Reception with DMA Mode Disabled (IBSR:RSA=0, SSR:DMA=0)

. . Data Operation Immediately after Receiving Acknowledgement
. . Transmit [Received| . .
Transmit |[Received Direction
FIFO FIFO .
FIFO FIFO Bit Acknowledgement: ACK Acknowledgement: NACK
Status Status
(RIW)
If the SSR:TDRE bit is set to 1, the interface sets the .
) ) 0 ) i o Sets the IBCR:INT bit to 1
Disable | Disable - - IBCR:INT bit to 1 and waits. If the SSR:TDRE bit is set | . .
. i . with the walit state.
1 to 0, IBCR:INT bit stays O without the wait state.
Without If the SSR:TDRE bhit is set to 1, the interface sets the
ithou
dat 0 IBCR:INT bit to 1 and waits. If the SSR:TDRE bit is set
ata
to 0, IBCR:INT bit stays O without the wait state.
. - - - - Sets the IBCR:INT bitto 1
Disable | Enable - With data Sets the IBCR:INT bit to 1 with the wait state. . .
— - with the wait state.
If the SSR:TDRE bit is set to 1, the interface sets the
- 1 IBCR:INT bit to 1 and waits. If the SSR:TDRE bit is set
to 0, IBCR:INT bit stays 0 without the wait state.
If the SSR:TDRE bit is set to 1, the interface sets the )
. 0 . . n Sets the IBCR:INT bit to 1
Enable | Disable - - IBCR:INT bit to 1 and waits. If the SSR:TDRE bitis set | . .
. . . with the walit state.
1 to 0, IBCR:INT bit stays 0 without the wait state.
Without If the SSR:TDRE bit is set to 1, the interface sets the
ithou
dat IBCR:INT bit to 1 and waits. If the SSR:TDRE bit is set
ata
0 to 0, IBCR:INT bit stays 0 without the wait state.
- - - - Sets the IBCR:INT bit to 1
Enable | Enable - With data Sets the IBCR:INT bit to 1 with the wait state. . .
with the wait state.
If the SSR:TDRE bit is set to 1, the interface sets the
- 1 IBCR:INT bit to 1 and waits. If the SSR:TDRE bit is set
to 0, IBCR:INT bit stays O without the wait state.
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Table 2-3 Operations after Acknowledgement Reception with DMA Mode Enabled (IBSR:RSA=0, SSR:DMA=1)

. . Transmit |Received Data Operation Immediately after Receiving Acknowledgement
Transmit [Received ) )
FIFO FIFO | Direction
FIFO FIFO . Acknowledgement: ACK Acknowledgement: NACK
Status | Status | Bit (R/W)
0 If the SSR:TDRE bit is set to 1, the interface sets the . .
. . . . o Sets the IBCR:INT bit to 1 with
Disable | Disable - - SSR:TBI bit to 1 and waits. If the SSR:TDRE bit is set .
. . . the wait state.
1 to 0, SSR:TBI bit stays 0 without the wait state.
Without If the SSR:TDRE bit is set to 1, the interface sets the
ithou
dat 0 SSR:TBI bit to 1 and waits. If the SSR:TDRE bit is set
ata
to 0, SSR:TBI bit stays 0 without the wait state. ) )
Disabl Enabl Sets the IBCR:INT bit to 1 with
isable nable - ; . ; ; ;
With data Sets the IBCR:INT bit to 1 with the wait state. the wait state.
If the SSR:TDRE bit is set to 1, the interface sets the
- 1 SSR:TBI bit to 1 and waits. If the SSR:TDRE bit is set
to 0, SSR:TBI bit stays 0 without the wait state.
If the SSR:TDRE bit is set to 1, the interface sets the ) )
) 0 . . . Sets the IBCR:INT bit to 1 with
Enable | Disable - - SSR:TBI bit to 1 and waits. If the SSR:TDRE bit is set )
) ) . the wait state.
1 to 0, SSR:TBI bit stays 0 without the wait state.
Without If the SSR:TDRE bhit is set to 1, the interface sets the
ithou
dat SSR:TBI bit to 1 and waits. If the SSR:TDRE bit is set
ata
0 to 0, SSR:TBI bit stays 0 without the wait state.
- - - - Sets the IBCR:INT bit to 1 with
Enable | Enable - With data Sets the IBCR:INT bit to 1 with the wait state. .
the wait state.
If the SSR:TDRE bit is set to 1, the interface sets the
- 1 SSR:TBI bit to 1 and waits. If the SSR:TDRE bit is set
to 0, SSR:TBI bit stays 0 without the wait state.

B When DMA mode is disabled (SSR:DMA=0)

To disable FIFO (To disable both transmit FIFO and received FIFO)

O When the IBSR:RSA bit is set to 0, after receiving acknowledgement, the interface sets the interrupt flag (IBCR:INT) to 1
if the SSR:TDRE bit is set to 1 and waits while maintaining SCL at LOW. Writing 0 to the interrupt flag sets the interrupt
flag to 0, which releases wait. If the SSR:TDRE bit is set to 0, the interface generates a clock on SCL upon reception of

ACK without setting the interrupt flag to 1.

When the IBSR:RSA bit is set to 1, after receiving a reserved address (before acknowledgement), the interface sets the

interrupt flag (IBCR:INT) to 1 and waits while maintaining SCL at LOW. After reading from the RDR register, setting the
IBCR:ACKE bit and transmit data and writing 0 to the interrupt flag causes the interrupt flag to be set to 0, which

releases wait.

The received acknowledgement is set to the IBSR:RACK bit. The interface checks the IBSR:RACK bit during wait, and,

in case of NACK, it writes 0 to the IBCR:MSS bit or 1 to the IBCR:SCC bit to generate a stop condition or iteration start
condition. At this time, the IBCR:INT bit is cleared to 0 automatically.
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To enable FIFO
O Before setting 1 to the IBCR:MSS bit, it is needed to set the following for FIFO.

* When transmitting to a slave (the data direction bit=0), data including the slave address must be set to transmit
FIFO.

* When receiving data from a slave (the data direction bit=1), the FIFO Byte Register must be set with the number of
data sets to be received, and dummy data must be written to the Transmit Data Register for the slave address, data
direction bit and the data volume for the number of bytes to be received.

O When the IBSR:RSA bit is set to 0, after receiving acknowledgement and if it is ACK, the interface transmits/receives
data according to the data direction bit without setting the interrupt flag (IBCR:INT) to 1 (with no wait occurring). If it is
NACK, the interface sets the interrupt flag (IBCR:INT) to 1, and waits while maintaining SCL at LOW.

O The received acknowledgement is stored in the IBSR:RACK bit. The interface checks the IBSR:RACK bit during wait,
and, in case of NACK, it writes 0 to the IBCR:MSS bit or 1 to the IBCR:SCC bit to generate a stop condition or iteration
start condition. At this time, the IBCR:INT bit is cleared to 0 automatically.

B \When DMA mode is enabled (SSR:DMA=1)
To disable FIFO (To disable both transmit FIFO and received FIFO)

O When the IBSR:RSA bit is set to 0, after receiving acknowledgement, the interface sets the transmit bus idle flag
(SSR:TBI) to 1 if the SSR:TDRE bit is set to 1 and waits while maintaining SCL at LOW. Writing data to be transmitted to
the TDR register causes the transmit bus idle flag to be set to 0, which releases wait. If the SSR:TDRE bit is set to 0, the
interface generates a clock on SCL upon reception of ACK without setting the transmit bus idle flag (SSR:TBI) to 1.

O When the IBSR:RSA bit is set to 1, after receiving a reserved address (before acknowledgement), the interface sets the
interrupt flag (IBCR:INT) to 1 and waits while maintaining SCL at LOW. After reading from the RDR register, setting the
IBCR:ACKE bit and transmit data and writing 0 to the interrupt flag causes the interrupt flag to be set to 0, which
releases wait.

O The received acknowledgement is set to the IBSR:RACK bit. The interface checks the IBSR:RACK bit during wait, and,
in case of NACK, it writes 0 to the IBCR:MSS bit or 1 to the IBCR:SCC bit to generate a stop condition or iteration start
condition. At this time, the IBCR:INT bit is cleared to 0 automatically.

To enable FIFO
O Before setting 1 to the IBCR:MSS bit, it is needed to set the following for FIFO.

* When transmitting to a slave (the data direction bit=0), data including the slave address must be set to transmit
FIFO.

* When receiving data from a slave (the data direction bit=1), the FIFO Byte Register must be set with the number of
data sets to be received, and dummy data must be written to the Transmit Data Register for the slave address, data
direction bit and the data volume for the number of bytes to be received.

O When the IBSR:RSA bit is set to 0, after receiving acknowledgement and if it is ACK, the interface transmits/receives
data according to the data direction bit without setting the interrupt flag (IBCR:INT) to 1 (with no wait occurring). If it is
NACK, the interface sets the interrupt flag (IBCR:INT) to 1, and waits while maintaining SCL at LOW.

O The received acknowledgement is stored in the IBSR:RACK bit. The interface checks the IBSR:RACK bit during wait,
and, in case of NACK, it writes 0 to the IBCR:MSS bit or 1 to the IBCR:SCC bit to generate a stop condition or iteration
start condition. At this time, the IBCR:INT bit is cleared to 0 automatically.

FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C 249



CHAPTER 1-5: 12C Interface (I2C Communications Control Interface)

o CYPRESS

~amp” EMBEDDED IN TOMORROW™

Figure 2-7 Acknowledgement (When FIFO is Disabled, IBSR:RSA=0, and ACK Response is Selected)

SCL

SDA

INT bit

RACK bit

FBT bit

TDRE bit

Set to "L" by INT bit.

TR

'¢— Data

[\

X RW \ ACK

/

Set to 0\

h

Write in the TDR register.

The following describes the wait timing for an address.

O After receiving acknowledgment if the IBSR:RSA bit is 0.
O Before receiving acknowledgment if the IBSR:RSA bit is 1.

Not dependent on the setting of the IBCR:WSEL.

Figure 2-8 Acknowledgement (When FIFO is Disabled, IBSR:RSA=0, and NACK Response is Selected)
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SCL

SDA

INT bit

MSS bit

RACK bit

FBT bit

Set to "L" by INT bit.

/

Set to "0". \

(i

Stop condition
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Figure 2-9 Acknowledgement (When FIFO is Disabled, IBSR:RSA=1, and ACK Response is Selected)

CHAPTER 1-5: 12C Interface (I2C Communications Control Interface)

SCL

SDA

INT bit

RACK bit

FBT bit

RSA bit

RDRF bit

[\

Set to "L" by INT bit.

i

<4— Data

\

RW

/

\

[\

ACK

\

Set to "0".

/

The RDR register is read.
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Figure 2-10 Acknowledgement (When FIFO is Disabled, IBSR:RSA=1, and NACK Response is Selected)
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SCL

SDA

INT bit

MSS bit

RACK bit

FBT bit

RSA bit

RDRF bit

Setto "L" by INT bit.

\

RW

/ NACK \ /
Set to "0".
\ Stop condition

— The RDR register is read.
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Figure 2-11 Acknowledgement (When FIFO is Enabled, Transmit FIFO has Data, Received FIFO has No Data,
IBSR:RSA=0, and ACK Response is Selected)

SCL / \ / \ \
SDA X RW \ ACK / \ X

INT bit
RACK bit
FBT bit

TDRE bit

<4— Data

Data Transmission by the Master
When the data direction bit (R/W) is set to 0, data are transmitted from the master. The slave gives response either with ACK

or NACK for each one-byte transmission.
The following shows the wait timing by IBCR:WSEL setting.

Table 2-4 IBCR:WSEL Bit Status for Master Data Transmission When DMA Mode is Disabled (SSR:DMA=0)

WSEL bit

Operation

<When FIFO is not used>

After the second byte, after acknowledgement with 1 set for the SSR:TDRE bit or upon detection of arbitration lost, the
interrupt flag (IBCR:INT) is set to 1 and SCL to LOW for the wait state.

<When FIFO is used>

Starts the wait state by setting the interrupt flag (IBCR:INT) to 1 after acknowledgement upon detection of arbitration lost or
when no more valid data remain in the Transmit Data Register (SSR:TDRE=1).

<When FIFO is not used>

After the second byte, after the master has transmitted one-byte data with 1 set for the SSR:TDRE bit or upon detection of
arbitration lost, the interrupt flag (IBCR:INT) is set to 1 and SCL to LOW for the wait state.

<When FIFO is used>

Starts the wait state by setting the interrupt flag (IBCR:INT) to 1 when data transmission has taken place after detection of
arbitration lost or no more valid data in the Transmit Data Register (SSR:TDRE=1).
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Table 2-5 IBCR:WSEL Bit Status for Master Data Transmission When DMA Mode is Enabled (SSR:DMA=1)

WSEL bit Operation

<When FIFO is not used>

After the second byte, after acknowledgement with 1 set for the SSR:TDRE bit, the transmit bus idle flag (SSR:TBI) is set to
1 and SCL to LOW for the wait state.

<When FIFO is used>

Starts the wait state by setting the transmit bus idle flag (SSR:TBI) to 1 after acknowledgment when no more valid data
remain in the Transmit Data Register (SSR:TDRE=1).

<When FIFO is not used>

After the second byte, after the master has transmitted one-byte data with 1 set for the SSR: TDRE bit, the transmit bus idle
flag (SSR:TBI) is set to 1 and SCL to LOW for the wait state.

<When FIFO is used>

Starts the wait state by setting the transmit bus idle flag (SSR:TBI) to 1 after the master has transmitted one-byte data when

no more valid data remain in the Transmit Data Register (SSR:TDRE=1).

In the following case, however, the interrupt flag (IBCR:INT) is set after acknowledgement, regardless of the IBCR:WSEL
setting:

m}

If NACK is received when the stop condition (IBCR:MSS=0, ACT=1) is not set.

The following shows an example procedure for transmitting data to a slave.

B Data Transmission to slave when DMA mode is disabled (SSR:DMA=0)
1. To transmit data to an address other than the reserved:

O When transmit FIFO is disabled:

pwbdPR

Sets Slave Address (including the data direction bit) to the TDR register and writes 1 to the IBCR:MSS bit.

ACK is received after the Slave Address setting is transmitted, and then the interrupt flag (IBCR:INT) is set to 1.
Writes transmit data to the TDR register.

Writes O to the interrupt flag (IBCR:INT) upon updating of the IBCR:WSEL bit and releases the wait state of the 12C
bus.

After transmitting one byte, the interrupt flag is set to 1, which puts the 12C bus in the wait state after receiving
acknowledgment in case of IBCR:WSEL=0, and directly after transmitting one byte in case IBCR:WSEL=1. Repeats
steps 3 to 5 until all the specified number of data sets have been transmitted. However, if NACK is received after the
wait state is released when IBCR:WSEL=1, another interrupt is generated after receiving acknowledgement and the
bus enters the wait state.

Sets the IBCR:MSS bit to 0 or sets the IBCR:SCC bit to 1 to generate the stop condition or iteration start condition.

O When transmit FIFO is enabled:

254

Writes Slave Address (including the data direction bit) and transmit data to the TDR register.

Writes 1 to the IBCR:MSS bit upon setting of the IBCR:WSEL bit.

If NACK is received during transmission, sets the interrupt flag (IBCR:INT) to 1 immediately after that to put the 12C
bus in the wait state. If ACK responses are received for all bytes, sets the interrupt flag to 1 according to the setting of
IBCR:WSEL after the last byte is transmitted to put the I12C bus in the wait state.

Sets the IBCR:MSS bit to 0 or sets the IBCR:SCC bit to 1 to generate the stop condition or iteration start condition.
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2. To transmit data to a reserved address:
O When transmit FIFO is disabled:

Sets the reserved address for Slave Address in the TDR register and writes 1 to the IBCR:MSS bit.

After the Slave Address setting is transmitted, the interrupt flag (IBCR:INT) is set to 1.

Reads from the RDR register and confirms the reserved address.(*1)

Writes transmit data to the TDR register.

Writes 0 to the interrupt flag (IBCR:INT) upon updating of the IBCR:WSEL bit and releases the wait state of the 12C

bus.

6. After transmitting one byte, the interrupt flag is set to 1, which puts the 12C bus in the wait state after receiving
acknowledgment in case of IBCR:WSEL=0, and directly after transmitting one byte in case IBCR:WSEL=1. Repeats
steps 4 to 6 until all the specified number of data sets have been transmitted. However, if NACK is received after the
wait state is released when IBCR:WSEL=1, another interrupt is generated after receiving acknowledgement and the
bus enters the wait state.

7. Sets the IBCR:MSS bit to 0 or sets the IBCR:SCC bit to 1 to generate the stop condition or iteration start condition.

a s wDhPRE

O When transmit FIFO is enabled:

Sets the reserved address for Slave Address in the TDR register and writes 1 to the IBCR:MSS bit.

After the Slave Address setting is transmitted, the interrupt flag (IBCR:INT) is set to 1.

Reads from the RDR register and confirms the reserved address.(*1)

Writes all transmit data to the TDR register (until transmit FIFO becomes full if it is the case).

If NACK is received during transmission, the interrupt flag (IBCR:INT) is set to 1 immediately after that to put the 12C
bus in the wait state.

If ACK responses are received for all bytes, sets the interrupt flag to 1 according to the setting of IBCR:WSEL after the
last byte is transmitted to put the 12C bus in the wait state.

6. Sets the IBCR:MSS bit to 0 or sets the IBCR:SCC bit to 1 to generate the stop condition or iteration start condition.

SIS

*1: When any one of the following conditions is met, the IBCR:ACKE and IBCR:WSEL bits must be set to 1 and to
check which is needed for the next data, operation as a master or operation as a slave.

* Multi-master mode is activated and the reserved address is a general call.
» Arbitration lost has been detected and the interface may operate as a slave.
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B Data Transmission to slave when DMA mode is enabled (SSR:DMA=1)
1. To transmit data to an address other than the reserved:

O When transmit FIFO is disabled:

1.
2.

7.

Sets Slave Address (including the data direction bit) to the TDR register and writes 1 to the IBCR:MSS bit.

ACK is received after the Slave Address setting is transmitted, and then the transmit bus idle flag (SSR:TBI) is set to
1.

Writes data to be transmitted to the TDR register to release the wait state of the 12C bus.

After transmitting one byte, sets the transmit bus idle flag (SSR:TBI) to 1 to put the 12C bus in the wait state after
receiving acknowledgment in case of IBCR:WSEL=0, and directly after transmitting one byte in case of
IBCR:WSEL=1.

Writes data to be transmitted to the TDR register to release the wait state of the 12C bus.

After transmitting one byte, sets the transmit bus idle flag to 1 to put the 12C bus in the wait state after receiving
acknowledgment in case of IBCR:WSEL=0, and directly after transmitting one byte in case of IBCR:WSEL=1.
Repeats steps 5 to 6 until all the specified number of data sets have been transmitted. However, if NACK is received
after the wait state is released when IBCR:WSEL=1, the interrupt flag (IBCR:INT) is set to 1 after receiving
acknowledgement and the bus enters the wait state.

Sets the IBCR:MSS bit to 0 or sets the IBCR:SCC bit to 1*2 to generate the stop condition or iteration start condition.

O When transmit FIFO is enabled:

Writes Slave Address (including the data direction bit) and transmit data to the TDR register.

Writes 1 to the IBCR:MSS bit upon setting of the IBCR:WSEL bit.

If NACK is received during transmission, sets the interrupt flag (IBCR:INT) to 1 immediately after that to put the 12C
bus in the wait state. If ACK responses are received for all bytes, sets the transmit bus idle flag (SSR:TBI) to 1
according to the setting of IBCR:WSEL after the last byte is transmitted to put the 12C bus in the wait state.

Sets the IBCR:MSS bit to 0 or sets the IBCR:SCC bit to 1*2 to generate the stop condition or iteration start condition.

2. To transmit data to a reserved address:
O When transmit FIFO is disabled:

a s> wbhPRE

256

Sets the reserved address for Slave Address in the TDR register and writes 1 to the IBCR:MSS bit.

After the Slave Address setting is transmitted, the interrupt flag (IBCR:INT) is set to 1.

Reads from the RDR register and confirms the reserved address.(*1)

Writes transmit data to the TDR register.

Writes 0 to the interrupt flag (IBCR:INT) upon updating of the IBCR:WSEL bit and releases the wait state of the [12C
bus.

After transmitting one byte, the interrupt flag is set to 1, which puts the 12C bus in the wait state after receiving
acknowledgment in case of IBCR:WSEL=0, and directly after transmitting one byte in case IBCR:WSEL=1.

Writes data to be transmitted to the TDR register to release the wait state of the 12C bus.

After transmitting one byte, sets the transmit bus idle flag to 1 to put the I12C bus in the wait state after receiving
acknowledgment in case of IBCR:WSEL=0, and directly after transmitting one byte in case of IBCR:WSEL=1.
Repeats steps 7 to 8 until all the specified number of data sets have been transmitted. However, if NACK is received
after the wait state is released when IBCR:WSEL=1, the interrupt flag (IBCR:INT) is set to 1 after receiving
acknowledgement and the bus enters the wait state.

Sets the IBCR:MSS bit to 0 or sets the IBCR:SCC bit to 1*2 to generate the stop condition or iteration start condition.
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O When transmit FIFO is enabled:

a s> wbhPRE

Sets the reserved address for Slave Address in the TDR register and writes 1 to the IBCR:MSS bit.

After the Slave Address setting is transmitted, the interrupt flag (IBCR:INT) is set to 1.

Reads from the RDR register and confirms the reserved address.(*1)

Writes all transmit data to the TDR register (until transmit FIFO becomes full if it is the case).

If NACK is received during transmission, sets the interrupt flag (IBCR:INT) to 1 immediately after that to put the 12C
bus in the wait state. If ACK responses are received for all bytes, sets the interrupt flag (IBCR:INT) to 1 according to
the setting of IBCR:WSEL after the last byte is transmitted, which puts the 12C bus in the wait state.

Sets the IBCR:MSS bit to 0 or sets the IBCR:SCC bit to 1(*2) to generate the stop condition or iteration start condition.

*1: When any one of the following conditions is met, the IBCR:ACKE and IBCR:WSEL bits must be setto 1 and to
check which is needed for the next data, operation as a master or operation as a slave.

* Multi-master mode is activated and the reserved address is a general call.
» Arbitration lost has been detected and the interface may operate as a slave.

*2: When DMA is enabled (SSR:DMA=1), the SSR:TBI bitis 1 and the IBCR:INT bit is 0, follow the steps below to
issue the iteration start condition.

Set the IBCR:INT bit to 1.

Check that the IBCR:INT hit is set to 1.
Write the slave address in the TDR.
Set the IBCR:SCC bitto 1.

HpowbdPE

Notes:

When seven-bit slave address detection is enabled (ISBA:SAEN=1), it is prohibited to specify a seven-bit slave address
in master mode.

To change the IBCR register during transmission/reception, do so when the interrupt flag (IBCR:INT) is 1.

If the IBCR:WSEL bit is changed, the update is used as a condition for generating the transmit bus idle flag (SSR:TBI)
when the interrupt flag (IBCR:INT) is enabled and DMA mode is also enabled (SSR:DMA=1) for the next data.

The master operates as follows when transmit data are written to the TDR register during data transmission with
SSR:TDRE set to 1 and an ACK response is detected.

When DMA mode is disabled (SSR:DMA=0), the interrupt flag (IBCR:INT) does not attain 1, and the written data are
transmitted.

When DMA mode is enabled (SSR:DMA=1), the transmit bus idle flag (SSR:TBI) does not attain 1, and the written data
are transmitted.

The master operates as follows when transmit data are written to the TDR register during data reception with
SSR:TDRE set to 1 and an ACK response is detected.

When DMA mode is disabled (SSR:DMA=0), the interrupt flag (IBCR:INT) does not attain 1 and only SSR:RDRF attains
1 (when received FIFO is enabled, and the number of bytes set in the FBYTE register have been received).

When DMA mode is enabled (SSR:DMA=1), the transmit bus idle flag (SSR:TBI) does not attain 1 and only SSR:RDRF
attains 1 (when received FIFO is enabled, and the number of bytes set in the FBYTE register have been received).
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Figure 2-12 Master Mode Transmit Interrupt 1 by Disabling FIFO (SSR:DMA=0, IBCR:WSEL=0, IBSR:RSA=0)

S Slave Address | W |ACK Data ACK Data ACK| Data ACK| P or Sr
A A A AA
0] @ @ ®

S: Start condition
W: Data direction bit (write direction)
P: Stop condition
Sr: Iteration start condition
A :Interrupt by INTE=1
A : Interrupt by CNDE=1
@ An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
- The send data is written in the TDR register, and the INT bit is set to O.
@ An interrupt occurs when a single byte is sent and an ACK is received.
- The send data is written in the TDR register, and the INT bit is set to 0.
® An interrupt occurs when a single byte is sent and an ACK is received.

- MSS bhit is set to 0, or MSS and SCC bits are set to 1.
*) If an interrupt flag (INT) is set, the TDRE bit is set to 1.
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Figure 2-13 Master Mode Transmit Interrupt 2 by Disabling FIFO (SSR:DMA=0, IBCR:WSEL=1, IBSR:RSA=0, ACK

Response)
S Slave Address \ W ‘ACK Data ACK Data ACK| Data ACK| P or Sr
A A A A A
@ @ @ ®

S: Start condition

W: Data direction bit (write direction)
P: Stop condition

Sr: lteration start condition

A Interrupt by INTE=1

A Interrupt by CNDE=1

- The send data is written in the TDR register, and the INT bit is set to 0.
@ An interrupt occurs when a single byte is sent.

- The send data is written in the TDR register, and the INT bit is set to 0.
® An interrupt occurs when a single byte is sent.

- MSS bit is set to 0, or MSS and SCC bits are set to 1.
*) If an interrupt flag (INT) is set, the TDRE bit is set to 1.

® An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
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Figure 2-14 Master Mode Transmit Interrupt 3 by Disabling FIFO (SSR:DMA=0, IBCR:WSEL=1, IBSR:RSA=0, NACK
Response)

S Slave Address | W |ACK Data ACK Data ACK| Data NACK| P or Sr
A A A A AA
@ @ ©)

S: Start condition
W: Data direction bit (write direction)
P: Stop condition
Sr: Iteration start condition
A Interrupt by INTE=1
A Interrupt by CNDE=1
® An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
- The send data is written in the TDR register, and the INT bit is set to 0.
@ An interrupt occurs when a single byte is sent.
- The send data is written in the TDR register, and the INT bit is set to 0.
® An interrupt occurs when a single byte is sent.

- MSS bit is set to 0, or MSS and SCC bits are set to 1.
*) If an interrupt flag (INT) is set, the TDRE bit is set to 1.
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Figure 2-15 Master Mode Transmit Interrupt 4 by Disabling FIFO (SSR:DMA=0, IBCR:WSEL=1, IBSR:RSA=0, NACK
Response during Transmission)

S Slave Address | W |ACK Data ACK Data ACK| Data NAck| P or Sr
A A A A AA
® @ @ @ O

S: Start condition
W: Data direction bit (write direction)
P: Stop condition
Sr: lteration start condition
A Interrupt by INTE=1
A: Interrupt by CNDE=1
® An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
- The send data is written in the TDR register, and the INT bit is set to 0.
@ An interrupt occurs when a single byte is sent.
- The send data is written in the TDR register, and the INT bit is set to 0.
® An interrupt occurs when a NACK is responded.

- MSS bit is set to 0, or MSS and SCC bits are set to 1.
*) If an interrupt flag (INT) is set, the TDRE bit is set to 1.
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Figure 2-16 Master Mode Transmit Interrupt 5 by Disabling FIFO (SSR:DMA=0, IBCR:WSEL=1 -> 0, IBSR:RSA=0,
ACK Response)

S Slave Address | W |ACK Data ACK Data ACK| Data ACK| P or Sr
A A A A A
® @ @ ®

S: Start condition

W: Data direction bit (write direction)

P: Stop condition

Sr: Iteration start condition

A Interrupt by INTE=1

A Interrupt by CNDE=1

® An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
- The send data is written in the send buffer, and the INT bit is set to O.

@ An interrupt occurs when a single byte is sent.
- The send data is written in the send buffer, and both WSEL and INT bits are set to 0.

® An interrupt occurs when a single byte is sent.

- MSS bit is set to 0, or MSS and SCC bits are set to 1.
*) If an interrupt flag (INT) is set, the TDRE bit is set to 1.
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Figure 2-17 Master Mode Transmit Interrupt 6 by Disabling FIFO (SSR:DMA=0, IBCR:WSEL=0, IBSR:RSA=1)

S Slave Address | W ‘ACK Data ACK Data ACK| Data ACK| P or Sr

A A AA
@ @ ®

o >

S: Start condition
W: Data direction bit (write direction)
P: Stop condition
Sr: Iteration start condition
A Interrupt by INTE=1
A: Interrupt by CNDE=1
@ An interrupt occurs when the slave address (reserved address) is sent, a direction bit is sent,
and an ACK is received.
- The send data is written in the TDR register, and the INT bit is set to O.
@ An interrupt occurs when a single byte is sent and an ACK is received.
- The send data is written in the TDR register, and the INT bit is set to 0.
® An interrupt occurs when a single byte is sent and an ACK is received.

- MSS bit is set to 0, or MSS and SCC bits are set to 1.
*) If an interrupt flag (INT) is set, the TDRE bit is set to 1.
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Figure 2-18 Master Mode Transmit Interrupt 7 by Enabling FIFO (SSR:DMA=0, IBCR:WSEL=0, IBSR:RSA=0, ACK
Response)

A

S Slave Address | W ACK\ Data ACK Data ACK\ Data\ ACK| P or Sr
A A
0]

@

S: Start condition

W: Data direction bit (write direction)

P: Stop condition

Sr: Iteration start condition

A Interrupt by INTE=1

A Interrupt by CNDE=1

® An interrupt occurs if the Send FIFO buffer is emptied.
- The send data is written in the Send FIFO buffer, and INT bit is set to O.

@ An interrupt occurs when the last byte is sent (the Send FIFO buffer is emptied) and an ACK is received.
- MSS bit is set to 0, or MSS and SCC bits are set to 1.

Figure 2-19 Master Mode Transmit Interrupt 8 by Enabling FIFO (SSR:DMA=0, IBCR:WSEL=1, IBSR:RSA=0)

S Slave Address | W |ACK Data ACK Data ACK| Data ACK| P or Sr
A A A
® @

S: Start condition

W: Data direction bit (write direction)

P: Stop condition

Sr: Iteration start condition

A Interrupt by INTE=1

A: Interrupt by CNDE=1

® An interrupt occurs if the Send FIFO buffer is emptied.
- The send data is written in the Send FIFO buffer, and INT bit is set to 0.

@ An interrupt occurs when the last byte is sent (the Send FIFO buffer is emptied).
- MSS bit is set to 0, or MSS and SCC bits are set to 1.
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Figure 2-20 Master Mode Transmit Interrupt 9 by Enabling FIFO (SSR:DMA=0, IBCR:WSEL=1, IBSR:RSA=0, NACK
Response)

S Slave Address | W ‘ACK\ Data ACK Data ACK| Data NACK| P or Sr
A AA
@ @

S: Start condition
W: Data direction bit (write direction)
P: Stop condition
Sr: lteration start condition
A Interrupt by INTE=1
A Interrupt by CNDE=1
® An interrupt occurs if the Send FIFO buffer is emptied.
- The send data is written in the Send FIFO buffer, and INT bit is set to 0.
® An interrupt occurs when a NACK is responded.
- MSS bitis set to 0, or MSS and SCC bits are set to 1.
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Figure 2-21 Master Mode Transmit Interrupt 10 by Disabling FIFO (SSR:DMA=1, IBCR:WSEL=0, IBSR:RSA=0)

S Slave Address | W |ACK Data ACK Data ACK| Data ACK| P or Sr

| OA
@ @ @ ®

S: Start condition

W: Data direction bit (write direction)

P: Stop condition

Sr: Iteration start condition

A: Interrupt by CNDE=1

OJ: Interrupt by TBIE=1

® An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
- The send data is written in the TDR register.

@ An interrupt occurs when a single byte is sent and an ACK is received.
- The send data is written in the TDR register.

® An interrupt occurs when a single byte is sent and an ACK is received.

- MSS bhit is set to 0, or MSS and SCC bits are set to 1.
*) If an interrupt flag (TBI) is set, the TDRE bit is set to 1.
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Figure 2-22 Master Mode Transmit Interrupt 11 by Disabling FIFO (SSR:DMA=1, IBCR:WSEL=1, IBSR:RSA=0, ACK

Response)

S Slave Address | W ‘ACK Data ACK Data ACK

Data ACK

P or Sr

| O O
O] @ @

S: Start condition

W: Data direction bit (write direction)
P: Stop condition

Sr: Iteration start condition

A Interrupt by CNDE=1

LI: Interrupt by TBIE=1

- The send data is written in the TDR register.
@ An interrupt occurs when a single byte is sent.
- The send data is written in the TDR register.
® An interrupt occurs when a single byte is sent.

- MSS bit is set to 0, or MSS and SCC bits are set to 1.
*) If an interrupt flag (TBI) is set, the TDRE bit is set to 1.

O A
©)

® An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
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Figure 2-23 Master Mode Transmit Interrupt 12 by Disabling FIFO (SSR:DMA=1, IBCR:WSEL=1, IBSR:RSA=0, NACK
Response)

S Slave Address | W ‘ACK\ Data \ACK\ Data ACK| Data NACK| P or Sr

O O O O AA
@ @ @ ®

S: Start condition

W: Data direction bit (write direction)

P: Stop condition

Sr: lteration start condition

A Interrupt by INTE=1

A: Interrupt by CNDE=1

0J: Interrupt by TBIE=1

® An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
- The send data is written in the TDR register.

@ An interrupt occurs when a single byte is sent.
- The send data is written in the TDR register.

® An interrupt occurs when a single byte is sent.

- MSS bit is set to 0, or MSS and SCC bits are set to 1.
*) If an interrupt flag (INT or TBI) is set, the TDRE bit is setto 1.
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Figure 2-24 Master Mode Transmit Interrupt 13 by Disabling FIFO (SSR:DMA=1, IBCR:WSEL=1, IBSR:RSA=0, NACK
Response during Transmission)

S Slave Address | W |ACK Data ACK Data ACK\ Data\ NACk| P or Sr

O O AA
@ @ @ @ 0

S: Start condition
W: Data direction bit (write direction)
P: Stop condition
Sr: lteration start condition
A Interrupt by INTE=1
A Interrupt by CNDE=1
[J: Interrupt by TBIE=1
® An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
- The send data is written in the TDR register.
@ An interrupt occurs when a single byte is sent.
- The send data is written in the TDR register.
® An interrupt occurs when a NACK is responded.

- MSS bit is set to 0, or MSS and SCC bits are set to 1.
*) If an interrupt flag (INT or TBI) is set, the TDRE bit is set to 1.
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Figure 2-25 Master Mode Transmit Interrupt 14 by Disabling FIFO (SSR:DMA=1, IBCR:WSEL=1 -> 0, IBSR:RSA=0,
ACK Response)

S Slave Address W |ACK Data ACK Data ACK| Data ACK| P or Sr
O O O OA
0] @ @ ©)

S: Start condition

W: Data direction bit (write direction)

P: Stop condition

Sr: lteration start condition

A Interrupt by CNDE=1

[J: Interrupt by TBIE=1

® An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
- The send data is written in the send buffer.

@ An interrupt occurs when a single byte is sent.
- The WSEL bit is set to 0 and the send data is written in the send buffer.

® An interrupt occurs when a single byte is sent.

- MSS bit is set to 0, or MSS and SCC bits are set to 1.
*) If an interrupt flag (TBIE) is set, the TDRE bit is set to 1.
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Figure 2-26 Master Mode Transmit Interrupt 15 by Disabling FIFO (SSR:DMA=1, IBCR:WSEL=0, IBSR:RSA=1)

S Slave Address | W |ACK Data ACK Data ACK| Data ACK

P or Sr

O
O] @ @

S: Start condition
W: Data direction bit (write direction)
P: Stop condition
Sr: Iteration start condition
A Interrupt by INTE=1
A Interrupt by CNDE=1
[J: Interrupt by TBIE=1
® An interrupt occurs when the slave address (reserved address) is sent, a direction bit is sent,
and an ACK is received.
- The send data is written in the TDR register, and the INT bit is set to 0.
@ An interrupt occurs when a single byte is sent and an ACK is received.
- The send data is written in the TDR register.
® An interrupt occurs when a single byte is sent and an ACK is received.

- MSS bit is set to 0, or MSS and SCC bits are set to 1.
*) If an interrupt flag (INT or TBI) is set, the TDRE bit is set to 1.

O
©)

A
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Figure 2-27 Master Mode Transmit Interrupt 16 by Enabling FIFO (SSR:DMA=1, IBCR:WSEL=0, IBSR:RSA=0, ACK
Response)

S Slave Address | W ‘ACK Data ACK Data ACK\ Data ACK| P or Sr

O OA
@ @

S: Start condition

W: Data direction bit (write direction)

P: Stop condition

Sr: lteration start condition

A Interrupt by INTE=1

A Interrupt by CNDE=1

[0: Interrupt by TBIE=1

® An interrupt occurs if the Send FIFO buffer is emptied.
- The send data is written in the Send FIFO buffer.

@ An interrupt occurs when the last byte is sent (the Send FIFO buffer is emptied) and an ACK is received.
- MSS bitis set to 0, or MSS and SCC bits are set to 1.
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Figure 2-28 Master Mode Transmit Interrupt 17 by Enabling FIFO (SSR:DMA=1, IBCR:WSEL=1, IBSR:RSA=0)

S Slave Address | W |ACK Data ACK Data ACK| Data ACK| P or Sr

O A
@

e

S: Start condition

W: Data direction bit (write direction)

P: Stop condition

Sr: lteration start condition

A Interrupt by INTE=1

A Interrupt by CNDE=1

[J: Interrupt by TBIE=1

® An interrupt occurs if the Send FIFO buffer is emptied.
- The send data is written in the Send FIFO buffer.

@ An interrupt occurs when the last byte is sent (the Send FIFO buffer is emptied).
- MSS bit is set to 0, or both MSS and SCC bits are set to 1.

Figure 2-29 Master Mode Transmit Interrupt 18 by Enabling FIFO (SSR:DMA=1, IBCR:WSEL=1, IBSR:RSA=0, NACK
Response)

S Slave Address | W |ACK Data ACK Data ACK| Data NACK| P or Sr

AA
@

e

S: Start condition

W: Data direction bit (write direction)

P: Stop condition

Sr: Iteration start condition

A Interrupt by INTE=1

A: Interrupt by CNDE=1

LI Interrupt by TBIE=1

® An interrupt occurs if the Send FIFO buffer is emptied.
- The send data is written in the Send FIFO buffer.

@ An interrupt occurs when a NACK is responded.
- MSS bit is set to 0, or both MSS and SCC bits are set to 1.
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Data Reception by the Master
B When DMA mode is disabled (SSR:DMA=0)
When the data direction bit (R/W) is set to 1, the master receives data transmitted from a slave.

When FIFO is disabled, the master operates as follows.

O If the SSR:TDRE bitis set to 1, wait is generated (IBCR:INT=1, SSR:RDRF=1) each time one byte is received . At this
time, an ACK or NACK response is returned, according to the setting of the ACKE bit in the IBCR register, before wait if
the IBCR:WSEL bit is 1, and after wait if the IBCR:WSEL bit is 0.

O If the SSR:TDRE bit is set to 0, the next data is received without generating wait (IBCR:INT=0) when an ACK response
is set for the ACKE bit in the IBCR register while wait is generated when the NACK response is set (IBCR:INT=1).

When FIFO is enabled, the SSR:RDRF bit is set to 1 upon reception of data in the same number of bytes set for the number
of bytes to be received. The interrupt flag is set to 1 when the SSR:TDRE bit is 1, which puts the I2C bus in the wait state. At
this time, acknowledgement operates as follows. Even if NACK is output, it is stored in received FIFO as received data.

O In case of IBCR:WSEL=0, an NACK response is returned when the SSR:TDRE bit is set to 1 if NACK is set for the
ACKE bhit.

O In case of IBCR:WSEL=1, the interrupt flag is set to 1 after receiving the final byte, which generates wait. During that
wait, an ACK or NACK response is returned according to the IBCR:ACKE setting after the IBCR:ACKE bit is set and the
interrupt flag is cleared to O.

For interrupt-generated wait, refer to the following.

Table 2-6 IBCR:WSEL Bit Status for Master Data Reception When DMA Mode is Disabled (SSR:DMA=0)

WSEL bit Operation
0 After the second byte, after acknowledgement with 1 set for the SSR:TDRE bit, the interrupt flag (IBCR:INT) is set to
1 and SCL to LOW for the wait state.
1 After the second byte, after the master has received one-byte data with 1 set for the SSR:TDRE bit, the interrupt flag

(IBCR:INT) is set to 1 and SCL to LOW for the wait state.

The following shows an example procedure for receiving data from a slave.

O When received FIFO is disabled:

1.
2.
3.

274

Sets Slave Address (including the data direction bit) to the TDR register and writes 1 to the IBCR:MSS bit.

ACK is received after the Slave Address setting is transmitted, and then the interrupt flag (IBCR:INT) is set to 1.
Writes 0 to the interrupt flag bit (IBCR:INT) upon updating of the IBCR:WSEL bit to release the wait state of the 12C
bus.

After receiving one byte, sets the interrupt flag to 1 to set the 12C bus in the wait state after transmitting
acknowledgment in case of IBCR:WSEL=0 and directly after receiving one byte in case of IBCR:WSEL=1. Repeats
steps 3 to 4 until all the specified number of data sets have been received.

After receiving the last data, outputs NACK and sets the IBCR:MSS bit to 0 or sets the IBCR:SCC bit to 1 to generate
the stop condition or iteration start condition.
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O When transmit/received FIFO is enabled:

1. Sets the number of bytes to be received to the FBYTE register.

2. Writes Slave Address (including the data direction bit) and dummy data in the number of bytes to be received to the
TDR register.

3. Writes 1 to the IBCR:MSS bit.

4. An ACK response is returned and data reception continues as long as the SSR:TDRE bit stays 0. During that
reception operation, SSR:RDRF is set to 1 when the number of bytes set up in FBYTE have been received. When
SSR:RDREF is set to 1, starts reading from the RDR register.

5. When SSR:TDRE bit is 1, sets the interrupt flag to 1 to set the 12C bus in the wait state after outputting NACK if
IBCR:WSEL=0, and directly after one-byte reception if IBCR:WSEL=1.

6. In case of IBCR:WSEL=1, sets the IBCR:ACKE bhit to 0. In case of IBCR:WSEL=0, no setting is needed for the
IBCR:ACKE bit, Setting the IBCR:MSS bit to 0 or setting the IBCR:SCC bit to 1 generates the stop condition or
iteration start condition.

B When DMA mode is enabled (SSR:DMA=1)
When the data direction bit (R/W) is set to 1, the master receives data transmitted from a slave.

When FIFO is disabled, the master operates as follows.

O If the SSR:TDRE bit is set to 1, wait is generated (SSR:TBI=1, SSR:RDRF=1) each time one byte is received. At this
time, an ACK or NACK response is returned, according to the setting of the ACKE bit in the IBCR register, before wait if
the IBCR:WSEL bit is 1, and after wait if the IBCR:WSEL bit is 0.

O Ifthe SSR:TDRE bit is set to 0, wait is generated (SSR:RDRF=1) each time one byte is received. At this time, an ACK or
NACK response is returned, according to the setting of the ACKE bit in the IBCR register, before wait if the IBCR:WSEL
bit is 1, and after wait if the IBCR:WSEL bit is 0.

When FIFO is enabled, the SSR:RDRF bit is set upon reception of data in the same number of bytes set for the number of
bytes to be received. The transmit bus idle flag (SSR:TBI) is set when the SSR:TDRE bit is 1, which puts the 12C bus in the
wait state. At this time, acknowledgement operates as follows. Even if NACK is output, it is stored in received FIFO as
received data.

O In case of IBCR:WSEL=0, an NACK response is returned when the SSR:TDRE bit is set to 1 if NACK is set for the
ACKE bit.

O In case of IBCR:WSEL=1, wait is generated (SSR:TBI=1) after receiving the last byte. During that wait, the master sets
the IBCR:ACKE bit and returns ACK or NACK response, according to the IBCR:ACKE setting, after clearing the transmit
bus idle flag (SSR:TBI).

For interrupt-generated wait, refer to the following.
Table 2-7 IBCR:WSEL Bit Status for Master Data Reception When DMA Mode is Enabled (SSR:DMA=1)

WSEL bit Operation

After the second byte, after acknowledgement with 1 set for the SSR:TDRE bit, the transmit bus idle flag (SSR:TBI)
is set to 1 and SCL to LOW for the wait state.

0 After the second byte, after acknowledgement with received FIFO is unused, if the received data full flag
(SSR:RDRF) is set to 1, SCL is set to LOW for the wait state.
After the second byte, after the master has received one-byte data with 1 set for the SSR:TDRE bit, the interrupt flag
1 (SSR:TBI) is set to 1 and SCL to LOW for the wait state.

After the second byte, after the received data full flag (SSR:RDRF) is set to 1 when received FIFO is not used, SCL
is set to LOW for the wait state.
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The following shows an example procedure for receiving data from a slave.
O When received FIFO is disabled:

1.
2.

3.

Sets Slave Address (including the data direction bit) to the TDR register and writes 1 to the IBCR:MSS bit.

ACK is received after the Slave Address setting is transmitted, and then the transmit bus idle flag (SSR:TBI) is set to
1.

Writes data to be transmitted to the TDR register to release the wait state of the 12C bus.

4. After one byte is received, sets the transmit bus idle flag (SSR:TBI) and the received data full flag (SSR:RDRF)(*2) to

5.
6.

7.

1 under the following conditions to put the 1°C bus in the wait state.

» In case of IBCR:WSEL=0, after transmitting acknowledgement

* In case of IBCR:WSEL=1, after receiving one byte
Updates the IBCR:WSEL bit, reads from the RDR register and writes dummy data to the TDR register.
After one byte is received, sets the transmit bus idle flag (SSR:TBI) and the received data full flag (SSR:RDRF)(*2) to
1 under the following conditions to put the 12C bus in the wait state.

* In case of IBCR:WSEL=0, after transmitting acknowledgement
* In case of IBCR:WSEL=1, after receiving one byte
Repeats steps 5 to 6 until all the specified number of data sets have been received.

After receiving the last data, outputs NACK and sets the IBCR:MSS bit to 0 or sets the IBCR:SCC(*1) bit to 1 to
generate the stop condition or iteration start condition.

O When transmit/received FIFO is enabled:

1.
2.
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Sets the number of bytes to be received to the FBYTE register.

Writes Slave Address (including the data direction bit) and dummy data in the number of bytes to be received to the
TDR register.

In case of IBCR:WSEL=0, sets NACK for the ACKE bit, and writes 1 to the IBCR:MSS bit.

An ACK response is returned and data reception continues as long as the SSR:TDRE bit stays 0. During that
reception operation, SSR:RDRF is set to 1 when the number of bytes set up in FBYTE have been received. When
SSR:RDRF is set to 1, starts reading from the RDR register.

When the SSR:TDRE bit is set to 1, sets the interrupt flag to 1 to set the 12C bus in the wait state after outputting
NACK if IBCR:WSEL=0. In case of IBCR:WSEL=1, directly after one byte is received, sets the transmit bus idle flag
(SSR:TBI) to 1 to put the 12C bus in the wait state.

In case of IBCR:WSEL=1, sets the IBCR:ACKE bit to 0. In case of IBCR:WSEL=0, no setting is needed for the
IBCR:ACKE bit, Set the IBCR:MSS bit to 0 or set the IBCR:SCC(*1) bit to 1 to generate the stop condition or iteration
start condition.

*1: When DMA is enabled (SSR:DMA=1), the SSR:TBI bitis 1 and the IBCR:INT bit is 0, follow the steps below to
issue the iteration start condition.

Set the IBCR:INT bit to 1.

Check that the IBCR:INT bit is set to 1.
Write the slave address in the TDR.
Set the IBCR:SCC bit to 1.

P wbdPE

*2: Directly after receiving one byte, the received data full flag (SSR:RDRF) is set to 1 regardless of the setting for
IBCR:WSEL. When the received data full flag (SSR:RDRF) is set to 1 in the second byte or later, put the I12C bus
in the wait state after transmitting acknowledgment in case of IBCR:WSEL=0, and directly after receiving one
byte in case of IBCR:WSEL=1.
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Notes:

When seven-bit slave address detection is enabled (ISBA:SAEN=1), it is prohibited to specify a seven-bit slave address
in master mode.

When SSR:TDRE is 0, even if an overrun error occurs, acknowledgement is output according to the setting for the
IBCR:ACKE bit, and then the next process should follow.

To change the IBCR register during transmission/reception, do so when the interrupt flag (IBCR:INT) is 1 or when the
transmit bus idle flag (SSR:TBI) is 1 during DMA mode being enabled (SSR:DMA=1).

In the master mode reception with DMA disabled (SSR:DMA=0), write dummy data to the TDR register, and then, if the
SSR:TDRE bit is 0 when the interrupt flag (IBCR:INT) is turned to 1, receive the next data with the interrupt flag
(IBCR:INT) kept at 0.

In the master mode reception with DMA enabled (SSR:DMA=1), write dummy data to the TDR register, and then, if the
SSR:TDRE bit is 0 when the transmit bus idle flag (SSR:TBI) is turned to 1, receive the next data with the transmit bus
idle flag (SSR:TBI) kept at 0.

To receive data when received FIFO is enabled and IBCR:WSEL=0, the SSR:RDRF bit is set to 1 after receiving the
last bit and the interrupt flag (IBCR:INT) is set to 1 after transmitting ACK.
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Figure 2-30 Master Mode Received Interrupt 1 by Disabling FIFO (SSR:DMA=0, IBCR:WSEL=0, IBSR:RSA=0)

S Slave Address | R |ACK Data \ACK\ Data \ACK\ Data NACK| P or Sr
A A A AA
® @ ©) @

A Interrupt by INTE=1
A Interrupt by CNDE=1
® An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
- If the INT bit is set to 0, the interrupt flag is cleared to 0.
@ An interrupt occurs when a single byte is received and an ACK is sent.
- After the received data has been read, the INT bit is set to 0.
® An interrupt occurs when a single byte is received and an ACK is sent.
- After the received data has been read, both ACKE and INT bits are set to 0.
@ An interrupt occurs when a single byte is received and an ACK is sent.
- MSS bit is set to 0, or both MSS and SCC bits are set to 1.
*) If an interrupt flag (INT) is set, the TDRE bit is set to 1.

Figure 2-31 Master Mode Received Interrupt 2 by Disabling FIFO (SSR:DMA=0, IBCR:WSEL=1, IBSR:RSA=0)

S Slave Address | R ‘ACK\ Data ACK Data ACK Data NACK| P or Sr

A A A A A
0] @

A Interrupt by INTE=1
A Interrupt by CNDE=1
® An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
- If the INT bit is set to O, the interrupt flag is cleared to 0.
@ An interrupt occurs when a single byte is received.
- After the received data has been read, the INT bit is set to 0.
® An interrupt occurs when a single byte is received.
- After the received data has been read, ACKE bit are set to "0". MSS bit is set to 0,
or both MSS and SCC bits are setto 1.
*) If an interrupt flag (INT) is set, the TDRE bit is set to 1.
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Figure 2-32 Master Mode Received Interrupt 3 by Enabling FIFO (SSR:DMA=0, IBCR:WSEL=0, IBCR:ACKE=0,
IBSR:RSA=0)

S Slave Address | R ACK\ Data ACK Data ACK Data NACK| P or Sr
AA

A Interrupt by INTE=1
A Interrupt by CNDE=1
® An interrupt occurs if TDRE bit is set to 1.
- The entire data is read from the Received FIFO buffer, and MSS bit is set to "0" or both MSS

and SCC bits are set to 1.

Figure 2-33 Master Mode Received Interrupt 4 by Enabling FIFO (SSR:DMA=0, IBCR:WSEL=1, IBSR:RSA=0)

S Slave Address | R ‘ACK\ Data ACK Data ACK Data NACK| P or Sr
A A

@

A Interrupt by INTE=1
A Interrupt by CNDE=1

® An interrupt occurs if TDRE bit is set to 1.
- After the entire data has been read from the Received FIFO buffer, ACKE bit is set to 0

and MSS bit is set to "0" or both MSS and SCC bits are set to 1.
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Figure 2-34 Master Mode Received Interrupt 5 by Disabling FIFO (SSR:DMA=1, IBCR:WSEL=0, IBSR:RSA=0)

280

S Slave Address | R |ACK Data \ACK\ Data \ACK\ Data NAck| P or Sr
O O O AA
® @ ©) @

A Interrupt by INTE=1
A Interrupt by CNDE=1
[I: Interrupt by TBIE=1
@ An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
- Dummy data is written in the TDR register.
@ An interrupt occurs when a single byte is received and an ACK is sent.
- After the received data has been read, the dummy data is written in the TDR register.
® An interrupt occurs when a single byte is received and an ACK is sent.
- After the received data has been read, the ACKE bit are set to 0
and the dummy data is written in the TDR register.
@ An interrupt occurs when a single byte is received and an ACK is sent.
- MSS bit is set to 0, or both MSS and SCC bits are set to 1.
*) If an interrupt flag (INT or TBI) is set, the TDRE bit is set to 1.
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Figure 2-35 Master Mode Received Interrupt 6 by Disabling FIFO (SSR:DMA=1, IBCR:WSEL=1, IBSR:RSA=0)

A Interrupt by INTE=1
A: Interrupt by CNDE=1
OI: Interrupt by TBIE=1
® An interrupt occurs when the slave address is sent, the direction bit is sent, and an ACK is received.
- Dummy data is written in the TDR register.
@ An interrupt occurs when a single byte is received.
- After the received data has been read, the dummy data is written in the TDR register.
® An interrupt occurs when a single byte is received.
- After the received data has been read, ACKE bit are set to 0 MSS bit is set to 0,
or both MSS and SCC bits are set to 1.
*) If an interrupt flag (INT or TBI) is set, the TDRE bit is set to 1.

S | Slave Address | R |ACK Data ACK Data ACK Data \NACK\ P or Sr
O O O O AA
® @ @ ©)

Figure 2-36 Master Mode Received Interrupt 7 by Enabling FIFO (SSR:DMA=1, IBCR:WSEL=0, IBCR:ACKE=0,

IBSR:RSA=0)

S Slave Address

EACKN

Data

ACK

Data

ACK

Data NAck| P or Sr

A Interrupt by INTE=1

A Interrupt by CNDE=1
@ An interrupt occurs if TDRE bit is set to 1.
- The entire data is read from the Received FIFO buffer, and MSS bit is set to 0 or both MSS
and SCC bits are setto 1.

AA
@
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Figure 2-37 Master Mode Received Interrupt 8 by Enabling FIFO (SSR:DMA=1, IBCR:WSEL=1, IBSR:RSA=0)

S Slave Address | R |ACK Data ACK Data ACK Data NACK| P or Sr
O A
0]

[1: Interrupt by TBIE=1
A Interrupt by CNDE=1
® An interrupt occurs if TDRE bit is set to 1.
- After the entire data has been read from the Received FIFO buffer, ACKE bit is set to O
and MSS bit is set to 0 or both MSS and SCC bits are set to 1.

Arbitration Lost

If the master receives the data different from sent data, due to collision of data from another master, the master judges the
situation as arbitration lost. At this time, the IBCR:MSS bit is set to 0 and the IBSR:AL bit to 1, enabling operation in slave
mode.

The IBSR:AL bit can be cleared to 0 under the following conditions:

O The IBCR:MSS bit is setto 1.

O The IBCRINT bit is set to 0.

O The IBSR:SPC bit is set to 0 when the IBSR:AL bit and IBSR:SPC bit are 1.
O The I2C interface operation is disabled (ISMK:EN=0).

Upon an occurrence of arbitration lost, the interrupt flag (IBCR:INT) is set to 1 according to the setting of the IBCR:WSEL bit,
and sets SCL of the I12C bus to LOW.

Wait State for Master Mode
When both conditions below are satisfied, master mode is put in the wait state while the IBSR:BB bit stays 1. After the
IBSR:BB bit attains 0, start condition is transmitted.

O When the IBCR:MSS is set to 1 while the IBSR:BB bit is 1
O When the interface is not operating as a slave

Refer to the IBCR:MSS bit and IBCR:ACT bit to check if master mode is in the wait state or not (in the wait state if the
IBCR:MSS=1 and IBCR:ACT=0). After setting the IBCR:MSS bit to 1 and to operate in slave mode, set the IBSR:AL bit to 1,
the IBCR:MSS bit to 0, and the IBCR:ACT bit to 1.
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Issuing lteration Start Condition When DMA Mode is Enabled (SSR:DMA=1)
When writing a slave address to the TDR register while the transmit bus is idle (SSR:TBI=1) and the interrupt flag (IBCR:INT)
is 0, transmission starts and the iteration start condition cannot be issued.
Therefore, to issue the iteration start condition while the transmit bus is idle (SSR:TBI=1) and the interrupt flag (IBCR:INT) is
0, follow the steps below.

Set the IBCR:INT bit to 1. At this time, no SIRQ interrupt is generated.

1.

2
3.
4

. Check that the IBCR:INT bit is set to 1.
Write the slave address in the TDR.
Issue the iteration start condition (IBCR:SCC=1).

CHAPTER 1-5: 12C Interface (I2C Communications Control Interface)

Figure 2-38 Issuing Iteration Start Condition When DMA Mode is Enabled (SSR:DMA=1, IBCR:WSEL=0, IBSR:RSA=0,

ACK Response)

SCL

SDA

The SCC bit
is setto "1".

TBI bit

TDRE bit

Data writing in
the TDR

INT bit

The INT bit is
setto"1".

The INT bit is
read.

SIRQ

A A Y AW AW AW AN AW A WA AW A

N

50\ acx 00 €3 €3 € €3 €3 N AL
|_| DN 4
1 ]
L | r——
1 1
1
1

Logical "1" state
is checked.

No interrupt

is generated. "
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2.4 Slave Mode

If a start condition or repeated start condition is detected, the combination of the ISBA and ISMK register values matches the
received address, the multifunction serial interface outputs an ACK response and acts as a slave.

Note:

— When EIBCR:BEC set to 0, if a second start condition is detected after a first start condition has been detected (while
the address field (first byte) or bits 2 to 9 of data field are being transferred), a bus error (IBCR:BER=1) is flagged and
reception stops. If this happens, the master must retransmit a start condition after the interrupt flag (IBCR:INT) of
multifunction serial interface has been cleared.

Slave Address Match Detection

The 7-bit slave address and the direction of a data transfer is contained in the first byte after detection of a start or repeated
start condition. The ISMK becomes the value to mask the slave address: a zero mask value designates a don’t care, and a 1
must be a direct match. In other words, if a mask bit is set to 0 in the ISMK register, the address bit is not compared.

The SAEN is the enables the slave address detection when set. The address that is sent from master is compared with the
slave address bits (SA[6:0]) that sets the mask bits (SM[6:0]) to 1. If they match, an ACK is output. If there is no match, or
SAEN is 0, no ACK is output.

B Example of a slave address detection
Master addresses slave address 0x23.

Figure 2-39 Example of Slave Address Detection

Master sends address 0 |

| 1 [ [
ISMK:SAEN i i i Compare
ISBA Bits 7 6 5 4 3 2 1 0
saeo]l [ Jo [t [t [ 1] 1]
SA[6] SA[5] SA[4] SA[3] SA[2] SA[1] SA[0]

o oo

ISMK Bits 15 14 13 12 11 10 9 8
smieol [ ] o T[] o[ o [ o J[{[{13]

SM[6] SM[5] SM[4] sSM[3] SM[2] SM[1] sSMI[0]

Only SA5, SA1, and SAO are compared to the address sent by master because the SM[6] and SM[4:2] are zero and
therefore are don't care. the multifunction serial interface outputs an ACK response.

284 FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C



A,

w CYPRESS

“agge> EMBEDDED IN TOMORROW™

CHAPTER 1-5: 12C Interface (I2C Communications Control Interface)

Table 2-8 Operation Immediately after Outputting Acknowledgement to a Slave Address

. . Transmit |Received Data Operation Immediately after Receiving Acknowledgement
Transmit |Received ) )
FIFO FIFO | Direction Acknowledgement:
FIFO FIFO . Acknowledgement: ACK
Status | Status | Bit (R/W) NACK
0 If the SSR:TDRE bit is set to 1, the interface sets the .
. . . . o Holds the IBCR:INT bit to 0
Disable | Disable - - IBCR:INT bit to 1 and waits. If the SSR:TDRE bit is setto| . .
) ) ) without the wait state.
1 0, IBCR:INT bit stays 0 without the wait state.
Without . ) .
dat Holds the IBCR:INT bit to 0 without the wait state.
ata
0
. With data Sets the IBCR:INT bit to 1 with the wait state. Holds the IBCR:INT bit to 0
Disable | Enable - ) .
— - without the wait state.
If the SSR:TDRE bit is set to 1, the interface sets the
- 1 IBCR:INT bit to 1 and waits. If the SSR:TDRE bit is set to
0, IBCR:INT bit stays 0 without the wait state.
0 If the SSR:TDRE bit is set to 1, the interface sets the )
. . . o Holds the IBCR:INT bit to O
Enable | Disable - - IBCR:INT bit to 1 and waits. If the SSR:TDRE bitis setto| . .
) ) ) without the wait state.
1 0, IBCR:INT bit stays 0 without the wait state.
Without . ) .
Holds the IBCR:INT bit to 0 without the wait state.
data 0
With data Sets the IBCR:INT bit to 1 with the wait state. Holds the IBCR:INT bit to 0
Enable | Enable - o ) . .
If the SSR:TDRE bit is set to 1, the interface sets the without the wait state.
- 1 IBCR:INT bit to 1 and waits. If the SSR:TDRE bit is set to
0, IBCR:INT bit stays 0 without the wait state.

O Detection of reserved address

If the first byte matches the reserved address (0000xxxx or 1111xxxx), the value of 8th bit is received regardless of
whether or not transmit/received FIFO is enabled, and the IBCR:INT bit is set to 1, causing the I>C bus to be placed
into the wait state. After the received data has been read, configure the following settings.

To run the interface as a slave device, set the IBCR:ACKE bit to 1 and check the value of the data direction bit
(IBSR:TRX). If the transmitting direction is set, write the transmit data to TDR, and clear the IBCR:INT bit. The
interface then acts as a slave device.
When not running the interface as a slave device, set the IBCR:ACKE bit to 0, and clear the IBCR:INT bit. After
acknowledgement has been output, the interface does not act as a slave device.
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Data Direction Bit
After receiving the address, the interface receives the data direction bit to determine whether to transmit or receive data. If
this bit is 0, it means that data is transmitted from the master device, and the interface receives data as a slave device.

Reception in Slave Mode
If the received data matches the slave address and the data direction bit is 0, it means that data is received in slave mode.
The following shows a procedure example to receive data in slave mode.

B When DMA mode is disabled (SSR:DMA=0)
O When received FIFO is disabled:

1. After transmitting ACK, set the interrupt flag (IBCR:INT) to 1, and place the 12C bus into the wait state. Based on the
IBCR:MSS, IBCR:ACT, and IBSR:FBT bits, judge that the event is an interrupt by a slave address match. Then write 1
to the IBCR:ACKE bit and 0 to the interrupt flag (IBCR:INT), and release the wait state of the I12C bus (see Table 2-8).

2. After receiving 1-byte data, set the interrupt flag (IBCR:INT) to 1 according to setting of the IBCR:WSEL bit, and place
the 12C bus into the wait state.

3. Read the data received from the RDR register, set the IBCR:ACKE bit, write O to the interrupt flag (IBCR:INT), and
release the wait state of the 12C bus.

4. Repeat steps 2 and 3 to detect the stop or iteration start condition.

O When received FIFO is enabled:

1. If NACK is detected or received FIFO becomes full, the interrupt flag (IBCR:INT) is set to 1, and the 12C bus is placed
into the wait state. If the stop or iteration start condition is detected, the interrupt flag (IBCR:INT) is not set to 1 (the
I12C bus is not placed into the wait state) by setting the IBSR:SPC and IBSR:RSC bits to 1. Received FIFO sets the
SSR:RDRF bit to 1 when the set value of the FBYTE register matches the number of data sets received. If the
SMR:RIE bit is then 1, a received interrupt is generated.

2. When the interrupt flag (IBCR:INT) is set to 1, read the received data from the RDR register. After all data has been
read, write O to the interrupt flag to release the wait state of the 12C bus. If the stop or iteration start condition is
detected, read all the received data from the RDR register, and clear the IBSR:SPC or IBSR:RSC bit to 0.

B When DMA mode is enabled (SSR:DMA=1)
O When received FIFO is disabled:

1. After transmitting ACK, set the interrupt flag (IBCR:INT) to 1, and place the 12C bus into the wait state. Based on the
IBCR:MSS, IBCR:ACT, and IBSR:FBT bits, judge that the event is an interrupt by a slave address match. Then write 1
to the IBCR:ACKE bit and 0 to the interrupt flag (IBCR:INT), and release the wait state of the 12C bus (see Table 2-8).

2. Set 1 to the received data full flag (SSR:RDRF) immediately after receiving 1-byte data. When the received data full
flag (SSR:RDRF) is set to 1, if IBCR:WSEL=0, place the 12C bus into the wait state after transmitting
acknowledgement. If IBCR:WSEL=1, place the 12C bus into the wait state immediately after receiving the 1-byte data.

3. After setting the IBCR:ACKE bit, read the data received from the RDR register, and clear the received data full flag
(SSR:RDRF) to 0 to release the wait state of the 12C bus.

4. Repeat steps 2 and 3 to detect the stop or iteration start condition.
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O When received FIFO is enabled:

1. If NACK is detected, the interrupt flag (IBCR:INT) is set to 1, and the 12C bus is placed into the wait state. When
received FIFO becomes full, place the I12C bus into the wait state. If the stop or iteration start condition is detected, the
IBSR:SPC and IBSR:RSC bits are set to 1, and the interrupt flag (IBCR:INT) is not set to 1 (the 12C bus is not placed
into the wait state). Received FIFO sets the SSR:RDRF bit to 1 when the set value of the FBYTE register matches the
number of data sets received. If the SMR:RIE bit is then 1, a received interrupt is generated.

2. When the interrupt flag (IBCR:INT) is set to 1, read the received data from the RDR register. After all data has been
read, write O to the interrupt flag to release the wait state of the 12C bus. When received FIFO is full, release the wait
state of the 12C bus if the received data is read from the RDR register even once. If the stop or iteration start condition
is detected, read all the received data from the RDR register, and clear the IBSR:SPC or IBSR:RSC bit to 0.

Figure 2-40 Slave Mode Received Interrupt 1 by Disabling FIFO (SSR:DMA=0, IBCR:WSEL=0, IBSR:RSA=0)

S Slave Address \ w \ACK Data ACK Data ACK Data NACK| P or Sr
A A A A A
0] @ @ ©)

A :Interrupt by INTE="1"
A :Interrupt by CNDE="1"
® As the slave address matches , an ACK is output and an interrupt is generated .
- ACKE bit is set to "1" and INT bit is set to "0".
@ An interrupt occurs when a single byte is received and an ACK is responded .
- After the received data has been read from the received buffer, the INT bit is set to "0".
® An interrupt occurs when a single byte is received and a NACK is responded .
- After the received data has been read from the received buffer, the INT bit is set to "0".
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Figure 2-41 Slave Mode Received Interrupt 2 by Disabling FIFO (SSR:DMA=0, IBCR:WSEL=1, IBSR:RSA=0)

S Slave Address | W |ACK Data ACK Data ACK Data P or Sr
A A A A A
@ @ @

A :Interrupt by INTE="1"

A :Interrupt by CNDE="1"

® As the slave address matches , an ACK is output and an interrupt is generated .
- ACKE bit is set to "1" and INT bit is set to "0".

@ An interrupt occurs when a single byte is received.

- After the received data has been read from the received buffer, the INT bit is set to "0".

® An interrupt occurs when a single byte is received.

- After the received data has been read from the received buffer, the INT bit is set to "0".

Figure 2-42 Slave Mode Received Interrupt 3 by Disabling FIFO (SSR:DMA=0, IBCR:WSEL=1, IBSR:RSA=0)

288

S Slave Address | W |ACK Data ACK Data ACK Data P or Sr
A A A A AA
® @ @

A :Interrupt by INTE="1"

A :Interrupt by CNDE="1"

® As the slave address matches , an ACK is output and an interrupt is generated .
- ACKE bit is set to "1" and INT bit is set to "0".

@ An interrupt occurs when a single byte is received.

- After the received data has been read from the received buffer, the INT bit is set to "0".

® An interrupt occurs when a NACK is responded.
- INT bit is set to "0".
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Figure 2-43 Slave Mode Received Interrupt 4 by Enabling Received FIFO (SSR:DMA=0, IBSR:RSA=0)

S Slave Address | W |ACK Data ACK Data ACK Data ACK| P or Sr

A
O]

A :Interrupt by INTE="1"

A :Interrupt by CNDE="1"

@ An interrupt occurs when the stop condition or the iteration start condition is detected .
- The entire data is read from the Received FIFO buffer

Figure 2-44 Slave Mode Received Interrupt 5 by Enabling Received FIFO (SSR:DMA=0, IBSR:RSA=0)

S Slave Address | W |ACK Data ACK Data ACK Data ACK| P or Sr

AA

A :Interrupt by INTE="1"
A :Interrupt by CNDE="1"
@ An interrupt occurs when the Received FIFO buffer is filled with data
- The entire data is read from the Received FIFO buffer and the INT bit is set to "0".
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Figure 2-45 Slave Mode Received Interrupt 6 by Disabling FIFO (SSR:DMA=0, IBCR:WSEL=0, IBSR:RSA=1)

S Slave Address | W |ACK Data ACK Data ACK Data ACK| P or Sr
A A A N A
® @ @ ®

A :Interrupt by INTE="1"

A :Interrupt by CNDE="1"

® An interrupt occurs as the reserved address ("0000xxxx" or "1111xxxx") matches.
- The received data is read , and ACKE bit is set to "1" and INT bit is set to "0".

® An interrupt occurs when a single byte is received and an ACK is output .
- INT bit is set to "0".

® An interrupt occurs when a single byte is received and an ACK is output .
- An interrupt occurs if INT bit is set to "0".

Figure 2-46 Slave Mode Received Interrupt 7 by Disabling FIFO (SSR:DMA=1, IBCR:WSEL=0, IBSR:RSA=0)

290

S Slave Address | W |ACK Data \ACK\ Data ACK Data NACK| P or Sr
A [ | [ | A A
0] @ ® @ ® ©)

A :Interrupt by INTE="1"
A :Interrupt by CNDE="1"
B :Interrupt by RIE="1"
@ As the slave address matches, an ACK is output and an interrupt is generated .
- ACKE bit is set to "1" and INT bit is set to "0".
@ An interrupt occurs(but the I12C bus is not waited ) when a single byte is received.
- The received data is read from the received buffer
® The I2C bus is waited when an ACK is responded.
- The received data is read from the received buffer
@ An interrupt occurs when a single byte is received and a NACK is responded.
- After the received data has been read from the received buffer the INT bit is set to"0".
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Figure 2-47 Slave Mode Received Interrupt 8 by Disabling FIFO (SSR:DMA=1, IBCR:WSEL=1, IBSR:RSA=0)

S | Slave Address | W |ACK Data ACK Data ACK Data ACK\ P or Sr
H A

e P
©on
on

©)

A :Interrupt by INTE="1"

A :Interrupt by CNDE="1"

B :Interrupt by RIE="1"

@ As the slave address matches, an ACK is output and an interrupt is generated .
- ACKE bit is set to "1" and INT bit is set to "0".

@ An interrupt occurs when a single byte is received.
- The received data is read from the received buffer

® An interrupt occurs when a single byte is received.
- The received data is read from the received buffer

Figure 2-48 Slave Mode Received Interrupt 9 by Disabling FIFO (SSR:DMA=1, IBCR:WSEL=1, IBSR:RSA=0)

S | Slave Address | W |ACK Data ACK Data ACK Data \NACK\ P or Sr

A H 1A
@ @ 06

on

]
@

A :Interrupt by INTE="1"

A :Interrupt by CNDE="1"

W :Interrupt by RIE="1"

® As the slave address matches, an ACK is output and an interrupt is generated.
- ACKE bit is set to "1" and INT bit is set to "0".

® An interrupt occurs when a single byte is received.
- The received data is read from the received buffer

® An interrupt occurs when a NACK is responded.
- INT bit is set to "0".
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Figure 2-49 Slave Mode Received Interrupt 10 by Enabling Received FIFO (SSR:DMA=1, IBSR:RSA=0)

S Slave Address | W |ACK Data \ACK\ Data ACK| Data ACK| P or Sr

A
@

A :Interrupt by INTE="1"

A :Interrupt by CNDE="1"

@ An interrupt occurs when the stop condition or the iteration start condition is detected .
- The entire data is read from the Received FIFO buffer

Figure 2-50 Slave Mode Received Interrupt 11 by Enabling Received FIFO (SSR:DMA=1, IBSR:RSA=0)

292

S | Slave Address | W |ACK Data \ACK\ Data ACK Data ACK| P or Sr

A
@ @

A :Interrupt by CNDE="1"
® As the Received FIFO buffer is filled with data the 12C bus is waited.
- The waiting is released when data is read even once from the Received FIFO buffer
® An interrupt occurs when the stop condition or the iteration start condition is detected .
- The entire data is read from the Received FIFO buffer
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Figure 2-51 Slave Mode Received Interrupt 12 by Disabling FIFO (SSR:DMA=1, IBCR:WSEL=0, IBSR:RSA=1)

S Slave Address | W |ACK Data ACK Data ACK| Data \ACK\ Por Sr
A ] | HA
0] @ @ ©)

A :Interrupt by INTE="1"

A :Interrupt by CNDE="1"

B :Interrupt by RIE="1"

® An interrupt occurs as the reserved address ("0000xxxx" or "1111xxxx") matches.
- The received data is read, and ACKE bit is set to "1" and INT bit is set to "0".

® An interrupt occurs when a single byte is received and an ACK is output.
- The received data is read.

® An interrupt occurs when a single byte is received and an ACK is output.
- The received data is read.
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Transmission in Slave Mode

If the received data matches the slave address and the data direction bit is 1, it means that data is transmitted in slave mode.
If FIFO is disabled, set the interrupt flag (IBCR:INT) to 1 after transmitting one byte or outputting an acknowledgement
response depending on setting of the IBCR:WSEL bit. Then place the I2C bus into the wait state (see Table 2-8).

Using the IBSR:RACK bit, check the acknowledgement output from the master device. If NACK response is returned from
the master device, it means that the master device could not receive data correctly or data receiving was ended. If NACK is
detected at IBCR:WSEL=1, an interrupt is generated to place the 12C bus into the wait state.
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2.5 Bus Error
If the stop or (iteration) start condition is detected while transmitting or receiving data on the I2C bus, it is handled as a bus
error.

Bus error occurrence condition
If a bus error occurs, the IBCR:BER bit is set to 1 in the following conditions.

O The (iteration) start or stop condition is detected while transferring the first byte.
O The (iteration) start condition or stop condition is detected at bit2 to bit9 (acknowledgement) of data.

Bus Error Operation

B EIBCR:BEC=0

If the interrupt flag (IBCR:INT) is set to 1 by transmitting or receiving data, check the IBCR:BER bit. When the IBCR:BER bit
is 1, perform error processing. The IBCR:BER bit is cleared by writing 0 to the IBCR:INT bit.

If a bus error occurs, the IBCR:INT bit is set to 1; however, the 12C bus is not placed into the wait state by setting its SCL to
LOW.

B EIBCR:BEC=1
If the interrupt flag (IBCR:SPC or IBCR:RSC) is set to 1 by transmitting or receiving data, check the IBCR:BER bit. When the
IBCR:BER bit is 1, perform error processing. The IBCR:BER bit is cleared by flowing operations.

O When IBCR:INT=1, write 0 in IBCR:INT.
O When IBCR:SPC=1, write 0 in IBCR:SPC.
O When IBCR:RSC=1, write 0 in IBCR:RSC.

FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C 295



o CYPRESS

CHAPTER 1-5: 12C Interface (I2C Communications Control Interface) N> EMBEDDED IN TOMORROW™

3. Dedicated Baud Rate Generator

The dedicated baud rate generator configures the setting of the serial clock frequency.

Selecting the Baud Rate

B Baud rate obtained by dividing an internal clock using the dedicated baud rate generator (reload counter)

This generator provides two internal reload counters, which support transmitting and receiving serial clocks respectively. To
select the baud rate, specify the 15-bit reload value using Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO).

Each reload counter divides an internal clock by the set value.
Calculating the Baud Rate

Two 15-bit reload counters are set using the Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO).
The baud rate is obtained in the following formulas.

(1) Reload value

V=¢/b-1

V: Reload value b: Baud rate ¢ : Bus clock frequency or external clock frequency

Note that the preset baud rate may not be generated at a rising edge of signal on 12C bus.
In such case, adjust the reload value.

(2) Calculation example

To set the 16 MHz bus block and 400 kbps baud rate, set the reload value as follows.
Reload value:

V = (16 x 1000000)/400000 - 1 = 39
Therefore, the baud rate is:
b=(16 x 100000) / (39+1) = 400 kbps

Notes:
—  Write Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO) by 16-bit access operation.
—  When the ISMK:EN bit in the ISMK register is 0, set the value of each Baud Rate Generator Register.
— In operation mode 4 (I1°C mode), operate the bus clock at a frequency no lower than 8 MHz.
Also note that setting of a baud rate generator that exceeds 400 kbps is prohibited.
— Ifthe reload value is set to O, the reload counter is stopped.
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Reload Values and Baud Rates for Each Bus Clock Frequency

Table 3-1 Reload Values and Baud Rates

Baud Rate 8 MHz 10 MHz 16 MHz 20 MHz 24 MHz 32 MHz
[bps] Value Value Value Value Value Value
1000000 setting is prohibited.
400000 19 24 39 49 59 79
200000 39 49 79 99 119 159
100000 79 99 159 199 239 319
Baud Rate 36 MHz 40 MHz 48 MHz 72 MHz 80 MHz 100 MHz
[bps] Value Value Value Value Value Value
1000000 setting is prohibited 71 79 99
400000 89 99 119 179 199 249
200000 179 199 239 359 399 499
100000 359 399 479 719 799 999

The numeric values above are available when the SCL rising timing of the I12C bus is 0s. If the SCL rising timing of the 12C bus
is late, the baud rate is set to the value later than the numeric values above.

For frequencies not described in Table 3-1, calculate them by using the formulas in Calculating the Baud Rate of 3.
Dedicated Baud Rate Generator. (However, for the maximum frequency, see the Data Sheet of the product used
because it differs depending on products.)

Functions of Reload Counter
Each reload counter consists of a 15-bit register for the reload value, and generates transmitting and receiving clocks from

internal clocks. The count value of the transmit reload counter can be read from the Baud Rate Generator Registers (BGR1
and BGRO).

Starting Counting
When the reload value is written to the Baud Rate Generator Register (BGR1 or BGRO), the reload counter starts counting.
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4. 12C Communication Operation Flowchart Examples

This section shows I?°C communication operation flowchart examples.

I2C Flowchart Example (FIFO not Used) When DMA Mode is Disabled (SSR:DMA=0)

Figure 4-1 I°C Flowchart Example (FIFO not Used) When DMA Mode is Disabled (SSR:DMA=0) 1/3

Initial settings:

Baud rate (BGR)

Slave address (ISBA)
Slave mask (ISMK)

I°C enabling (ISMK:EN=1)

Master mode?

Write the send data. (TDR)
Set the Master mode. (IBCR:MSS=1)

P
> <

IBCR:INT=1?

Yes

. _ No N
IBCR:BER=0 ? >
Bus error processing
IBCRACT=1? No at
|
| Arbitration Lost processing |
IBCR:MSS=1 ? No > e
No

IBSR:RSA=0 ?
Yes

IBSR:RACK=0 ?

Yes
IBSR:TRX=1?

No

Yes
| Read the received data. (RDR) |

Completed to
receive?
No
Set the waiting. (IBCR:WSEL=1)
Set an ACK. (IBCR:ACKE=1)

Clear the interrupt flag. (IBCR:INT=0)

No

Completed to
send?

A 4
A

Yes
Write the send data. (TDR)
Set the waiting. (IBCR:WSEL)
Set an ACK. (IBCR:ACKE)
Clear the interrupt flag. (IBCR:INT=0)

Set the waiting. (IBCR:WSEL)
Set an ACK. (IBCR:ACKE=0)

< |
<

Start to iterate? No

Yes

Write the send data. (TDR)
Set the iteration start. (IBCR:MSS=SCC=1)
Set an ACK. (IBCR:ACKE)
Clear the interrupt flag. (IBCR:INT=0)

Set to stop. (IBCR:MSS=0)
Set an ACK. (IBCR:ACKE)
Clear the interrupt flag. (IBCR:INT=0)
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Figure 4-2 I°C Flowchart Example (FIFO not Used) When DMA Mode is Disabled (SSR:DMA=0) 2/3

Slave mode

Yes

| Read the received data. (RDR) |

No

IBSR:TRX=0? No
Yes

IBSR:FBT=0? IBSR:RACK=0?
Yes Yes

|Clear the interrupt flag. (IBCR:INT=0) |

Set the waiting. (IBCR:WSEL)
Set an ACK. (IBCR:ACKE)
Clear the interrupt flag. (IBCR:INT=0)

Write the send data. (TDR)
Set the waiting. (IBCR:WSEL)
Clear the interrupt flag. (IBCR:INT=0)

le

Yes
| Read the received data. (RDR) |

|
>

Slave mode

No

operation?

No

IBSR:TRX=1?

Write the send data. (TDR)
Set the waiting. (IBCR:WSEL)
Set an ACK. (IBCR:ACKE=0)

Clear the interrupt flag. (IBCR:INT=0)

IBSR:FBT=1 ?

No
| Read the received data. (RDR) |

l¢

Yes

Set an ACK. (IBCR:ACKE=0)
Clear the interrupt flag. (IBCR:INT=0)

|‘

Set the waiting. (IBCR:WSEL)
Set an ACK. (IBCR:ACKE=1)
Clear the interrupt flag. (IBCR:INT=0)
]

O

End
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Figure 4-3 I°C Flowchart Example (FIFO not Used) When DMA Mode is Disabled (SSR:DMA=0) 3/3

300

Reserved
address

IBSR:FBT=1 ?

No

Yes

Multiple Master
mode?

Yes

Read the received data. (RDR)
Set the waiting. (IBCR:WSEL=1)
Set an ACK. (IBCR:ACKE=1)

Read the received data. (RDR)
Set the waiting. (IBCR:WSEL)
Set an ACK. (IBCR:ACKE)

Clear the interrupt flag. (IBCR:INT=0) [ Clear the interrupt flag. (IBCR:INT=0)
|

[&
<

No

IBSR:TRX=1?

Yes
SSR:RDRF=1?

| Yes

|
|Read the received data. (RDR)|

Yes (NACK response Completed to

receive?

|Read the received data. (RDR)|
T<

Set the waiting. (IBCR:WSEL)
< Set an ACK. (IBCR:ACKE=0)

No

Set the waiting. (IBCR:WSEL=1)

No <

IBSR:RACK=07?

N
L

Yes

Completed to
send?
No

Write the send data. (TDR)
Set the waiting. (IBCR:WSEL)
Set an ACK. (IBCR:ACKE=0)

Clear the interrupt flag. (IBCR:INT=0)

Set an ACK. (IBCR:ACKE=1)
Clear the interrupt flag. (IBCR:INT=0)
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CHAPTER 1-5: 12C Interface (I2C Communications Control Interface)

I°C Flowchart Examples (FIFO not Used) When DMA Mode is Enabled (SSR:DMA=1)
Figure 4-4 I°C Flowchart Example (FIFO not Used) When DMA Mode is Enabled (SSR:DMA=1) 1/4

Initial settings:

Baud rate (BGR)
Slave address (ISBA)
Slave mask (ISMK)

12C enabling (ISMK:EN=1)

Write the send data. (TDR)
Set the Master mode. (IBCR:MSS=1)

IBCR:ACT=1?

IBCR:RSA=0?

Completed to send?

No

-

Bus error processing

\V

Start to iterate?

Write the send data. (TDR)
Set the waiting. (IBCR:WSEL)
Set an ACK. (IBCR:ACKE)
Clear the interrupt flag.
(IBCR:INT=0)

Write the send data. (TDR)

Set the iteration start.
(IBCR:MSS=SCC=1)

Set an ACK. (IBCR:ACKE)

Clear the interrupt flag. (IBCR:INT=0)|

v

v

[ E—

Set the waiting. (IBCR:WSEL)
Set an ACK. (IBCR:ACKE=0)

S
7
\\
J
| Arbitration Lost processing |
No N
¥
Y »
— >

Set the waiting. (IBCR:WSEL=1)
Set an ACK. (IBCR:ACKE=1)
Write the dummy data. (TDR)

Set to stop. (IBCR:MSS=0)
Set an ACK . (IBCR:ACKE)
Clear the interrupt flag (IBCR:INT=0)
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Figure 4-5 I°C Flowchart Example (FIFO not Used) When DMA Mode is Enabled (SSR:DMA=1) 2/4

(Master mode (TBI interruptD

IBCR:TRX=1?

No Receive the master data.

Yes

Send the master data.

Completed to send?

No
Write the send data. (TDR)
Set the waiting.
(IBCR:WSEL)
Set an ACK. (IBCR:ACKE)

Read the received data. (RDR)

Yes

A

Completed to receive

No

No

Start to iterate?

Set the waiting. (IBCR:WSEL=1)
Set an ACK. (IBCR:ACKE=1)
Write the dummy data. (TDR)

Set to stop. (IBCR:MSS=0)
Set an interrupt flag. (IBCR:INT) Set an ACK. (IBCR:ACKE)

Clear the interrupt flag. (IBCR:INT=0)
IBCR:INT=1?
Yes
Write the send data. (TDR)

Set the iteration start.
(IBCR:MSS=SCC=1)

Set an ACK. (IBCR:ACKE)
Clear the interrupt flag.
(IBCR:INT=0)

Error processing
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Figure 4-6 I°C Flowchart Example (FIFO not Used) When DMA Mode is Enabled (SSR:DMA=1) 3/4

<l
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IBCR:INT=1?

Yes
Yes
Yes
Yes

A
No

No
IBSR:TRX=0?

Yes

No

No

Set the waiting, (IBCRWSEL) Set the waiting. (IBCR:WSEL) |

No Set an ACK. (IBCR:ACKE) Write the send data. (TDR)
IBSR:RACK=0? Read the received data. (RDR)
[

»
>
Yes
|Read the received data. (RDR) | Clear the interrupt flag. @
(IBCR:INT=0)
Set the waiting. (IBCR:WSEL) Write the send data. (TDR)
Set an ACK. (IBCR:ACKE) Set the waiting. (IBCR:WSEL)
Clear the interrupt flag. Clear the interrupt flag.
(IBCR:INT=0) (IBCR:INT=0)

O

IBSR:FBT=1?

Yes

|Read the received data. (RDR) |

Slave mode operation?

Set an ACK. (IBCR:ACKE=0)
Clear the interrupt flag. (IBCR:INT=0)

Write the send data. (TDR)
Set the waiting. (IBCR:WSEL)
Set an ACK. (IBCR:ACKE)
Clear the interrupt flag. | - |
(IBCR:INT=0) Read the received data. (RDR)

Set the waiting. (IBCR:WSEL)
Set an ACK. (IBCR:ACKE)
Clear the interrupt flag.
(IBCR:INT=0)

<
<<
@ End
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Figure 4-7 I°C Flowchart Example (FIFO not Used) When DMA Mode is Enabled (SSR:DMA=1) 4/4

address

No

IBSR:FBT=1 ?

Yes

Multiple Master
mode?

Yes

Read the received data. (RDR)
Set the waiting. (IBCR:WSEL=1)
Set an ACK. (IBCR:ACKE=1)
Clear the interrupt {Iag. (IBCR:INT=0)

Read the received data. (RDR)
Set the waiting. (IBCR:WSEL)
Set an ACK. (IBCR:ACKE)
Clear the interrupt flag. (IBCR:INT=0)
]

IBSR:TRX=1? No

Yes
SSR:RDRF=1?

| Yes
| Read the received data. (RDR) |
[€

| Read the received data. (RDR) |

Yes (NACK response) Completed to

receive?
No

Set the waiting. (IBCR:WSEL)
Set an ACK. (IBCR:ACKE=0)

<«

Set the waiting. (IBCR:WSEL=1)

IBSR:RACK=0? No >« | Set an ACK. (IBCR:ACKE=1)
Clear the interrupt flag. (IBCR:INT=0)
Yes
Completed to |
send?
- ®

Write the send data. (TDR)
Set the waiting. (IBCR:WSEL)

Set an ACK. (IBCR:ACKE=0)
Clear the interrupt flag. (IBCR:INT=0)

Note:
—  The flow shows an outline of operation settings in 1°C mode. To perform the appropriate operations, take into account
error processing based on applications.
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5. I2C Interface Registers

The following lists the I2C interface registers.

List of I°C Interface Registers

Table 5-1 List of IC Interface Registers

CHAPTER 1-5: 12C Interface (I2C Communications Control Interface)

bit15

bit8

bit7

bit0

IBCR (I2C Bus Control Register)

SMR (Serial Mode Register)

SSR (Serial Status Register)

IBSR (I°C Bus Status Register)

RDR/TDR (Transmit/Received Data Register)

e EIBCR (Extension I2C Bus control Register) NFCR (Noise Filter Control Register)
BGR1 (Baud Rate Generator Register 1) BGRO (Baud Rate Generator Register 0)
ISMK (7-bit Slave Address Mask Register) ISBA (7-bit Slave Address Register)
FIFO FCR1 (FIFO Control Register 1) FCRO (FIFO Control Register 0)

FBYTE2 (FIFO2 Byte Register)

FBYTEL (FIFO1 Byte Register)

Table 5-2 I2C Interface Bit Assignment

bitl5 | bitl4 | bit13 | bitl2 | bitll | bit10 | bit9 bit8 | bit7 bité | bit5 bit4 bit3 | bit2 bitl bit0
IBCR/ ACT/
MSS ACKE |WSEL | CNDE | INTE | BER | INT | MD2 | MD1 | MDO - RIE | TIE - -
SMR SCC
SSR/
BSR REC | TSET | DMA | TBIE | ORE |RDRF|TDRE| TBI | FBT |RACK| RSA | TRX | AL | RSC | SPC | BB
TDR1/
- - - - - - - - D7 D6 D5 D4 D3 D2 D1 DO
TDRO
EIBCR/
NECR - - | SDAS | SCLS | SDAC | SCLC | SOCE | BEC - - - NFT4 | NFT3 | NFT2 | NFT1 | NFTO
BGR1/
- B14 | B13 | B12 | B11 | B10 | B9 B8 B7 B6 B5 B4 B3 B2 Bl BO
BGRO
ISMK/
1SBA EN | SM6 | SM5 | SM4 | SM3 | SM2 | SM1 | SMO |SAEN| SA6 | SA5 | SA4 | SA3 | SA2 | SAl | SA0
FCRL/
FCRO - - - |FLSTE| FRIIE |FDRQ| FTIE | FSEL | - FLST | FLD |FSET | FCL2 | FCL1 | FE2 | FE1
FBYTE2/
FD15 | FD14 | FD13 | FD12 | FD11 | FD10 | FD9 | FD8 | FD7 | FD6 | FD5 | FD4 | FD3 | FD2 | FD1 | FDO
FBYTE1
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5.1 I?C Bus Control Register (IBCR)
The 12C Bus Control Register (IBCR) is used to select master or slave mode, generate an iteration start condition, enable an
acknowledgement, enable an interrupt, and display an interrupt flag.

bit 15 14 13 12 11 10 9 8 7 0
Field MSS ACT/ ACKE WSEL CNDE INTE BER INT (SMR)
SCC
Attribute R/W R/W R/W R/W R/W R/W R R/W
Initial value 0 0 0 0 0 0 0 0

[bit15] MSS: Master/slave select bit

M |f this bit is set to 1 when the I1°C bus is in idle state (ISMK:EN=1, IBSR:BB=0), master mode is selected.

B |f this bit is set to 1 when the BB bit of IBSR register is 1, the occurrence of start condition is waited until the IBSR:BB bit is
set to 0. If the slave address matches and the slave operation is started during waiting, this bit is set to 0 and the AL bit of
IBSR register is set to 1.

B When master mode is selected (MSS=1, ACT=1) and the interrupt flag (INT) is 1, a stop condition is generated when this
bit is set to 0.

The MSS bit is cleared in any of the following conditions.

1. When the I2C interface operation is disabled (ISMK:EN=0)

When an arbitration lost occurs

When a bus error is detected (BER=1) and when EIBCR:BEC=0.

When the MSS bit is set to 0 if INT=1

When DMA mode is enabled (SSR:DMA=1), SSR:TBI=1, and when the MSS bit is set to 0

arwbD

The following provides the relationship between MSS and ACT bits.

MSS bit ACT bit State
0 0 Idle
0 1 The slave address matching or ACK is responded to the reserved
address (*1), and slave mode is in operation (in slave mode).
1 0 The master mode operation is waited.
1 1 During master mode operation (in master mode)

*1) ACK response: The SDA is LOW on the I2C bus during acknowledgement.

Bit Description

0 Selects slave mode.

1 Selects master mode.
Notes:

-  |f DMA mode is disabled (SSR:DMA=0) and the MSS bit is set to 1, the MSS bit must be set to 0 only when the MSS bit
is 1 and the INT bit is 1. If the MSS bit is set to 0 when the ACT bit is 1, the INT bit is also cleared to O.

—  |f DMA mode is enabled (SSR:DMA=1) and the MSS bit is set to 1, the MSS bit must be set to 0 only when the MSS bit
is 1 and the INT bitis 1, or the SSR:TBI bit is 1. If the MSS bit is set to 0 when the ACT bit is 1, the INT bit is also
cleared to 0.

- When master mode is selected, the MSS bit is read to be 1 even when it is set to 0 while the ACT bit is 1.
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[bit14] ACT/SCC : Operation flag/iteration start condition generation bit
This bit setting has a different meaning when it is written and read.

Reading Writing

ACT bit SCC bit

The ACT bit indicates the current operation in master or slave mode.

The ACT bit is set when:

1. The start condition is output onto the 1°C bus (master mode)

2. The slave address matches the address sent from the master device (slave mode)

3. The reserved address is detected and it is acknowledged (If MSS is 0, slave mode is selected.)

The ACT bit is reset when:

<Master mode>

1.

2
3.
4

The stop condition is detected.

. An arbitration lost is detected.

When a bus error is detected and when EIBCR:BEC=0.
. The I2C interface operation is disabled (ISMK:EN=0)

<Slave mode>

1.

a e

The (iteration) start condition is detected

The stop condition is detected.

The reserved address is detected (IBSR:RSA=1) but not acknowledged
The 12C interface operation is disabled (ISMK:EN=0)

When a bus error is detected (BER=1) and when EIBCR:BEC=0.

If this bit is set to 1 in master mode, the iteration start is executed. This bit is disabled to set to 0.

. Description
Bit At writing At reading
No effect No oparation
Generates an iteration start condition. During the 12C operation

Notes:

The SCC bit must be set to 1 during an interrupt of master mode (when MSS=1, ACT=1 and INT=1) only. If the SCC bit
is set to 1 when the ACT bit is 1, the INT bit is cleared to 0.
This bit must not be set to 1 in slave mode (when MSS=0 and ACT=1).
If the SCC bit is set to 1 and if the MSS bit is set to 0 simultaneously, the MSS bit setting is preceded.
When data is read by a read-modify-write instruction, the SCC bit is read.
If both of the following conditions are satisfied, the INT bit is set to 1 and the 12C bus is waited (SCL=LOW). To generate
an iteration start condition, clear the INT bit by setting the SCC bit to 1 again.
The SCC bit is set to 1 during master mode interrupt at 8th bit (MSS=1, ACT=1, INT=1 and WSEL=1).
A negative acknowledgement (NACK) is received at 9th bit.
When DMA mode is enabled (SSR:DMA=1), the SSR:TBI bit is 1 and the IBCR:INT bit is 0, follow the steps below to
issue the iteration start condition.
1. Setthe IBCR:INT bitto 1.
2. Check that the IBCR:INT bit is set to 1.
3. Write the slave address in the TDR.
4. Set this bit to 1.
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[bit13] ACKE: Data byte acknowledge enable bit
B |f this bit is set to 1, LOW is output when acknowledged.
B This bit must be changed if any of the following conditions has occurred:

Oo0O0o0oa0o

If DMA mode is disabled (SSR:DMA=0), the ACT bitis 1, and the INT bitis 1

If DMA mode is enabled (SSR:DMA=1), the ACT bitis 1, and the SSR:TBI hitis 1

If DMA mode is enabled (SSR:DMA=1), the ACT bit is 1, the slave mode reception is selected, and the SCR:RDRF is 1
If the ACT bitis 0

This bit is invalid in the following conditions.
1.
2.
3.

During acknowledgement to an address field other than the reserved address (automatic generation)

During data transmission (IBSR:RSA=0, IBSR:TRX=1, IBSR:FBT=0)

If the received FIFO is enabled and the slave mode reception is selected (FCRO:FE=1, MSS=0, ACT=1), an ACK is
returned.

If the received FIFO is enabled, the WSEL bit is 0, the master mode reception is selected (FCRO:FE=1, MSS=1, ACT=1,
WSEL=0), and the SSR:TDRE bit is 0, an ACK is always returned. If the SSR:TDRE bit is 1, a NACK is returned.

If the received FIFO is enabled, WSEL=0, the reserved address is detected and the slave transmission is selected
(IBSR:RSA=1, IBSR:TRX=1, IBSR:FBT=1), an ACK is always returned. To respond with a NACK, disable the received
FIFO and set the ACKE bit to 0 during interrupt after detection of the reserved address.

The received FIFO is enabled, the WSEL bit is 1, the master mode reception is selected, and the Transmit Data Register
has data (FCRO:FE=1, MSS=1, ACT=1, WSEL=1, SSR:TDRE=0).

Bit Description
0 Disables acknowledgment.
1 Enables acknowledgement.

[bit12] WSEL: Wait selection bit
B If DMA mode is disabled (SSR:DMA=0), this bit selects a generation time of interrupt before or after acknowledgement

(INT=1) and selects to wait the 12C bus or not.

B |f DMA mode is enabled (SSR:DMA=1), this bit selects a generation time of interrupt before or after acknowledgement

(INT=1, and SSR:TBI=1 for transmission or SSR:RDRF=1 for reception) and selects to wait the 12C bus or not.

B The WSEL bit is invalid in the following conditions.

1. Aninterrupt occurs (INT=1) for the first byte. (*1)

2. The reserved address is detected (IBSR:FBT=1, IBSR:RSA=1).

3. The NACK response is detected during FIFO data transfer (FCRO:FE=1, IBSR:RACK=1, ACT=1). (*2)
4. The received FIFO is filled with data during FIFO reception.

*1) The first byte indicates data after the (iteration) start condition.
*2) NACK response: The SDA bit of 12C bus is HIGH during acknowledgement.

Bit Description
0 Waits (9 bits) after acknowledgement.
1 Waits (8 bits) after data transmission or reception.
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[bit11l] CNDE: Condition detection interrupt enable bit
This bit enables an interrupt if a stop condition or an iteration start condition is detected in master or slave mode (ACT=1). An
interrupt occurs if the RSC or SPC hit of IBSR register is 1 and if this bit is set to 1.

Bit Description
0 Disables an interrupt due to the iteration start or stop condition.
1 Enables an interrupt due to the iteration start or stop condition.

[bit10] INTE: Interrupt enable bit
This bit enables an interrupt (INT=1) due to a data transmission and reception or bus error in master or slave mode.

Bit Description
0 Disables an interrupt.
1 Enables an interrupt.

[bit9] BER: Bus error flag bit
This bit indicates that an error has been detected on the 12C bus.

The BER bit is set when:

1. The start or stop condition is detected during transfer of the first byte. (*1)

2. The (iteration) start condition or the stop condition is detected at bit2 to bit9 (acknowledgement) of data after the 2nd or
subsequent byte.

The BER bit is reset when:

1. The INT bitis setto 0 if EIBCR:BEC=0 and BER=1.

The 12C interface operation is disabled (ISMK:EN=0).

The IBCR:INT bit is set to 0 when EIBCR:BEC=1 and IBCR:INT=1.

The IBCR:SPC bit is set to 0 when EIBCR:BEC=1 and IBCR:SPC=1.

The IBCR:RSC bit is set to 0 when EIBCR:BEC=1 and IBCR:RSC=1.
*1) The first byte indicates data after the (iteration) start condition.
Bit Description

aprwb

0 No error

1 An error was detected.

Note:
In the following cases, check this bit state if the interrupt flag (INT bit) is 1. If it is 1, the normal data transmission and
reception fail. Retransmit the data.

—  The interrupt flag(INT bit) is 1 when EIBCR:BEC=0
—  The iteration start condition confirmation bit(IBSR:RSC bit) is 1 when EIBCR:BEC=1
—  The stop condition confirmation bit(IBSR:SPC bit) is 1 when EIBCR:BEC=1
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[bit8] INT: interrupt flag bit

The interrupt flag bit is set to 1 after 8 or 9 bits (ACK) of data have been transmitted and received or when a bus error has
occurred in master or slave mode. During operation other than bus error, if the INT bit is set to 1, the SCL flag is set to LOW.
If the INT bit is set to 0, the SCL is released from the LOW state.

The INT bit is set when:

<8th bit>

<If DMA mode is not related>

1.
2.

The reserved address is detected in the first byte.
The WSEL bitis 1 and an arbitration lost is detected in the 2nd or subsequent byte.

<If DMA mode is disabled (SSR:DMA=0)>

1.

If DMA mode is disabled (SSR:DMA=0), WSEL bit is 1, master mode is selected, and the SSR:TDRE bit is 1 in the
2nd or subsequent byte.

If DMA mode is disabled (SSR:DMA=0), WSEL bit is 1, slave mode is selected, the received FIFO is disabled, and
the SSR:TDRE bit is 1 in the 2nd or subsequent byte.

If DMA mode is disabled (SSR:DMA=0), WSEL bit is 1, the slave mode transmission is selected, and the
SSR:TDRE bit is 1 in the 2nd or subsequent byte.

If DMA mode is disabled (SSR:DMA=0), WSEL bit is 1, the received FIFO is disabled, and the slave mode
reception is selected.

<If DMA mode is enabled (SSR:DMA=1)>

1.

<9th bit>

If DMA mode is enabled (SSR:DMA=1), WSEL bit is 1, master mode is selected , the SSR:TBI bitis 1 in the 2nd or
subsequent byte, and the INT bit is set to 1.

<If DMA mode is not related>

1.
2.

5.

An arbitration lost is detected in the first byte.

The NACK signal is received during the time other than stop condition output setting (the MSS bit is set to 0 during
the master mode operation).

The WSEL bit is 0 and an arbitration lost is detected in the 2nd or subsequent byte.

The reserved address is not detected in the 1st byte, and data is found in the received FIFO when the received
FIFO is enabled and data is received in master or slave mode (IBSR:TRX=0).

EIBCR:BEC=1 and IBSR:BER=1

<If DMA mode is disabled (SSR:DMA=0)>

1.

310

If DMA mode is disabled (SSR:DMA=0), the reserved address is not detected in the 1st byte, and the SSR:TDRE
bit is 1 when data is transmitted (IBSR:TRX=1) in master or slave mode.

If DMA mode is disabled (SSR:DMA=0), the reserved address is not detected in the 1st byte, and the SSR:TDRE
bit is 1 when the received FIFO is disabled for data reception (IBSR:TRX=0) in master or slave mode.

If DMA mode is disabled (SSR:DMA=0), WSEL bit is 0, and the SSR:TDRE bit is 1 in the 2nd or subsequent byte
during the master mode operation.

If DMA mode is disabled (SSR:DMA=0), WSEL bit is 0, and the SSR:TDRE bit is 1 in the 2nd or subsequent byte
during the slave mode transmission.

If DMA mode is disabled (SSR:DMA=0), WSEL bit is 0, the received FIFO is disabled, and the slave mode
reception is selected. However, if the reserved address is detected in the 1st byte during the slave mode reception,
no interrupt is generated by bit 9.

If DMA mode is disabled (SSR:DMA=0), the received FIFO is enabled, data is received in slave mode, and the
received FIFO is filled with data.
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<If DMA mode is enabled (SSR:DMA=1)>

1. If DMA mode is enabled (SSR:DMA=1), the reserved address is not detected in the 1st byte, and the SSR:TDRE
bit is 1 when data is transmitted (IBSR:TRX=1) in slave mode.

2. If DMA mode is enabled (SSR:DMA=1), the reserved address is not detected in the 1st byte, and the SSR:TDRE
bit is 1 when the received FIFO is disabled for data reception (IBSR:TRX=0) in slave mode.

3. If DMA mode is enabled (SSR:DMA=1), WSEL bit is 0, the SSR:TBI bhit is 1 in the 2nd or subsequent byte during
the master mode operation, and the INT bit is set to 1.

<Others>
1. When a bus error is detected and EIBCR:BEC=0.

The INT bit is reset when:
1. The INT bitis set to 0.
2. The INT bit is 1 and the ACT bit is 1, the MSS bit is set to 0.
3. The INT bitis 1 and the ACT bit is 1, the SCC bitis setto 1.

If the DMA mode is disabled (SSR:DMA=0), it is invalid to set the INT bit to 1.

. Description
Bit At writing At reading
Clears the INT bit. Does not issue an interrupt request.
No effect Issues an interrupt request.

Notes:

—  When DMA mode is enabled (SSR:DMA=1) and the SSR:TBI bit is 1 in the 2nd or subsequent byte during the master
mode operation, a status interrupt (SIRQ=1) is not generated even when the INT bit is set to 1.

—  When DMA is enabled (SSR:DMA=1), the SSR:TBI bit is 1 and the IBCR:INT bit is O, follow the steps below to issue the
iteration start condition.

1. Setthe IBCR:INT bit to 1.

2. Check that the IBCR:INT bit is set to 1.
3. Write the slave address in the TDR.

4. Setthe IBCR:SCC bitto 1.

— Ifthe INT flag is changed from 1 to 0, the 12C bus is released from waiting.

- If the ISMK:EN bit is set to 0, the SSR:RDRF and INT bits may be set to 1 in certain received timing. If so, read the
received data and clear the INT bit.

—  When a read-modify-write instruction is issued, 1 is read.

— Ifthe received FIFO is enabled, the INT bit is not set to 1 even when the received FIFO is filled with data during the
master mode reception.

—  Set this bit to 1 when the start condition is issued (IBCR:MSS=1).
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5.2 Serial Mode Register (SMR)

The Serial Mode Register (SMR) is used to set an operation mode, and to enable or disable the transmit/received interrupt.

Bit 15 .. 8 7 6 5 4 3 2 1 0
Field | (SCR) | mD2 MDI | MDO | Resered | RIE | TIE Reserved
Attribute R/W R/W R/W - R/W R/W -
Initial value 0 0 0 - 0 0 -

[bit7:5] MD2, MD1, MDO: operation mode set bits
These bits set an operation mode.

* This chapter explains the registers and their operation in operation mode 4 (I2C mode).

Bit7 bit6 bit5 Description
0 0 0 Operation mode 0 (async normal mode)
0 0 1 Operation mode 1 (async multiprocessor mode)
0 1 0 Operation mode 2 (clock sync mode)
0 1 1 Operation mode 3 (LIN communication mode)
1 0 0 Operation mode 4 (I12C mode)

Values other than the above | Setting disabled.

Notes:

—  Any bit setting other than above is prohibited.

—  To switch the current operation mode, disable the 12C (ISMK:EN=0) and change the operation mode continuously.
—  After the operation mode has been set, set each register correctly.

[bit4] Reserved: Reseved bit
The read value is 0. Be sure to write 0.

[bit3] RIE: Received interrupt enable bit

B This bit enables or disables an output of received interrupt request to the CPU.

B If the RIE bit and the received data flag bit (SSR:RDRF) are 1, or if any of error flag bits (SSR:ORE) is 1, a received
interrupt request is output.

Bit Description
0 Disables the received interrupt.
1 Enables the received interrupt.

Note:
To receive data using the INT bit of I2C Bus Control Register (IBCR) when DMA mode is disabled (SSR:DMA=0), set this bit
to 0.
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[bit2] TIE: Transmit interrupt enable bit
B This bit enables or disables an output of transmit interrupt request to the CPU.

B |f the TIE and SSR:TDRE bits are 1, a transmit interrupt request is output.

Bit Description
0 Disables the transmit interrupt.
1 Enables the transmit interrupt.
Note:
—  To transmit data using the INT bit of 12C Bus Control Register (IBCR) when DMA mode is disabled (SSR:DMA=0), set
this bit to 0.

[bitl:0] Reserved : Reserved bits
The read value is 0. Be sure to write 0.
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5.3 12C Bus Status Register (IBSR)

The 12C Bus Status Register (IBSR) shows the iteration start, acknowledgement, data direction, arbitration lost, stop
condition, 12C bus status, and bus error detection.

Bit 15 8 7 6 5 4 3 2 1 0
Field | (SSR) | FBT RACK RSA TRX AL RSC SPC BB

Attribute R R R R R R/W R/W R

Initial value 0 0 0 0 0 0 0 0

[bit7] FBT: First byte bit
This bit indicates the first byte.

The FBT bit is set when:

1. The (iteration) start condition is detected.

The FBT bit is cleared when:

1. The second byte is sent or received.

2. The stop condition is detected.

3. The 12C interface operation is disabled (ISMK:EN=0).

4. When a bus error is detected (IBCR:BER=1) and EIBCR:BEC=0.

Bit Description
0 Other than 1st byte
1 The 1st byte is being sent or received.

[bit6] RACK: Acknowledge flag bit
This bit shows acknowledgement being received in the 1st byte or in master or slave mode.

The RACK bit is updated when:

1. Acknowledged in the 1st byte.
2. Data is acknowledged in master or slave mode.

The RACK bit is cleared (RACK=0) when:

1. The (iteration) start condition is detected.
2. The I2C interface operation is disabled (ISMK:EN=0).
3. When a bus error is detected (IBCR:BER=1) and EIBCR:BEC=0.

Bit Description
0 LOW is received.
1 HIGH is received.

314 FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C



& CYPRESS

~amp”  EMBEDDED IN TOMORROW™ CHAPTER 1-5: 12C Interface (I2C Communications Control Interface)

[bit5] RSA: Reserved address detection bit
This bit shows that the reserved address has been detected.

The RSA bit is set (RSA=1) when:
1. The 1st byte is 0000xxxx or 1111xxxx. Where x can be 0 or 1.

The RSA bhit is reset (RSA=0) when:

1. The (iteration) start condition is detected.

2. The stop condition is detected.

3. The I2C interface operation is disabled (ISMK:EN=0).

4. When a bus error is detected (IBCR:BER=1) and EIBCR:BEC=0.

If the RSA bit is set to 1 in the 1st byte, the interrupt flag (IBCR:INT) is set to 1 and the SCL flag is set to L at the falling edge
of SCL (8th bit) of the 1st byte regardless of FIFO enable or disable state. To read the received data and start the slave mode
operation during this time, set the IBCR:ACKE bit to 1 and clear the interrupt flag (IBCR:INT) to 0. If the TRX bit is O after that,
data is received in slave mode. To stop the data reception, set the IBCR:ACKE bit to 0. No data is received after that.

Bit Description
0 The reserved address is not detected.
1 The reserved address is detected.

Notes:

— Ifthe IBCR:ACKE bit is set to 0 during data transfer, this IBCR:ACKE bit cannot be set to 1 until the stop condition or the
iteration start condition is detected.

— If the slave mode transmission is detected during an interrupt by reserved address detection and if the received FIFO is
enabled, an ACK response is returned. In this case, disable the received FIFO and set the IBCR:ACKE bit to 0.

[bit4] TRX: Data direction bit
This bit indicates the data direction.

The TRX bit is set when:
1. The (iteration) start condition is sent in master mode.
2. 8th bit of the 1st byte is 1 in slave mode (in the slave mode transmission direction).

The TRX bit is reset when:

An arbitration lost occurs (AL=1).

8th bit of the 1st byte is 0 in slave mode (in the slave mode reception direction).
8th bit of the 1st byte is 1 in master mode (in the master mode reception direction).
The stop condition is detected.

The (iteration) start condition is detected in any mode other than master mode.
The 12C interface operation is disabled (ISMK:EN=0).

When a bus error is detected (IBCR:BER=1) and EIBCR:BEC=0.

No gk wbdhpE

Bit Description

0 Received direction

1 Transmission direction
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[bit3] AL: Arbitration lost bit

This bit indicates an arbitration lost.

The AL bit is set when:

1. The output data does not match the received data in master mode.

2. The IBCR:MSS bhit is set to 1 but the slave mode operation is selected.

3. The iteration start condition is detected by 1st bit of the 2nd or subsequent byte data in master mode when
EIBCR:BEC=0.

4. The iteration start condition is detected in master mode and when EIBCR:BEC=0.

The stop condition is detected by 1st bit of the 2nd or subsequent byte data in master mode when EIBCR:BEC=1.

6. The stop condition is detected in master mode when EIBCR:BEC=1 (except the case where the stop condition is
detected in the acknowledge field.)

7. The iteration start condition cannot be generated in master mode.

8. The stop condition cannot be generated in master mode.

o,

The AL bit is reset when:
1. The IBCR:MSS bit is setto 1.

2. The IBCR:INT bit is set to 0.

3. The SPC bit is set to 0 when both AL and SPC bits are 1.

4. The 12C interface operation is disabled (ISMK:EN=0).

5. When a bus error is detected (IBCR:BER=1) and EIBCR:BEC=0.
Bit Description
0 No arbitration lost has occurred.
1 An arbitration lost has occurred.

[bit2] RSC: Iteration start condition check bit
This bit shows that an iteration start condition is detected in master or slave mode.

The RSC bit is set when:

1. When an iteration start condition is detected after acknowledgement, during the master or slave mode operation when
EIBCR:BEC=0.

2. When an iteration start condition is detected in the first byte, during the master or slave mode, in the first bit when
EIBCR:BEC=1.

The RSC bit is reset when:

1. The RSC bhit is setto 0.

2. The IBCR:MSS bitis set to 1.

3. The I2C interface operation is disabled (ISMK:EN=0).

It is invalid to set this bit to 1.

Bit Description
0 No iteration start condition has been detected.
1 An iteration start condition has been detected.

Notes:

— If no acknowledgement response is sent while data is received in slave mode due to the reserved address being
detected, slave mode is released. In this case, this bit is not set to 1 even if the next iteration start condition is detected.

=  When a read-modify-write instruction is issued, 1 is read.
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[bitl] SPC: Stop condition check bit

This bit shows that a stop condition is detected in master or slave mode.

The SPC bit is set when:

1. When the stop condition is detected in the master or slave mode operation, when EIBCR:BEC=0.
2. The stop condition is detected in the one of the following cases when EIBCR:BEC=1.

* In the first byte when IBCR:ACT=0

* In the slave operation mode

* In the master mode(except the case where the stop condition is detected in the acknowledge field)
3. In master mode, the stop condition has occurred and, therefore, an arbitration lost has occurred.

The SPC bhit is reset when:

1. This hitis setto 0.

2. The IBCR:MSS bitis set to 1.

3. The I2C interface operation is disabled (ISMK:EN=0).

It is invalid to set this bit to 1.

Bit Description

0 No stop condition is detected.
Master L e o

d An arbitration lost has occurred when the stop condition is detected or when it is output.
mode
1
Slave L
The stop condition is detected.
mode
Notes:

- If no acknowledgement response is sent while data is received in slave mode due to the reserved address being
detected, slave mode is released. In this case, this bit is not set to 1 even if the next stop condition is detected.

=  When a read-modify-write instruction is issued, 1 is read.

—  When all the following conditions are met, this bit is not set tol and the master operation is continued even if the stop
condition is detected:

-  When EIBCR:BEC=1

— In the master operation

— Inthe acknowledge field

[bit0] BB: Bus state bit

This bit shows the bus state.

The BB bit is set when:

1. LOW is detected in SDA or SCL of the I12C bus.

The BB bit is reset when:

1. The stop condition is detected.

2. The I2C interface operation is disabled (ISMK:EN=0).

3. When a bus error is detected (IBCR:BER=1) and EIBCR:BEC=0.

Bit Description
0 The bus is in idle state.
1 The bus is in transmission and reception state.
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5.4 Serial Status Register (SSR)

The Serial Status Register (SSR) is used to check the transmission or reception state.

bit 15 14 13 12 1 10 9 8 7 . 0

Field REC | TSET | DMA TBIE ORE | RDRF | TDRE Bl | (IBSR) |
Attribute RIW RIW RIW RIW R R R R
Initial value 0 0 0 0 0 0 1 1

[bit15] REC: Received error flag clear bit
This bit clears the ORE bit of Serial Status Register (SSR).

B If this bit is set to 1, the ORE bit is cleared.
W This bit has no effect on the operation if set to 0.
When it is read, 0 is always read.

Description

Bit " ;
At writing At reading

No effect on operation.
Clears the Received Error flag (ORE).

0 is always read.

[bitl4] TSET: Transmit empty flag set bit
This bit sets the TDRE bit of Serial Status Register (SSR).

W Ifitis setto 1 and if the TDRE bit and DMA mode are enabled (DMA=1), the TBI bit is set.
B This bit has no effect on the operation if set to 0.
When it is read, 0 is always read.

Description

Bit — i
At writing At reading

No effect on operation.
The TDRE bit is set.

0 is always read.

Note:
—  Set this bit to 1 only when the IBCR:INT bit is 1.

[bit13] DMA: DMA mode enable bit
This bit enables or disables DMA mode.

B |f this bit is set to 1, an interrupt condition is generated during DMA transfer.
MW If this bit is set to 0, an interrupt condition is generated during normal data transfer.
For details, see Table 2-1.

Bit Description
0 Disables DMA mode.
1 Enables DMA mode.

Note:
—  This bit state can be changed only when the ISMK:EN bit is 0.
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[bit12] TBIE: Transmit bus idle interrupt enable bit (Effective only when DMA mode is enabled)

B This bit enables or disables an output of transmit bus idle interrupt request to the CPU.

B If DMA mode is enabled (DMA=1) and both TBIE and TBI bits are 1, a transmit bus idle interrupt request is output.

B If DMA mode is disabled (DMA=0), this bit is set to 0. If data is written, this writing is ignored and the 0 is maintained.

Bit Description
0 Disables the transmit bus idle interrupt.
1 Enables the transmit bus idle interrupt.

[bit1l] ORE: Overrun error flag bit

B If an overrun occurs during data reception, this bit is set to 1. This is cleared if the REC bit of Serial Status Register (SSR)
is setto 1.

B If the ORE and SMR:RIE bits are 1, a received interrupt request is output.

B [f this flag is set, the Received Data Register (RDR) is invalid.

B [f the received FIFO is used and if this flag is set, the received data is not stored in the received FIFO.

Bit Description
0 No overrun error occurred.
1 An overrun error occurred.

[bit10] RDRF: Received data full flag bit
B This flag shows the state of Received Data Register (RDR).
B If the SMR:RIE bit and the received data flag bit (RDRF) are 1, a received interrupt request is issued.
B When the received data is loaded in the RDR, this bit is set to 1. When data is read from the Received Data Register
(RDR), this bit is cleared to 0.
B This bit is set at the falling edge of SCL signal (8th bit of data).
B This bit is also set even when a NACK is responded. (*1)
B If the received FIFO is used and if a certain count of data is received by the received FIFO, the RDRF bit is set to 1.
B If the received FIFO is used and if received FIFO is emptied, this bit is cleared to 0.
B [f all of the following conditions are satisfied and if the received idle state continues for more than 8 baud rate clocks, the
interrupt flag (SSR:RDRF) is set to 1.
* The received FIFO idle detection enable bit (FCR:FRIIE) is 1.
» The number of data sets stored in the received FIFO does not reach the transfer count.
* The IBCR:BER bitis 0.
If the RDR data is read during counting of 8 clocks, this counter is reset to O and counting for 8 clocks is restarted.

*1) NACK response: The SDA bit of 12C bus is H during acknowledgement.

Bit Description
0 The Received Data Register (RDR) is empty.
1 The Received Data Register (RDR) contains data.
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Notes:

If all of the following conditions are satisfied, the SCL flag is set to LOW after ACK is transmitted was transmitted. If the
RDRF bit is set to 0, the SCL flag is released from the LOW state.

The received FIFO is not used.

DMA mode is enabled (SSR:DMA=1).

Data is received in the 2nd or subsequent byte (IBSR:TRX=0), and the RDRF bit is 1.

The IBCR:WSEL bit is 0.

If all of the following conditions are satisfied, the SCL flag is set to LOW immediately after single-byte data reception. If
the RDRF bit is set to 0, the SCL flag is released from the LOW state.

The received FIFO is not used.

DMA mode is enabled (SSR:DMA=1).

Data is received in the 2nd or subsequent byte (IBSR:TRX=0), and the RDRF bit is 1.

The IBCR:WSEL bit is 1.

If the received FIFO is used and DMA mode is enabled for data reception (DMA=1), the SCL flag is set to LOW when
the received FIFO is filled with data. If data is read from the RDR even once, the SCL flag is released from the LOW
state.

[bit9] TDRE: Transmit data empty flag bit

B This flag shows the state of Transmit Data Register (TDR).

B |f the SMR:TIE and TDRE bits are 1, a Transmit Interrupt Request is output.

B |f transmit data is written in the TDR, this bit is set to 0 to indicate that the TDR contains valid data. When data is loaded to
a shift register for transmission and its transmission is started, this bit is set to 1 to indicate that the TDR does not have the
valid data.

B If the TSET bit of Serial Status Register (SSR) is set to 1, this flag is set. If an arbitration lost or a bus error is detected, use
this flag to set the TDRE bit to 1.

Bit Description
0 The Transmit Data Register (TDR) contains data.
1 The Transmit Data Register is empty.
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[bit8] TBI: Transmit bus idle flag bit (Effective only when DMA mode is enabled)

This bit shows that no data is sent by the 12C when DMA mode is enabled (DMA=1). If DMA mode is enabled (DMA=1) and
the TBI bit is set to 1 in the 2nd or subsequent byte, the SCL flag is set to LOW. If the TBI bit is set to 0, the SCL flag is
cleared from the LOW state.

The TBI bit is set when:
<8th bit>

1. The WSEL bitis 1, master mode is selected, and the TDRE bit is 1 in the 2nd or subsequent byte.
2. The WSEL hit is 1, the slave mode transmission is selected, and the SSR:TDRE bit is 1 in the 2nd or subsequent byte.

<9th bit>

1. Master mode is selected, the reserved address is not detected in the 1st byte, and the SSR:TDRE bitis 1.
2. The WSEL bit is 0, master mode is selected, and the TDRE bit is 1 in the 2nd or subsequent byte.
3. The WSEL bit is 0, the slave mode transmission is selected, and the SSR:TDRE bit is 1 in the 2nd or subsequent byte.

<Others>

The transmit buffer empty flag set bit (TSET) is set to 1.

The TBI bit is reset when:

1. The transmit data is written in the Transmit Data Register (TDR).

If this bit is 1 and if the transmit bus idle interrupt is enabled (SCR:TBIE=1), a transmit interrupt request is output.

B If DMA mode is disabled (DMA=0), this bit is undefined.

Bit Description
0 During data transmission
1 No data transmission
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5.5 Received Data Register/Transmit Data Register (RDR/TDR)
The Received and Transmit Data Registers are allocated at the same address. This register functions as the Received Data
Register when data is read from it. This register functions as the Transmit Data Register when data is written in it.

Received Data Register (RDR)

bit 15 8 7 6 5 4 3 2 1 0
Field | | oz | pe | ps | pa | b3 | b2 | b1 | Do |
Attribute R R R
Initial value 0 0 0 0 0 0 0 0

The Received Data Register (RDR) is a data buffer register for serial data reception.

B When a serial data signal is sent to the serial data line (SDA pin), it is converted by a shift register and stored in the
Received Data Register (RDR).

B When the first byte (*1) is received, a received address is not stored in the Received Data Register (RDR). However, when
the first byte is a reserved address, a received address is stored in the Received Data Register (RDR). In this case, the
least significant bit (RDR:DO) is the data direction bit.

B When the received data is stored in the Received Data Register (RDR), the received data full flag bit (SSR:RDRF) is set to
1.

B When data is read from the Received Data Register (RDR), the received data full flag bit (SSR:RDRF) is cleared to 0
automatically.

*1) The first byte indicates data after the (iteration) start condition.

Notes:

- If the received FIFO is used and if a certain count of data is received by the received FIFO, the SSR:RDRF bit is set to
1.

— Ifthe received FIFO is used and if received FIFO is emptied, the SSR:RDRF bit is cleared to 0.
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Transmit Data Register (TDR)

bit 15 8 7 6 5 4 3 2 1 0
Field | | o7z | pe | pbs | pa | b3 | b2 | b1 | Do |

Attribute w w w w w w w w

Initial value 1 1 1 1 1 1 1 1

The Transmit Data Register (TDR) is a data buffer register for serial data transmission.

B Data of the Transmit Data register (TDR) is output to the serial data line (SDA pin) with the MSB first order.

B \When the first byte is transmitted, the least significant bit (TDR:DO) indicates the data direction.

B When the transmit data is written in the Transmit Data Register (TDR), the transmit data empty flag (SSR:TDRE) is
cleared to 0.

B When data is transferred to a shift register for transmission, the transmit data empty flag (SSR:TDRE) is set to 1.

B [f transmit FIFO is disabled and if the data empty flag (SSR:TDRE) is 0, the transmit data cannot be written in the Transmit
Data Register (TDR).

B If transmit FIFO is used, the transmit data can be written until transmit FIFO is filled with it even if the transmit data empty
flag (SSR:TDRE) is 0.

Note:

—  The Transmit Data Register is a write-only register. While the Received Data Register is a read-only register. As these
two registers are allocated at the same address, the write and read values differ from each other. Therefore, the
INC/DEC instruction and other read-modify-write (RMW) instruction cannot be used.
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5.6 Noise Filter Control Register (NFCR)

The Noise Filter Control Register (NFCR) is used to set te noise filter time.

Noise Filter Control Register (NFCR)

Bit 15 8 7 6 5 4 3 2 1 0
Field (EIBCR) I - | - - NFT4 NFT3 NFT2 NFT1 NFTO
Attribute - - - R/W R/W R/W R/W R/W

Initial Value - - - 0 0 0 0 0

[bit7:5] Reserved: Reserved bits
The read value is 0. Be sure to write 0

[bit4:0] NFT4 to NFTO: Noise Filter Time Select bits
Selects the Noise Filter Times of Serial clock input (SCL) and Serial data input (SDA).

The formula of calculating the noise filter time is as follows:
Noise Filter Time = (NFT+1) x 2 x Bus Clock Frequency Time

For the relationship between noise filter time select bit setting and bus clock frequency, see Table 5-3.
Set the noise filter time select bits according to the frequency.

Notes:
= When ISMK:EN bit of ISMK register is 0, set these bits.
= Any bit setting other than those in Table 5-3 is prohibited.

Table 5-3 Relationship between Noise Filter Time Select bits and Bus Clock Frequency

bit4 bit3 bit2 bitl bit0 Bus Clock Frequency [MHZz]

0 0 0 0 0 8 MHz or more and less than 40 MHz™?
40 MHz or more and less than 60 MHz

60 MHz or more and less than 80 MHz
80 MHz or more and less than 100 MHz
100 MHz or more and less than 120 MHz
120 MHz or more and less than 140 MHz
140 MHz or more and less than 160 MHz
160 MHz or more and less than 180 MHz
180 MHz or more and less than 200 MHz
200 MHz or more and less than 220 MHz
220 MHz or more and less than 240 MHz
240 MHz or more and less than 260 MHz
260 MHz or more and less than 280 MHz
280 MHz or more and less than 300 MHz
300 MHz or more and less than 320 MHz
320 MHz or more and less than 340 MHz
340 MHz or more and less than 360 MHz
360 MHz or more and less than 380 MHz
1 0 0 1 0 380 MHz or more and less than 400 MHz
*1: In Standard —-mode, 2 MHz or more and less than 40 MHz

Rr|kr|lo|lo|lo|o|o|o|lo|o|o|o|lo|o|o|o|o
o|lo|r|r|r|kR|R|[R|r|r|o|jo|o|o|o|o|o
o|lo|r|r|r|r|lo|lo|lo|lo|r|r|r|r|o|o|o
o|lo|r|r|lo|lo|r|r|lo|lo|r|r|lo|lo|r|r|o
r|lo|r|o|lr|o|r|o|lr|o|r|Oo|lr|Oo|rR|O|K
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5.7 Extension 12C Bus Control Register (EIBCR)

The Extension 12C Bus Control Register (EIBCR) is used to control the output of SDA/SCL and set the operation continuity
after a bus error occurs.

Bit 15 14 13 12 11 10 9 8 7 0
Field Reserved SDAS SCLS SDAC SCLC SOCE BEC -
Attribute - R R R/W R/W R/W R/W
Initial value - 0 0 1 1 0 0

[bit15:14] Reserved: Reserved bits
The read value is 0. Be sure to write 0.

[bit13] SDAS: SDA status bit
This bit indicates the signal level of SDA line after a noise filter.

Bit Description
0 SDA line is in Low level.
1 SDA line is in High level.
Note:
—  This bit is valid only when 12C is enabled (ISMK:EN=1). When 12C is disabled (ISMK:EN=0), 0 is always read from this
bit.

[bit12] SCLS: SCL status bit
This bit indicates the signal level of SCL line after a noise filter.

Bit Description
0 SCL line is in Low level.
1 SCL line is in High level.
Note:
—  This bitis valid only when 12C is enabled (ISMK:EN=1). When 12C is disabled (ISMK:EN=0), 0 is always read from this
bit.

[bit11] SDAC: SDA output control bit
When the serial output control is enabled (SOCE=1), this bit controls SDA output.

Bit Description
0 SDA output is in Low level.
1 SDA output is in High level.

[bit10] SCLC: SCL output control bit
When the serial output control is enabled (SOCE=1), this bit controls SCL output.

Bit Description
0 SCL output is in Low level.
1 SCL output is in High level.
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[bit9] SOCE: Serial output enabled bit

This bit enables the serial output.

When this bit is set to 1, the following operations are executed:

B SDA output is controlled with SDA output control bit (SDAC).
B SCL output is controlled with SCL output control bit (SCLC)

bit Description
0 Serial output control is disabled.
1 Serial output control is enabled.

Note:

—  Only when IBCR:MSS=0 and IBCR:ACT=0, this bit must be set to 1.

[bit8] BEC: Bus error control bit

After a bus error occurs (IBSR:BER=1), this bit selects the continuity or abortion of I12C operation.

Bit Description
0 12C operation is aborted.
1 I12C operation is continued.

Note:

-  When EIBCR:BEC=0, if the restart condition is detected while the address data is being transferred or bit2 to
bit9(acknowledge bits) are being transferred after the start condition is detected, a bus error is detected(IBCR:BER=1)
and reception is aborted. So, the next data is not received. In this case, after clearing the interrupt flag (IBCR:INT), the
re-processing of the start condition from master is required.

326

FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C



& CYPRESS

~amp”  EMBEDDED IN TOMORROW™ CHAPTER 1-5: 12C Interface (I2C Communications Control Interface)

5.8 7-bit Slave Address Mask Register (ISMK)

The 7-bit Slave Address Mask Register (ISMK) is used to compare or set each bit of the slave address.

bit 15 14 13 12 1 10 9 8 7 . 0
Field EN sMe | swms | sm4 | swm3 sMm2 SM1 smo | (ISBA) |
Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial value 0 1 1 1 1 1 1 1

[bitl5] EN: 12C interface operation enable bit
This bit enables or disables the 12C interface operation.

If set to 0: The I2C interface operation is disabled.
If set to 1: The 12C interface operation is enabled.

Bit Description
0 Disable
1 Enable

Notes:

—  This bitis not cleared to 0 even if the BER bit of IBSR register is set to 1.

—  The baud rate generator must be set only when this bit is 0.

= When this bit is 0, set both the 7-bit Slave Address Register and the 7-bit Slave Address Mask Register.

— If the I2C interface operation is disabled (EN=0), data transmission and reception is inhibited immediately.

— If you have set the IBCR:MSS bit to 0 to generate a Stop condition and if you wish to disable the 12C interface operation,
make sure that the stop condition has occurred. Then, disable the operation (EN=0).

— Ifthe EN bit is set to 0 during data transmission, a pulse may be generated on the SDA/SCL signal of the 12C bus.

[bit14:8] SM6 to SMO: Slave address mask bits
These bits specify to exclude the 7-bit slave address and the received address from comparison.

If setto 1, the address is compared.
If set to 0, the address matching is assumed.

Bit14:8 Description
0 Does not compare the bits.
1 Compares the bits.

Note:
—  This register must be set only when the EN bit is 0.
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5.9 7-bit Slave Address Register (ISBA)

The 7-bit Slave Address Register (ISBA) is used to set the slave address.

Bit 15 .. 8 7 6 5 4 3 2 1 0

Field | (ISMK) | SAEN | sae SAS5 SA4 SA3 SA2 SAL SAO

Attribute RIW RIW RIW RIW RIW RIW RIW RIW
Initial value 0 0 0 0 0 0 0 0

[bit7] SAEN: Slave address enable bit
This bit enables the slave address detection.

If set to 0: The slave address is not detected.
If setto 1: The ISBA and ISMK settings and the received 15 byte are compared.

Bit Description
0 Disable
1 Enable

[bit6:0] SA6 to SAO: 7-bit slave address

B If the slave address detection is enabled (SAEN=1), the 7-bit Slave Address Register (ISBA) compares the 7-bit data,
which has been received after detection of (iteration) start condition, with this register value. If all bits match each other,
slave mode is selected and an ACK is output. At this time, the received slave address is set in this register (if SAEN=0, no
ACK is output).

B The 7-bit slave address and the direction of a data transfer is contained in the first byte after detection of (iteration) start
condition. The slave address which is contained in the received data and these bits are compared.

Figure 5-1 The First Byte Format after Detection of (Iteration) Start Condition

MSB LSB
R/W
I— Slave addres —I ?
Data tramsmission
? direction
Compare with slave address and SA6—SAOQ of 7-bit Slave
Address Register(ISBA)

W If an address bit is set to 0 in the ISMK register, it is not compared.

Description

Bit6:0

7-bit slave address

Notes:
- The reserved address cannot be set.
—  This register must be set only when the EN bit of ISMK register is 0.
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5.10 Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO)

Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO) are used to set a frequency division ratio of serial clocks.

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Field - (BGR1) || (BGRO)
Attribute - RMW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Initialvalue - 0 0 0 0O 0 0 0 o o 0 o0 0 0 0 0

The Baud Rate Generator Registers are used to set a frequency division ratio of serial clocks.

The BGR1 register corresponds to the high-order bits, and the BGRO register corresponds to the low-order bits. The reload
value to be counted can be written, and the BGR1/BGRO set value can be read.

When the reload value is written in Baud Rate Generator Registers 1 and 0 (BGR1 and BGRO), the Reload counter starts its
counting.

[bitl5] -: Unused bit
This bit value is undefined when read.
This bit has no effect on the operation when written.

[bit14:8] BGR1: Baud Rate Generator Register 1

bit14:8 Description
Write Writes data in bit8 to bit14 of reload counter.
Read Reads the BGRL1 set value.

bit7:0] BGRO: BAUD RATE GENERATOR REGISTER 0

bit7:0 Description

Write Writes data in bitO to bit7 of reload counter.

Read Reads the BGRO set value.
Notes:

—  Data must be written in the Baud Rate Generator Registers (BGR1 and BGRO) by 16-bit data accessing.

—  The Baud Rate Generator Registers must be set when the EN bit of ISMK register is O.

—  The baud rate must be set regardless of master or slave mode selection.

— In operation mode 4 (12C mode), operate the bus clock at a frequency no lower than 8 MHz for
Standard-mode/Fast-mode and note that setting of a baud rate generator that exceeds 400 kbps is prohibited.
Moreover, for Fast-mode Plus, operate the bus clock at a frequency no lower than 64 MHz for
Standard-mode/Fast-mode and note that setting of a baud rate generator that exceeds 1000 kbps is prohibited.
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5.11 FIFO Control Register 1 (FCR1)
The FIFO Control Register (FCR1) is used to select the transmit or received FIFO, enable the transmit FIFO interrupt, and
control the interrupt flag.

bit 15 14 13 12 11 10 9 8 7 0
Field Reserved FLSTE FRIIE FDRQ FTIE FSEL | (FCRO) |
Attribute - R/W R/W R/W R/W R/W
Initial value - 0 - 1 0 0

[bit15:13] Reserved: Reserved bits
The read value is 0. Be sure to write 0.

[bitl2] FLSTE: Re-transmit data lost detection enable bit
This bit enables the FCRO:FLST bit detection.

If set to 0, the FCRO:FLST bit detection is disabled.
If set to 1, the FCRO:FLST bit detection is enabled.

Bit Description
0 Disables the Data Lost detection.
1 Enables the Data Lost detection.

Note:
—  To set this bit to 1, set the FSET bit to 1 first, and then set this bit to 1.

[bit1l] FRIIE: Received FIFO idle detection enable bit
This bit sets to detect the received idle state if the received FIFO contains valid data and if it continues more than 8-bit hours.
If the received interrupt is enabled (SCR:RIE=1), a received interrupt is generated when the received idle state is detected.

Bit Description
0 Disables the received FIFO idle detection.
1 Enables the received FIFO idle detection.

Note:
— In case of using Received FIFO, set this bit to 1.
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[bit10] FDRQ: Transmit FIFO data request bit
This bit requests for the transmit FIFO data.

If this bit is 1, the transmit data is being requested. If the Transmit Interrupt is enabled (FTIE=1) during this time, a transmit
FIFO interrupt request is output.

The FDRQ bit is set when:

B The FBYTE (for transmission) is O (Transmit FIFO is empty).
B Transmit FIFO is reset.

The FDRQ bit is reset when:

B This bit is set to 0.
B Transmit FIFO is filled with data.

Bit Description
0 Does not request for the transmit FIFO data.
1 Requests for the transmit FIFO data.

Notes:

If the FBYTE (for transmission) is 0, this bit cannot be set to 0.
If this bit is 0, the FSEL bit state cannot be changed.
If this bit is set to 1, it has no effect on the operation.
If a read-modify-write instruction is issued, 1 is read.

If a transmit interrupt has occurred and the required data have been written in transmit FIFO, clear the interrupt request

by setting the FIFO transmit data request bit (FCR1:FDRQ) to 0.

[bit9] FTIE: Transmit FIFO interrupt enable bit

This bit enables a transmit FIFO interrupt. If this bit is set to 1, an interrupt occurs when the FDRQ bit is set to 1.

Bit Description
0 Disables the transmit FIFO interrupt.
1 Enables the transmit FIFO interrupt.

[bit8] FSEL: FIFO buffer selection bit
This bit selects the transmit or received FIFO.

Bit Description
0 Set transmit FIFO as FIFO1, and the received FIFO as FIFO2.
1 Set transmit FIFO as FIFO2, and the received FIFO as FIFOL1.

Notes:

This bit is not cleared by FIFO reset (FCRO:FCL[2:1]=11).
To change this bit state, first disable the FIFO operation (FCRO:FE[2:1]=00).
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5.12 FIFO Control Register 0 (FCRO)
The FIFO Control Register 0 (FCRO) is used to enable/disable the FIFO operation, reset FIFO, save the read pointer, and set
the data re-transmission.

bit 15 8 7 6 5 4 3 2 1 0
Field | (FCR1) | - FLST FLD FSET FCL2 FCL1 FE2 FE1
Attribute - R R/W R/W R/W R/W R/W R/W

Initial value 0 0 0 0 0 0 0 0

[bit7] - : Unused bit
When read, 0 is always read.
When writing, always set to 0.

[bit6] FLST: FIFO re-transmit data lost flag bit
This bit shows that the re-transmit data of transmit FIFO has been lost.

The FLST bit is set when:

B |f the FLSTE bit of FIFO Control Register 1 (FCR1) is 1, the write pointer of transmit FIFO matches the read pointer which
has been saved by the FSET bit, and data is written in the FIFO buffer.

The FLST bit is reset when:

B FIFO is reset (FCL bit is set to 1).
B The FSET bitis setto 1.

If this bit is set to 1, the data which has been saved by the FSET bit and identified by the read pointer is overwritten. The data
re-transmission cannot be set by the FLD bit even if an error has occurred. If this bit is set to 1 and if you wish to re-transmit
data, first reset FIFO. Then, write data in the FIFO buffer again.

Bit Description
0 No Data Lost has occurred.
1 Data Lost has occurred.

[bit5] FLD: FIFO pointer reload bit

This bit reloads the data, being saved in transmit FIFO by the FSET bit, to the reload pointer. This bit can be used to
re-transmit data after a communication error or others have occurred.

When the re-transmission setting has finished, this bit is set to 0.

Bit Description

0 Not reloaded

1 Reloaded
Notes:

— Ifthis bitis 1, data is being reloaded in the read pointer. Therefore, data writing except for FIFO reset is disabled.
- When FIFO is enabled or when data is being transmitted, this bit cannot be set to 1.
—  Set the SMR:TIE bit to O first, and set this bit to 1. Then, enable transmit FIFO and set the SMR:TIE bit to 1.
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[bit4] FSET: FIFO pointer save bit
This bit saves the read pointer value of transmit FIFO.

If the read pointer value is saved before being transmitted and if the FLST bit is O, the data can be re-transmitted even if a

communication error or others have occurred.

If set to 1, the current read pointer value is saved.
If set to 0, it has no effect on the operation.

Bit Description
0 Not saved
1 Saved

Note:
—  This bit can be set to 1 only when the transmit byte count (FBYTE) is O.

[bit3] FCL2: FIFO2 reset bit

This bit resets the FIFO2 value.

If this bit is set to 1, the FIFO2 buffer is initialized.

Only the FCRO:FLST bit is initialized, but the other bits of FCR1/0 registers are kept.

Description

Bit . i
At writing At reading

No effect on operation.
FIFO2 is reset.

0 is always read.

Notes:

- Disable the FIFO2 operation first, and then reset the FIFO2 buffer.
—  Set the transmit FIFO interrupt enable bit to O before the execution.
—  The FBYTEZ2 register has the significant data count of 0.

[bit2] FCL1: FIFO1 reset bit

This bit resets the FIFO1 value.

If this bit is set to 1, the FIFO1 buffer is initialized.

Only the FCRO:FLST bit is initialized, but the other bits of FCR1/0 registers are kept.

Description

Bit — -
At writing At reading

No effect on operation.
FIFOL1 is reset.

0 is always read.

Notes:

— Disable the FIFO1 operation first, and then reset FIFO1.

—  Set the transmit FIFO interrupt enable bit to 0 before the execution.
—  The FBYTEL register has the significant data count of 0.
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[bitl] FE2: FIFO2 operation enable bit

This bit enables or disables the FIFO2 operation.

B To use the FIFO2 operation, set this bit to 1.

B If received FIFO is selected by the FCR1:FSEL bit and if a received error has occurred, this bit is cleared to 0. This bit
cannot be set to 1 until the received error is cleared.

B To use FIFO2 as transmit FIFO, this bit must be set to 1 or 0 when the transmit data is empty (SSR:TDRE=1).

B To use FIFO2 as received FIFO, this bit must be set to 0 when the received buffer is empty (SSR:RDRF=0) and received
FIFO contains no valid data (FBYTE2=0) while the 12C interface operation is disabled (ISMK:EN=0), the operation flag
(IBCR:ACT) is 0, or the interrupt flag (IBCR:INT) is 1.

B To use FIFO2 as received FIFO, this bit must be set to 1 when the received buffer is empty (SSR:RDRF=0) while the 12C
interface operation is disabled (ISMK:EN=0), the operation flag (IBCR:ACT) is 0, or the interrupt flag (IBCR:INT) is 1.

B The FIFO2 state is held even if the FIFO2 operation is disabled.

Bit Description

0 Disables the FIFO2 operation.

1 Enables the FIFO2 operation.
Notes:

—  The enable or disable state must be switched only when the IBSR:BB bit is 0 or when the IBCR:INT bit is 1.

— Ifreceived FIFO is selected and the reserved address is detected, and if you wish to select the slave mode transmission,
set this bit to 0 and set IBCR:ACKE bit to 0 with an interrupt of reserved address detection.

— Ifreceived FIFO is selected and if the SSR:RDRF bit of SSR is 1 when this bit is changed from 1 to 0, received FIFO is
not disabled until the bit is set to 0.

- If transmit FIFO is selected, FIFO2 contains data, and you wish to change this bit from 0 to 1, set the SMR:TIE bit to 0
first. Then, set this bit to 1, and set the SMR:TIE bit to 1.

[bit0] FE1: FIFOL1 operation enable bit

This bit enables or disables the FIFO1 operation.

B To use the FIFO1 operation, set this bit to 1.

B If received FIFO is selected by the FCR1:FSEL bit and if a received error has occurred, this bit is cleared to 0. This bit
cannot be set to 1 until the received error is cleared.

B To use FIFOL1 as transmit FIFO, this bit must be set to 1 or 0 when the transmit data is empty (SSR:TDRE=1).

B To use FIFOL1 as received FIFO, this bit must be set to 0 when the received buffer is empty (SSR:RDRF=0) and received
FIFO contains no valid data (FBYTE2=0) while the 12C interface operation is disabled (ISMK:EN=0), the operation flag
(IBCR:ACT) is 0, or the interrupt flag (IBCR:INT) is 1.

B To use FIFOL1 as received FIFO, this bit must be set to 1 when the received buffer is empty (SSR:RDRF=0) while the 12C
interface operation is disabled (ISMK:EN=0), the operation flag (IBCR:ACT) is 0 or the interrupt flag (IBCR:INT) is 1.

B The FIFOL1 state is held even if the FIFO1 operation is disabled.

Bit Description
0 Disables the FIFO1 operation.
1 Enables the FIFO1 operation.

Notes:

—  The enable or disable state must be switched only when the IBSR:BB bit is 0 or when the IBCR:INT bit is 1.

- If received FIFO is selected and the reserved address is detected, and if you wish to select the slave mode transmission,
set this bit to 0 and set IBCR:ACKE bit to O with an interrupt of reserved address detection.

- If received FIFO is selected and the SSR:RDRF bit is 1 when this bit is changed from 1 to 0, received FIFO is not
disabled until the bit is set to 0.

- If transmit FIFO is selected, FIFO1 contains data, and if you wish to change this bit from 0 to 1 state, set the SMR:TIE
bit to O first. Then, set this bit to 1, and set the SMR:TIE bit to 1.
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5.13 FIFO Byte Register (FBYTE)
The FIFO Byte Register (FBYTE) indicates the effective data count in the FIFO buffer. Also, this register can be used to
generate a received interrupt when certain number of data sets are received in the received FIFO.

bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
Field (FBYTE2) || (FBYTEL)
Attribute RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Intialvalue. 0 0 0 0O O 0 0 0O o o o0 0 ©0 0 o0 ©

The FBYTE register indicates the effective data count in the FIFO buffer. The following table shows the relation between the
FCR1:FSEL bit state and FBYTE.

Table 5-4 Display of data count

FSEL FIFO selection Data count display
0 FIFO2:Received FIFO, FIFO1: Transmit FIFO FIFO2:FBYTE2, FIFO1:FBYTE1l
1 FIFO2:Transmit FIFO, FIFO1:Received FIFO FIFO2:FBYTE2, FIFO1:FBYTE1l

B The initial value of data transfer count is 0x08 for the FBYTE register.

B Set a data count to generate a received interrupt flag for the FBYTE register of received FIFO. If this transfer data count
matches the FBYTE register display, the received data full flag bit (SSR:RDRF) is set to 1.

B [f both of the following conditions are satisfied and if the received idle state continues for more than 8 baud rate clocks, the
received data full flag bit (SSR:RDRF) is set to 1.
O The received FIFO idle detection enable bit (FCR:FRIIE) is 1.
O The number of data sets stored in the received FIFO does not reach the transfer count.

If the RDR data is read during counting of 8 clocks, this counter is reset to 0 and counting for 8 clocks is restarted. If received
FIFO is disabled, this counter is reset to 0. If data remains in the received FIFO and if received FIFO is enabled, the data
counting is restarted.

B To receive data in the master mode operation (master mode reception), set the SMR:TIE bit to 0, set the received data
count for the FBYTE register of transmit FIFO, and set the FCR1:FDRQ bit to 0. The SCL clocks are output for the
specified data count, and then IBCR:INT bit is set to 1. The SMR:TIE bit must be set to 1 only after the FCR1:FDRQ bit is
set to 1.
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[bit15:8] FBYTEZ2: FIFO2 data count display bits

[bit7:0] FBYTE1: FIFO1 data count display bits

Writing

Sets the transfer data count.

Reading

Reads the effective count of data.

Read (Effective data count)

During transmission: The number of data sets already written in the FIFO buffer but not transmitted yet
During reception: The number of data sets received in FIFO

Write (Transfer data count)

During transmission: Set 0x00.
During reception: Set the data count to generate a received interrupt.

Table 5-5 DATA Count to be Saved in FIFO

FIFO Max. FBYTE Data Count to be
Capacity Count Saved
16 BYTEs 16 16
32 BYTEs 32 32
64 BYTEs 64 64
128 BYTEsS 128 128
Notes:

—  The FBYTE value of transmit FIFO must be 0x00 except when data is received in the master mode operation.

—  During the master mode data reception, the transmit data count must be set only when transmit FIFO is empty and the
SMR:TIE bit is 0.

—  When data is being received in the master mode operation, the 12C interface operation can be disabled (ISMK:EN=0)
only after transmit/received FIFO has been disabled.

—  Setting of a send data number when receiving the data by master operation must be executed when the transmit FIFO
is empty and SMR:TIE bit is 0.

—  The FBYTE bit of received FIFO must be set to 1 or larger.

—  Change this register under one of the following conditions:

—  When the I2C interface operation is disabled (ISMK:EN=0)

—  When IBCR:INT=1 in case of SSR:DMA=0 and master mode reception

— When SSR:TBI=1 in case of SSR:DMA=1 and master mode reception

- Aread-modify-write instruction cannot be used for this register.

—  Any setting exceeding the FIFO capacity is inhibited.

—  To receive data in the master mode operation (master mode reception), do not write dummy data to the Transmit Data
Register (TDR) when setting the SMR:TIE bit to 0 and setting the received data count for the FBYTE register of transmit

FIFO.
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This chapter explains the functionality of the MFS-I°S interface, which is a serial audio

interface.

. Overview of MFS-I2S

. Configuration of MFS-I2S Interface
. Data Structure

. MFS-I2S interrupts

. MFS-I?S Registers

. MFS-I2S Clock Generator Registers

. MFS-I?S Interface Operation Description

0 N o 0o~ WN P

. User Precaution
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1. Overview of MFS-I2S

The MFS-I?S interface can operate as an interface for the transfer of both 12S and MSB-justified by specifying the frame
format. It also has transmit/received FIFO (up to 128 bytes each)™ installed.

MFS-I2S Functions

Function
- Transmit/Received FIFO (up to 128 bytes each) "1
1 Data buffer - Operation can be done by selecting either transmitting operation or receiving
operation (Half-duplex operation)
- Clock synchronization
2 Transfer system )
- Master operation only
3 Audio sample frequencies - from 8kHz to 96kHz
- Support 16bit length for the transmit/received data
4 Data format )
- Support 32xFS and 64xFS for bit clock (MI2SCK) rate
5 Received error detection - Overrun error
- Received interrupt (a received completion, an overrun error)
6 Interrupt request - Transmit FIFO interrupt (when transmit FIFO is empty)
- DSTC (Transmit/Received) transferring support functions are available.
- 12S mode
7 Transfer mode o
- MSB-justified mode
- The clock source of MI2SCK output can be selected from PCLK(APB Bus Clock) or
8 Clock MI2SMCLK pin input
- MI2SMCLK output pin can output the clock of 256 x sampling frequency
- FIFO for transmit/received installed (maximum capacity: 128 bytes for transmit
9 FIFO options FIFO, 128 bytes for received FIFO) *
- FIFO resetting is supported independently.

*1: The FIFO capacity size varies depending on the product. For details, see data sheet.

Note:
—  For TYPE5-M4 product, MFS ch.1 can support I12S. Other products can't be supported.
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2. Configuration of MFS-IS Interface

Figure 2-1 shows the configuration of MFS-I?S Interface.

Figure 2-1 MFS-I?S Interface Block Diagram

CHAPTER 1-6: MFS-12S (Inter-IC Sound Bus)

MFS-12S
Control

(MFS-CSIO
Module)

Peripheral Bus
(APB)

Receive

Interrupt _|

Transmit Interrupt
controller

Interrupt

FIFO1
(Transmit)

FIFO2

EPFR/PFR reg.( see I/O chapter)
CNTLREG:CKOE
Mi2sws K]
EPFR/PFR reg.( see /O chapter)
/l/—G::CNTLREG:CKOE
Mi2SCK K= -
;EPFR/PFR reg.( see /O chapter)
‘ ,:‘
MI2SMCK @ "It Variable Divider
PCLK 0 divider by 4
12SCLK:MCKIE Divider
12SCLK:12SDIV by 8
CNTLREG:FRAML
12SCLK:MCKOE
EPFR/PFR reg.( see I/O chapter)
SMR:SOE
MIi2sDo K] |
mi2sbl [

(Recevie)

MFS-I2S Interface use the MFS-CSIO module and FIFO1/FIFO2 are from MFS module. So this MFS-I2S function share the
registers and the transmit interrupt (TIRQ) and the received interrupt (RIRQ) with corresponding MFS channel.

Note:

—  TYPE5-M4 product has IS interface in MFS ch.1.
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3. Data Structure

Figure 3-1 shows the data structure of transmit data.

Figure 3-1 Data Structure of Transmit Data
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MI2SCK=32xFs (CNTLREG:FRAML=0)

MI2SWS
MI2SCK

MI2SDO

MI2SCK=64xFs (CNTLREG:FRAML=1)

Transmit FIFO

R1

R2 | ™ Right Channel Samles Write to TDR register

L1

<

L2 | .. Left Channel Samles

Transmit FIFO

MI2SWS Bit31
R R1 R2 ORI : .
MI2SCK Bi(t)16 Right Channel Samles Write to TDR register
Bit15 -
MI2SDO [ L0 ] [RO | [T ] [RI] Iéoto L1 | L2 | .. Left Channel Samles
i
In case of MI2SCK=64xFs, low data is padded by 0.
Figure 3-2 shows the data structure of received data.
Figure 3-2 Data Structure of Received Data
MI2SCK=32xFs (CNTLREG:FRAML=0)
Receive FIFO
Bu3t I O N
. RO | Rl | R2 " Right Channel Samles MIZSWS
Read from RDR register Bit16 250
< FBiE mizsck T AR
E(')to L1 L2 - Left Channel Samles MI2SDI [ K] I RO I 1 I R1 ‘
i
MI2SCK=64xFs (CNTLREG:FRAML=1)
Receive FIFO
Bit31 MI2SWS
Read from RDR register
< L0 |RO |L1 |R1 MI2SCK T A AT
MI2SDI [ 0 | RO ] [ I = ¥

Bit0

Please refer to “8.2 MFS-I2S and MSB-Justified Protocol” for the details of input and output signal waves.
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4.  MFS-I°S interrupts

MFS-I2S interrupt has the following interrupt requests.

B Received interrupt requests (RIRQ)
B Transmit interrupt requests (TIRQ)

These interrupt requests are used at the DMA transfer, too.

CHAPTER 1-6: MFS-12S (Inter-IC Sound Bus)

Table 4-1 shows the relations of MFS-I2S interrupt control bits and the interrupt factors.

Table 4-1 Relation of MFS-I2S Interrupt Control Bits and Interrupt Factors

Interrupt Interrupt .
Interrupt Flag Operation
Request . Interrupt Factor Factor
Type . Register . to Clear Interrupt Request Flag
Flag Bit Enable Bit
Receiving of a data volume Reading from the Received Data Register (RDR)
RDRF SSR matching the value set for until data number in received FIFO is less than
Reception FBYTE2. SCR:RIE the value set for FBYTE2.
Writing "1" to the Received Error Flag Clear bit
ORE SSR Overrun error
(SSR:REC).
o . . Writing "0" to the FIFO transmit data request bit
Transmission FDRQ FCR1 Transmit FIFO is empty. FCRL:FTIE

(FCR1:FDRQ) or transmit FIFO is full.
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4.1 Interrupt and Flag Set Timing When Received FIFO is Used

If the receive function of MFS-I2S is used, it should be used receive FIFO. An interrupt occurs when the FBYTE data (preset
for the FBYTE register (FBYTE)) is received.

Received Interrupt and Flag Set Timing When Received FIFO is Used

B When the amount of data set for transfer count in the FBYTE2 register is received, the received data full flag bit
(SSR:RDRF) of the Serial Status Register is set to "1". If a received interrupt (SCR:RIE=1) is enabled during this time, a
received interrupt occurs.

B When the valid byte is less than count in the FBYTE2 register, the received data full flag (SSR:RDRF) is cleared to 0.

Figure 4-1 Received Interrupt Occurrence Timing When Received FIFO is Used

MI2SDI (Received data)

Istdata | 2nd data 3rd data { 4thdata Sthdata | 6thdata | 7th data

FBYTE2( Write value) x 3

.
.

FBYTE2( Read value) 0 X 1 X 2 QQQQ 1 X 2 6 2 66 1

SSR:RDRF

Data reading from RDR

An interrupt occurs when the FBYTE?2 setting (transfer count) ]
matches the received data count. All received data are read.
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4.2 Interrupt and Flag Set Timing When Transmit FIFO is Used
If the transmit function of MFS-I2S is used, it should be used transmit FIFO. An interrupt occurs if the transmit FIFO contains
no data.

Transmit Interrupt and Flag Set Timing When Transmit FIFO is Used

B If transmit FIFO contains no data, the FIFO transmit data request bit (FCR1:FDRQ) is set to "1".
If a FIFO transmit interrupt is enabled (FCR1:FTIE=1) during this time, a transmit interrupt occurs.

B If you have written the required data in transmit FIFO after occurrence of a transmit interrupt, clear the interrupt request by
writing the FIFO transmit data request bit (FCR1:FDRQ) to "0".

B When transmit FIFO is filled with data and it is in a condition not to be able to write in transmit data, the FIFO transmit data
request bit (FCR1:FDRQ) is cleared to "0".

B You can check a presence of data in transmit FIFO by reading the FIFO Byte Register (FBYTE).

Figure 4-2 Transmit Interrupt Occurrence Timing When Transmit FIFO is Used

MI2SCK

. . :
. . .

MI2SDO (Transmit data) X 1st data X 2nd data X 3rd data X 4th data
FBYTEL ( Read value ) 0 n@ 1 @( 1 X 0
FCR1:FDRQ w P :
SSR:TDRE | Clearedifsetto g &~ Uansmitimerupt ik

: : N : /
Data writing to TDR |_| The transmii buffer is empty.(*2)

SCR:TXE and CNTLREG:I2SRUN

*1: The FDRQ bit is set to “1” as the Transmit FIFO is empty.
*2: The TDRE bit is set to “1” as the Transmit FIFO and Transmit Data Register (TDR) are empty.
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5. MFS-I°S Registers
This section provides a list of MFS-I2S registers.
Table 5-1 MFS-I2S Register List (TYPE5-M4 Product)
bitl5 bit8 bit7 bit0

SCR (Serial Control Register)

SMR (Serial Mode Register)

CYPRESS
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CSIO SSR (Serial Status Register) ESCR (Extended Communication Control Register)
RDR/TDR (Transmit/Received Data register)
FIFO FCR1 (FIFO Control Register 1) FCRO (FIFO Control Register 0)
FBYTE2 (FIFO2 Byte Register) FBYTEL (FIFO1 Byte Register)
bit31 bit24 | bit23 bit16
CSIO RDR/TDR (Transmit/Received Data register)
Table 5-2 MFS-12S Bit Assignment (TYPE5-M4 Product)
bit15 | bitl4 | bit13 | bitl2 | bitll | bitl0 | bit9 | bit8 | bit7 | bité | bit5 | bit4 | bit3 | bit2 | bitl | bit0
SCR/
SMR UPCL | MS - RIE - - RXE | TXE | MD2 | MD1 | MDO - - BDS - SOE
SSR/
REC - - AWC | ORE | RDRF | TDRE - - L3 - - - L2 L1 LO
ESCR
TDR/
RDR D15 D14 D13 D12 D11 D10 D9 D8 D7 D6 D5 D4 D3 D2 D1 DO
FCR1/
- - - - - FDRQ | FTIE | FSEL - - - - FCL2 | FCL1 | FE2 FE1
FCRO
FBYTE2/
FBYTEL FD15 | FD14 | FD13 | FD12 | FD11 | FD10 | FD9 FD8 FD7 FD6 FD5 FD4 FD3 FD2 FD1 FDO
bit31 | bit30 | bit29 | bit28 | bit27 | bit26 | bit25 | bit24 | bit23 | bit22 | bit21 | bit20 | bit19 | bitl8 | bitl7 | bit1l6
TDR/
RDR D31 D30 D29 D28 D27 D26 D25 D24 D23 D22 D21 D20 D19 D18 D17 D16
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5.1 Serial Control Register (SCR)

The Serial Control Register (SCR) is used to enable/disable the received interrupts and enable/disable data transmission
and received.

bit 15 14 13 12 1 10 9 8 7 . 0
Field UPCL MS - RIE - - RXE TXE | (SMR) |
Attribute R/W R/W - R/W - - R/W R/W
Initial value 0 0 - 0 - - 0 0

[bit15] UPCL: Programmable clear bit
Initialize the CSIO internal state.

If setto "1":

— The CSIO is reset directly (software reset). However, the current register settings are kept. The transmission or
received state is disconnected immediately.
= All of transmit/received interrupt factors (SSR:TDRE, ORE) are initialized except SSR:RDRF.

If setto "0":

— No effect on the operation.

"0" is always read from this bit.

Description

bit — ;
At writing At reading

No effect on the operation.

"0" is always read.

Programmable clear

Notes:
— Disable an interrupt first, and then execute the programmable clear instruction.
— If the FIFO operation is used, disable it (FCRO:FE[2:1]=00) first and then execute the programmable clear instruction.

[bit1l4] MS: Master/Slave function select bit
Select the master or slave mode.

The MS bit should be set to 1 for 12S mode.

bit Description
0 Setting is prohibited (Master mode)
1 Slave mode

[bit13] -: Unused bit
The read value is "0". Be sure to write "0".
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[bit12] RIE: Received interrupt enable bit

This bit enables or disables an output of received interrupt request to the CPU.

If the RIE bit is “1” as enables the received interrupt, the received data flag bit (SSR:RDRF) are "1" or the error flag bits
(ORE) is "1", a received interrupt request is output.

bit Description
0 Disables the received interrupt.
1 Enables the received interrupt.

[bit11:10] -: Unused bits
The read value is "0". Be sure to write "0".

[bit9] RXE: Data received enable bit
Enables or disables an I2S data reception.

bit Description

0 Disables data reception.

1 Enables data reception.
Notes:

—  After you have set the MS bit, enable the data reception (RXE=1).

[bit8] TXE: Data transmission enable bit
Enables or disables an I2S data transmission.

bit Description

0 Disables the transmission.

1 Enables the transmission.
Notes:

—  Either transmitting operation or receiving operation can be selected. Setting both “RXE=1"and “TXE=1"is prohibited.
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CHAPTER 1-6: MFS-12S (Inter-IC Sound Bus)

5.2 Serial Mode Register (SMR)

The Serial Mode Register (SMR) is used to select an operation mode, to set a transmission direction and to enable or disable

an output of serial data.

bit 5 .. 8 7 6 5 4 3 2 1 0

Field | (SCR) | mD2 MD1 MDO - - BDS - SOE

Attribute R/W R/W R/W - - R/W - R/W
Initial value 0 0 0 - - 0 - 0

[bit7:5] MD2, MD1, MDO: Operation mode set bits
These bits set an operation mode.
In case of 1°S mode, these bits should be written “010” (clock synchronous mode).

bit7 bit6 bit5 Description
0 0 0 Setting is prohibited.(Operation mode 0O : asynchronous normal mode)
0 0 1 Setting is prohibited.(Operation mode 1 : asynchronous multiprocessor mode)
0 1 0 Operation mode 2 (clock synchronous mode)
0 1 1 Setting is prohibited.(Operation mode 3 : LIN communication mode)
1 0 0 Setting is prohibited.(Operation mode 4 : 12C mode)

Values other than the above

Setting is prohibited.

Notes:

—  After the operation mode has been set, set each register correctly.

[bit4:3] -: Unused bits
The read value is "0". Be sure to write "0".

[bit2] BDS: Transfer direction select bit
Specifies to transfer the least significant bit of the transfer serial data first (LSB first; BDS=0) or the most significant bit first

(MSB first; BDS=1).

In case of I°S mode, should be set “1” (MSB first).

bit Description
0 Setting is prohibited. (LSB first: The least significant bit is first transferred.)
1 MSB first (The most significant bit is first transferred.)

Notes:

—  Always set this bit when transmission and reception are disabled (SCR:TXE=RXE=0).

[bitl] -: Unused bit

The read value is "0". Be sure to write "0".

[bit0] SOE: Serial data output enable bit
This bit enables or disables a serial data output.
In case of 12S transmission mode, should be set “1”.

bit Description
0 Disables a serial data output.
1 Enables a serial data output.

Note:

—  When performing the data transmission, the GPIO must also be set.
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5.3 Serial Status Register (SSR)
The Serial Status Register (SSR) is used to check the current transmission/reception state, check the Received Error flag,
and clear the Received Error flag.

bit 15 14 13 12 1 10 9 8 7 . 0
Field REC | - | - AWC ORE | RDRF | TDRE -] (ESCR) |
Attribute R/W - - R/W R R R -
Initial value 0 - - 0 0 0 1 -

[bit15] REC: Received error flag clear bit

This bit clears the ORE flag of the Serial Status Register (SSR).
If this bit is set to "1", the error flag is cleared.

This bit has no effect on the operation if set to "0".

"0" is always read.

. Description
bit

At writing At reading

No effect on the operation.
Clears the Received Error flag (ORE).

"0" is always read.

[bit14:13] - : Unused bits
The values of these bits are undefined when read.
These bits have no effect on the operation when written.

[bit1l2] AWC: FIFO access width set
This bit determines the access width of FIFO.
M |n case of 12S mode, should be written “1” (32 bit access).

bit Description
0 Setting is prohibited (16bit access.)
1 32bit access.

[bit11] ORE: Overrun error flag bit

If an overrun occurs during data reception, this bit is setto "1". This is cleared if the REC bit of Serial Status Register (SSR) is
setto "1".

If the ORE and SCR:RIE bits are "1", a received interrupt request (RIRQ) is output.

If this flag is set, data of the Received Data Register (RDR) is invalid.

If this flag is set when received FIFO is used, the received FIFO enable bit is cleared and the received data is not stored in
received FIFO.

bit Description
0 No overrun error occurred.
1 An overrun error occurred.
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[bit10] RDRF: Received data full flag bit
This flag shows the state of Received Data Register (RDR).

If received FIFO is used and if the preset amount of data is received in received FIFO, the RDRF bit is set to "1".

If the received FIFO is used and if the data contained in FIFO is less than the preset amount (FBYTE), this bit is cleared to
"0".

The RDRF flag bit will be cleared to “0” after receive FIFO reset.

In case that the value of SCR:RIE bit is 1, a receive interrupt request occurs if RDRF is set to 1.

bit Description
0 The Received Data Register (RDR) is empty.
1 The Received Data Register (RDR) contains data.

[bit9] TDRE: Transmit data empty flag bit
This flag shows the state of Transmit Data Register (TDR).

If transmit FIFO is used and if transmit data is written in the TDR, this bit is cleared to "0" to indicate that the TDR contains
valid data. When the valid data in the transmit FIFO and the transmit data register are empty, this bit is set to "1" to indicate
that the TDR does not have the valid data.

When the UPCL bit of the Serial Control Register (SCR) is written to "1", the TDRE bit is set to "1".

For the TDRE bit set/reset timing when transmit FIFO is used, see 4.2" Interrupt and Flag Set Timing When Transmit FIFO is
Used ".

bit Description
0 The Transmit Data Register (TDR) contains data.
1 The Transmit Data Register (TDR) is empty.

[bit8] -: Unused bit
The bit value is undefined when read.
This bit has no effect on the operation when written.
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5.4 Extended Communication Control Register (ESCR)

The Extended Communication Control Register (ESCR) is used to set a transmit/received data length.

bit
Field
Attribute
Initial value

[bit7] -: Unused bits

The read value is "0". Be sure to write "0".

[bit5:3] -: Unused bits
The read value is "0". Be sure to write "0".

15 6 5 4 3 2 1 0
= | - L2 L1 LO

RIW ] RIW RIW RIW
0 ; 0 0 0

[bit6, bit2:0]L3, L2, L1, LO: Data length select bits
These bits set a length of transmit/received data.

In case of I1°S mode, should be written these bits to “1111” (32-hit length).

L3 L2 L1 LO Description
1 1 1 1 32-bit length
Other Setting is prohibit
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5.5 Received Data Register/Transmit Data Register (RDR/TDR)

The Received and Transmit Data Registers are allocated at the same address. This register functions as the Received Data
Register when data is read from it. This register functions as the Transmit Data Register when data is written in it.

When Received Data Register (RDR) is read at the Received FIFO is enabled, the Received Data are read out from the
Received FIFO.

When Transmit Data Register (TDR) is written at the Transmit FIFO is enabled, the Transmit Data are written it to the
Transmit FIFO.

Received Data Register (RDR)

bit 31. 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
D D D D D D D D D D D D D D D D
31 |30 |29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18 | 17 | 16
Attribute R R R R R R R R

Field

Initial Value 0 0 0 0 0 0 0 0
bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
) D D D D D D D D D D D D D D D D
Field 15 | 14 |13 |12 | 11 | 10 | 9 8 7 6 5 4 3 2 1 0
Attribute R R R R R R R R R R R R R R R R
Initial Value 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

The Received Data Register (RDR) is a 32-bit data buffer register for serial data reception.

B In case of I2S mode, the Received Data Register (RDR) should be accessed by 32-bit bus width.

B When serial data signals are sent to the Serial input pin (SIN), they are converted by a shift register and stored in the
Received Data Register (RDR).

B In the case of CNTLREG:FRAML= 0, the 16 bits data of the right channel are stored in D31 - D16 and 16bits data of the
left channel are stored in D15 - DO. (Please refer to Figure 3-2.)

B In the case of CNTLREG: FRAML= 1, the 32 bits data of the right channel and the left channel are stored in D31-0 by
turns. (Please refer to Figure 3-2.)

B When valid data exist in the Received FIFO, please read out the data of the Received Data register (RDR). When valid
data does not exist in the Received FIFO, reading the Received Data register (RDR) is prohibited.

Notes:
— Ifreceived FIFO is enabled and if a received error occurs (SSR:ORE=1), the received FIFO’s enable bit is cleared to “0”
and the received data is not stored in received FIFO.
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Transmit Data Register (TDR)

bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
D D D D D D D D D D D D D D D D
31 30 |29 | 28 | 27 | 26 | 25 | 24 | 23 |22 (21| 20|19 | 18 | 17 | 16

Attribute W W W W W W W W W W W W W W W W
Initial Value 1 1 1 1 1 1 1

Field

H
-
=
=
-
=
-
=
-

bit 15 14 13 12 11 10

Field

15 14 | 13 | 12 | 11 | 10
Attribute W w W W W W
Initial Value 1

P S|lw O|lw
I LUN AR
»r S|lo O|o

1

D

1
W
1

» S|lo Ofo
P S|l O|o
P SN O~
r S|lo O|lo
» S|lo g|wo
PS> Os

H
-
-
-
-

The Transmit Data Register (TDR) is a 32-bit data buffer register for serial data transmission.

B |n case of 12S mode, the Transmit Data Register (TDR) should be accessed by 32-bit bus width.

B If data transmission is enabled (SCR:TXE=1, CNTLREG: I2SRUN=1) and if the transmit data is written in the Transmit
Data Register (TDR), the transmit data is transferred to the transmit shift register. Then, the data is converted into serial
data, and output at the serial data output pin (MI2SDO).

B The 16 bits data of the right channel are written in D31 - D16 and the 16bits data of the left channel are written in D15 — DO
without depending on a value of CNTLREG: FRAML. (Please refer to Figure 3-1.)

B If the Transmit FIFO and the Transmit Data Register (TDR) are not full, the next transmission data can be written in the
Transmit Data Register (TDR). If not, writing data in the Transmit Data Register is prohibited.

Notes:

—  The Transmit Data Register is a write-only register. While the Received Data Register is a read-only register. As these
two registers are allocated at the same address, the write and read values differ from each other. Therefore, writing to
TDR cannot be supported for read-modify-write (RMW) instructions via the area of the bit-band alias.
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5.6 FIFO Control Register 1 (FCR1)
The FIFO Control Register (FCR1) is used to set the FIFO test, select the transmit or received FIFO, enable the transmit
FIFO interrupt, and control the interrupt flag.

bit 15 14 13 12 1 10 9 8 7 . 0
Field Reserved - - FDRQ | FTIE FSEL | (FCRO) |
Attribute - - - - - R/W R/W R/W
Initial value - - - - - 1 0 0

[bit15:13] Reserved: Reserved bits
The read value is "0". Be sure to write "0".

[bit12:11] -: Unused bits
The read value is "0". Be sure to write "0".

[bit10] FDRQ: Transmit FIFO data request bit

This bit shows the requests for the transmit FIFO data.

If this bit is "1", the transmit data is being requested. The FDRQ bit is set when:
B The FBYTE 1 is "0" (Size of valid data of Transmit FIFO is 0).

B Transmit FIFO is reset by CPU

The FDRQ bit is cleared to “0” when:
B This bit is written to "0" by CPU
B The Transmit FIFO and the Transmit Data Register (TDR) are filled with data.

In case that the transmit FIFO interrupt is permitted (FCR1:FTIE=1), if this bit is set to “1” the transmit FIFO interrupt request
(TIRQ) occurs.

bit Description
0 Does not request for the transmit FIFO data.
1 Requests for the transmit FIFO data.

Notes:

—  When this bitis "0", to change the bit of FSEL is prohibition.

- If this bit is set to "1", it has no effect on the operation.

- If a read-modify-write instruction via area of the bit-band alias is issued, "1" is read.

[bit9] FTIE: Transmit FIFO interrupt enable bit
This bit enables a transmit FIFO interrupt. If this bit is set to "1", an interrupt occurs when the FDRQ bit is set to "1".

bit Description
0 Disables the transmit FIFO interrupt.
1 Enables the transmit FIFO interrupt.
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[bit8] FSEL: FIFO select bit
This bit selects the Transmit FIFO or the Received FIFO.

In case of 12S mode, this bit should be written “0”.

bit Description

0 Assigned for FIFO1 as Transmit FIFO and FIFO2 as Received FIFO

1 Setting is prohibit (Assigned for FIFO2 as Transmit FIFO and FIFO1 as Received FIFO)
Notes:

—  This bitis not cleared by FIFO reset (FCRO:FCL2=1, FCRO:FCL1=1).
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5.7 FIFO Control Register 0 (FCRO)
The FIFO Control Register 0 (FCRO) is used to enable/disable the FIFO operation, reset FIFO.

bit 15 .. 8 7 6 5 4 3 2 1 0

Field | (FCR1) | - | - - - FcLz | FoLl FE2 FE1

Attribute - - - - R/W R/W R/W R/W
Initial value - - - - 0 0 0 0

[bit7] - : Unused bit
"0" is always read.
"0" must always be written.

[bit6] - : Unused bit
The values of these bits are undefined when read.
These bits have no effect on the operation when written.

[bit5:4] - : Unused bit
"0" is always read.
"0" must always be written.

[bit3] FCL2: FIFO2 reset bit
This bit resets the FIFO2 value.
When this bit is set to "1", the FIFO2 internal state is initialized.

Description

bit . :
At writing At reading

No effect on the operation.
FIFO2 is reset.

"0" is always read.

Notes:

- Disable the transmission and reception first, and then reset FIFO2.
—  Set the transmit FIFO interrupt enable bit to "0" before the execution.
—  The valid data count of the FBYTE2 register is set to "0".

[bit2] FCL1: FIFOL1 reset bit
This bit resets the FIFO1 value.
When this bit is set to "1", the FIFOL1 internal state is initialized.

Description

bit — -
At writing At reading

No effect on the operation.
FIFOL1 is reset.

"0" is always read.

Notes:

- Disable the transmission and reception first, and then reset FIFO1.

—  Set the transmit FIFO interrupt enable bit to "0" before the execution.
—  The valid data count of the FBYTEL register is set to "0".
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[bitl] FE2: FIFO2 operation enable bit
This bit enables or disables the FIFO2 operation.

B To use the FIFO2 operation, set this bit to "1".
M |n case of I?S mode, this bits should be written to “1” (Enable the FIFO2 operation).
— If the FIFO2 as Received FIFO is selected and if received error has occurred, this bit is cleared to "0". This bit cannot
be set to "1" until the received error is cleared.
— If FIFO2 is used as received FIFO, this bits can change when satisfy all following conditions.
O The Data received enable bit of Serial Control Register (SCR: RXE) is 0.
O The Received data full flag bit of Serial Status Register (SSR: RDRF) is 0

— The FIFO2 state is holding even if disables the FIFO2 operation.

bit Description
0 Setting is prohibit (Disables the FIFO2 operation).
1 Enables the FIFO2 operation.

[bit0] FE1: FIFOL1 operation enable bit
This bit enables or disables the FIFO1 operation.

B To use the FIFO1 operation, set this bit to "1".
M |n case of 12S mode, this bits should be set to “1” (Enable the FIFO1 operation).
— If FIFO1 is used as Transmit FIFO, this bits can change when satisfy all following conditions.
O The Data transmission enable bit of Serial Control Register (SCR: TXE) is 0.
O The Transmit data empty flag bit of Serial Status Register (SSR: TDRE) is 1

— The FIFOL1 state is holding even if disables the FIFO1 operation.

bit Description
0 Setting is prohibit (Disables the FIFO1 operation).
1 Enables the FIFO1 operation.
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5.8 FIFO Byte Register (FBYTE)
The FIFO Byte Register (FBYTE) is used to set about FIFO data count.

The definition of the data read out from this register is different to that of the data written to the register.

bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Field | (FBYTE2) || (FBYTEL)

Attribute RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initalvalue. 0 0 0 0 O 0 0 0O o o o o0 O0 0 0 o0

[bit15:8] FBYTE2: FIFO2 valid data count

When read out these bit; the valid data counts of FIFO2 (Received FIFO) are read out.

The value to write in sets counts of received data setting the received data full flag of the Serial Status Register (SSR: RDRF)
to 1 to these bit. When counts of valid data of Received FIFO accorded with counts of set data; received data full flag of the
Serial Status Register (SSR : RDRF) is set to 1.

Wit Sets counts of received data setting the received data full flag of the Serial Status Register
ritin

9 (SSR: RDRF) to 1 to these bit.
Reading Valid received data counts of FIFO2 are read out.

Table 5-3 FIFO2 data count and the register value of FBYTE2

. Max. set count of FBYTE2 Max, storage data count
FIFO Capacity . .
(decimal number) (decimal number)

15 (In case of CNTLREG:FRAML=0)

64 byte 14
16  (In case of CNTLREG:FRAML=1)
31  (In case of CNTLREG:FRAML=0)

128 byte 30
32 (In case of CNTLREG:FRAML=1)

Notes:

—  The FIFO capacity is different depending on the product to use. Please confirm the capacity from data sheet.

—  The initial value of the set value of the received data count of these bits is 0x08.

—  Should be changed these bits at the Data received enable bit of the Serial Control Register (SCR: RXE) is 0.

—  The value of writing of FBYTE2 must be set to 0x01 or more.

—  The value of writing of FBYTE2 cannot be set the value bigger than maximum set count of FBYTEZ2 in Table 5-3. This
value shows the upper limit of the value of writing.

—  When the values of reading of FBYTEZ2 are accorded to the maximum storage data count in Table 5-3, it shows
Received FIFO full state. The output operation of the frame signal (MI2SWS) stops. This value shows the upper limit of
the value of reading.

—  The value of reading of FBYTE2 show the data count which are not begun to read from the Received FIFO. If this value
is 0x00, reading the Received Data Register (RDR) is prohibited.

—  This register cannot support the read-modify-write (RMW) instruction via the area of bit-band alias.
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[bit7:0] FBYTE1: FIFO1 valid data count

When read out these bit; the valid data counts of FIFO1 (Transmit FIFO) are read out.

These bits should be written in values of 0x00.

Writing Should be written in values of 0x00.
Valid transmit data counts of FIFO1 are read out.
Reading (The number of the data which it has been already written in FIFO, but have not been yet

transmitted).

Table 5-4 FIFO1 data count and the register value of FBYTE1

FIFO Capacity

Max, storage data count
(decimal number)

64 byte

16

128 byte

32

Notes:

—  The FIFO capacity is different depending on the product to use. Please confirm the capacity from data sheet.

—  The value of reading of FBYTE1 can read out the value that subtracted 1 from the number of the transmit data to be
written. Because there are the valid data in the Transmit Data Register (TDR) other than the Transmit FIFO.

= When the values of reading of FBYTEL are accorded to the maximum storage data count in Table 5-4, writing to the
Transmit Data Register (TDR) is prohibited.

= When the values of reading of FBYTE1 are 0x00 and there are not the valid data in the Transmit Data Register (TDR),
the output operation of the frame signal (MI2SWS) stops.

—  This register cannot support the read-modify-write (RMW) instruction via the area of bit-band alias.
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6. MFS-I2S Clock Generator Registers

This section provides a list of MFS-I?S clock generator registers.

Table 6-1 MFS-I2S Clock Generator Register List (TYPE5-M4 Product)

bit15 bits | bit7 bit0
CNTL (I2S Control Register)
1°S clock - -
I12SCLK (IS Clock Setting Register)
generator -
| 12SRST (IS Reset Register)

I2SST (I°S State Register)
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6.1 Control Register (CNTLREG)

This is the control register for I2S.

bit 15 14 13 12 11 10 9 8
Field - - - - - I2SRUN - -
Attribute - - - - - R/IW - -
Initial Value - - - - - 0 - -
bit 7 6 5 4 3 2 1 0
Field - CKOE I2SEN FSPL 12SMOD - - FRAML
Attribute - RW RIW RIW RW - - R/W
Initial Value - 0 0 0 0 - - 1

[bit15:11] - : Unused bit
"0" is always read.
"0" must always be written.

[bit10] I2SRUN: I2S clock generate enable
This bit enables or disables the internal clock generation of I2S.

When I2SRUN is 0, MI2SMCK and MI2SCK and MI2SWS are stopped output.

bit Description
0 12S clock generate is disabled.
1 12S clock generate is enabled.

[bit9:7] - : Unused bit
"0" is always read.
"0" must always be written.

[bit6] CKOE: MI2SCK and MI2SWS(frame sync signal) output enable signal
Clock output enable bit.

In case of I1°S mode, this bit should be written “1” (MI2SCK and MI2SW'S output enable).

bit Description
0 Setting is prohibited (MI2SCK and MI2SWS output disable.)
1 MI2SCK and MI2SWS output enable.

[bit5] I2SEN: I°S mode enable
This bit forces the MFS-CSIO module work in MFS-I2S mode.

In case of 12S mode, this bit should be written “1”

bit Description
0 Setting is prohibited (MFS-CSIO module is used other than MFS-I2S mode)
1 MFS-CSIO module is used as MFS-I°S mode.
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[bit4] FSPL: I2SWS polarity set
This bit sets the polarity of the MI2SWS output.

bit Description
0 When left channel is “Low”, when right channel and idle is “High”.
1 When left channel is “High”, when right channel and idle is “Low”.

[bit3] 12SMOD: 1S mode select
This bit sets a change timing of the MI2SWS output.

bit Description
0 Output MSB data after 1SCLK of the MI2SWS change.
1 Output MSB data at the time of MI2SWS change.

In the case of IS Philips standard mode, should be CNTLREG:FSPL=0, CNTLREG:I12SMOD=0.
In the case of MSB-Justified standard mode, should be CNTLREG:FSPL=1, CNTLREG:I2SMOD-=1.

For more information about these modes, please refer to “8.2 MFS-12S and MSB-Justified Protocol”.

[bit2:1] - : Unused bit
"0" is always read.
"0" must always be written.

[bit0] FRAML: Selection of MI2SCK bit rate (Frame length select)
This bit set the bit rate of MI2SCK.

bit Description
0 MI2SCK bit rate is 32 x Fs (Sampling frequency).
1 MI2SCK bit rate is 64 x Fs (Sampling frequency).
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6.2 MFS-I?S Clock Registers (I2SCLK)

This is the clock register for I?S.

bit 15 14 13 12 11 10 9 8
Field MCKIE MCKOE - - - - - R
Attribute R/W R/W - - - - - -
Initial Value 0 0 - - - - - -
bit 7 6 5 4 3 2 1 0
Field 12SDIV[7:0]
Attribute RIW
Initial Value 0x00

[bit15] MCKIE: Main clock input enable
This bit selects the clock source of MI2SCK.

Refer to the Figure 2-1.

bit Description
0 Use APB clock (PCLK) as input of the Variable divider.
1 Use input clock from MI2SMCK pin as input of the Variable divider.

[bit14] MCKOE: Main clock output selection
This bit selects the clock source of MI2SCK.

Refer to the Figure 2-1.

bit Description

0 Use output of the Variable divider as MI2SCK output.

1 Use output after divided for output of the Variable divider as MI2SCK output.
Notes:

—  When use MI2SMCK as the output pin, should be set it the output in the EPFR register of GPIO.
—  When use MI2SMCK as the output pin, setting of I2SCLK: MCKIE=1 is prohibition.
—  When CNTLREG: I2SRUN=0, the MI2SMCK output, the MI2SCK output, the MIS2WS output are stopped.

[bit13:8] - : Unused bits
The values of these bits are undefined when read.
This bit has no effect on the operation when written.
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[bit7:0] 12SDIV: I?S clock division set
These bits set the divided value of Variable divider.

Refer to the Figure 2-1.

bit7:0 Description

0x00 Divided by 1 (Bypass clock).

0x01 Divided by 2.

0x02 Divided by 4.

0x03 Divided by 6.

0x04 Divided by 8.

OXFE Divided by 508.

OXFF Divided by 510.
Note:

—  The setting of Variable divider must meet following condition.
MI2SCK clock frequency = PCLK(APB bus clock) frequency / 4

Each output clock frequency by setting of MCKIE and MCKOE and 12SDIV and CNTLREG:FRAML are showed in following

table.

Table 6-2 Frequency of MI2SWS output

MCKIE MCKOE FRAML Frequency of MI2SWSoutput (= Fs :sampling frequency)
0 0 0 PCLK frequency / (I2SDIV x 32)
0 0 1 PCLK frequency / (I2SDIV x 64)
0 1 X PCLK frequency / (I2SDIV x 256)
1 0 0 MI2SMCK input frequency / (12SDIV x 32)
1 0 1 MI2SMCK input frequency / (12SDIV x 64)
1 1 X MI2SMCK input frequency / (12SDIV x 256)

Table 6-3 Frequency of MI2SCKoutput

MCKIE MCKOE FRAML Frequency of MI2SCK output
0 0 X PCLK frequency / (I2SDIV x 1)
0 1 0 PCLK frequency / (I2SDIV x 8)
0 1 1 PCLK frequency / (I2SDIV x 4)
1 0 X MI2SMCK input frequency / (12SDIV x 1)
1 1 0 MI2SMCK input frequency / (I2SDIV x 8)
1 1 1 MI2SMCK input frequency / (I2SDIV x 4)

Table 6-4 Frequency of MI2SMCKoutput

MCKIE MCKOE FRAML Frequency of MI2SMCK output
0 X X PCLK frequency / (I2SDIV x 1)
1 X X In this setting, MI2SMCK clock cannot be output
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Clock setting example 1:
B Clock frequency :
MI2SWS output = 48 kHz (Fs)
MI2SCK output = 1536 kHz (32 x Fs)
MI2SMCK input = 12288 kHz (256 x Fs)
PCLK input >= 6144 kHz.
B Register setting value
MCKIE=1, MCKOE=0, 12SDIV=0x04, CNTLREG: FRAML =0

Clock setting example 2:
B Clock frequency :
MI2SWS output = 48 kHz (Fs)
MI2SCK output = 3072 kHz (64 x Fs)
MI2SMCK input =12288 kHz (256 x Fs)
PCLK input >= 12288 kHz.
B Register setting value
MCKIE=1, MCKOE=0, 12SDIV=0x02, CNTLREG: FRAML = 1

Clock setting example 3:
B Clock frequency :
MI2SWS output =48 kHz (Fs)
MI2SCK output = 1536 kHz (32 x Fs)
MI2SMCK input = 12288 kHz (256 x Fs)
PCLK input = 24576 kHz (512 x Fs)
B Register setting value
MCKIE=0, MCKOE=1, 12SDIV=0x01, CNTLREG: FRAML =0

Clock setting example 4:
B Clock frequency :
MI2SWS output = 48 kHz (Fs)
MI2SCK output = 1536 kHz (32 x Fs)
MI2SMCK input =1536 kHz (32 x Fs)
PCLK input = 36864 kHz (768 x Fs)
B Register setting value
MCKIE=0, MCKOE=0, 12SDIV=0x0c, CNTLREG: FRAML = 0
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6.3 MFS-I2S Status Registers (I12SST)

This is the status register for I2S.

bit 15 14 13 12

1 10

Field - - - -

Attribute - - - -
Initial value - - - -

[bit15:10] - : Unused bits
The value of this bit is undefined when read.
This bit has no effect on the operation when written.

[bit9] BUSY: Bus busy indication for transmit
This bit indicates that the 12S bus is transmitting data.

bit Description
0 No data transmit
1 Data is being transmitting

[bit8] CKSTP: Clock stop indication

This bit indicates that the MI2SCK output is stopped after CNTLREG:I12SRUN bit is set to 0.

bit Description
0 MI2SCK output is stopped.
1 MI2SCK output is running.
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6.4 MFS-I2S Reset Registers (I2SRST)

This is the software reset register for I2S.

bit 15 .. 8 7 6 5 4 3 2 1 0
Field |  (2ssT) | 12SRST

Attribute w w w w w w w w

Initial value 0 0 0 0 0 0 0 0

[bit7:0] I2SRST: I?S software reset

B Write OxA5, generate software reset to reset the internal state and flag signal.
B Write value other than 0xA5, no operation.

B Read data will always be 0x00

B This register should be written by byte access.
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7.

MFS-I2S Interface Operation Description

7.1 Datatransmit operation
Setting procedure examples of the data transmit operation show below.

1. Set CNTLREG register
Should be set I2SEN=1, CKOE=1, I2SRUN=0. Other register bits setting value is arbitrary.
2. Setl2SCLK register
Register setting value is arbitrary.
3. Set SMR register
Should be set MD [2:0] =010, BDS=1, SOE=1.
4. Set SSR register
Should be set AWC=1. Other register bits setting value is arbitrary.
5. Set ESCR register
Should be set L3, L2, L1, LO = 1111.
6. Set FCRO register
Should be set FE1=1, FE2=0. Transmit FIFO should be cleared by writing of FCL1=1.
7. Set FCRL1 register
Should be set FSEL=0. Set of FTIE is arbitrary. FDRQ cannot be cleared at the initial state.
8. Set FBYTEL register
Should be set FBYTE1=0x0.
9. Set SCR register
Should be set TXE=1, RXE=0, MS=1. Other register bits setting value is arbitrary.
10. Set CNTLREG register
Should be set I2SRUN=1. Other register bits are same as #1.
11. Write transmit data to TDR register
Notes:

In case of CNTLREG: 12SRUN=1, SCR: TXE=1; When transmit FIFO and TDR are not empty, frame synchronization
signal (MI2SWS), the bit clock (MI2SCK), transmit data are output to MI2SDO.

When transmit data disappear during transmitting, frame synchronization signal (MI2SWS) will be stopped the output.
The bit clock (MI2SCK), the master clock output (MI2SMCK) are being continue the output.

During transmitting, if write to SCR: TXE = 0, Frame synchronization signal (MI2SWS) will be stopped the output after
the output the data at the point in time.

During transmitting, if write to CNTLREG: 12SRUN= 0, Frame synchronization signal (MI2SWS) and the bit clock
(MI2SCK) and the master clock output (MI2SMCK) will be stopped the output.

After having written in the data of the number necessary for the Transmit Data Register (TDR), should be cleared the
flag by writing 0 to FCR1: FDRQ.

At the start of the data transmit, should be written to CNTLREG: I2SRUN is 1 last.
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7.2 Datareceived operation
Setting procedure examples of the data received operation show below.

1. Set CNTLREG register
Should be set I2SEN=1, CKOE=1, I2SRUN=0. Other register bits setting value is arbitrary.
2. SetI2SCLK register
Register setting value is arbitrary.
3. Set SMR register
Should be set MD [2:0] =010, BDS=1, SOE=0.
4. Set SSR register
Should be set AWC=1. Other register bits setting value is arbitrary.
5. Set ESCR register
Should be set L3, L2, L1, LO = 1111.
6. Set FCRO register
Should be set FE1=0, FE2=1. Transmit FIFO should be cleared by writing of FCL2=1.
7. Set FCR1 register
Should be set FSEL=0 and FTIE=0.
8. Set FBYTEZ2 register
Should be set an appropriate value to FBYTE2.
9. Set SCR register
Should be set TXE=0, RXE=1, MS=1. Other register bits setting value is arbitrary.
10. Set CNTLREG register
Should be set I2SRUN=1. Other register bits are same as #1.
11. Read out the received data from RDR register
Notes:
- In case of CNTLREG: 12SRUN=1, SCR: TXE=1; When received FIFO are not full, frame synchronization signal
(MI2SWS) will be output and received data will be received from MI2SDI.
—  During receiving, if received FIFO are full, Frame synchronization signal (MI2SWS) will be stopped the output. The bit
clock (MI2SCK), the master clock output (MI2SMCK) will be being continue the output.
—  During receiving, if write to SCR: RXE= 0, Frame synchronization signal (MI2SWS) will be stopped the output after
receiving the data at the point in time.
—  During receiving, if write to CNTLREG: I2SRUN= 0, Frame synchronization signal (MI2SWS) and the bit clock
(MI2SCK) and the master clock output (MI2SMCK) will be stopped the output.
— Atthe start of the data received, should be written to CNTLREG:I2SRUN is 1 last.
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8. User Precaution

8.1 Connection Diagram

The Figure 8-1 shows the connection diagram. The device including 1>S macro is this MCU.

The upper figure is for transmit.

The lower figure is for received.

Figure 8-1 External Connection Diagram

CHAPTER 1-6: MFS-12S (Inter-IC Sound Bus)

Device including 1°S MACRO

I’S Device I°’S MACRO
Receiver/Slave Transmitter/Master
I2SMCK
WS 12SWS
SCK 12SCK
12SDI
SD 12SDO
Device including I1°S MACRO
I°S Device I°S MACRO
Transmitter/Slave Receiver/Master
12SMCLK
WS 12SWS
SCK 12SCK
SD 12SDI
12SDO
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8.2 MFS-I°S and MSB-Justified Protocol

I2S (abbreviation for Inter-Integrated Circuit Sound) is the protocol for digital stereo audio proposed by Philips
Semiconductors. SCK and WS are output by the master on the I?S bus. The serial data output from MSB of the PCM data.
The word select (WS) signal indicates which channel is being used by the PCM data that is being sent. When WS is set to "0",
this indicates the left channel, and when it is set to "1", this indicates the right channel. The MSB of the channel data is
constantly delayed by one clock from the transition point of WS. Data sampling is always performed on the rising edge of
SCK. Serial data and WS output is always performed on the falling edge of SCK.

The MSB-Justified protocol is similar to 12S. The WS transition point and serial data MSB occur simultaneously. WS indicates
the left channel with "1" and indicates the right channel with "0".

Notes:
— I1?Sis not a protocol for controlling audio codec devices such as by writing and reading registers. As a result, codec
devices that support 1°S normally provide a separate interface for device control.

Figure 8-2 I12S Data Format

s [ Uy Ly Ly
S ¢ XX XXX X msexX XX | XXX
ws\ Left / Right __

Figure 8-3 MSB-justified Data Format

s Uiy yr yyyuuyy
I ()6 G5 6D §) G 6D 65 (=) G 6 ¢
ws [ Left \ Right /[
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This chapter explains the USB/Ethernet clock generation.

1. Overview and Configuration
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1. Overview and Configuration

Generating USB clock and Ethernet clock

This block generates a 48 MHz USB clock used in USB macro communication and a 50 MHz (RMI1)/25 MHz (MIl) Ethernet
clock used in Ethernet communication.

Since the function and configuration differ by products, see the chapter USB Clock Generation for the products other than
Ethernet equipped products, and see the chapter USB/Ethernet Clock Generation for Ethernet equipped products.
Furthermore, for logic macros of USB and Ethernet mounted in this family, the operation clocks (HCLK) are gated in the logic
macro at the initial state for low power consumption.

To use USB or Ethernet function, be sure to change the following register settings to release the clock gating:

USB ch.0: For details, see 4.5 peripheral clock control register (CKENZ2) in Peripheral clock gating function of Peripheral
Manual.

USB ch.1: For details, see 4.5 peripheral clock control register (CKENZ2) in Peripheral clock gating function of Peripheral
Manual.

Figure 1-1 shows a block diagram of a USB clock and a USB/Ethernet clock generation block.

Block diagram of USB Clock and USB/Ethernet Clock Generation Block
Figure 1-1 USB Clock and USB/Ethernet Clock Generation Block

Products not mounting Ethernet

Main clock (CLKMO)

USB clock
generation block

USB_ch.0 clock (48 MHz)

USB macro ch.0

PLL for USB rl/

Products mounting Ethernet

Main clock (CLKMO)

USB/Ethernet clock [
generation block USB_ch.0 clock (48 MHz)
USB macro ch.0
USB_ch.1 clock (48 MHz)
[ USB macro ch.1
PLL for > J
USB/Ethernet >
Ethernet clock (50 MHz or 25 MHZz) to I/O port

Main PLL clock (CLKPLL)
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This chapter explains the USB clock generation.

. Overview

. Configuration and Block Diagram
. Explanation of Operation

. Setup Procedure Example

. Register List
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. Usage Precautions
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1. Overview

This section provides an overview of the USB clock generation.
The USB clock runs at 48 MHz and is used by USB macro for communication.
The USB clock generating method is selected from the following two methods:

B 48 MHz main clock (hereinafter CLKMO) is used as it is.
B PLL for USB (hereinafter USB-PLL) is used for the clock source..

The USB clock generation unit is responsible for the following functions:

Enables or stops output of the USB clock.

Selects the USB clock.

Enables or stops oscillation of USB-PLL.

Selects the input clock of USB-PLL.

Sets the input clock frequency division of USB-PLL.
Sets the output clock multiplication of USB-PLL.
Sets the stabilization wait time of USB-PLL.

Stops the USB clock in standby mode.

374 FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C



& CYPRESS

N>  EMBEDDED IN TOMORROW CHAPTER 2-2: USB Clock Generation

2. Configuration and Block Diagram

This section explains the configuration and block diagram of the USB clock generation unit.
Figure 2-1 Block Diagram of USB Clock Generation Unit

0
USB ch0
e . D
UPLLK . UPLLM clock
CLKMO Fin PLLI '”E“‘ PLL output _| ‘
; —_—4 clocl
(Main Clock) USB/Eternet clock UCSEL UCEND
Setting is prohibited. — PLL » 1/M _ _
Main Clock
Stable UPINC UN 0
a 1 USIB [i(hl
Standby-Mode @ ) cloc
z UPLLN
UCEN1
Ll | PLL stable
wait counter
UPOWT

USB-PLL Control Register (UPLLEN)
The control register can enable USB-PLL oscillation.

Input Clock Select Register (UPINC)
Be sure to select the CLKMO.

USB-PLL

B Frequency division setting register (UPLLK, UPLLN, UPLLM)
To generate 48 MHz as USB clock, the settings of K frequency division, N frequency division and M frequency
division are required.
For the specification range of the USB-PLL input clock frequency, output clock frequency, and multiplier (N division
setting value), refer to the PLL use conditions of PLL input clock frequency, "PLL macro oscillation clock frequency",
and PLL multiplier in Data Sheet of the product used.

B Oscillation stabilization wait time setting (UPOWT)
Oscillation stabilization wait time for USB-PLL can be specified.

Output clock
B Output Clock Select Register (UCSEL)
Can be selected from CLKMO or USB-PLL output clock.

B PLL Clock Output Enable Register (UCENO, UCEN1))
Can set the USB clock output enable.

Standby mode setting

B The Standby-Mode signal shown in Figure 2-1 turns to be active in the following modes.
The USB clock stops in the following standby modes.
O Stop mode
o TIMER mode

B The Main Clock stable signal shown in Figure 2-1 is an oscillation stabilization signal for each mode.
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3. Explanation of Operation
This section explains the operation of the USB clock generation unit.

Selecting the USB Clock
The following two types of clocks can be selected for the USB clock.

B CLKMO
CLKMO can be used directly as the USB clock. In this case, CLKMO must be input externally at 48 MHz, or must oscillate at
48 MHz. Enable the output of the USB clock after confirming stabilization of the CLKMO oscillation.

B Selecting the USB-PLL output clock
The USB-PLL output clock can be used as the source clock of USB clock.

The USB-PLL output clock must be output at 240 MHz or 288 MHz to generate a 48 MHz clock after M division.

Table 3-1 below shows the setting example of the division ratio.
Table 3-1 Example of PLL Frequency Division Ratio Settings

USB Clock Output
Fin 48 MHz
(MHz) PLL Output Frequency 240 MHz
K N M
1 60 5
1 30 5
2 60 5
16 1 15 5
16 2 30 5
16 4 60 5
24 2 20 5
24 4 40 5
24 6 60 5
48 *

*: Without using USB-PLL, use CLKMO directly as USB clock.
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Changing to Standby Mode
B When changing to standby mode
Before changing to standby mode (STOP mode, or TIMER mode), set UCENO and UCEN1 of UCCR register to 0 to stop the

USB clock supply.

1. Set UCCR:UCENO0=0 and UCCR:UCEN1=0.
2. Read the UCCR Register to check that UCENO and UCENL1 are set to 0.
3. Changing to standby mode.

When returning from standby mode, set UCENO and UCENL1 bits to 1, if required. The supply starts when the USB clock
oscillation has been stabilized. Take either of the following actions to confirm whether or not the USB clock oscillation has
been stabilized.

a) When USB-PLL is used

Check that UP_STR:UPRDY is 1, or use the USB-PLL oscillation stabilization wait interrupt.
b) When CLKMO (48 MHz) is used

After the CLKMO oscillation has been stabilized, supply the USB clock.

USB-PLL Oscillation Stabilization Wait Settings

B Oscillation stabilization wait time for USB-PLL can be specified

After CLKMO oscillation has been stabilized, the oscillation stabilization wait time for USB-PLL begins to be counted.
Before enabling the USB-PLL oscillation, configure the oscillation stabilization wait time for USB-PLL and the oscillation
stabilization complete interrupt. Do not change the oscillation stabilization wait time while waiting for oscillation to stabilize.
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4.  Setup Procedure Example

This section explains an example of setting up the USB clock generation unit.
Figure 4-1 shows an example of setting up the USB clock.

Figure 4-1 USB clock Generation Procedure

Gtart the register settin@

|Set UCENT = 0 and UCEN1=0 | Is an interrupt used? NO
\4
| Read the UCCR Register | | Set UPCSC = 1 |
v
Are UCENO = 0 and | Set UPCSE =1 |
VES | SetUPLLEN=1 | [ set UPLLEN =1
| Set UPLLEN = 0 |
¢ 3

| Set the UCSEL |

Is UPCSI =17 Is UPRDY = 1?

YES
(CLKMO YES

»
»

IsUCSEL=0"?

NO Y
(USB-PLL) J, | Set UCENO and UCENL to 1", |

| Set UPINC | ¢

! |Set USBENO and USBEN to “1”)
| setupowr |

v
i Gnd the register settin@

| Set UPLLK |

y

| Set UPLLN |

:

| Set UPLLM |

}

|  setupcse=o |

378 FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C



& CYPRESS

“agge> EMBEDDED IN TOMORROW™

5. Register List

This section explains the register list of the USB clock generation unit.

The Register List of the USB Clock Generation Unit

CHAPTER 2-2: USB Clock Generation

Abbreviation Register Name Reference
UCCR USB Clock Control Register 5.1
UPCR1 USB-PLL Control Register 1 5.2
UPCR2 USB-PLL Control Register 2 5.3
UPCR3 USB-PLL Control Register 3 5.4
UPCR4 USB-PLL Control Register 4 5.5
UPCR5 USB-PLL Control Register 5 5.6
UP_STR USB-PLL Status Register 5.7
UPINT_ENR USB-PLL Interrupt factor Enable Register 5.8
UPINT_STR USB-PLL Interrupt factor Status Register 5.9
UPINT_CLR USB-PLL Interrupt factor Clear Register 5.10
USBENO USB (ch.0) Enable Register 5.11
USBEN1 USB (ch.1) Enable Register 5.12
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5.1 USB Clock Control Register (UCCR)
The UCCR selects the USB clock and enables/disables the USB clock output.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved UCEN1 Reserved UCSEL UCENO
Attribute - R/W - R/W R/W
Initial value - 0 - 0 0

Register functions

[bit7:4] Reserved: Reserved bits
0b0000 is read from these bits.
Set these bits to 0b0000 when writing.

bit3JUCEN1: USB(ch.1) clock output enable bit

bit Description
0 Disables USB(ch.1) clock output. [Initial value]
1 Enables USB(ch.1) clock output.

[bit2]Reserved: Reserved bit
0 is read from this bit.
Set this bit to 0 when writing.

[bitl] UCSEL: USB clock selection bit

bit Description
0 CLKMO [Initial value]
1 USB-PLL oscillation clock

bit0] UCEN: USB clock output enable bit

bit Description
0 Disables the USB (ch.0) clock output [Initial value]
1 Enables the USB (ch.0) clock output
Notes:
—  When selecting CLKMO as USB clock with UCSEL bit, the 48 MHz frequency must be input from an external main
oscillation.

—  This register is not initialized by software reset.
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5.2 USB-PLL Control Registerl (UPCR1)
The UPCRL1 sets USB-PLL.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved UPINC UPLLEN
Attribute - R/W R/W
Initial value - 0 0

Register functions

[bit7:2] Reserved: Reserved bits
0b000000 is read from these bits.
Set these bits to 0b000000 when writing.

bitl] UPINC: USB-PLL input clock selection bit

bit Description
0 CLKMO [Initial value]
1 Setting is prohibited.

[bit0] UPLLEN: USB-PLL oscillation enable bit

bit Description
0 Stops USB-PLL [Initial value]
1 Enables the USB-PLL oscillation

Notes:
—  Be sure to set UPINC to 0. Operation is not guaranteed when UPINC is set to 1.
—  This register is not initialized by software reset.
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5.3 USB-PLL Control Register 2 (UPCR?2)

The UPCR2 sets the oscillation stabilization wait time of USB-PLL.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved UPOWT
Attribute - R/W
Initial value - 000

Register functions

[bit7:3] Reserved: Reserved bits
0b00000 is read from these bits.
Set these bits to 0b00000 when writing.

[bit2:0] UPOWT: USB-PLL oscillation stabilization wait time setting bits

bit2 bitl bit0 Description

0 0 0 29/Fin  :Approx. 128 ps * [Initial value]

0 0 1 2%Fin : Approx. 256 us *

0 1 0 2%/Fin : Approx. 512 us *

0 1 1 2%/Fin : Approx. 1.02 ms *

1 0 0 2B/Fin  : Approx. 2.05 ms *

1 0 1 2Y%Fin : Approx. 4.10 ms *

1 1 0 25/Fin  : Approx. 8.20 ms *

1 1 1 28/Fin  : Approx. 16.4 ms *

*: When Fin = 4 MHz

Notes:

—  Finis the clock (CLKMO) selected by UPINC.

—  This register is not initialized by software reset.

—  Since the oscillation stabilization wait time for PLL macro differs by products, refer to the use conditions of PLL
oscillation stabilization wait time in Data Sheet of the product used.
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CHAPTER 2-2: USB Clock Generation

5.4 USB-PLL Control Register 3 (UPCR3)
The UPCRS3 sets the frequency division ratio (K) of USB-PLL macro.

Register configuration

bit 7 6 5 4 3 2 1
Field Reserved | UPLLK
Attribute R/W
Initial value 00000

Register functions

[bit7:5] Reserved:

Reserved bits

0b000 is read from these bits.
Set these bits to 0b000 when writing.

[bit4:0] UPLLK: Frequency division ratio (K) setting bits of the USB-PLL clock

bit4:0 Description

00000

00001 Divides the frequency by (UPLLK+1). The division ratio of 1 to 32 can be set by using the
. UPLLK value.
. (Example) UPLLK = 00000 => 1/1 frequency [Initial value]

11111

Note:

—  This register is not initialized by software reset.
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5.5 USB-PLL Control Register 4 (UPCRA4)
The UPCR4 Register sets the frequency division ratio (N) of USB-PLL.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved UPLLN
Attribute - R/W
Initial value - 0111011

Register functions

[bit7] Reserved: Reserved bit
0bO is read from this bit.
Set this bit to 0bO when writing.

[bit6:0] UPLLN: Frequency division ratio (N) setting bits of the USB-PLL clock
bit6:0 Description

0000000

. Setting is prohibited.

0001100

0001101

Divides the frequency by (UPLLN+1). The division ratio of 14 to 100 can be set by using the
UPLLN value.
(Example) UPLLN = 0111011 => 1/60 frequency [Initial value]

.

1100011
1100100

. Setting is prohibited.
1111111

Note:
—  This register is not initialized by software reset.
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CHAPTER 2-2: USB Clock Generation

5.6 USB-PLL Control Register 5 (UPCR5)
The UPCRS5 sets the frequency division ratio (M) of USB-PLL.

Register configuration

bit 7 6 5 4 3 2 1
Field Reserved UPLLM
Attribute R/W
Initial value 0100

Register functions

[bit7:4] Reserved:

Reserved bits

0b0000 is read from these bits.
Set these bits to 0b0000 when writing.

[bit3:0] UPLLM: Frequency division ratio (M) setting bits of the USB-PLL clock

bit3:0 Description

0000

0001 Divides the frequency by (UPLLM+1). The division ratio of 1 to 16 can be set by using the
. UPLLM value.
. (Example) UPLLM = 0100 => 1/5 frequency [Initial value]

1111

Note:

—  This register is not initialized by software reset.
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5.7 USB-PLL Status Register (UP_STR)
The UP_STR indicates the macro status of USB-PLL.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved UPRDY

Attribute - R

Initial value - 0

Register functions

[bit7:1] Reserved: Reserved bits
0b0000000 is read from these bits.
Set these bits to 0b0000000 when writing.

[bit0] UPRDY: USB-PLL oscillation stabilization bit

bit Description
0 In a stabilization wait or an oscillation stop state [Initial value]
1 In a stabilized state

Note:
—  This register is not initialized by software reset.
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CHAPTER 2-2: USB Clock Generation

5.8 USB-PLL Interrupt Factor Enable Register (UPINT_ENR)

The UPINT_ENR enables/disables the USB-PLL oscillation stabilization wait complete interrupt.

Register configuration

bit 7 6 5 4 2 1 0
Field Reserved UPCSE
Attribute R/W
Initial value 0

Register functions

[bit7:1] Reserved:

Reserved bits

0b0000000 is read from these bits.
Set these bits to 0b0000000 when writing.

[bit0] UPCSE: USB-PLL oscillation stabilization wait complete interrupt enable bit

bit Description
0 Disables the interrupt [Initial value]
1 Enables the interrupt
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5.9 USB-PLL Interrupt Factor Status Register (UPINT_STR)

The UPINT_STR indicates the status of USB-PLL oscillation stabilization wait interrupts.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved UPCSI

Attribute - R

Initial value - 0

Register functions

[bit7:1] Reserved: Reserved bits
0b0000000 is read from these bits.
Set these bits to 0b0000000 when writing.

[bit0] UPCSI: USB-PLL interrupt factor status bit

bit Description
0 No interrupt has occurred [Initial value]
1 An interrupt has occurred
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5.10 USB-PLL Interrupt Factor Clear Register (UPINT_CLR)

CHAPTER 2-2: USB Clock Generation

The UPINT_CLR is used to clear the USB-PLL interrupt factor.

Register configuration

bit
Field

Attribute
Initial value

7 6 5 4 3 2 0
Reserved UPCSC

w

0

Register functions

[bit7:1] Reserved: Reserved bits
0b0000000 is read from these bits.
Set these bits to 0b0000000 when writing.

[bit0] UPCSC: USB-PLL oscillation stabilization interrupt factor clear bit

bit Description
0 Disabled [Initial value]
1 Clears the USB-PLL oscillation stabilization wait interrupt.

Note:

=  Writing 1 to UPCSC bit of this register to clear the UPINT_STR Register.
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5.11 USB (ch.0) Enable Register (USBENO)
The USBENO enables/disables USB (ch.0) controller operation.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved USBENO
Attribute - R/W
Initial value - 0

Register functions

[bit7:1] Reserved: Reserved bits
0b0000010 is read from these bits.
Set these bits to 0b0000010 when writing.

[bit0] USBENO: USB (ch.0) enable bit

bit Description
0 Disables the USB(ch.0) operation (Resets the USB controller) [Initial value]
1 Enables the USB(ch.0) operation

Notes:
—  When using USB(ch.0), set this bit to 1 previously.
—  Supply at least five cycles of USB clocks to the USB controller before setting this bit to 1.
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CHAPTER 2-2: USB Clock Generation

5.12 USB (ch.l) Enable Register (USBENL1)
The USBENL1 enables/disables USB (ch.1) controller operation.

Register configuration

bit 7 6 5 4 3 2 0
Field Reserved USBEN1
Attribute R/W
Initial Value 0

Register functions

[bit7:1] Reserved:

Reserved bits

0b0000010 is read from these bits.
Set these bits to 0b0000010 when writing.

[bit0] USBEN1: USB (ch.1) enable bit

bit Description
0 Disables the USB(ch.1) operation (Resets the USB controller) [Initial value]
1 Enables the USB(ch.1) operation

Notes:

=  When using USB (ch.1), set this bit to 1 previously.

—  Supply at least five cycles of USB clocks to the USB controller before setting this bit to 1.
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6. Usage Precautions

This section explains the precautions for using the clock generation unit.

B USB clock output setting and USB clock selection

Do not disable the USB (ch.0) clock output (UCEN = 0) and select the USB clock (UCSEL), or disable the USB (ch.1) clock
output (UCEN = 1) and select the USB clock (UCSEL) at the same time.

Be sure to disable the USB clock output before selecting the USB clock.

B Setting the frequency division ratio of USB-PLL oscillation
When the PLL frequency division ratio is changed after stabilization of PLL oscillation, stop the PLL oscillation once, change
the frequency division ratio, and then enable the PLL oscillation again.

B Selecting CLKMO
By writing 0 to the UCSEL bit, CLKMO is selected as the USB clock.
The main clock should be selected when CLKMO oscillates at 48 MHz.

B Setting the PLL oscillation stabilization wait time
Set the oscillation stabilization wait time with the PLL Oscillation Stabilization Wait Time Setting Register, and then enable
PLL. Do not change the oscillation stabilization wait time while waiting for oscillation to stabilize.

B Selecting the USB-PLL input clock

By writing 1 to the UCSEL bit, the USB-PLL oscillation clock is selected as the USB clock.

Write "0" to the UPINC bit of the USB-PLL Control Register 1 (UPCR1), and be sure to select CLKMO as the USB-PLL input
clock.

The following Table 6-1 shows relationship among the USB clock and UCSEL/UPLLEN/UPINC.

Table 6-1 USB Clock and Register Settings

UCSEL UPLLEN UPINC
When using the 48 MHz main clock 0 0 -
When using the PLL macro CLKMO 1 1 0
oscillation clock Setting is prohibited. 1 1

B Standby mode and the USB-PLL oscillation stabilization wait counter
If the mode changes to Timer/Stop mode while waiting for the USB-PLL oscillation to stabilize, USB-PLL stops and the
stabilization wait counter is cleared.

B Setting the USB enable bit and USB controller
To use the USB controller, enable the USB enable bit (USBEN). Supply the USB clock to the USB controller before enabling
the USB enable bit (USBEN). For details on USB controller settings, see Chapters USB Function and USB Host.
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This chapter explains the USB/Ethernet clock generation.

. Overview

. Configuration and Block Diagram
. Description of Operation

. Example of Setting Procedure

. List of Registers
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1. Overview

This section explains the overview of the USB/Ethernet clock generation.

The USB clock is a 48 MHz clock used by USB macro to communicate. The Ethernet clock is a 50 MHz (RMII)/25 MHz
(M) clock used for Ethernet communication.

By using this function, a USB (48 MHz) clock and Ethernet (50 MHz/25 MHz) clock can be generated simultaneously.
The following three methods are used to generate a USB/Ethernet clock:

B Using a 48 MHz or 50 MHz/25 MHz main clock (hereafter CLKMO) without change
B Using PLL for USB/Ethernet (hereafter USB/Ethernet-PLL) as a clock source
B Using a main PLL clock (hereafter CLKPLL) as a clock source

USBJ/Ethernet clock generation block has the following functions:

USB/Ethernet clock output enable/disable setting
Selection of USB/Ethernet clock

USB/Ethernet-PLL oscillation enable/disable setting
Selection of USB/Ethernet-PLL input clock
USB/Ethernet-PLL input clock division setting
USB/Ethernet-PLL output clock multiplication setting
USB/Ethernet-PLL stabilization wait time setting
USB/Ethernet clock stop in standby mode
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2. Configuration and Block Diagram

This section describes the configuration of the USB/Ethernet clock generation block and block diagram.
Figure 2-1 Block Diagram of USB/Ethernet Clock Generation Block

B
01 USB_ch.0
10| clock
PLL input l_UpE—EM_I
CLKMO clock PLL output
. clock
(Main Clock) Setting USB/I_E';rIIelz_rnet o 1M gég;_EEE
Main Clock prohibited.
Stable UN 00
:D 04 USB_ch.1
Stop-Mode 10 clock
Timer-Mode
L PLL stable
wait counter W
L—00]
CLKPLL m ol ETHERNET
(MainPLL —— 1 CLKPLL 1 clock
Clock) divider
PLL oscillation
stabilization
wait complete
interrupt

USB/Ethernet-PLL Control Register (UPLLEN)
USB/Ethernet-PLL oscillation enable can be set by the control register.

Input Clock Selection Register (UPINC)
CLKMO must be selected.

USB/Ethernet-PLL

B Division setting register (UPLLK, UPLLN, UPLLM)
To generate 48 MHz as a USB clock or 50 MHz/25 MHz as an Ethernet clock, settings of K division, N division, and M
division are required.
Refer to the use conditions of PLL input clock frequency, PLL macro oscillation clock frequency, and PLL multiplier in
Data Sheet of the product used for the specification range of input clock frequency, output clock frequency, and
multiplier (N division setting value) of USB/Ethernet-PLL.

B Oscillation stabilization wait time setting register (UPOWT)
Oscillation stabilization wait time of the USB/Ethernet-PLL can be set.

CLKPLL Input
B Division setting register (UBSR)
Division setting of CLKPLL must be executed.

Output Clock
B Output clock selection register (UCSELO, UCSEL1, ECSEL)
It can be selected from a CLKMO, USB/Ethernet-PLL output clock, or CLKPLL division clock.

B USB/Ethernet clock output enable register (UCENO, UCEN1, ECEN)
USB/Ethernet clock output enable can be set.
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Standby Mode Setting

B Oscillation of USB/Ethernet-PLL stops in TIMER mode or STOP mode. However, if USB/Ethernet-PLL is used as an
Ethernet clock (ECSEL[1:0] = 01) and is set to EPLLEN = 1, oscillation stop of USB/Ethernet-PLL will not be executed in
TIMER mode.

B The Main Clock stable signals described in Figure 2-1 are oscillation stabilization signals.
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3. Description of Operation
This section explains the operation of the USB/Ethernet clock generation block.

USB/Ethernet Clock Selection
A source clock of the USB/Ethernet clock can be selected from the following three types.

B CLKMO

CLKMO can be directly used as a USB clock or Ethernet clock. In this case, CLKMO needs to be externally input in 48 MHz
or 50 MHz/25 MHz, or it needs to oscillate in 48 MHz or 50 MHz/25 MHz. Also, wait for output enable of the USB clock or
Ethernet clock after confirming the oscillation stabilization of CLKMO.

B USB/Ethernet-PLL output clock
The USB/Ethernet-PLL output clock can be used as the source clock of the USB/Ethernet clock.

O When used as USB clock
USB/Ethernet-PLL output clock must be output in 240 MHz or 288 MHz to generate a 48 MHz clock by M division.
O When used as an Ethernet clock

The USB/Ethernet-PLL output clock must be output from 200 MHz to 300 MHz to generate a 50 MHz clock or 25
MHz clock by M division.

Note:

— Ifitis used as an Ethernet clock, the output clock of USB/Ethernet-PLL must not be divided by three (UPLLM = 0010)
due to the specification restriction of Ethernet communication clock duty.

Table 3-1 shows the setting example of the PLL division ratio.
Table 3-1 Setting Example of PLL Division Ratio

] Ethernet Clock Output 50MHz Ethernet Clock Output 25MHz USB Clock Output 48MHz
Fin
(MHZ) PLL Output Frequency 200MHz PLL Output Frequency 200MHz PLL Output Frequency 240MHz
K N M K N M K N M
4 1 50 4 1 50 8 1 60 5
8 1 25 4 1 25 8 1 30 5
16 2 25 4 2 25 8 1 15 5
24 3 25 4 6 50 8 2 20 5
25 5 40 4 * 5 48 5
48 6 25 4 6 25 8 *
50 * 5 20 8 10 48 5

*. Use CLKMO directly as a USB clock or Ethernet clock without using USB/Ethernet-PLL.

B CLKPLL
CLKPLL can be divided to be used as a USB clock or Ethernet clock if needed.

Note:

— If this clock generation block is used as an Ethernet clock, CLKPLL must not be divided by three (UBSR = 0010) due to
the specification restriction of Ethernet communication clock duty.
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Transition to Standby Mode

B When executing a transition to standby mode

Before executing a transition to standby mode (STOP mode or TIMER mode), set 0 to all UCENO, UCEN1, and ECEN bits of
UCCR register to stop supplying the USB clock and Ethernet clock.

1. Set UCCR:UCEN =0, UCCR:UCENL1 =0, and UCCR:ECEN =0
2. Read UCCR register and confirm that UCENO, UCEN1, and ECEN bhits are 0.
3. Transition to the standby mode

When returning from standby mode, set UCENO, UCEN1, and ECEN back to 1 if needed. When oscillation of the
USB/Ethernet clock stabilizes, it starts supplying. Check the following to know if oscillation of the USB/Ethernet clock
stabilizes.

a) When USB/Ethernet-PLL is used

Check if UPRDY = 1, or use USB/Ethernet-PLL oscillation stabilization wait interrupt.
b) When CLKMO (50 MHz/25 MHz or 48 MHz) is used

After stabilization of CLKMO oscillation, the USB/Ethernet clock is provided.
¢) When CLKPLL is used

Check if SCM_STR:PLRDY =1, or use PLL oscillation stabilization wait interrupt (see the chapter Clock in Peripheral
Manual).

USB/Ethernet-PLL Oscillation Stabilization Wait

B USB/Ethernet-PLL oscillation stabilization wait time setting

After stabilization of CLKMO oscillation, start counting USB/Ethernet-PLL oscillation stabilization wait time.

Before executing USB/Ethernet-PLL oscillation enable, set the USB/Ethernet-PLL oscillation stabilization wait time and
oscillation stabilization complete interrupt. Do not change the oscillation stabilization wait time during the oscillation
stabilization wait.
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Example of Setting Procedure

CHAPTER 2-3: USB/Ethernet Clock Generation

This section describes the example of the setting procedure for the USB/Ethernet clock generation block.

Figure 4-1 shows the example of the setting procedure for the USB/Ethernet clock.
Figure 4-1 Procedure for USB/Ethernet Clock Generation
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5. List of Registers
This section describes the list of registers for the USB/Ethernet clock generation block.

List of Registers for the USB/Ethernet Clock Generation Block

Abbreviation Register Name Reference
UCCR USB/Ethernet clock control register 51
UPCR1 USB/Ethernet-PLL control registerl 5.2
UPCR2 USBJ/Ethernet-PLL control register2 5.3
UPCR3 USBJ/Ethernet-PLL control register3 5.4
UPCR4 USB/Ethernet-PLL control register4 5.5
UPCR5 USB/Ethernet-PLL control register5 5.6
UPCR6 USB/Ethernet-PLL control register6 5.7
UPCR7 USB/Ethernet-PLL control register7 5.8
UP_STR USB/Ethernet-PLL state register 5.9
UPINT_ENR USB/Ethernet-PLL interrupt factor enable register 5.10
UPINT_STR USB/Ethernet-PLL interrupt factor state register 511
UPINT_CLR USB/Ethernet-PLL interrupt factor clear register 5.12
USBENO USB (ch.0) enable register 5.13
USBEN1 USB (ch.1) enable register 5.14
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5.1 USB/Ethernet Clock Control Register (UCCR)

CHAPTER 2-3: USB/Ethernet Clock Generation

The UCCR register sets selection for the USB/Ethernet clock and output enable for the USB/Ethernet clock.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved ECSEL1 ECSELO ECEN UCEN1 UCSEL1 UCSELO UCENO
Attribute - R/W R/W RW RW RW R/W R/W
Initial value - 0 0 0 0 0 0 0

Register function

[bit7] Reserved: Reserved bit

From this bit, O is
When writing, set

read.
0.

bit6:5] ECSEL1/ECSELO: Ethernet clock selection bits

bit6:5 Description
00 CLKMO [initial value]
01 USB/Ethernet-PLL oscillation clock
10 CLKPLL division clock
11 Reserved

bit4] ECEN: Ethernet clock output enable bit

bit Description
0 Disable Ethernet clock output [initial value]
1 Enable Ethernet clock output

bit3] UCEN1: USB (ch.1) clock output enable bit

bit Description
0 Disable USB (ch.1) clock output [initial value]
1 Enable USB (ch.1) clock output

bit2:1] UCSEL1/UCSELO: USB clock selection bits

bit2:1 Description
00 CLKMO [initial value]
01 USB/Ethernet-PLL oscillation clock
10 CLKPLL division clock
11 Reserved

bit0] UCENO: USB (ch.0) clock output enable bit

bit Description
0 Disable USB (ch.0) clock output [initial value]
1 Enable USB (ch.0) clock output

Notes:

—  To select CLKMO as the USB clock in UCSEL[1:0] bits, input 48 MHz signal from the external main oscillation. Also, to

select it as the Ethernet clock, input 50 MHz or 25 MHz signal from the external main oscillation.

—  This register is not initialized in software reset.
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5.2 USB/Ethernet-PLL Control Registerl (UPCR1)
The UPCRL1 register sets PLL for USB/Ethernet.

Register configuration

o CYPRESS
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bit 7 6 5 4 3 1 0
Field Reserved UPINC UPLLEN
Attribute R/W R/W
Initial value 0 0

Register function

[bit7:2] Reserved: Reserved bits
From these bits, 0b000000 is read.
When writing, set 0b000000.

[bitl] UPINC: USB/Ethernet-PLL input clock selection bit

bit Description
0 CLKMO [initial value]
1 Setting is disabled

bit0] UPLLEN: USB/Ethernet-PLL oscillation enable bit

bit Description
0 Stop USB/Ethernet-PLL [initial value]
1 Enable USB/Ethernet-PLL oscillation

Notes:
— O mustbe setin UPINC. If 1 is set, the operation will not be guaranteed.
—  This register is not initialized in software reset.
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5.3 USB/Ethernet-PLL Control Register2 (UPCR2)

The UPCR2 register sets the oscillation stabilization wait time of PLL for USB/Ethernet.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved UPOWT
Attribute - R/W
Initial value - 000

Register function

[bit7:3] Reserved: Reserved bits
From these bits, 0b00000 is read.
When writing, set 0b00000.

[bit2:0] UPOWT: USB/Ethernet-PLL oscillation stabilization wait time setting bits

bit2 bitl bit0 Description

0 0 0 2°%Fin :Approx. 128 us* [initial value]

0 0 1 2%%Fin : Approx. 256 us*

0 1 0 2%/Fin : Approx. 512 us*

0 1 1 2%2/Fin : Approx. 1.02 ms*

1 0 0 2B/Fin  : Approx. 2.05 ms*

1 0 1 2Y%Fin : Approx. 4.10 ms*

1 1 0 2%5/Fin  : Approx. 8.20 ms*

1 1 1 28/Fin  : Approx. 16.4 ms*

*: When Fin = 4 MHz.

Notes:

—  Finis the clock selected in UPINC.

—  This register is not initialized in software reset.

—  Since the oscillation stabilization wait time for PLL macro differs by products, refer to the use conditions of PLL
oscillation stabilization wait time in Data Sheet of the product used.
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5.4 USB/Ethernet-PLL Control Register3 (UPCR3)
The UPCR3 register sets the division ratio (K) of PLL for Ethernet/USB.

Register configuration
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bit 7 6 5 4 3 2 0
Field Reserved | UPLLK
Attribute - R/W
Initial value - 00000

Register function

[bit7:5] Reserved: Reserved bits
From these bits, 0b000 is read.
When writing, set 0b000.

[bit4:0] UPLLK: USB/Ethernet-PLL clock division ratio (K) setting bits

bit4:0 Description

00000
00001

(example) UPLLK ="00000" = 1 division [initial value]

11111

Divided by (UPLLK + 1). The division ratio of 1 to 32 can be set by using the UPLIK value.

Note:
—  This register is not initialized in software reset.
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5.5 USB/Ethernet-PLL Control Register4 (UPCR4)
The UPCR4 register sets the division ratio (N) of PLL for USB/Ethernet.

Register configuration

bit 7 6 5 4 3 2 1
Field Reserved UPLLN
Attribute - R/W
Initial value - 0111011

Register function

[bit7] Reserved: Reserved bit
From this bit, 0 is read.
When writing, set 0.

[bit6:0] UPLLN: USB/Ethernet-PLL clock division ratio (N) setting bits

bit6:0 Description
0000000
. Setting is prohibited.
0001100
0001101
Divided by (UPLLN + 1). The division ratio of 14 to 100 can be set by using the UPLLN value.
. (example) UPLLN = 0111011 = 60 division [initial value]
1100011
1100100
. Setting is prohibited.
1111111
Note:

—  This register is not initialized in software reset.
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5.6 USB/Ethernet-PLL Control Register5 (UPCR5)
The UPCRS5 register sets the division ratio (M) of PLL for USB/Ethernet.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved UPLLM
Attribute - R/W
Initial value - 0100

Register function

[bit7:4] Reserved: Reserved bits
From these bits, 0b0000 is read.
When writing, set 0b0000.

[bit3:0] UPLLM: USB/Ethernet-PLL clock division ratio (M) setting bits
bit3:0 Description
0000
0001

Divided by (UPLLM + 1). The division ratio of 1 to 16 can be set by using the UPLLM value.
(example) UPLLM = 0100 = 5 division [initial value]

1111

Note:
—  This register is not initialized in software reset.
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5.7 USB/Ethernet-PLL Control Register6 (UPCR6)
The UPCRG6 register sets the division ratio of CLKPLL.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved UBSR
Attribute - R/W
Initial value - 0010

Register function

[bit7:4] Reserved: Reserved bits
From these bits, 0b0000 is read.
When writing, set 0b0000.

[bit3:0] UBSR: CLKPLL division ratio setting bits

bit3:0 Description
0000
0001

Divided by (UBSR + 1). The division ratio of 1 to 16 can be set by using the USBR value.
(example) UBSR = 0010 —3 division [initial value]

1111

Note:
—  This register is not initialized in software reset.
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5.8 USB/Ethernet-PLL Control Register7 (UPCR?7)
The UPCRY register controls USB/Ethernet-PLL in TIMER mode.

Register configuration
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bit 7 6 5 4 3 0
Field Reserved EPLLEN
Attribute R/W
Initial value 0

Register function

[bit7:1] Reserved: Reserved bits
From these bits, 0b0000000 is read.
When writing, set 0b0000000.

[bit0] EPLLEN: USB/Ethernet-PLL control bit in Timer mode

bit Description
0 Stop USB/Ethernet-PLL in TIMER mode.
1 Does not stop USB/Ethernet-PLL in TIMER mode.

Note:
—  This register is not initialized in software reset.
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CHAPTER 2-3: USB/Ethernet Clock Generation

5.9 USB/Ethernet-PLL State Register (UP_STR)

The UP_STR register indicates the state of USB/Ethernet-PLL.

Register configuration

bit 7 6 5 4 2 1 0
Field Reserved UPRDY

Attribute R

Initial value 0

Register function

[bit7:1] Reserved: Reserved bits
From these bits, 0b0000000 is read.
When writing, set 0b0000000.

[bit0] UPRDY: USB/Ethernet-PLL oscillation stabilization bit

bit Description

Stabilization wait or oscillation stop state [initial value]

Stabilization state

Note:
—  This register is not initialized in software reset.
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5.10 USB/Ethernet-PLL Interrupt Factor Enable Register (UPINT_ENR)

The UPINT_ENR register sets enable/disable of USB/Ethernet-PLL oscillation stabilization wait complete interrupt.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved UPCSE
Attribute - R/W
Initial value - 0

Register function

[bit7:1] Reserved: Reserved bits
From these bits, 0b0000000 is read.
When writing, set 0b0000000.

[bit0] UPCSE: USB/Ethernet-PLL oscillation stabilization wait complete interrupt enable bit

bit Description
0 Disable generation of interrupt [initial value]
1 Enable generation of interrupt
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5.11 USB/Ethernet-PLL Interrupt Factor State Register (UPINT_STR)

The UPINT_ENR register indicates the state of USB/Ethernet-PLL oscillation stabilization wait interrupt.

Register configuration

bit 7 6 5 4 0
Field Reserved UPCSI

Attribute R

Initial value 0

Register function

[bit7:1] Reserved: Reserved bits
From these bits, 0b0000000 is read.
When writing, set 0b0000000.

[bit0] UPCSI: USB/Ethernet-PLL interrupt factor state bit

bit Description
0 Interrupt does not occur [initial value]
1 Interrupt occurs
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5.12 USB/Ethernet-PLL Interrupt Factor Clear Register (UPINT_CLR)
The UPINT_ENR register sets USB/Ethernet-PLL interrupt factor clear.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved UPCSC

Attribute - w

Initial value - 0

Register function

[bit7:1] Reserved: Reserved bits
From these bits, 0b0000000 is read.
When writing, set 0b0000000.

[bit0] UPCSC: USB/Ethernet-PLL oscillation stabilization interrupt generation factor clear bit

bit Description
0 Null [initial value]
1 Clear the USB/Ethernet-PLL oscillation stabilization wait interrupt

Note:
— If this register is written and cleared, the UPINT_STR register will be cleared.
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5.13 USB (ch.0) Enable Register (USBENDO)

The USBENOQO register sets operation enable of USB (ch.0) controller.

Register configuration

bit 7 6 5 4 3 2 0
Field Reserved USBENO
Attribute R/W
Initial value 0

Register function

[bit7:1] Reserved: Reserved bits
From these bits, 0b0000010 is read.
When writing, set 0b0000010.

[bit0] USBENO: USB (ch.0) enable bit

bit Description
0 Disable USB (ch.0) operation (reset USB controller block) [initial value]
1 Enable USB (ch.0) operation

Notes:
—  Touse a USB (ch.0), firstly set 1 to this bit.

—  Set 1 after supplying more than 5 cycles of the USB clock to the USB controller.

FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C

413



o CYPRESS

CHAPTER 2-3: USB/Ethernet Clock Generation > EMBEDDED IN TOMORROW

5.14 USB (ch.l) Enable Register (USBENL1)

The USBEN register sets operation enable of USB (ch.1) controller.

Register configuration

bit 7 6 5 4 3 2 1 0
Field Reserved USBEN1
Attribute - R/W
Initial value - 0

Register function

[bit7:1] Reserved: Reserved bits
From these bits, 0b0000010 is read.
When writing, set 0b0000010.

[bit0] USBEN1: USB (ch.1) enable bit

bit Description
0 Disable USB (ch.1) operation (reset USB controller block) [initial value]
1 Enable USB (ch.1) operation

Notes:
—  Touse a USB (ch.1), firstly set 1 to this bit.
—  Set 1 after supplying more than 5 cycles of the USB clock to the USB controller.
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6. Usage Precautions

B This section describes precautions for the clock generation block.
USB clock output setting and selection of USB clock

Do not execute USB (ch.0) clock output disable (UCENO = 0) and USB clock selection (UCSELO, UCSEL1), or USB (ch.1)
clock output disable (UCEN1 = 0) and USB clock selection (UCSELO, UCSEL1) simultaneously.
Make sure to execute first USB clock output disable and then USB clock selection.

W Division ratio setting of USB/Ethernet-PLL oscillation
To change PLL division ratio after stabilization of PLL oscillation, firstly stop PLL oscillation. After changing the division ratio,
enable PLL oscillation again.

B Selection of CLKMO
If UCSELO = 0 and UCSEL1 = 0 are set, CLKMO will be selected for the USB/Ethernet clock. Select CLKMO only when
CLKMO is oscillating at 48 MHz (used in USB) or 50 MHz/25 MHz (used in Ethernet).

B USB/Ethernet-PLL oscillation stabilization wait time setting

Enable PLL after setting the oscillation stabilization wait time in the PLL oscillation stabilization wait time setting register. Do
not change the oscillation stabilization wait time while in oscillation stabilization wait.

B Selection of USB/Ethernet-PLL input clock

A source clock of the USB clock and Ethernet clock can be selected by UCSELO and UCSEL1 settings and ECSELO and
ECSEL1 settings. Also, a separate source clock can be specified for the USB clock and Ethernet clock.

Table 6-1 shows the setting values of registers related to source clock selection.
Table 6-1 List of Register Settings for Each USB/Ethernet Clock Source Selection

USB Clock
CLKMO (48 MHz) USB/Ethernet-PLL Output Clock CLKPLL
Source
Ethernet
USB/Ethernet-PLL CLKMO CLKMO USB/Ethernet-PLL
Clock CLKPLL CLKPLL
Output Clock (50 MHz/25 MHz) (50MHz/25 MHz) Output Clock
Source
UCSEL1=0 UCSEL1=0 UCSEL1=0 UCSEL1=0 UCSEL1=1 UCSEL1=1
UCSELO=0 UCSELO =0 UCSELO=1 UCSELO =1 UCSELO =0 UCSELO=0
Setting value ECSEL1=0 ECSEL1=1 ECSEL1=0 ECSEL1=1 ECSEL1=0 ECSEL1=0
ECSELO=1 ECSELO=0 ECSELO=0 ECSELO0=0 ECSELO0=0 ECSELO=1
UPLLEN =1 UPLLEN =1 UPLLEN =1 UPLLEN =1 UPLLEN =1 UPLLEN =1

B Standby mode and USB/Ethernet-PLL oscillation stabilization wait counter
By executing a transition to Timer/Stop mode during USB/Ethernet-PLL oscillation stabilization wait time, PLL stops and the
stabilization wait counter is cleared (except for Timer mode when EPLLEN = 1 and ECSEL[1:0] = 01).

B Settings of USB enable bit and USB controller

When using the USB controller, enable USB enable bit (USBEN). Also, enable USB enable bit (USBEN) after supplying the
USB clock to the USB controller.  As for the details on the USB controller setting, see the chapters USB Function and USB
Host.

FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C 415



& CYPRESS

CHAPTER 2-3: USB/Ethernet Clock Generation > EMBEDDED IN TOMORROW

416 FM4 Peripheral Manual Communication Macro Part, Doc. No. 002-04862 Rev. *C



CHAPTER 3-1: USB Device (USB Function)

&= CYPRESS

- EMBEDDED IN TOMORROW™

This chapter explains the USB Device (USB function).

1. Overview of USB Device (USB Function

2. Configuration of USB Device (USB Function

3. Operations of USB Device (USB Function

4. Examples of USB Device (USB Function) Setting Procedures
5. USB Device (USB Function) Registers
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1. Overview of USB Device (USB Function)

The USB function is an interface supporting the USB (Universal Serial Bus) communication protocol. It supports full-speed
transfer mode (12 Mbps), and has the following features.

1.1 Features of USB Device (USB Function)
B Full-speed (12 Mbps) transfer supported.
B Auto answered device status.
B Automatic generation and check of bit stripping, bit stuffing, CRC5, and CRCL16.
B Toggle check by data synchronization bit.
B Auto-answer to all standard commands other than the Get/SetDescriptor and SynchFrame commands
(these three commands can be processed similarly as class vendor commands).
B The class vendor commands can be received as data and responded by firmware.
B Up to 6 Endpoints supported. (Endpoint O is fixed to control transfer)
B Each Endpoint includes 2 buffers for data transfer.
(Endpoint 0 includes each buffer exclusively for IN and OUT directions)
B Automatic data transfer via DMA supported (except Endpoint O buffers).

Note:
—  Set the base clock (HCLK) to 13 MHz or higher when using the USB function.
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2. Configuration of USB Device (USB Function)

Figure 2-1 shows the block diagram of the USB function.

USB Function Block Diagram

Figure 2-1 USB Function Block Diagram
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Configuration of Endpoint for USB Function

Configuration . . .
Combination Configuration Interface Alternate Endpoint Type
- - - 0 CTRL
0 0 1 Bulk/Interrupt
Combl. 0 0 2 Bulk/Interrupt
1 0 0 3 Bulk/Interrupt
0 0 4 Bulk/Interrupt
0 0 5 Bulk/Interrupt
- - - 0 CTRL
1 0 - - (*1)
1 1 1 1ISO
Comb2 0 0 2 Bulk/Interrupt
! 0 0 3 Bulk/Interrupt
0 0 4 Bulk/Interrupt
0 0 5 Bulk/Interrupt
- - - 0 CTRL
1 0 - - (*1)
1 1 1 1ISO
2 0 - - (*1)
Comb3
1 2 1 2 ISO (*2)
0 0 3 Bulk/Interrupt
0 0 4 Bulk/Interrupt
0 0 5 Bulk/Interrupt

Comb1: Configuration when ISO is not set to Types of Endpointl and Endpoint2
Comb2: Configuration when ISO is set to Type of Endpointl
Comb3: Configuration when ISO is set to Types of Endpointl and Endpoint2

*1: When isochronous is set, the endpoint does not exist for Alternate=0.
Set 0 for the number of interface descriptor endpoints for Alternate=0.

*2: When ISO is set to Type of Endpoint2, ISO must be also set to Type of Endpoint1.
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3. Operations of USB Device (USB Function)

The USB function supports the USB (Universal Serial Bus) communication protocol. Its hardware supports the basic protocol
operation (handshake). Therefore, USB communication can be implemented by processing only transfer data.

3.1. USB Device (USB Function) Operation

3.2. Detection of Connection and Disconnection

3.3. Operation of Each Register in Response to a Command
3.4. Suspend Function

3.5. Wake-up Function

3.6. DMA Transfer Function

3.7. NULL Transfer Function

3.8. STALL Response/release of Endpoint 0

3.9. STALL Response/release of Endpoint 1 to Endpoint 5
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3.1 USB Device (USB Function) Operation

To use the USB function, take the following steps for setup.

1. Configure the USB clock generation block while the USB Enable Register (USBEN) disables USB operation (USBEN =
0).

2. Enable the USB clock output.

3. Enable USB operation (USBEN = 1).

The USB function transfers packets bi-directionally to/from a host controller that supports the USB protocol. Connection with
the host and devices, and configuration are enumerated. Communications are implemented subsequently in different
transfer types using device drivers.

The following explains the operation of USB communication between the host and devices by taking an enumeration for
example.

Behaviors of registers and USB packets are shown here to provide details of the entire process.

Enumeration

Enumeration is the first process for USB operation to establish connection between the host and devices. The host
investigates what types of devices are connected on the USB bus by using USB control transfer (a USB transfer type).
(Defined in the USB specification) This process uses EPO (Endpoint 0) from the six Endpoints (as defined in the USB
specification).

To use EP1 to EP5, reception and processing on the USB bus are required in the following order:

1. Resetting the USB bus
2. Setting the address by SET_Address
3. Setting configuration by SET_Config
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Figure 3-1 Example of USB Cable Pin Connection

O USB bus connection detection

CHAPTER 3-1: USB Device (USB Function)

USB bus connection
detection

v

Descriptor information
acquisition

v

Device address setting

v

Descriptor information
acquisition (device)

v

Descriptor information
(configuration
) acquisition

Configuration setting

Direction

Host «— Device

Host « Device

Host — Device

Host «— Device

Host «— Device

Host — Device

Operation summary

Operation does not start until the host detects
pull-up on the USB bus.

Returns descriptor data to the host.

An arbitrary address is assigned by the host.

Returns descriptor data to the host.

Returns descriptor data to the host.

A configuration number is assigned by the host.

The connection is reported from a device to the host.

The host monitors two signal lines (D+ and D-) on the USB bus, and finds the connection of a device if either of the

signals turns to HIGH level.

For a detailed procedure explaining how to use the device in self-powered mode, see "3.2 Detection of Connection
and Disconnection”. To use the device as bus-powered, follow the procedure given in Initial register setting and

operation start procedures.

B |nitial register setting and operation start procedures
The following shows an example initial setting procedure of USB function registers.

1.

A

Set EPO configuration (such as packet size) by the EPOC register.

Set EPEN, DIR, or TYPE of each Endpoint by the EP1C to EP5C registers.
Clear the RST bit in the UDCC register.
Clear BFINI in the EPOIS, EPOOS, and EP1S to EP5S registers.
Clear the HCONX bit in the UDCC register.

B USB bus reset
The USB device core is initialized when the host executes a bus reset on the device, but register and buffer states are not
initialized.
Take the following steps to process the device. (The process is not required in the initial bus reset after USB connection.)

1.
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Initialize the buffer by the BFINI bit in the EPOI Status Register (EPOIS), the BFINI bit in the EPOO Status Register
(EPOQS), and the BFINI bit in the EP1 to EP5 Status Registers (EP1S to EP5S).
2. Return firmware control to the state before the enumeration.
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B Descriptor acquisition
When the host requests a device, the device reports data to the host in reply to the request.
The communication is broken up into the following three stages.

Figure 3-2 Communication Stages

[Setup stage] -> [Datastage] -> [Status stage]

The setup stage checks whether the device has received the packets from the host successfully and decodes the command.
The descriptor information to be returned in the next data stage is prepared in the send buffer in this stage. The data stage
checks whether the host has sent data successfully. In the status stage, the host sends a packet without data to end the
transfer.
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3.2 Detection of Connection and Disconnection
The following explains about detecting connection and disconnection to/from the USB host.

Example of USB System Connection

By connecting an external interrupt pin to the VBUS pin of the USB connector, and installing a pull-down resistor onto the
VBUS signal, disconnection from the USB host can be detected. Figure 3-3 shows an example connection of USB connector
with D+, D- and VBUS.

Figure 3-3 Example of USB System Configuration

Install level shifters if necessary
B connector
This LS|
VBUS . A _
USB host i | External interrupt
X HCONX (GPIO)
r—-- O: pull-up
- connected
1:pull-up
1.5KQ disconnected
c | D+ 27Q ~
N <—T AVaY, > %
@ w
5 AN > 5
D- 27Q °©
USB device
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B Connection detection
Figure 3-4 Connection Detecting Operation

Connected to the host\‘
i
VBUS External interrupt enabled
ENX Y/
Factor level changed
ERXx \
[LBX, LAX] | X [0.1] X [0, 0] |
HCONX A\
< » Connection enabled
The period when VBUS becomes stable

A device finds and processes the connection with the host in the following sequence:

1. The HCONX bit in the UDCC register must be set to 1. (When controlling a pull-up resistor on a general-purpose port,
set the port to the pull-up resistor disconnection.)

2. Set the source level of external interrupts connected with VBUS to HIGH level detection to enable interrupts.

3. Find the USB host connection by the detection of HIGH level of the external interrupt pin, and waits for the period the
VBUS becomes stable.

4. Disable external interrupts once. Change the external interrupt factor level to LOW to clear the interrupt source, and
enable external interrupts again.

5. Configure the initial settings (Initialize all components including the USB function registers.)See "Initial register setting
and operation start procedures" in this section.

6. Connect the pull-up resistor to D+ by clearing™ the HCONX bit in the UDCC register."

*1: When control the pull-up resistor on a general-purpose port, clear the HCONX bit in the UDCC
register, and set the pull-up resistor control general-purpose port to the pull-up resistor connection.
*2: Clear the HCONX bit even if the pull-up resistor is not controlled.

Note:

— If an external noise filter is installed on the external interrupt pin, the above VBUS stabilization period does not need to
be set by the program.
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B Disconnection detection

Figure 3-5 Disconnection Detecting Operation

VBUS Disconnected /dm

from the host

ENXx \ /
Source level changed
ERXx \ J
[LBx, LAX] | [0,0] X [0, 1] |
Returned from stop mode
SUSP \
USTP VBUS stabilization \
period or
+ Oscillation >
HCONX stabilization wait time ,§
Disconnection

setting

A device finds and processes the disconnection from the host in the following sequence:

1. Find the disconnection of the USB host by detecting LOW level of the external interrupt pin connected to VBUS.

2. When returned from stop mode or timer mode
After the oscillation stabilization wait time, clear in the order of SUSP in the UDCS register and USTP in the UDCC
register.
In other than stop mode and timer mode wait for the period the VBUS becomes stable.

3. Disable external interrupts once. Change the external interrupt factor level to HIGH to clear the interrupt factor, and
enable external interrupts again.

4. Disconnect the pull-up resistor from D+ by setting™ the HCONX bit in the UDCC register.”

*1: When controlling the pull-up resistor on a general-purpose port, set the HCONX bit in the UDCC
register, and set the pull-up resistor control general-purpose port to the pull-up resistor disconnection.
*2: Set the HCONX bit even if the pull-up resistor is not controlled.

Note:

— If an external noise filter is installed on the external interrupt pin, the above VBUS stabilization period does not need to
be set by the program.
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3.3 Operation of Each Register in Response to a Command
The following explains the method (architecture) to process USB packets. Responding to CPU interrupts, the firmware
sequence is processed for each handshake. This is equivalent to the processing of each packet on the stage basis.

Operation of Each Register in Response to a Read Command
The following explains the case of GetDescripter, SynchFrame, and class vendor commands.

Figure 3-6 Operation of Each Register in Response to a Read Command

Setup stage Data stage Status stage

> < > < >
Host — SET | |DATAO ACK ACK DATAL
Device up
Device — ACK DATA DAlTA

0
Host DATAO DATAL
write j write
DRQIIE
AN
DRQI \ Command Y
N, rea
DRQOIE N \ Cloared by N\ Ceared by———0__ | DATAl
DRQO N / software software = | read
SETP
«—> > —>
(1) Setup stage (2) Data stage (3) Command end
sequence sequence sequence

(1) Setup stage sequence
Upon the receipt of the setup stage, DRQO changes to 1. Immediately when DRQO has changed, enter the CPU
interrupt and check the SETP flag. If the flag is 1, read required bits of the command in the receive buffer. (Not
necessarily read all the eight bytes.) Subsequently, decode the command, configure required settings, clear the
SETP flag and the DRQO interrupt factor, and return.

(2) Data stage sequence
If the command decoding concludes that the data stage is in the IN direction, enable DRQIIE,* and transfer outgoing
data to the send buffer by the CPU interrupt. When the transfer has finished, clear the DRQI interrupt factor, and
return.
*: The DRQI interrupt factor is initially set to 1, and is only used to enable interrupts.
DRQI is set when the data packet to the IN direction has finished. The CPU interrupt is entered immediately when
DRQI has been set, and outgoing data is transferred to the send buffer in preparation for the next data packet. When
the transfer has finished, clear the interrupt source DRQI, and return.

(3) Command end sequence

DRQO is set when the status stage to OUT direction has finished. Immediately when DRQO is set, enter the CPU
interrupt and check that the number of received data units is 0. In preparation for the next setup stage, clear the
interrupt factor DRQO, and return.

Note:

—  When next setup stage is received without (3) Command end sequence being carried out due to the process of an
interrupt which has higher priority than USB, the device makes no response to the next setup stage. In order to avoid
this phenomenon, carry out any of the following.

- Increase the interrupt priority of the Setup stage, Data stage and Command end sequence
- Continue the process of the IN transfer interrupt in the Data stage sequence until DRQO is cleared in the
Command end sequence.
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Operation of Each Register in Response to a Write Command
The following explains the case of SetDescripter and class vendor commands.

Figure 3-7 Operation of Each Register in Response to a Write Command

Setup stage |, Data stage .|, Status stage
ggi}c: ‘SETUPHDATAO‘ out HDATAO‘ ‘OUT HDATAl‘ \ IN \ ACK
Device —» ACK ACK ACK DATAl1
Host //__—»

DRQIIE \ Z% Cleared by /
DRQI \ / software. / /
7
DRQOIE \ Command DATAO  Cleared by PATAL
wead ‘// read software | read /Clegred by
DRQO software
SETP /

v

&
N

I
V)

(1) Setup stage (2) Data stage (3) Command end
sequence sequence sequence

(1) Setup stage sequence

Upon the receipt of the setup stage, DRQO changes to 1. Immediately when DRQO has changed to 1, enter the CPU
interrupt and check the SETP flag. If the flag is 1, read required bits of the command in the receive buffer. (Not
necessarily read all the eight bytes.) Subsequently, decode the command, configure required settings.

In preparation of 0-byte response in the status stage, do not write data to the send buffer, and set DRQI to “0” (as the
DRQI interrupt factor is initially set to 1). Set the DRQIIE to 1 to check a successful completion of the status stage.
Clear the SETP flag and the DRQO interrupt factor to return from the interrupt.

(2) Data stage sequence

DRQO is set when the data packed to OUT direction has finished. Immediately when DRQO is set, enter the CPU
interrupt and check SIZE in the EPO Status Register. Use DMA limited to received data, or use CPU read access to
read data from the receive buffer. Subsequently, clear interrupt factor DRQO to return from the interrupt.

(3) Command end sequence

DRQI is set when the status stage to the IN direction has finished. Immediately when DRQI is set, enter the CPU

interrupt and check that the status stage has finished successfully. Subsequently, clear interrupt factor DRQI, and
return.
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3.4 Suspend Function

Depending on the bus power configuration, USB devices must drop the power consumption to 500 pA or less in suspend
state. The following explains the sequence the USB device makes transition to suspend state, and then stop mode or timer
mode.

Suspend Sequence
When the USB device core detects a suspend state, SUSP hit in the UDCS register is enabled.

The following provides an example sequence.
Figure 3-8 Suspend Operation

ims | 1ms J 3ms . Suspend state >
ost — e e
evice SOF SOF SOF If remote wake-up is
supported: 2ms R
SUSP

Set by software

SN
USTP e \

STP

B Suspend sequence
When there is a 3 ms or longer period of inactivity on the USB bus, the USB function detects a suspend state, and
sets the SUSP bit interrupt factor in the UDCS register. For devices supporting remote wake-up function, the USB
function waits 2 ms more * and sets stop mode or timer mode.
*: This period is required to block remote wake-up.

Note:
- Before stop mode or timer mode is entered, set UDCIE:SUSPIE = 0 and UDCC:USTP = 1 in this order.
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3.5 Wake-up Function

CHAPTER 3-1: USB Device (USB Function)

To recover a USB device from suspend state to wake-up state, the USB protocol provides two ways.

B Remote wake-up from the device
B Wake-up from the host

Remote Wake-up

Figure 3-9 Remote Wake-up Operation

Suspend state " 20ms . 1Ims | 1ms
HeSice RESUME 'SOF | |SOF
. Oscillation
RE¥ice —~ stabilization | RESUME
period R —
> 10ms —ﬂ
INT pin _
STP External interrupt
Cleared by software
SUSP *77 y
USTP
RESUM = RESUM set and cleared by software

The device must be processed in the following sequence:

Check that the USB generation clock is stable.
Clear the SUSP bit in the UDCS register to 0.
Perform a dummy read from the UDCS register.
Clear the USTP bit of the UDCC register to 0.
Perform a dummy read from the UDCC register.
Set the RESUM bit in the UDCC register to O.
Clear the RESUM bit in the UDCC register to O.

O No OO
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Recover the device from stop mode or timer mode by an external interrupt.
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Wake-up from the Host
Figure 3-10 Wake-up Operation from the Host
Suspend state | 20 ms or more . 1Ims | 1lms
Hest RESUME 'SOF ‘ SOF|
4— Oscillaton — SUSP, USTP, WKUP

STP stabilization period A flags cleared by software

SUSP ///

USTP 4/

WKUP

Process the USB device in the following sequence.

oD

432

Set the oscillation stabilization time so that it will not exceeds 10 ms.

Check that the USB clock is stable.

Clear SUSP bit in the UDCS register, and USTP bit in the UDCC register to O in this order.
Clear WKUP bit in the UDCS register to 0.
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3.6 DMA Transfer Function

Data handled by the USB function can be transferred via DMA between the send/receive buffer and embedded RAM. The
following two modes are available for the DMA transfer.

B Packet transfer mode, in which CPU starts DMA for each packet.
B Automatic data size transfer mode, in which DMA is automatically started for every packet.

Packet Transfer Mode
The packet transfer mode transfers each packet according to the data size set in DMA and, each time the transfer of a packet

finished, clears the interrupt factor (DRQ) for the next packet transfer. This transfer mode can