LENESAS Application Note

RX Family/RA Family
PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Summary

This application note is intended to explain how to use RX family RX26T group and RA family RA6T3 group
to communicate and control PMBus. PMBus communication and control software includes PMBus Master
software and PMBus Slave software. PMBus Master software executes in RX26T group, PMBus Slave
software Execute in RX26T group, and RA6T3 group, and Execute PMBus communication between Master-
Slave devices.

These sample programs are only to be used as reference and Renesas Electronics Corporation does not
guarantee operations. Please use them after carrying out a thorough evaluation in a suitable environment.

B Operation Check Device
The operation of the sample program is checked with the following devices.

PMBus Master
RX family RX26T Group (R5F526 TFCDFP)

PMBus Slave
RX family RX26T Group (R5F526 TFCDFP)
RA family RA6T3 Group (R7TFA6T3BB3CFM)

It is also applicable to RX/RA family that has the resources described in this application note or equivalent
peripheral functions. (RX72T, RX66T, RX24T, RX23T, RX13T, RX72M, RX72N, RX66N, RA6T1, RA6T2,
RAA4T1 etc.)

B Target Sample Program
The sample program for this application note is shown below.

PMBus Master
RX26T_MCBA PMBUS_MASTER_E2S V100 (IDE : e?studio)
RX26T_MCBA _PMBUS_ MASTER_CSP_V100 (IDE : CS+)

PMBus Slave

RX26T_MCBA_ PMBUS_SLAVE_E2S V100 (IDE : e2studio)
RX26T_MCBA_PMBUS_SLAVE_CSP_V100 (IDE : CS+)
RA6T3_MCILV1_PMBUS_SLAVE_E2S V100 (IDE : e3studio)

B Reference materials

RX26T Group User's Manual Hardware (RO1UH0979)

RA6T3 Group User's Manual Hardware (RO1UH0998)

MCK-RX26T User's Manual (R12UZ0111)

MCK-RAG6T3 User's Manual (R12UZ0114)

RX Famiky Sensorless Vector Control of a Permanent Magnet Synchronous Motor - For MCK
(RO1AN6858)

Sensorless vector control for permanent magnetic synchronous motor For Renesas Flexible Motor
Control (RO1ANG839)
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

1. Overview

This application note is intended to provide PMBus communication and control methods using 12C bus
interface (RIIC/I3C) " installed in RX family and RA family. Connect RX26T group to PMBus Master and
RX26T group or RA6T3 group to PMBus Slave for PMBus transmission and reception between both devices
in Master-Slave. In this application note, the RX26T group of the PMBus master analyzes and processes
PMBus commands from PC. Then, it controls and monitors a permanent-magnet synchronous motor
connected from PMBus Master to PMBus Slave at 100kbps communication rate in a vector control method.

Although PMBus is a communication method widely used in power supply systems, this application note
uses the Flexible Motor Control Kit for the motor system shown below as an alternative to a power supply

system.

*1: RIIC/I3C supports communication compliant with SMBus (Ver.2.0).
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Issue one command on the PC, and the Slave setting or Slave information corresponding

to the command is displayed on the PC.  This operation is repeated.

Flexible Motor Control Kit
MCK-RX26T (RTKOEMXE70S00020BJ)
MCK-RA6T3(RTKOEMA330S00020B)J)

Figure 1 System Configuration and Operation Overview of This Application Note
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

1.1 Development Environment

Table 1 shows the hardware development environment for this application note. Table 2 shows the
development environment for software for this application note.

Table 1 Hardware Development Environment

Master/Slave MCU Board name Model |
Master RX26T RX26T CPU Board RTKOEMXE70C00000B
(R5F526 TFCDFP)

- USB-UART Conversion Module Pmod-USBUART
(Made by DIGILENT)
Slave RX26T MCK-RX26T Renesas Flexible RTKOEMXE70S00020BJ

(R5F526 TFCDFP) Motor Control Kit for RX26T MCU

Group

(Include RX26T CPU Board)
RA6T3 MCK-RAG6T3 Renesas Flexible RTKOEMA330S00020BJ
(R7TFA6T3BB3CFM) | Motor Control Kit for RA6T3 MCU

Group

(Include RA6T3 CPU Board)
- Motor R42BLD30L3

(Included with (Made by MOONS’)

RTKOEMXE70S00020BJ or

RTKOEMXE70S00020BJ)

Table 2 Software Development Environment

Device IDE version RX Smart FSP Toolchain version™
Configurator
RX26T CS+:v8.12.00 Version 2.22.0 - CC-RX: V3.06.00
(R5F526 TFCDFP) e?studio:2024-07 | e?studio plug-in
version
RA6T3 e2studio:2024-07 - V4.4.0  GCC ARM
(R7FA6T3BB3CFM) Embedded:13.2.1.arm-13-7

Note If the same version as the toolchain (C compiler) specified in the project does not exist in the import
destination, the toolchain is not selected and an error occurs. Check the toolchain selection status in
the project settings screen.

Refer to FAQ 3000404 for the selection procedure.
(https://en-support.renesas.com/knowledgeBase/18398339)
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

2. PMBus Outline

PMBus(Power Management Bus) is a general communication standard for power converters. It is based on
SMBus communication standard for protocols derived from 12C. PMBuUs is used in servers, data sensors,
and communication devices to monitor the power supply and set the power supply. PMBuUs is characterized
by its ability to communicate with several slaves by synchronous communication of two-wire type (two-wire
type of clock/data) based on SMBus, and is adopted mainly for industrial equipment. PMBus simplifies
power-system component-to-component communication, enabling component configuration, control, and
monitoring. Figure 2 shows a sample system configuration using PMBus.

USB

This configuration is an example

of a system.

PMBus Master

g

PMBus

>

Content of
communication

- Configure
+ Control

- Monitor

PMBus Slave

In this application note, the RX family RX26T group is used as the PMBus Master, and the RX family
RX26T group or the RA family RA6T3 group is used as the PMBus Slave.

Figure 2 Structure of PMBus
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

2.1 PMBus protocols

The protocol format of PMBus uses a SMBus compliant transaction protocol. The transaction protocol
consists of Send Byte, Write Byte, Write Word, Block Write, Receive Byte, Read Byte, Read Word, Block
Read. The transaction protocols are shown in Figure 3 to Figure 6. PMBus commands are classified into
standard command protocol, group command protocol, zone command protocol, extended command
protocol, and bus master protocol. Both are command protocols that consist of SMBus based transactions.
Of the five command protocols classified, the Group Command Protocol, the Zone Command Protocol, and
the Extended Command Protocol are protocols dedicated to PMBus that extend SMBus protocol. This
application note controls and monitors slave equipment using standard commands. For others, only protocol
process is implemented as a reference, so please confirm according to your purpose of use. Figure 7 shows
the standard command protocol format. Figure 8 shows the group command protocol, Figure 9 and Figure
10 shows the extended command protocol, and Figure 11 shows the zone command protocol.

® Send Byte protocol

7 1 1 8 1
S| Address |Wr[A]  DataByte [A]P]

® \Write Byte protocol

7 1 1 8 1 8 1
S| Address |Wr|[A] CommandCode |[A| DataByte [A]|P]

® Write Word protocol

7 1 1 8 1
| S | Address | Wr | A | Command Code | A |

8 1 8 1
| DataByteLow |A]| DataByteHigh [A] P |

® Block Write protocol

7 1 1 8 1 8 1
| S | Address | Wr | A | Command Code | A | Byte Count = N | A |

8 1 8 1 8 1
| DataBytel |A| DataByte2 |[A|--| DataByteN |[A[P]|

Figure 3 Transactional of Write protocol
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® Send Byte protocol with PEC
7 1 1 8 1 8 1
S| Address [Wr|[A| DataByte |A| PECByte |A[P]
® \Write Byte protocol with PEC
7 1 1 8 1
| S | Address | Wr | A | Command Code | A |
8 1 8 1
| Data Byte |A] PECByte |A|P]
® Write Word protocol with PEC
7 1 1 8 1
| S | Address | Wr | A | Command Code | A |
8 1 8 1 8 1
| DataByteLow |A]| DataByteHigh [A] PEC Byte [A]P]
® Block Write protocol with PEC
7 1 1 8 1 8 1
| S | Address | Wr | A | Command Code | A | Byte Count = N | A |
8 1 8 1
|  DataBytel |A| DataByte2 [A]--
8 1 8 1
| Data Byte N |A] PECByteN [A]|P]

Figure 4 Transactional of Write protocol with PEC

RO1AN7660EJ0100 Rev.1.00
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® Receive Byte protocol
7 1 1 8 1
[S]| Address |Rd|A]| DataByte [N]|P]
® Read Byte protocol
7 1 1 8 1
| S | Address | Wr | A | Command Code | A |
7 1 1 8 1
| Sr] Address |Rd [ A ] Data Byte IN[P]
® Read Word protocol
7 1 8 1
| S | Address | Wr | A | Command Code | A |
7 1 1 8 1 8 1
[ sr] Address |Rd[A| DataByteLow | A | DataByteHigh | N]|P]
® Block Read protocol
7 1 1 8 1
| S | Address | Wr | A | Command Code | A |
7 1 1 8 1
| Sr | Address | Rd | A | Block Count =N | A |
8 1 8 1 8 1
| Data Byte 1 | A| DataByte2 |A|-+| DataByteN |[N|P]|

Figure 5 Transactional of Read protocol

RO1AN7660EJ0100 Rev.1.00
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® Receive Byte protocol with PEC

7 1 1 8 1 8 1
S| Address |Rd|A| DataByte |A| PECByte [N]|P]

® Read Byte protocol with PEC

7 1 1 8 1
| S | Address | Wr | A | Command Code | A |
7 1 1 8 1 8 1
| sr] Address |Rd [A] Data Byte |A] PECByte |[N]|P]

® Read Word protocol with PEC

7 1 1 8
| S | Address | Wr | A | Command Code | A |
7 1 1 8 1
| Sr | Address | Rd | A | Data Byte Low | A |
8 1 8 1
| Data Byte High | A ] PEC Byte IN] P |

® Block Read protocol with PEC

7 1 1 8 1
| S | Address | Wr | A | Command Code | A |
7 1 1 8 1 8 1
| Sr | Address | Rd | A | Block Count = N | A | Data Byte 1 | A |
8 1 8 1 8 1
| Data Byte 2 | A|| DataByteN |A]| PECByte |[N]|P|

Figure 6 Transactional of Read protocol with PEC

® 7-bit address format

< n(n=1~) >
1 7 1 1 8 1 1
s SLA(Slave | R/ A DATA(Command A A/ p
Address) | W# Code & Data) A#

N. Number of transfer data bytes

s SLA R/W# A DATA A DATA A P

Figure 7 Standard Command Protocol

RO1AN7660EJ0100 Rev.1.00 Page 10 of 178




RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

®  Group command protocol
One Or More Data Bytes
- >
7 1 1 8 1 8 1 8 1
[s]| Device1ApDREss |[W[A|  COMMAND CODE 1 A LOW DATA BYTE la].] HIGH DATA BYTE A
One Or More Data Bytes
-+ >
7 1 1 8 1 8 1 8 1
[sr] Device2apDREss |[W[A|  COMMAND CODE 2 A LOW DATA BYTE [a]..] HIGH DATA BYTE A
One Or More Data Bytes
-t -
7 1 1 8 1 8 1 8 1
[sr| DevicENADDREss |[W[A|  COMMAND CODEN A LOW DATA BYTE [a].] HIGH DATA BYTE alr]
® Group Command Protocol with PEC
o One Or More Data Bytes |
7 8 [ 8 1 8 R 8 1
[s] oDevice1ADDReEss [W[A]  COMMAND CODE 1 A LOW DATA BYTE [a] .| HIGH DATA BYTE A PEC 1 [A]
_ One Or More Data Bytes =
7 11 1 8 1 8 K 8 1
[sr] DEVICE2ADDRESS [W[A[  COMMAND CODE2 A LOW DATA BYTE [a].] HIGH DATA BYTE A PEC 2 [A]
_ One Or More Data Bytes o
7 11 8 1[0 8 1 8 K 8 1
[sr] pevicenapDREss [w[A|  commANDCODEN [ A LOW DATA BYTE [a] -] HIGH DATA BYTE A PEC N [a]r]

Figure 8 Group Command Protocol
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® Extended command Read Byte protocol

7 1 1 8 8 1
COMMAND
S SLAVE ADDRESS Wl A COMMAND CODE A
EXTENSION CODE
1 7 1 8 1
Sr SLAVE ADDRESS R DATA BYTE NA| P
® Extended command Write Byte protocol
7 1 1 8 8 1
COMMAND
S SLAVE ADDRESS Wi A COMMAND CODE A
EXTENSION CODE
8 1
DATA BYTE A
® Extended command Read Word protocol
7 1 1 8 8
COMMAND
S SLAVE ADDRESS WA COMMAND CODE
EXTENSION CODE
1 7 1 8 8 1
Sr SLAVE ADDRESS R LOW DATA BYTE HIGH DATA BYTE NA
® Extended command Write Word protocol
7 1 1 8 8 1
COMMAND
S SLAVE ADDRESS W\ A COMMAND CODE A
EXTENSION CODE
8 1 8
LOW DATA BYTE A HIGH DATA BYTE P

Figure 9 Extended command protocol
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® Extended command Read Byte protocol with PEC
7 1 1 8 1 8
COMMAND
S SLAVE ADDRESS WA A COMMAND CODE
EXTENSION CODE
1 7 1 1 8 1 8 1
Sr SLAVE ADDRESS R|A DATA BYTE A PEC NA| P
® Extended command Write Byte protocol with PEC
7 1 1 8 1 8 1
COMMAND
5 SLAVE ADDRESS W A A COMMAND CODE A
EXTENSION CODE
8 1 8 1
DATA BYTE A PEC AP
® Extended command Read Word protocol with PEC
7 11 8 1 8 1
COMMAND
S SLAVE ADDRESS W[ A A COMMAND CODE
EXTENSION CODE
1 7 1 1 8 1 8 1 8 1
Sr SLAVE ADDRESS R[A LOW DATA BYTE A HIGH DATA BYTE A PEC NA| P
® Extended command Write Word protocol with PEC
7 1T 1 8 1 8 1
COMMAND
SLAVE ADDRESS W A A COMMAND CODE A
EXTENSION CODE
8 1 8 1 8 1
LOW DATA BYTE A HIGH DATA BYTE A PEC AP

Figure 10 Extended command protocol with PEC
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

7

® Zone Read Command Protocol with Status Response Data

11 8 1 8 1
ZONE READ COMMAND
S WA A STATUS MASK Al ..
ADDRESS (28h) CONTROL CODE
7 11 8 1 7 11 8 1
ZONE READ STATUS
Sr R|A A SLAVE ADDRESS PG| A SLAVE PAGE A
ADDRESS (28h) RESPONSE DATA
7 11 8 1 7 11 8 1
ZONE READ STATUS
Sr R|A A SLAVE ADDRESS PG| A SLAVE PAGE N|P
ADDRESS (28h) RESPONSE DATA

= PAGE STATUS Bit

7

8

1

® Zone Read Command Protocol with PMBus Command Code

8

s ZONE READ w i COMMAND PMBUS COMMAND A
ADDRESS (28h) CONTROL CODE CODE
7 11 8 1 8 1 7 11 8 1
ZONE READ
Sr R|A PMBUS DATA BYTE A PMBUS DATA BYTE A SLAVE ADDRESS PG| A SLAVE PAGE Al
ADDRESS (28h)
7 1 1 8 1 8 1 7 1 1 8 1
ZONE READ
Sr R|A PMBUS DATA BYTE A PMBUS DATA BYTE A SLAVE ADDRESS PG| A SLAVE PAGE N|P
ADDRESS (28h)
= PAGE STATUS Bit
® Zone read command protocol with PEC and status response data
7 11 8 1 8 1
ZONE READ COMMAND
5 ADDRESS (28h) vig CONTROL CODE R STATUS MASK e -
7 1 1 8 1 7 1 1 8 1 8 1
ZONE READ STATUS
Sr ADDRESS (28h) RIA RESPONSE DATA A SLAVE ADDRESS PG| A SLAVE PAGE A PEC BYTE Al
7 11 8 1 7 11 8 1 8 1
ZONE READ STATUS
Sr ADDRESS (28h) RI1A RESPONSE DATA A SLAVE ADDRESS PG| A SLAVE PAGE N PEC BYTE N|P
[PG|= PAGE STATUS Bit
® Zone Read Command Protocol with PEC, PMBus Command Code
7 11 8 1 8 1
ZONE READ COMMAND PMBUS COMMAND
‘ s ‘ ADDRESS (28h) ‘W‘ R ‘ CONTROL CODE ‘ & ‘ CODE ‘ & ‘
7 1.1 8 1 8 1 7 11 8 1 8 1
ZONE READ PMBUS DATA PMBUS DATA
Sr ADDRESS (28h) ‘ R ‘ A ‘ BYTE ‘ A ‘ BYTE ‘ A ‘ SLAVE ADDRESS ‘PG‘ A ‘ SLAVE PAGE ‘ A ‘ PEC BYTE ‘ A ‘
7 11 8 1 8 1 7 11 8 1 8 1
ZONE READ PMBUS DATA PMBUS DATA
Sr ADDRESS (28h) ‘ R ‘ A ‘ BYTE ‘ A ‘ BYTE ‘ A ‘ SLAVE ADDRESS ‘PG‘ A ‘ SLAVE PAGE ‘ N ‘ PEC BYTE ‘ N ‘ P ‘
[PG]= PAGE STATUS Bit
® 2-byte data, zone write command protocol with PMBus command code
7 1 1 8 1 8 1 8 1
ZONE WRITE PMBUS LOW DATA HIGH DATA
s w| A A A AlP
ADDRESS (37h) COMMAND CODE BYTE BYTE

Figure 11 Zone Command Protocol
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

2.2 PMBus Command

PMBus has a predefined command to facilitate interconnection between devices. Commands are also
prepared for future extensions and user-defined commands for easy customization. Table 3 lists PMBus
commands and the transaction types associated with the commands.

This application note uses the command code 01h, 02h, 03h, 81h, 8Bh, 8Ch, 90h, 95h among the
commands shown in Table 3.

Table 3 PMBus Commands List

I:I : Commands Used in this Application Note

Command Command Name Transaction Type: Transaction Number

Code Writing Data Type: Reading Of Data
Data Bytes

00h PAGE Write Byte Read Byte 1

01h OPERATION Write Byte Read Byte 1

02h ON_OFF_CONFIG Write Byte Read Byte 1

03h CLEAR_FAULTS Send Byte N/A 0

04h PHASE Write Byte Read Byte 1

05h PAGE_PLUS WRITE Block Write N/A Variable

06h PAGE_PLUS READ N/A Block Write — Variable
Block Read
Process Call

07h ZONE_CONFIG Write Word Read Word 2

08h ZONE_ACTIVE Write Word Read Word 2

09h Reserved

0Ah Reserved

0Bh Reserved

0Ch Reserved

0Dh Reserved

OEh Reserved

OFh Reserved

10h WRITE_PROTECT Write Byte Read Byte 1

11h STORE_DEFAULT_ALL Send Byte N/A 0

12h RESTORE_DEFAULT_ALL Send Byte N/A 0

13h STORE_DEFAULT_CODE Write Byte N/A 1

14h RESTORE_DEFAULT_CODE Write Byte N/A 1

15h STORE_USER_ALL Send Byte N/A 0

16h RESTORE_USER_ALL Send Byte N/A 0

17h STORE_USER_CODE Write Byte N/A 1

18h RESTORE_USER_CODE Write Byte N/A 1

19h CAPABILITY N/A Read Byte 1

1Ah QUERY N/A Block Write- Block | 1
Read Process Call

1Bh SMBALERT_MASK Write Word Block Write- Block | 2

Read Process Call
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PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

1Ch
1Dh
1Eh
1Fh
20h
21h
22h
23h
24h
25h
26h
27h
28h
29h
2Ah
2Bh
2Ch
2Dh
2Eh
2Fh
30h

31h
32h
33h
34h
35h
36h
37h
38h
39h
3Ah
3Bh
3Ch
3Dh
3Eh
3Fh
40h

Reserved

Reserved

Reserved

Reserved
VOUT_MODE
VOUT_COMMAND
VOUT_TRIM
VOUT_CAL_OFFSET
VOUT_MAX
VOUT_MARGIN_HIGH
VOUT_MARGIN_LOW

VOUT_TRANSITION_RATE

VOUT_DROOP
VOUT_SCALE_LOOP
VOUT_SCALE_MONITOR
VOUT_MIN

Reserved

Reserved

Reserved

Reserved

COEFFICIENTS

POUT_MAX
MAX_DUTY
FREQUENCY_SWITCH
POWER_MODE

VIN_ON

VIN_OFF

INTERLEAVE
IOUT_CAL_GAIN
IOUT_CAL_OFFSET
FAN_CONFIG_1 2
FAN_COMMAND_1
FAN_COMMAND_2
FAN_CONFIG_3_4
FAN_COMMAND_3
FAN_COMMAND_4
VOUT_OV_FAULT_LIMIT

Write Byte

Write Word
Write Word
Write Word
Write Word
Write Word
Write Word
Write Word
Write Word
Write Word
Write Word
Write Word

N/A

Write Word
Write Word
Write Word
Write Byte

Write Word
Write Word
Write Word
Write Word
Write Word
Write Byte

Write Word
Write Word
Write Byte

Write Word
Write Word
Write Word

Read Byte

Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word

Block Write- Block

N N N N N N N N N N NP

(3]

Read Process Call

Read Word
Read Word
Read Word
Read Byte

Read Word
Read Word
Read Word
Read Word
Read Word
Read Byte

Read Word
Read Word
Read Byte

Read Word
Read Word
Read Word

N N N P N N P DN N N N N PN NMDN
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

41h VOUT_OV_FAULT_RESPONSE
42h VOUT_OV_WARN_LIMIT

43h VOUT_UV_WARN_LIMIT

44h VOUT_UV_FAULT_LIMIT

45h VOUT_UV_FAULT_RESPONSE
46h IOUT_OC_FAULT_LIMIT

47h IOUT_OC_FAULT_RESPONSE
48h IOUT_OC_LV_FAULT_LIMIT
49h IOUT_OC_LV_FAULT_RESPONSE
4Ah IOUT_OC_WARN_LIMIT

4Bh IOUT_UC_FAULT_LIMIT

4Ch IOUT_UC_FAULT_RESPONSE
4Dh Reserved

4Eh Reserved

4Fh OT_FAULT_LIMIT

50h OT_FAULT_RESPONSE

51h OT_WARN_LIMIT

52h UT_WARN_LIMIT

53h UT_FAULT_LIMIT

54h UT_FAULT_RESPONSE

55h VIN_OV_FAULT_LIMIT

56h VIN_OV_FAULT_RESPONSE
57h VIN_OV_WARN_LIMIT

58h VIN_UV_WARN_LIMIT

59h VIN_UV_FAULT_LIMIT

5Ah VIN_UV_FAULT_RESPONSE
5Bh IIN_OC_FAULT_LIMIT

5Ch IIN_OC_FAULT_RESPONSE
5Dh IIN_OC_WARN_LIMIT

5Eh POWER_GOOD_ON

5Fh POWER_GOOD_OFF

60h TON_DELAY

61h TON_RISE

62h TON_MAX_FAULT_LIMIT

63h TON_MAX_FAULT_RESPONSE
64h TOFF_DELAY

65h TOFF_FALL

Write Byte
Write Word
Write Word
Write Word
Write Byte
Write Word
Write Byte
Write Word
Write Byte
Write Word
Write Word
Write Byte

Write Word
Write Byte

Write Word
Write Word
Write Word
Write Byte

Write Word
Write Byte

Write Word
Write Word
Write Word
Write Byte

Write Word
Write Byte

Write Word
Write Word
Write Word
Write Word
Write Word
Write Word
Write Byte

Write Word
Write Word

Read Byte
Read Word
Read Word
Read Word
Read Byte
Read Word
Read Byte
Read Word
Read Byte
Read Word
Read Word
Read Byte

Read Word
Read Byte

Read Word
Read Word
Read Word
Read Byte

Read Word
Read Byte

Read Word
Read Word
Read Word
Read Byte

Read Word
Read Byte

Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Byte

Read Word
Read Word

RN N RPN RPN RPN NN

N N R N N N N N DN PN RPN DN DN P N P NDMNDNDNDNDNEPEDN
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

66h
67h

68h
69h
6Ah
6Bh
6Ch
6Dh
6Eh
6Fh
70h
71h
72h
73h
74h
75h
76h
77h
78h
79h
7Ah
7Bh
7Ch
7Dh
7Eh
7Fh
80h
81h
82h
83h
84h
85h
86h
87h
88h
89h
8Ah

TOFF_MAX_WARN_LIMIT Write Word
Reserved (Was Used In Revision
IlDI(g)UT_OP_FAU LT LIMIT Write Word
POUT_OP_FAULT_RESPONSE Write Byte
POUT_OP_WARN_LIMIT Write Word
PIN_OP_WARN_LIMIT Write Word
Reserved

Reserved

Reserved

Reserved

Reserved (Test Input Fuse A)

Reserved (Test Input Fuse B)

Reserved (Test Input OR-ing A)

Reserved (Test Input OR-ing B)

Reserved (Test Output OR-ing)

Reserved

Reserved

Reserved

STATUS_BYTE Write Byte
STATUS_WORD Write Word
STATUS_VOUT Write Byte
STATUS_IOUT Write Byte
STATUS_INPUT Write Byte
STATUS_TEMPERATURE Write Byte
STATUS_CML Write Byte
STATUS_OTHER Write Byte
STATUS_MFR_SPECIFIC Write Byte
STATUS _FANS_ 1 2 Write Byte
STATUS_FANS 3 4 Write Byte
READ_KWH_IN N/A
READ_KWH_OUT N/A
READ_KWH_CONFIG Write Word
READ_EIN N/A
READ_EOUT N/A
READ_VIN N/A
READ_IIN N/A
READ_VCAP N/A

Read Word

Read Word
Read Byte

Read Word
Read Word

Read Byte
Read Word
Read Byte
Read Byte
Read Byte
Read Byte
Read Byte
Read Byte
Read Byte
Read Byte
Read Byte
Read 32

Read 32

Read Word
Block Read
Block Read
Read Word
Read Word
Read Word

2

N N PN

NNN O g N NN R R R R R, R R R RPN R
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

8Bh
8Ch
8Dh
8Eh
8Fh
90h
91h
92h
93h
94h
95h
96h
97h
98h
99h
9Ah
9Bh
9Ch
9Dh
9Eh
9Fh
AOh
Alh
A2h
A3h
Adh
A5h
A6h
AT7h
A8h
A9h
AAh
ABh
ACh
ADh
AEh
AFh

READ_VOUT
READ_IOUT
READ_TEMPERATURE_1
READ_TEMPERATURE_2
READ_TEMPERATURE_3
READ_FAN_SPEED 1
READ_FAN_SPEED 2
READ_FAN_SPEED 3
READ_FAN_SPEED_4
READ_DUTY_CYCLE
READ_FREQUENCY
READ_POUT

READ_PIN
PMBUS_REVISION
MFR_ID

MFR_MODEL
MFR_REVISION
MFR_LOCATION
MFR_DATE
MFR_SERIAL
APP_PROFILE_SUPPORT
MFR_VIN_MIN
MFR_VIN_MAX
MFR_IIN_MAX
MFR_PIN_MAX
MFR_VOUT_MIN
MFR_VOUT_MAX
MFR_IOUT_MAX
MFR_POUT_MAX
MFR_TAMBIENT_MAX
MFR_TAMBIENT_MIN
MFR_EFFICIENCY_LL
MFR_EFFICIENCY_HL
MFR_PIN_ACCURACY
IC_DEVICE_ID
IC_DEVICE_REV

Reserved

N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
Block Write
Block Write
Block Write
Block Write
Block Write
Block Write
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A
N/A

Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Byte

Block Read
Block Read
Block Read
Block Read
Block Read
Block Read
Block Read
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Read Word
Block Read
Block Read
Read Byte

Block Read
Block Read

2

RNN N N N N N N N DN DNMDDN

Variable
Variable
Variable
Variable
Variable
Variable

Variable

N N NN N N N N NN

I
EE N

1
Variable

Variable
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

BOh
Blh
B2h
B3h
B4h
B5h
B6h
B7h
B8h
BYh
BAh
BBh
BCh
BDh
BEh
BFh
COh
Cih
C2h
C3h
C4h

C5h

Cé6h

C7h

C8h

C9h

CAh

CBh

CCh

CDh

CEh

CFh

DOh

D1h

USER_DATA_00
USER_DATA 01
USER_DATA 02
USER_DATA 03
USER_DATA 04
USER_DATA_05
USER_DATA 06
USER_DATA 07
USER_DATA 08
USER_DATA 09
USER_DATA_10
USER_DATA 11
USER_DATA 12
USER_DATA 13
USER_DATA 14
USER_DATA 15
MFR_MAX_TEMP_1
MFR_MAX_TEMP_2
MFR_MAX_TEMP_3
Reserved

MFR_SPECIFIC_C4
MFR_SPECIFIC_C5
MFR_SPECIFIC_C6
MFR_SPECIFIC_C7
MFR_SPECIFIC_C8
MFR_SPECIFIC_C9
MFR_SPECIFIC_CA
MFR_SPECIFIC_CB
MFR_SPECIFIC_CC
MFR_SPECIFIC_CD
MFR_SPECIFIC_CE
MFR_SPECIFIC_CF
MFR_SPECIFIC_DO

MFR_SPECIFIC_D1

Block Write
Block Write
Block Write
Block Write
Block Write
Block Write
Block Write
Block Write
Block Write
Block Write
Block Write
Block Write
Block Write
Block Write
Block Write
Block Write
Write Word
Write Word
Write Word

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Block Read
Block Read
Block Read
Block Read
Block Read
Block Read
Block Read
Block Read
Block Read
Block Read
Block Read
Block Read
Block Read
Block Read
Block Read
Block Read
Read Word
Read Word
Read Word

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Mfr. Defined

Variable
Variable
Variable
Variable
Variable
Variable
Variable
Variable
Variable
Variable
Variable
Variable
Variable
Variable
Variable
Variable
2

2

2

Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

D2h

D3h

D4h

D5h

D6h

D7h

D8h

D9h

DAh

DBh

DCh

DDh

DEh

DFh

EOh

Elh

E2h

E3h

E4h

E5h

E6h

E7h

E8h

E9h

EAh

EBh

ECh

EDh

EEh

EFh

MFR_SPECIFIC_D2
MFR_SPECIFIC_D3
MFR_SPECIFIC_D4
MFR_SPECIFIC_D5
MFR_SPECIFIC_D6
MFR_SPECIFIC_D7
MFR_SPECIFIC_D8
MFR_SPECIFIC_D9
MFR_SPECIFIC_DA
MFR_SPECIFIC_DB
MFR_SPECIFIC_DC
MFR_SPECIFIC_DD
MFR_SPECIFIC_DE
MFR_SPECIFIC_DF
MFR_SPECIFIC_EO
MFR_SPECIFIC_E1
MFR_SPECIFIC_E2
MFR_SPECIFIC_E3
MFR_SPECIFIC_E4
MFR_SPECIFIC_E5
MFR_SPECIFIC_E6
MFR_SPECIFIC_E7
MFR_SPECIFIC_E8
MFR_SPECIFIC_E9
MFR_SPECIFIC_EA
MFR_SPECIFIC_EB
MFR_SPECIFIC_EC
MFR_SPECIFIC_ED
MFR_SPECIFIC_EE

MFR_SPECIFIC_EF

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Mfr

Mfr

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

. Defined

. Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined

RO1AN7660EJ0100 Rev.1.00

Jan.14.25

RENESAS

Page 21 of 178



RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

FOh

Flh

F2h

F3h

F4h

F5h

F6h

F7h

F8h

F9h

FAh

FBh

FCh

FDh

FEh

FFh

MFR_SPECIFIC_FO
MFR_SPECIFIC_F1
MFR_SPECIFIC_F2
MFR_SPECIFIC_F3
MFR_SPECIFIC_F4
MFR_SPECIFIC_F5
MFR_SPECIFIC_F6
MFR_SPECIFIC_F7
MFR_SPECIFIC_F8
MFR_SPECIFIC_F9
MFR_SPECIFIC_FA
MFR_SPECIFIC_FB
MFR_SPECIFIC_FC

MFR_SPECIFIC_FD

MFR_SPECIFIC_COMMAND EXT

PMBUS_COMMAND_EXT

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Extended Command

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Extended Command

Mfr

Mfr

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr.

Mfr

. Defined

. Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

Defined

. Defined

Extended
Command
Extended
Command

Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr.
Defined
Mfr
Defined
Mfr
Defined
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

3. Hardware Description

The boards and parts used in this application note are shown in Table 4.

Table 4 Boards Used and Parts List

Board and Master/ Remarks
Part Name Slave
1 CPU Board RTKOEMXE70C00000BJ Master & | Renesas CPU evaluation board with
Slave R5F526 TFCDFP included in MCK-
RX26T(RTKOEMXE70S00020BJ)
RTKOEMA330C00000BJ Slave Renesas CPU evaluation board with

R7FA6T3BB3CFM included in MCK-
RAGT3(RTKOEMA330S00020BJ)

2 Inverter Board | RTKOEMO0000B12020BJ Slave Renesas Motor drive evaluation inverter
board Included in MCK-
RX26T(RTKOEMXE70S00020BJ),
OR
MCK-RA6T3(RTKOEMA330S00020BJ)

3 USB-UART Pmod-USBUART Master DIGILENT's USB-UART converter that
Conversion connects USB of PC to SCI of MCU
board

4 Motor R42BLD30L3 Slave Renesas MOONS'-made brushless DC

motor (rated 36V,1.67A) included in
MCK-RX26 T(RTKOEMXE70S00020BJ),
OR
MCK-RABT3(RTKOEMA330S00020BJ)

3.1 Hardware configuration

Figure 12 shows the hardware configuration used in this application note. Figure 13 to Figure 16 show the
external views and schematic specifications of each board. The board information is written in abbreviated
form. For details such as the latest specifications, refer to the user's manuals to various boards in the
reference material of summary.

RTKOEMXE70CO0000B) RX26T:RTKOEMXE70S000208)
RA6T3:RTKOEMA330500020B) %t

PC

g

o PMBus
USBUART ' - -
RX26T: RX26T:

RTKOEMXE70C00000B)J RTKOEM0000B120208BJ
RAG6T3: RA6T3:
RTKOEMA330C000008)J RTKOEM0000B120208B)

3¢ 1:The SLAVE connects to one of the devices, either RX26T or RX6T3.

Figure 12 Hardware configuration diagram
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

item Specification

Product name CPU Board

Board part No. RTKOEMXE70C00000BJ
Compatible inverter board RTKOEM0000B12020BJ

External view

A AN AN CEEERRRRRRRNEREEE

Note: The actual product may differ from this photo.

Mounted MCU | Product group

RX26T group
Product No. R5F526 TFCDFP
CPU maximum 120MHz
operating frequency
Bit count 32 bit
Package / Pin count LFQFP /100 pin
ROM 512KB

MCU input clock

10MHz (Generate with external crystal oscillator)

Power supply

DC 5V,3.3V (selectable with jumper switch)

Select one way automatically from the below

® Power is supplied from compatible inverter board
* Power is supplied from USB connector

Debugger

E20B (Onboard debugger circuit)

Connector

* Inverter board connector

* USB connector for E2 OB

* SClI connector for Renesas Motor Workbench communication
* Through hole for CAN communication

* Through hole for SPI communication

* PMOD connectors

Switch

MCU reset switch

LED

User-controllable LED x4, Power LED x1

Figure 13 RX26T CPU Board used in PMBus Master
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Item Specification
Kit product name MCK-RX26T
Kit product No. RTKOEMXE70S00020BJ
Kit configuration Inverter Board RTKOEMO0000B12020BJ
CPU Board RTKOEMXE70C00000BJ
Communication board RTKOEMXC90Z00000BJ
Brushless DC Motor R42BLD30L3 (MOONS’)
Rated voltage : 36[V]
Rated current : 1.67[A]
Isolation Inverter board - CPU board : Non-isolated

Communication board — CPU board : isolated (up to 1kVrws)

External view

Note: The actual product may differ from this photo.

Board size

Inverter board : 133 mm (W) x 109 mm (L)
CPU board : 109 mm (W) x 109 mm (L)
Comunication board : 89mm(W) x 52mm(L)

Operating temperature

Room temperature

Operating humidity

No condensation allowed

EMC Directive

EN61326-1:2021
EMI : Class A

EMS : Basic Electromagnetic environment

Figure 14 Flexible Motor Control Kit for RX26T Groups used in PMBus Slave

Item Specification

Kit product name MCK-RA6T3

Kit product No. RTKOEMA330S00020BJ

Kit configuration Inverter Board RTKOEMO0000B12020BJ
CPU Board RTKOEMA330C00000BJ
Brushless DC Motor R42BLD30L3 (MOONS’)

Rated voltage : 36[V]
Rated current : 1.67[A]

Isolation

Inverter board - CPU board : Non-isolated

External view

Note: The actual product may differ from this photo.

Board size

Inverter board : 133 mm (W) x 109 mm (L)
CPU board : 109 mm (W) x 109 mm (L)

Operating temperature

Room temperature

Operating humidity

No condensation allowed

EMC Directive

EN61326-1:2021
EMI : Class A

EMS : Basic Electromagnetic environment

Figure 15 Flexible Motor Control Kit for RA6T3 Groups used in PMBus Slave
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Pmod USBUART
USB to UART Interface
Features

USB to serial UART interface
Micro USB connector
Option to power the system board through
the FTDI chip
6-pin Pmod connector with UART interface
Follows the Digilent |*| Pmod Interface
Specification Type 4

Electrical
Bus UART
Specification 1.2.0
Version
Logic Level 3.3V

Physical
Width 1.0in (2.54 cm)
Length 0.80in (2.03 cm)

Figure 16 DIGILENT’s Pmod USBUART
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

3.2 Hardware Setup

Connect RX26T CPU Board of PMBus Master and PC, and RX26T CPU Board of PMBus Master and
RX26T CPU Board or RA6T3 CPU Board of PMBus Slave as shown in Figure 12 Hardware Configuration
Diagram. Figure 17 shows the board terminal connections. For details on how to handle the flexible motor
control kit, such as connection with motor, refer to the user's manual to the flexible motor control kit

described in the reference material of summary.

@  Connecting PC to PMBus Master's RX26T CPU Board

TXD:3pin
RXD:2pin

GND:5pin

% Pmod USBUART

VCC:6pin

CNi12
(PMOD?2)
(Typé3A)

HTITTE

RX26T CPU Board

Signal Pmod RX26T CPU board
NETE USBUART

TXD 3pin CN12-2pin

RXD 2pin CN12-3pin

VCC 6pin CN12-6pin

GND 5pin CN212-5pin

L L

RERRRRRREEL " -

@ Connecting PMBus Master's RX26T to PMBus Slave's RX26T or RA6T3

SRR S 144444

Connect the RX26T . RX26T
CPU board with Pmod1 " ed 21 B ={6Y: [ (s |
(TypebA). o
SCL : Pmod1 3pin L.« "CN10
SDA : Pmod1 4pin  (Pmod1) .
VSS : Pmod1 5pin (Type6A)

SCL 3p1n =

DA:4pin, il

O S 104444480

Connect the RX26T " RX26T.
CPU board and the ey :
RABT3 CPU board CPU Bo,a e
with Pmod1 (Type6A).  SERIErTeT i

SCL : Pmod1 3pin = (Pmod1)
SDA : Pmod1 4pin ¥ g
VSS : Pmod1 5pin

ML LRSS 1444445

L RMZ6T
‘ CPU Board

’-CN10
(Pmod1)

(Type&
-41’

. RABT3

-CPU Board
* . ONAL %
(Pmod1)

[Note] Set the JP of RA6T3 to be PMOD (Type 6a).

Figure 17 Device Connection diagram
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

3.3 Configuration of MCU Function
The configuration for connecting MCU function is shown in Figure 18.

PMBus Master PMBus Slave
RX26T CPU Board RXZBT/RABT3 CPU Board Inverter Board
Clock =120MHz Clock=120MHz[200MHz ]
pr— 124D
P21:LEDT P43 (ANOD3)[PO04 (ANOD4) J: Inverter bus boltage — Power supply circuit
P70:LED? LED P40 (ANODO) [PDO0 (AMOO0) J:U phase woltage Cle—
PEE:LED3 P47 (ANOD2) [PDO2 (ANOD2) ]:W phase voltage 14—\ Phase current
PB4 -LED4 [POOT(ANODT)]:V phase voltage j4—) detection
PBO (ANZ04) [PO05 (ANDOB) 1:Rotation speed command = @
value input
RSCI11 PC GPIOD
PBB(TXD11) :PC COM . . % PZ3[P30Z]: Start/Stop SW =
PBG(RXD11) :PC COM pz2[P200]:Reset W —
P21[P113]:LEDT —
P20[P106]:LED? -
LED
RIICO RIICO [I3C] 1/2
PET(SCL) :PhRus Cleck | | PMBus PRI (SCL) [P205 (SCL0) ] :PHBus Clock
PBZ(3D4A) :PMBus Data PBZ (304) [P206 (SDA0) ] :PMBus Data
MTU3 [GPT]
P73 (MTIOC4BI[P409/CTIOCTAT:PYM output Up = > Up
P7Z( TIOC4A)[PT03/GTIOCZAT:PWM output Vo = > Yp
71 (MTIOC3BI[PI11/GTIOC3AT:PWM output Wp = »1 ip
P76(MHUC4D)[P408/GT10018]:PWM output Un = »IUn Tnverter cirouit
P75 (MTIOCAC)[P102/GTIOC2B]:P¥M output ¥n — > V0
P74 (MTIOC3D)[P112/GTIOC3B ]: P¥M output Wn — Wn
—— Yw Vv Vu
POE3 [POEG] [0 11
P70(POED#) [P104 (GTETRGB) : PWM emergency stop input when
overcurrent is detected
#1:This function is not use in this application note.
[1:[1is R&GTS
Figure 18 MCU Function Connection Configuration Diagram
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3.4 MCU peripheral function

Table 5 lists shows the peripheral functions of RX26T group of PMBus Master, RX26T group of PMBus

Slave, and RA6T3 group of PMBus Slave used in this system.

Table 5 Peripheral Functions List

Use unit0 for PMBus communication time-out monitoring.

Use unit0 for PMBus communication time-out monitoring.

Rotation speed command value input (analog value)

Use for PWM emergency-stop when overcurrent is detected.

Use ch5 for PMBus communication time-out monitoring.

Rotation speed command value input (analog value)

Use for PWM emergency-stop when overcurrent is detected.

Device Peripheral Usage
functions
RX26T group RSCI11 Use for communication with PC Terminal Soft.
(PMBus Master) RIICO Use as the master for PMBus communication.
TMR
RX26T group RIICO Use as a slave for PMBus communication.
(PMBus Slave) TMR
S12AD Use for the following functions:
Inverter bus voltage measurement
U-phase current measurement
W-phase current measurement
MTU3 Use ch3,4 for the following functions:
U-phase PWM output ( U, , U, )
V-phase PWM output ( V, V)
W-phase PWM output ( W, , W, )
POE3
CMT Speed control interval timer
IWDT Independent Watchdog Timer
RAGBT3 group 13C Use as slave for PMBus communication.
(PMBus Slave) GPT
ADC12 Use for the following functions:
Inverter bus voltage measurement
U-phase current measurement
V-phase current measurement
W-phase current measurement
GPT Use ch1,2,3 for the following functions:
U-phase PWM output ( U, , Uy )
V-phase PWM output ( V,, V,)
W-phase PWM output ( W, , W,)
POEG
AGTW Speed control interval timer

RO1AN7660EJ0100 Rev.1.00
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3.5 Portinterface

Table 6 lists port interfaces of RX26T group of PMBus Master, RX26T group and RA6T3 group of PMBus
Slave.

Table 6 PMBus Master RX26T, PMBus Slave RX26T, RA6T3 port interfaces

Device Peripheral Port name Usage
functions
RX26T group RSCI11 PB5_TXD11 Use for communication with PC
(PMBus Master) PB6_RXD11 Terminal Soft.
RIICO PB1_SCL Use as the master for PMBus
PB2 SDA communication.
GPIO P21 LED1 control
P20 LED2 control
P65 LEDS3 control
P64 LED4 control
RX26T group RIICO PB1_SCL Use as slave for PMBus
(PMBus Slave) PB2_SDA communication.
S12AD P43/ANIO03 Inverter bus voltage measurement
P50/ANI204 Rotation speed command value input
(VR In, analog value)
P40/ANIO00 U-phase current measurement
P42/ANI002 W-phase current measurement
MTU3 P73/MTIOC4B PWM output (Up) / "High" active
P72/MTIOC4A PWM output (Vp) / "High" active
P71/MTIOC3B PWM output (Wp) / "High" active
P76/MTIOC4D PWM output (Un) / "High" active
P75/MTIOC4C PWM output (Vn) / "High" active
P74/MTIOC3D PWM output (Wh) / "High" active
POE3 P70/POEO# Use for PWM emergency-stop when
overcurrent detected.
GPIO P23 START/STOP toggle switch
P22 ERROR RESET push-switch
P21 LED1 control
P20 LED2 control
RAGBT3 group 13C P205_SCLO Use as slave for PMBus
(PMBus Slave) P206_SDA0_C communication.
ADC12 PO0OO/ANIO00 U-phase current measurement

P0O01/ANIO01
P0O02/ANI002
P0O04/ANI004
POO05/ANIO05

V-phase current measurement
W-phase current measurement
Inverter bus voltage measurement

Rotation speed command value input
(VR In, analog value)

GPT P409/GTIOC1A PWM output (Up) / "High" active
P103/GTIOC2A PWM output (Vp) / "High" active
P111/GTIOC3A PWM output (Wp) / "High" active
P408/GTIOC1B PWM output (Un) / "High" active
P102/GTIOC2B PWM output (Vn) / "High" active
P112/GTIOC3B PWM output (Wh) / "High" active

POEG P104/GTERGB Use for PWM emergency-stop when

overcurrent detection
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GPIO P302 START/STOP toggle switch
P200 ERROR RESET push-switch
P113 LED1 control
P106 LED2 control

4. Operation procedure

As shown in Section 1, the system in this application note uses PC terminal software to issue PMBus
commands to control the motor. Operates motor module samplewith the setting to operate in Board Ul. After
connecting the board and turning on the power as shown in Section 3, follow the procedure below.

1. Turn ON SW1 (toggle SW) of the inverter board.

2. Rotate VR1 on the inverter-board in CW or CCW orientation.

3. Use the terminal software to enter PMBus commands in the order shown in Figure 19.
Table 7 lists the command specifications supported by the demo system.

When starting motor rotation, start rotation by sending the setting shown in Table 7 with ON_OFF_CONFIG
command and OPERATION command of PMBUS under the condition of the above-mentioned steps 1 and
2. When stopping the rotation of the motor, issue a Pmbus command with ON_OFF_CONFIG and
Operation, turn off SW1 (Togur SW), or set VRL1 to the center (the lowest motor rotation). When the motor is
to be rotated again, SW1 (toggle SW) must be rotated to ON position and VR1 must be rotated to a position
other than the center position, and then OPERATION command-based rotational start-request must be
received again.
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1st line of transmission
2nd lin of transmission

3rd line of transmission
4th line of transmission

n line of transmission

1st line received

n line received

API return value
Packet result

2nd lin of transmission

1st line received

n line received

API return value

Packet result

.

1st line of transmission

3rd line of transmission

~
Slave address (8bit)<]

R or W(UTF-8) "2

Command code(8bit)

write data (8bit)*1<

write data(8hit) "1
Slave return value(8bit) "1 &

Slave return value(8bit) I"*
d
API return value(8bit) ¢!

Packet result(8bit)<]

-

Slave address (8bit)<
R (UTF-8) 21
Command code(8bit)d

Slave return value(8bit) "1 <l

Slave return value(8bit) 1"t
A

API return value(8bit) <
Packet result(8bit)<]

-

~

Refer Table 7 for details.
*2: "R" means Read, and "W" means Write specification.

*: Enter 8bit in HEX notation, for example "0xAB".
*: In this application, the slave address is fixed to OxOA.

® PC Terminal Software Settings for Write,Write/Read Commands

Ex: For OPERATION command (WRITE)

Ox0A
W

0x01
0x80

Return code:0x00
Packet result:0x00

® PC Terminal Software Settings for Read Commands

Ex: For OPERATION command (READ)
Ox0A

R

0x01

>>PMBUS_RESPONSE_START

0x08

Return code:0x00
Packet result:0x00

*1: Byte: 1 line, word:2 lines, BLOCK: n lines. Some commands display the value in decimal.

Figure 19 PC terminal software to Issue PMBus Command
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Table 7 Commands used in this demonstration system

Command name TRANSACTION Functional Description

(Command code) CODE

OPERATION WRITE_BYTE Only when bit3 is set to "1" in ON_OFF_CONFIG, the
(0x01) following operation is executed according to bit7.

Bit7 = 1: Start rotating the motor.
Bit7 = O: Stop rotating the motor
READ _BYTE Return the value set in WRITE_BYTE.
ON_OFF_CONFIG WRITE_BYTE Used in conjunction with OPERATION command.

(0x02) This demonstration system uses only bit3. For more
information, refer to the explanation of OPERATION
command-related functions.

READ _BYTE Return the value set in WRAITE_BYTE.

CLEAR_FAULTS SEND_BYTE Clear the error information of the motor. (For RX26T, the
(0x03) motor operation is also reset.)
STATUS FANS 1 2 WRITE_BYTE Clear the status corresponding to the bit set to “1” in the
(Ox81) FAN status.

READ_BYTE Return FAN status.
READ_VOUT READ_WORD Return the measured output voltage (V). In PC terminal
(0x8b) software, it is displayed as and integer decimal number.
READ_IOUT READ_WORD Return the measured output current (mA). In PC terminal
(0x8c) software, it is displayed as a signed integer decimal number.
READ_FAN_SPEED_1 | READ_WORD Return FAN velocity (rad/s). In PC terminal software, it is
(0x90) displayed as a signed integer decimal number.
READ_FREQENCY READ_WORD Return the main power converter switching frequency (u
(0x95) sec). In PC terminal software, it is displayed as and integer

decimal number.
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5. Software Description

The software process of this application note is divided into driver sections that control MCU peripheral
functions, PMBus middleware sections that control PMBus, and user applications that operate PMBus
middleware. In addition, SCI drivers connected to PC on PMBus Master and the motor control middleware
for controlling the motor on PMBus Slave are operated by the user application. Figure 20 shows the module
configuration of PMBus Master software, and Figure 21 and Figure 22 show the module configuration of
PMBus Slave software. For details on PMBus Master state transitions and function operations, see Section
5.1. For details on PMBus Slave state transitions and function operations, see Section 5.2.

. I
| |
I 2 M |
: @API call @retun 1
I PMBus Master I
I Middleware I
| s = '
|
:OAM call || @callback N N |
|| — I
| (BFunction call | | ®return I
I V

3 |
| S
u o [ |
I ©API call _JL __(Dcallback |

I i
: A ,
I
. I
. |
: |
r _ Hwcontrolfy ... ________l

HW control
A4 e
>%:1 Driver code is generated by "Smart Configurator" and partially changed

Figure 20 PMBus Master Software Module Configuration (RX26T Group)
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Table 8 List of Global Variables Used on PMBus master Software Interfaces

IF No indicates the number of the interfaces in Figure 20 PMBus Master Software Module Configuration (RX26T Groups).

IF No R_PMBUS_Master_Open R_PMBUS_Master_Write R_PMBUS_Master_Read

) - s_ul_uart_rx_relay buf, s_ul uart _rx_relay buf,
s_ul_uart_tx_buf s_ul uart tx_buf
@) - s_ul_uart_rx_relay buf s_ul_uart_rx_relay buf
©) s_e_packet_result, s_ul_uart_rx_buf, s_ul _uart _rx_buf,
s_ul pmbus_ret, s_ul_uart_tx_buf, s_ul _uart_tx_buf,
s_user_pmbus_cfg S_u2_uart_rx_index, S_u2_uart_rx_index,
s_u2_rx_r_index, s_u2_rx_r_index,
S_u2_rx_w_index, s_u2_rx_w_index,
S_e_main_status, S_e_main_status,
S_u2_seq_index, S_u2_seq_index,
s_st_pmbus_data, S_Uu2_rx_size,
s_e_packet_result, s_ul pmbus_temp_rx_buf,
s_ul pmbus_ret s_e_packet_result,
s_ul pmbus_ret
@ s_user_pmbus_cfg, s_st_ pmbus_data, s_st_pmbus_data,
s_ul pmbus_tx_buf, S_e_packet_result s_ul pmbus_temp_rx_buf
s_ul _pmbus_rx_buf, S_Uu2_rx_size,
s_e_packet_result s_e_packet_result
® g_st_pmbus_ctrl g_st_pmbus_ctrl, g_st_pmbus_ctrl
s_st_ pmbus_data
® - g_st_pmbus_ctrl g_st_pmbus_ctrl
@ - g_st_pmbus_ctrl g_st_pmbus_ctrl
- g_st_pmbus_ctrl g_st_pmbus_ctrl
©) - s_e_packet_result s_ul_pmbus_temp_rx_buf

S_u2_rx_size,
s_e_packet_result

[NOTE]Only PMBUS Master API supported by this application are listed in this table.
For more information on global-variables, see 5.1.6 PMBus Master global variables List.
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r———— e ————— =
l |
I |
I |
I |
I |
_____ I N |
Py
@APIcall || _ _ _ | | _@c _Illba::k
Motor Cor‘:reol : PMBus Slave |
Midlware>< 2 | Middleware |
| I = I
API call I i |
LY =
@Functign Eall ] ® :a‘lback
] |
| y i
| |
LY 2!
APl call ‘| @APcall — _®cc1.|||back
| - -
I |
| |
I |
I |
o
| |

HW control ‘I [ _H"E cEntTD |q|\_ _____

R ey

2% 1 Driver code is generated by "Smart Configurator” and partially changed.
2X: 2 "RX Family Sensorless Vector Control of Permanent Magnet Synchronous Motor " is used.

Figure 21 PMBus Slave Software Module Configuration (RX26T Group)
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Table 9 List of Global Variables Used on PMBus slave Software Interfaces for RX26T Group

s_st pmbus_cfg

IF No indicates the number of the interfaces in Figure 21 PMBus Slave Software Module Configuration (RX26T Groups).

IF No R_PMBUS_Slave_Open Write Byte protocol

s_ul pmbus_rx_buf

Read Byte Protocol

s_ul pmbus_rx_buf,
s_ul pmbus_tx_buf

@ s_st_pmbus_cfg, - -
s_ul _pmbus_tx_buf,
s_ul _pmbus_rx_buf
©) g_st _pmbus_ctrl, g_st_pmbus_ctrl g_st_pmbus_ctrl
g_riicO_user_slave_addr
@ g_riicO_user_slave_addr g_st_pmbus_ctrl g_st_pmbus_ctrl
® g_st _pmbus_ctrl g_st_pmbus_ctrl, g_st_pmbus_ctrl,
s_ul pmbus_rx_buf s_ul pmbus_rx_buf
® g_st _pmbus_ctrl g_st_pmbus_ctrl, g_st_pmbus_ctrl,
s_ul pmbus_rx_buf s_ul pmbus_rx_buf
@ g_st_pmbus_ctrl g_st_pmbus_ctrl, g_st_pmbus_ctrl,
s_ul_pmbus_rx_buf s_ul_pmbus_rx_buf,
s_ul pmbus_tx_buf
- s_ul pmbus_config_data, s_ul pmbus_config_data,

s_ul pmbus_operation_data | s_ul pmbus_operation_data

*1 *1
[NOTE] Since the timing at which slave operation is started is an interrupt notification from Driver Layer,
this table lists the global-variables to be used when operating under typical protocols and during

Open API.

For more information on global-variables, see 5.2.6 PMBus Slave Global variables List.

*1. This global-variable is used only when OPERATION command is received or when ON_OFF_CONFIG

command is received.
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r—-==-=-=-=-=-=-=-=-=-=-==== l
: |
' |
' l
~ ) !
l o oo o o o e et (e e e e - — [Ep—_—— |
@'APIIEaII_ _______ _r@_al_ack
Motor Conreol | PMBus Slave I
Midlware:i 2 | Middleware :
' |
API call | |
| L 4" I
@)Functioh c4ll _'@'Callba'ck
'y | - |
' l
[] Fas
g N |
I-"_".
AP call AP C:’” | | ®callback
e
B |
' |
. |
' l
oy | ras |
e e e | - — — — — o
HW control HW control
#:1 13C driver code does not use FSP. GPT driver code is generated by "FSP".
%:2 "RA Family Sensorless Vector Control of Permanent Magnet Synchronous Motor" is used.

Figure 22 PMBus Slave Software Module Configuration (RA6T3 Group)
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Table 10 List of Global Variables Used on PMBus slave Software Interfaces for RA6T3 Group
IF No indicates the number of the interfaces in

Figure 22 PMBus Slave Software Module Configuration (RA6T3 Groups).
IF R_PMBUS_Slave_Open

(\[o]

Write Byte protocol

Read Byte Protocol

) s_st_pmbus_cfg

@ s_st_pmbus_cfg,
s_ul pmbus_tx_buf,
s_ul pmbus_rx_buf

® g_st_pmbus_ctrl
s_st_gpt_ctrl,
s_st_smbus_ctrl,
s_st smbus_slave_cfg,
g_smbus_slave0

® g_st_pmbus_ctrl

g_st_pmbus_ctrl

g_st_pmbus_ctrl

-

s_ul_pmbus_rx_buf

g_st_pmbus_ctrl

g_st_pmbus_ctrl,
st_smbus_ctrl

g_st_pmbus_ctrl,
s_ul pmbus_rx_buf
g_st_pmbus_ctrl,
s_ul _pmbus_rx_buf
g_st_pmbus_ctrl,
s_ul pmbus_rx_buf

s_ul_pmbus_config_data,
s_ul pmbus_operation_data*1

s_ul _pmbus_rx_buf,
s_ul pmbus_tx_buf

g_st_pmbus_ctrl

g_st_pmbus_ctrl,
st_smbus_ctrl

g_st_pmbus_ctrl,
s_ul_pmbus_rx_buf
g_st_pmbus_ctrl,

s_ul pmbus_rx_buf
g_st_pmbus_ctrl,

s_ul pmbus_rx_buf,

s_ul pmbus_tx_buf
s_ul_pmbus_config_data,
s_ul pmbus_operation_data*1

[NOTE] Since the timing at which slave operation is started is an interrupt notification from Driver Layer, this
table lists the global-variables to be used when operating under typical protocols and during Open

API.

For more information on global-variables, see 5.2.6 PMBus Slave Global variables List.

*1. This global-variable is used only when OPERATION command is received or when ON_OFF_CONFIG

command is received.
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5.1 PMBus Master softwares

PMBus Master software is classified into the user application part, middleware part, and driver part as shown
in Figure 20 PMBus Master software module configuration. The driver section is modified or added to

Execute some PMBus Master operations using the software generated by the smart configurator. Please
refer to Section 5.1.4 for details of changes and additions. Table 11 shows the folder and file structure of

each software.

Table 11 PMBus Master RX26T Group Folder/File Configuration

Folder name

app\

pmbus_master\

src\smc_gen\Config_RIICO\

src\smc_gen\Config_RSCI11\

src\smc_gen\Config_ TMRO\

51.1

File name

r_pmbus_demo_master.c

r_pmbus_demo_master.h

r_pmbus_app_master.c

r_pmbus_app_master.h

r_pmbus_nwk_master.c

r_pmbus_nwk_master.h
Config_RIICO.c
Config_RIICO0.h
Config_RIICO_user.c
Config_RSCI11.c
Config_RSCI11.h
Config_RSCI11_user.c
Config_ TMRO.c
Config_TMRO.h

Config_TMRO_user.c

PMBus Master Operation Sequence

Outline

The main program of PMBus demonstration
system. (User Applications)

The header file to use for the main program
of PMBus demonstration system.

The application-layer of PMBus
Middleware.

The header file to use for the application-
layer of PMBus Middleware.

The network-layer of PMBus Middleware.
The header file to use for the network-layer
of PMBus Middleware.

The driver-layer of PMBus Middleware.
Generate by the smart configurator.

The driver-layer of PMBus Middleware.
Generate by the smart configurator.

The driver-layer of PMBus Middleware.
Generate by the smart configurator.

The driver-layer of PMBus user application.
Generate by the smart configurator.

The driver-layer of PMBus user application.
Generate by the smart configurator.

The driver-layer of PMBus user application.
Generate by the smart configurator.

The driver-layer of PMBus Middleware.
Generate by the smart configurator.

The driver-layer of PMBus Middleware.
Generate by the smart configurator.

The driver-layer of PMBus Middleware.
Generate by the smart configurator.

Figure 23 shows the sequence of operations from the issuance of PMBus command to the completion of the
operation. Figure 24 and Figure 25 shows Write operation sequence, and Figure 26 and Figure 27 show
Read operation sequence and Write/Read operation sequence according to PMBus command. For the
functions used in each operation, refer to PMBus Master Function List in Section 5.1.3.

Function Call (Own task)

Function Call (Other task)
Function Return :
Asynchronous Notification :

[Sequence diagram arrow legend]
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|

Restart UART

]

main task PMBus UART Receive UART Send
Middleware Interrupt Interrupt
| | |
Initialize System ' |
| |
1 1
1 }
Start UART reception ! !
| l
wait updated status to REV_COMP :
1
:‘ until:recieve CR code |
[}
: Receive intefrupt
o
analyze receive data

alt:sutatus is REV_BUSY |
2

pdate status (REV BUSY

k

I
1
1
I
1
1
I
1
I
1
1
I
1
1
I
1
I
1
1
I
1
1
u
1
I
1

alt:sutatus is REV_COMP (All Receive Data is OK) l
T T

update status (REV_COMP)

update status (PMBUS_ACTIVE)

call R_PMBUS_Master_XXX

|
|

|

wait reply from slave

Start UART tra nsmission:

update status (RESPONSE_BUSY)

wait updated status to RESPONSE_COMP
1

until:all data transmission is complete

1
! Transmit interrupt

<@

all data transmissinois complete |
T

update status (RESPONSE_COMP)

Figure 23 PMBus Master operation Sequence diagram
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NOTE : status is expressed by omitting the element defined in the e_pmbus_nwk_status_m_t.
The status at the beginning of API for each protocol is as follows:
Send Byte, Write Byte, Write Word : TX, Block Write : TX_BLOCK, Quick Command: QUICK

main process

PM
Middl

Bus

RIICRXI

eware interrupt

RICTXI
interrupt

RICTEI
interrupt

RIICEEI
interrupt

call R_PMBUS_Master_Open

|

'er_Write

alt:TX

alt:TX_BLOCK

copy slave_add

|

alt:PEC enabled

calcurate PEC d4

]

alt:QUICK

|

alt:other than QUICK l

loop:status is no

t IDLE |

Check Status

|

call R_Config_Mast

call R_Config_RIICO; Master_Start

update status (TX or TX_BLOCK or QUICK)

co?y slave_addr andicommand to tx_buffer

, command and write data size to tx_buffer

ta ffom write data and it

call R_Config_TMRO; Start

call R_Config_]Master_Send

r_Send_Without_Sto

result to tx_buffer

et

loop:write data count < write size ‘

i Transmit empty interrupt

—

write buffer dataito ICDRT

g « » N

Continued on next page

Figure 24 Write Operation (R_PMBUS_Master_Write) Sequence Diagram (1/2)
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main process

PMBus
Middleware

RICRXI
interrupt

RICTXI
interrupt

RIICTEI
interrupt

RICEEI
interrupt

alt : other than QUICK |

' Transmit end
o

call transmit end callback

Update status ( ENDING)

call R_Config_lCCROiICC_StopCondition

! Stop condition detect interrupt

call error callback h.

call R_Config_TMRO_Stop

Update status (IDLE)

]
'
'
'
]
'
1
1
]
]
1
1
'
'
]

1
]
'
1
'
]
1
1
1
'
'
|
1
1
1
'
]
1
1
1
'
'
1
]
1

alt:statusis IDLE ]

When the status changes to
IDLE, the waiting state ends.

callR PMBUS Masﬂler Close .
call R_Config_RIICO_iMaster_Stop

- '

e s et

g S —— Y

i 1
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
:
.

Figure 25 Write Operation (R_PMBUS_Master_Write) Sequence Diagram (2/2)
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The status at the beginning of API for each protocol is as follows:
Read Byte, Read Word : TX, Block Read : TX_BLOCK, Receive Byte : RX

NOTE : status is expressed by omitting the element defined in the e_pmbus_nwk_status_m_t.

R_PMBUS_Master_WriteRead handling (Prosecc Call and Block Write-Block Read Process Call) is equivalent to Block Read.

main process

PMBus RIICRXI RICTXI
Middleware interrupt interrupt

RIICTEI
interrupt

RIIC EEI
interrupt

call R_PMBUS_Master_Open
call R_Config_RIIC

_Master_Start

[P o N —

I::all R_PMBUS_Mast'gr_Read
Rttt

update status (TX or TX_BLOCK or RX)

alt:other than RX

alt:TX and TX_BLOCK] !
copy sIave_addriand command to loc

alt:TX_BLOCK ]

]

alt:PEC enabled |

calcurate PEC glata fﬁom write data and it

. !

call R_Config_TMRO; Start
call R_Config_Mast

, |

loop:status is not IDLE ‘

:|Check Stat

7

copy slave_addr, command and write d

al tx_buffer

result to tx_buffer

r_Send_Without_Stop

ata sizeto tx_buffer

loop:write data count < write size ‘

|

1 Transmit empty interrupt

h‘
Set write buffer dataito ICDRT

alt : other than RX

g g« » W

call transmit end callback

A

Update status ( RX or RX BLOCK)

call R_Config_RIllCO_Master_Receive
(with regest restlart condition)

Transmit end interrupt

Continued oh next page

Figure 26 Read operation (R_PMBUS_Master_Read) and Write/Read operation
(R_PMBUS_Master_WriteRead) Sequence Diagram (1/2)
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| Recie\f buffer empty interrupt

read ICDRR to rx bulffer

]

alt : RX_BLOCK and recieve data is first ]

T
. call receive callback
check data size

" update g_riicO_rx_Iéngth

]

alt : 1 <(g_riicO_rx_length - g_riicO_rx_count) ‘

clear ACKBT bit

|

revert drive statusto _09_IIC_MASTER_|

]

riicO_rx_count) ]

clear WAIT bit

o g

ECEIVE_DATA

alt : 2 <(g_riicO_rx_length - g_

call error callback

. PMBus RIICRXI RIICTXI RIICTEI RIICEEI
main process . . . ; ]
Middleware interrupt interrupt interrupt interrupt
loop:recieve: data count < receive! size | :

Stop condition detect interrupt
i<—0

alt:PEC enabled |

calcurate PEC data in

When the status changes to
IDLE, the waiting state ends.

Update status (IDLE)
alt:statusis IDLE ‘ '

rcall R_PMBUS_Master_Close
-

|

call R_Config_RIICO:Master_Stop

esult

gy S’ Uy |

g g

Figure 27 Read operation (R_PMBUS_Master_Read) and Write/Read operation

(R_PMBUS_Master_WriteRead) Sequence Diagram (2/2)
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5.1.2 PMBus Master status transitions

The status of PMBus Master middleware is managed by each of Application Layer and Driver Layer
sections. Application Layer manages protocol-status transitions, and Driver Layer manages data-

transmission/reception counts. Section 5.1.2.1 shows the status transitions of Application Layer part, and
Section 5.1.2.2 shows the status transitions of Driver Layer part.

5.1.2.1 PMBus Master Middleware Application Layer status transitions
The status of Application Layer of PMBus Master manages the status of send, receive, Quick command,

Block command, and error-handling in accordance with the command code. Figure 28, Figure 29, and Table
12 show below.

[EOF] when rx_len > 0

EOB]Irx_len =1

[EO2]rx_len =0
[EOS]rx_len >0
[EO7]rx_len =

[err00]
[err10]

[E04]rx_len =0

[EO3]rx_len =0
[E06]rx_len >0
[E08]rx_len >0

[err00]
[err10]

[err00]

[EOF] when rx_len =0 [E10]

Bold line or bold character indicates the default destination and Event.
Thin line or thin character indicates the transition point and Event when an error occurs.

Figure 28 PMBus Master Application Layer status transition diagram
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[Event list] * [EXX] means normal event, and [errXX] means Event in the case of abnormal occurrence.

E00/err00_Open
E03_Write (Block)
EO06_Read (Block)
E09_EnablePEC

,EO1_Close

,EO4_Write (Quick)

,EO7_WriteRead

,EOA_DisablePEC

EOC_Interrupt(Start Condition detect) ,EOD/errOD_Interrupt(Receive Buffer Full )
EOE/errOE_Interrupt(Transmit Interrupt)  ,EOF/errOF _Interrupt(Transmit End Interrupt)
E10/err10_Interrupt(Stop Condition detect) ,errll_Interrupt(Arbitlation Lost)
errl2_Interrupt(NACK detect) ,errl3_Interrupt(Timeout Detect)

,E02_Write

,EO5_Read
,E08_WriteRead (BLOCK)
,EOB_ReceiveARA

*1. conditions are as follows.

[errOD] If (rx_index over rx_len) ,[errOF] ,[err10] If (pec is enabled and pec data is error)
[err11] lerr12] [errl3]

*2. conditions are as follows.

[errOD] J[lerrll] lerrl2] ,[errl3]

*3. conditions are as follows.

[errOD]if (rx_index over rx_len) or first receive data size is Out of range) ,[errOF]

[err10]if (pec is enabled and pec data is error) Jlerrll]

[err12] lerrl3]

*4, conditions are as follows.
[errOD] [errOF] Jlerrl3]

Figure 29 PMBus Master Application Layer status transition diagram(Supplement to Figure 28)

. Terr11)

Table 12 PMBus Master Application Layer status transition table

The table can be read as follows.
- The event consists of an abbreviation of the APl name and an interrupt factor.

status" is an abbreviation of "e_pmbus_nwk_status_m_t".
[If (<Condition>)] means that transitions are conditional.
[— <state>] means a transition to a state.
[ERROR (<error_name>)] means the return value of API.
[PACKET RESULT (<error name>)] means the error information stored in AP| parameter p_e_packet_result.
[-] means that the state does not transition.
Light blue indicates the state transitions in Figure 28

IDLE RX TX QCMD TX_BLOC RX_BLOC ENDING ERROR
K K
E00/err00_ — — — — — — — —
Open IDLE*2 IDLE*2 IDLE*2 IDLE*2 IDLE*2 IDLE*2 IDLE*2 IDLE*2
EO1_Close - - - - - - - -
EO02_Write - ERROR ERROR ERROR ERROR ERROR ERROR ERROR
X (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY)
rx_len=0
EO03_Write - ERROR ERROR ERROR ERROR ERROR ERROR ERROR
(Block) TX_BLOCK (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY)
rx_len=0
EO04_ Write - ERROR ERROR ERROR ERROR ERROR ERROR ERROR
(Quick) QCMD (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY)
rx_len=0
EO5 Read - ERROR ERROR ERROR ERROR ERROR ERROR ERROR
TX (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY)
rx_len = not
0
E06_Read - ERROR ERROR ERROR ERROR ERROR ERROR ERROR
(Block) TX_BLOCK (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY)
rx_len = not
0
EQ7_Write — ERROR ERROR ERROR ERROR ERROR ERROR ERROR
Read TX (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY)
rx_len= 2
E08_Write — ERROR ERROR ERROR ERROR ERROR ERROR ERROR
Read TX_BLOCK (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY)
(Block) rx_len = not
0
EO09_Enabl - - - - - - - -
ePEC
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EOA_Disab - - - - - - - -
lePEC

EOB_Recei - ERROR ERROR ERROR ERROR ERROR ERROR ERROR
VeARA RX (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY) (BUSY)

rx_len=1
EOC_Interr - - - - - - - -
upt

(Start

Condition

detect)

EOD/errOD - (read PACKET PACKET PACKET (read PACKET PACKET
_Interrupt receive RESULT RESULT RESULT receive RESULT RESULT

(Receive data from (INTERNAL | (INTERNAL | (INTERNAL | data from (INTERNAL | (INTERNAL

Buffer ICDRR) ) ) ) ICDRR) ) )
Full') if (rx_index — — — if (rx_index — —
overrx_len) | ERROR*1 ERROR*1 ERROR*1 | overrx_len) | ERROR*1 ERROR*1
PACKET or
RESULT (first
(DATA_SIZ receive
E) data size is
— Out of
ERROR*1 range)
PACKET
RESULT
(DATA_SIZ
E)
-
ERROR*1
if (first
receive
data size is
in range)
Update
rx_len

EOE/errOE_ - - (set - (set - - -
Interrupt transmit transmit
(Transmit data to data to
Interrupt) ICDRT) ICDRT)

EOF/errOF_ - PACKET if (rx_len > - if (rx_len > PACKET PACKET PACKET
Interrupt RESULT 0): 0): RESULT RESULT RESULT
(Transmit (INTERNAL - — (INTERNAL | (INTERNAL | (INTERNAL

End ) RX RX_BLOC ) ) )
Interrupt) — if (rx_len == K — — —
ERROR*1 0): if (rx_len == ERROR*1 ERROR*1 ERROR*1
N 0):
ENDING*1 -
ENDING*1
E10/err10_ - If (pec is - - - If (pec is - -
Interrupt enabled IDLE IDLE IDLE enabled IDLE IDLE
(Stop and pec and pec
Condition data is data is
detect) error) error)
PACKET_E PACKET
RROR RESULT
(PEC) (PEC)
IDLE IDLE
errll Inter - PACKET PACKET PACKET PACKET PACKET PACKET PACKET
rupt RESULT RESULT RESULT RESULT RESULT RESULT RESULT
(Arbitlatio (ARB_LOS | (ARB_LOS | (ARB_LOS | (ARB_LOS | (ARB_LOS | (ARB_LOS | (ARB_LOS
n Lost) T) T) T) T) T) T) T)
ERROR ERROR ERROR ERROR ERROR ERROR ERROR
errl2_Inter - PACKET PACKET PACKET PACKET PACKET PACKET PACKET
rupt RESULT RESULT RESULT RESULT RESULT RESULT RESULT
(NACK (NACK) (NACK) (NACK) (NACK) (NACK) (OK) (NACK)
detect) — — — — — —
ERROR*1 ERROR*1 ERROR*1 ERROR*1 ERROR*1 ERROR*1
errl3_Inter - PACKET PACKET PACKET PACKET PACKET PACKET PACKET
rupt RESULT RESULT RESULT RESULT RESULT RESULT RESULT
(Timeout (TIMEOUT) | (TIMEOUT) | (TIMEOUT) | (TIMEOUT) | (TIMEOUT) | (TIMEOUT) | (TIMEOUT)
Detect) — — — — — — —
ERROR*1 ERROR*1 ERROR*1 ERROR*1 ERROR*1 ERROR*1 ERROR*1

*1. Issue Stop Condition.

*2. Switches to Idle only when Open occurs after Close.
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5.1.2.2 PMBus Master Driver Layer status transitions

The state transition of the PMBus Master Driver Layer is divided into the transmit operation part and the
receive operation part to PMBus Slave, and the specified data is sent/received by the specified number of
bytes. PMBus Master Driver status transitions are shown in Figure 30, Figure 31, and Table 13, Table 14.

[E00] (set stop flag = 1)

mode_flag = _0D_IIC_MASTER_TRANSMIT

07_SENDS
_STOP

[E06] when (stop_flag == 1)
[errOA]

[E00] (set stop flag = 1)
[E01] (set stop flag =0) [E06] when (stop flag == 0)
transmitend callback
(generate stop condition)

[E08]
=>Transmit complete

01_SENDS
_ADR_7_ W

00 06_SENDS
[EO1] _END

[E05] when (0>remain data)

mode_flag = _0C_IIC_MASTER_RECEIVE

receiveend callback
=>Receive complete

[E04] (receive callback for

[E03] when (1 ==remaining data) *3

[E03] when (1 < remal
[E04] when (1 < updal

(E02)"1 [E03) when 1 == total_data_size)

st receive data)

ning data) "3
ed remaining data) "2

[err0A]
08_RECEIV
ES_START [E03] when (1 < total_data_size) /
Bold line (bold): Normal route

err02]"1
Thin line (thin line); abnormal route or restarting

Figure 30 PMBus Master Driver Layer status transitions
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[Event List]
* [Exx] indicates normal Event, and [errxx] indicates Event when an error occurs.
An error Event not shown in the list occurs in any status, and an error is notified by callback error.
EO0/err00_Send (stop_flag = 1)
EO1/err01_Send_Without_Stop (stop_flag = 0)
E02/err02_Rreceive
EO3_lInterrupt (Receive Buffer Full)
E04_callback receive *1
EO05_Interrupt (Transmit)
EO6_Interrupt (Transmit End)
EO7/err07_Interrupt (Start Condition Detect)
E08/err08_Interrupt (Stop Condition Detect)
err09_Interrupt (Arbitlation Lost)
errOA_Interrupt (NACK detect)

*1. The default receive data count (total_data_size) specified. Block Read and Block Write-BlockRead Process Call is 3 (Data
Size(1) + Data(1) + PEC(1)), which is the minimum number of received data.
Otherwise, specify the number of data according to each protocol. However, "0" cannot be specified.

*2. Check the received data. callback receive, and if Block read, refresh the expected data count.
As a result, if the remaining number of received data is 2 bytes or more, the status is returned to 09.
Set ACKBT=0 when the number of remaining received data is 2 bytes or more, and set WAIT=0
when the number of remaining received data is 3 bytes or more.

*3. Set WAIT=1 when the remaining number of received data is 2 bytes. Set ACKBT=1 when the remaining number of received
data is 1-byte.

Figure 31 PMBus Master Driver Layer status transition diagram (Supplement to Figure 30)

Table 13 PMBus Master Driver Layer status transition table (when transmit)

This table shows the state transition table when mode_flag is _0D_IIC_MASTER_TRANSMIT.
Explanations of the annotations are summarized in Table 14.

ThIS table and Table 14. should be interpreted as follows.

Since slave-address 10-bit is not used in PMBus, status control is omitted.

- The status control is omitted because RIICO timeout detection interrupt is not used in PMBus.

- [-><number>] is the number of the transition destination. (<number>) indicates the number of the transition destination of
mode_flag.

- [-] means no state transition.

- [Callback <xxx>] refers to executing a callback. Callback error (<number>) means the error-information passed to callback error.

- [If (<Condition>)] refers to conditional operation.

- Red text indicates the process changed for PMBus middleware.

- Light green indicates state transitions when mode_flag=0D in Figure 30.

- Light blue indicates state transitions when mode_flag=0C in Figure 30.

_01_lIC_MASTER_SE | 05 IIC_MASTER SE | _06 IIC_MASTER_SE | _07_lIC_MASTER_SE
NDS_ADR_7_W NDS_DATA NDS_END NDS_STOP

EO0/err00_Send - - - -
(stop_flag = 1) 01 01 01 01

(oD) (oD) (oD) (oD)
EO1/err01_Send_With - - - -
out_Stop (stop_flag = 01 01 01 01
0) (0D) (0D) (0D) (0D)
EO02/err02_Rreceive *2 - - - -

00 00 00 00

(0C)*1 (0C)*1 (0C)*1 (0C)*1
EO3_Interrupt - - - -
(Receive Buffer Full)
EO04_callback - - - -
receive*3
EO5_Interrupt — if (0O>remain_data) - -
(Transmit) 05 -
06
EO6_Interrupt - - If (stop_flag == 1) -
(Transmit End) -
07
If (stop_flag == 0)
callback transmitend
EO7/err07_Interrupt - callback error callback error callback error
(Start Condition (MD_ERRORA4) (MD_ERRORA4) (MD_ERRORA4)
Detect)*6
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E08/err08_Interrupt
(Stop Condition
Detect)

callback error
(MD_ERRORA4)

callback error
(MD_ERRORA4)

callback transmitend

err09_Interrupt
(Arbitlation Lost)

callback error
(MD_ERROR1)

callback error
(MD_ERROR1)

callback error
(MD_ERROR1)

callback error
(MD_ERROR1)

errOA_Interrupt
(NACK detect)

—

07

callback error
(MD_ERROR3)

callback error
(MD_ERROR3)

—

07

callback error
(MD_ERROR3)

—

07

—

07
callback error

(MD_ERROR3)

Table 14 PMBus Master Driver Layer status transition table (When receive)

This table shows the state transition when mode_flag is _0C_IIC_MASTER_RECEIVE.

_00_IIC_MAST _08 IIC_MAST | _09_IIC_MASTER_RE | _OA_IIC_MASTER | _OB_IIC_MAST
ER_SENDS_AD | ER_RECEIVE_ CEIVE_DATA _RECEIVE_STOPP | ER_RECEIVE_
R 7R START ING STOP
EOO/err00_Send — — — — —
(stop_flag = 1) 01 01 01 01 01
(0D) (0D) (0D) (0D) (0D)
EO1/err01_Send W — — — — —
ithout_Stop 01 01 01 01 01
(stop_flag = 0) (0D) (0D) (0D) (0D) (0D)
EO02/err02_Rreceiv — — — — —
e*2 00 00 00 00 00
(0C)*1 (0C)*1 (0C)*1 (0C)*1 (0C)*1
EO03_Interrupt - *4 *4 *5 -
(Receive Buffer 1== (1 ==total_data_size) -
Full) total_data_size) — 0B
— 0A callback receive
0A If (1 == remain data)
If —
(1<total_data_si 0A
ze) —09 callback receive
callback receive | If (1<total_data_size) or
(1 < remain_data)
callback receive
EO04_callback - - If (1 <updated remain (last receive data
receive*3 data) process)
09
*6
EO5_Interrupt — - - - -
(Transmit) 08
EO6_Interrupt - - - - -
(Transmit End)
EOQ7/err07_Interrupt - callback error callback error callback error callback error
(Start Condition (MD_ERROR4) (MD_ERROR4) (MD_ERROR4) (MD_ERROR4)
Detect)*6
E08/err08_Interrupt - callback error callback error callback error callback
(Stop Condition (MD_ERROR4) (MD_ERROR4) (MD_ERROR4) receiveend
Detect)
err09_Interrupt - callback error callback error callback error callback error
(Arbitlation Lost) (MD_ERRORL1) (MD_ERROR1) (MD_ERROR1) (MD_ERROR1)
errOA_Interrupt - - - - -
(NACK detect) 0B 0B 0B 0B
callback error callback error callback error callback error
(MD_ERROR3) (MD_ERROR3) (MD_ERROR3) (MD_ERROR3)

*1. When ICCR2.MST is 1, set ICCR2.RS to 1 and issue a restart condition.
*2. The default receive data count (total_data_size) specified at Block Read and Block Write-BlockRead Process Call is 3
(Data Size(1) + Data(1) + PEC(1)), which is the minimum number of received data. For other protocols, specify the number of
data according to each protocol. "0" cannot be specified.
*3. Status transitions are also executed inside callback receive.
*4, Set WAIT=1 if (2 == tatal_data_size) or (1 = tatal_data_size). If (1 = tatal_data_size), set ACKBT=1.

*5. Set WAIT = 0.

*6. (2 <updated remain data): Set WAIT=0. (1 <updated remain data): Set ACKBT=0.

*7. Start condition interrupt is not used.
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5.1.3 PMBus Master Function List

PMBus Master functions are divided into Application functions in Table 15, API functions in Table 16,
Middleware functions in Table 17, and driver functions generated by the Smart Configurator in Table 18. The
driver-function is partially changed according to PMBus Master process. Refer to Customizing 5.1.4 PMBus

Master Driver section for details.

Table 15 PMBus Master Application function list

File name Function name
r_pmbus_ap | main
p_master.c pmbus_demo_main

pmbus_demo_init
pmbus_demo_updata_status
pmbus_demo_notify_result
pmbus_demo_response

pmbus_demo_pmbus_execute

pmbus_demo_uart_recv_callback
pmbus_demo_notify _event

pmbus_demo_update_sequence
pmbus_demo_seq_idle

pmbus_demo_seq_slave_addr

pmbus_demo_seq_rw
pmbus_demo_seq_cmd

r_uart_ctrl_check_CmdFormData

r_uart_ctrl_check_CmdFormCmd
r_uart_ctrl_conv_StrToDec
r_uart_ctrl_is_read_write

r_uart_ctrl_conv_DecToStrCont

r_uart_ctrl_conv_DecToStr2Byte

pmbus_demo_system_init
pmbus_demo_system_deinit
pmbus_demo_uart_ctrl_init
pmbus_demo_uart_ctrl_start

Function
The main process of the application.

The main process for transmission and reception
by RSCI11 and control PMBUS.

Application initialization process.
Update the internal state of the application.

Send PMBUS process to the terminal software via
RSCI11.

Send PMBUS received data to the terminal
software via RSCI11.

Execute PMBUS API according to the receive
command.

Execute RSCI11 receive interrupt process.

Send application process information to the
terminal software via RSCI11.

The main process for manage internal state
transitions within an application.

Analyzes the received data when the first character
string is received from the terminal software.

Analyzes the received data when the slave address
and R/W data is received from the terminal
software.

Analyzes the transaction when a command is
received from the terminal software.

Analyzes the data when data for sending PMBUS
is received from the terminal software.

Check whether the number of data received from
the terminal software matches the format of the
received command.

Check whether the command received from the
terminal software is supported.

Converts hexadecimal ASCII characters received
from the terminal software to hexadecimal digits.

Converts W/R data received from the terminal
software to bool data.

To return a response to the terminal software,
convert the response data to hexadecimal ASCII
character.

To return a response to the terminal software,
convert the response data to decimal ASCII
character.

Initialize the driver used by the application.
Stop the driver used by the application.
Initialize RSCI11 communication function.

Start RSCI11 communication with the terminal
software.
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File name

r_pmbus_ap
p_master.c

File name

r_pmbus_ap
p_master.c

pmbus_demo_uart_ctrl_stop
pmbus_demo_uart_ctrl_read_buf

pmbus_demo_uart_ctrl_clear_buf

Stop RSCI11 communication with the terminal

software.

Copy data received by RSCI11 to the internal

buffer.

Clear buffer data received by RSCI11.

Table 16 PMBus Master API function list

Function name
R_PMBUS_Master_Open
R_PMBUS Master_Close
R_PMBUS_Master_Write

R_PMBUS_Master_Read
R_PMBUS_Master_WriteRead

R_PMBUS_Master_EnablePEC
R_PMBUS_Master_DisablePEC
R_PMBUS_Master_ReceiveARA

Function
Open PMBus Middleware.
Close PMBus Middleware.

Execute PMBUS command protocol for the

sending.

Execute PMBUS command protocol for the

receiving.

Execute PMBUS command protocol for the

Process Call system.

Enable sending and receiving packets with PEC.
Disable sending and receiving packets with PEC.

Execute alert response.

Table 17 PMBus Master Middleware function list

Function name
r_pmbus_app_InitCtrl
r_pmbus_app_SendByte
r_pmbus_app_WriteByte
r_pmbus_app_WriteWord
r_pmbus_app_BlockWrite
r_pmbus_app_QuickWrite
r_pmbus_app_ReceiveByte
r_pmbus_app_ReadByte
r_pmbus_app_ReadWord
r_pmbus_app_BlockRead
r_pmbus_app_ProcessCall
r_pmbus_app_BlockProcessCall
r_pmbus_app_StartendByte
r_pmbus_app_StartWriteByteWord
r_pmbus_app_StartBlockWrite
r_pmbus_app_StartQuickCmd
r_pmbus_app_StartReceiveByte
r_pmbus_app_StartReadByteWord
r_pmbus_app_StartBlockRead
r_pmbus_app_StartProcessCall
r_pmbus_app_StartBlockProcess

r_pmbus_app_WaitProcessEnd
r_pmbus_app_SetTxBuf

r_pmbus_app_SetBlockTxBuf

Function

Initialize PMBus Middleware parameters.

Execute Send Byte protocol.
Execute Write Byte protocol.
Execute Write Word protocol.
Execute Block Write protocol.

Execute Quick Command (Write) protocol.

Execute Receive Byte protocol.
Execute Read Byte protocol.
Execute Read Word protocol.
Execute Block Read protocol.
Execute Process Call protocol.

Execute Block Write-Block Read protocol.

Start Send Byte protocol.

Start Write protocol.

Start Block Write protocol.
Start Quick Command protocol.
Start Receive Byte protocol.
Start Read protocol.

Start Block Read protocol.
Start Process Call protocol.

Start Block Write-Block Read Process Call

protocol.

Wait for the protocol to finish executing.
Copy the transmission data specified by the

argument to the transmission buffer.

Copy the transmission Block data specified by the

argument to the transmission buffer.
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r_pmbus_nw
k_master.c

r_pmbus_app_GetRxBuf

r_pmbus_app_int_ReceiveEnd
r_pmbus_app_int_Receive
r_pmbus_app_int_TransmitEnd
r_pmbus_app_int_Notify
r_pmbus_nwk_StartTx
r_pmbus_nwk_StartRx
r_pmbus_nwk_ProcessTx
r_pmbus_nwk_ProcessRx
r_pmbus_nwk_ProcessStop
r_pmbus_nwk_ProcessErrorStop

r_pmbus_nwk_StartMaster
r_pmbus_nwk_StopMaster
r_pmbus_nwk_ResetMaster
r_pmbus_nwk_ProcessTimeout
r_pmbus_nwk_ProcessNACK
r_pmbus_nwk_ProcessArbLost
r_pmbus_nwk_GetRxPayloadSize
r_pmbus_nwk_AddCrc8
r_pmbus_nwk_CalculatePEC

Copy the received data from the receive buffer to
the return buffer.

Execute receive end callback process.
Execute receive callback process.

Execute transmit end callback process.
Execute error detection callback process.
Execute PMBus transmission start process.
Execute PMBuUSs reception start process.
Execute PMBus transmission process.
Execute PMBuUSs reception process.
Execute PMBuUs stopping process.

Execute the stopping process at PMBus error
timing.

Start PMBus physical-layer operation.

Stop PMBus physical-layer operation.
Initialize the physical layer of PMBus.
Execute the timeout detection process.
Execute a NACK discovery operation.
Execute arbitration-lost detection process.
Get the received data size.

Execute a CRC operation on a single file.

Execute a CRC operation on more than one
datum.

RO1AN7660EJ0100 Rev.1.00

Jan.14.25

Page 54 of 178

RENESAS



RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Table 18 Smart Configurator Function list

File name Function name Function Change from

diversion
source*

Config_RIICO_user.c r_Config_RIICO_transmi = RIICO transmit buffer empty Yes
t_interrupt interrupt process.
r_Config_RIICO_receive @ RIICO receive buffer full interrupt Yes
_interrupt process.
r_Config_RIICO_callbac @ RIICO transmit end callback. Yes
k_transmitend
r_Config_RIICO_callbac | RIICO reception end callback. Yes
k_receiveend
r_Config_RIICO_callbac = RIICO error-detection callback. Yes
k_error
r_User_RIICO callback | RIICO receive callback. New
receive

Config_TMRO.c R_Config_TMRO_Start Execute TMR after the counter Yes

clear.

Config_ TMRO_User.c r_Config_TMRO_cmia0_ = TMR compare match A interrupt Yes
interrupt process.

Config_RSCI11_user.c | r_Config_RSCI11_callb = RSCI11 transmit end interrupt Yes
ack_transmitend callback.
r_Config_RSCI11 _callb | RSCI11 receive end interrupt Yes
ack_receiveend callback.
r_Config_RSCI11_callb | Error interrupt callback for Yes

ack_receiveerror

RSCI11.

*: Refer to Customizing 5.1.4 PMBus Master Driver section for details.

RO1AN7660EJ0100 Rev.1.00

Jan.14.25

RENESAS

Page 55 of 178



RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

5.1.4 Customizing PMBus Master Driver section

PMBus Master driver code (RIICO,TMR,RSCI11) is generated by the Smart Configurator. For RIICO and
TMR, some processes have been changed and added using the user code protection function of the Smart
Configurator. The settings and changes for each smart configurator are shown below.

®  Setting Smart Configurator RIICO

Configure
Transfer rate setting
Baudrate (100 v (kbps) (Actual value: 99.01, Error: -0.999

Noise filter setting
[[J enable noise filter

Single-stage filter

SDA output delay setting

Enable SDA output delay

SDA output delay counter clock Internal reference clock v|(3.75 (MH2)
SDA output delay counter value 2 lIC cycles v

Timeout setting

[[] Enable timeout function
SCL at low and high (both) levels
Long mode (16 bit counter)
Other function setting
Enable master arbitration-lost detection

[[] Enable NACK transmission arbitration-lost detection
Enable transfer suspension during NACK reception

Interrupt setting

Transmit data empty interrupt (TXIO0) priority Level 9 4
Transmit end interrupt (TEIO) priority (Group BL1) Level 10 v
Receive data full interrupt (RXI0) priority Level 9 v

Enable timeout interrupt (TMOI
Enable arbitration-lost interrupt (ALI)
[[] Enable start condition detection interrupt (STI)
Enable stop condition detection interrupt (SPI)
Enable NACK reception interrupt (NAKI)
EEIO priority (Group BL1) Level 10 e

Multiple interrupts setting

[[] Enable multiple interrupts for transmit data empty interrupt (TXI0)
[[] Enable multiple interrupts for transmit end interrupt (TEIO)

[[] Enable multiple interrupts for receive data full interrupt (RXI0)

[[] Enable multiple interrupts for error interrupt (EEI0)

Callback function setting
Transfer end Receive end Error
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® List of Changed Parts of RIICO Driver Codes Generated by Smart Configurator

Function Name r_User_RIICO_callback receive()
File name Config_RIICO_user.c
Change Details This is the callback function for the receive buffer full interrupt added by PMBus

Middleware. r_pmbus_app_int_Receive() is executed to check and update PMBus
Middleware status each time a receive buffer full interrupt is generated. Specify
"g_riicO_rx_count" (number of received data) and g_riicO_rx_length as parameters.
When the g_riicO_rx_count is "1" and block read process is in progress, the
g_riicO_rx_length is updated to the receive data size. If the remaining receive data
count becomes larger than 1, the g_riicO_state is reset to

09 lIC_MASTER_RECEIVE_DATA after AKBT bit of ICMRS is cleared once. If
the remaining receive data size is greater than 2, clear this register to ICMR3's

WAIT setting.
Before change After change
508 /x Start user code for adding. Do not edit comment generated here x
None g?g ?tatic void r_User RIICO cal Iback_receive(void)
511 uint16_t w2_current_rx_count = g_riic0_rx_count;
g% uint18_t u2_current_rx_length = g_riied_rx_length;
aé r_pmbus_app_int_Receive(u2_current_rx_count, &uZ_current_rx_length);
ag Ef (u2_current_rx_length !'= g_riic0_rx_length)
ag g_riic0_rx_length = u2_current_rx_length;
g%} %f (1 < (e_riic0_rx_length - g_riic0_rx_count))
522 /* If remain receive data over 1, reverse ACK bit setting x/
523 RIICO. ICMR3.BIT.ACKWP = 1U;
g%g RITCO.ICMR3.BIT.ACKET = OU;
526 /% If remain receive data over 1, reverse status to _09_IIC_WASTER_RECEIVES_DATA x/
g%; g riic0_state = _09_I1C_MASTER_RECEIVES DATA;
gég if (2 < (griicO_rx_length - g riicd_rx_count))
@3l /% 1f remain receive data over 2, reverse WAIT bit setting ACK bit setting */
532 RIICO.ICHRS.BIT.WAIT = 0U;
533 1
534 !
535 ]
536
5371
538
539 /x End user code. Do not edit comment generated here x/
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Function Name r_Config_RIICO_receive_interrupt()
File name Config_RIICO_user.c
Change Details Receive buffer full interrupt handler.
Execute r_User_RIICO_callback_receive() when
09 _lIC_MASTER_RECEIVE_DATA == g_riicO_state and there is more data to
receive or_OA |[IC_MASTER_RECEIVE_STOPPING = g_riicO_state.
Before change After change
25 T T TSI RELE VLS RTR = ETTIe0STare 28 else if (08_TIC_HASTER RECETVES DATA == &_riicl_state)
: if (a_riiclrx_comt < g_riich_rs_length 537 ' i (sriicO_rucount < g_riic0_rx_length)
if (g_riicO_rx_count == (g_riicl_rx_length - 3 238 .
38 738 if (griicO_rx_count == (s_riicl_rx_length - 3)
z RIICD.ICMR3 BIT WAIT = | 240 e teune o . |
T — 2 RTICO. ICMR3.BIT.WAIT = 1U;
e BT e s 243 vgp_r{icO_rx_address = RIICO.ICIRR
e y BTl 244 gp_71ic0_rx_addresst:
0 else if (g_riicO_rx_count g_riicl_rx_length 245 il rx_count+]
2] 246
242 RIICD.ICMR3 BIT . ACKNP . 247 else if (g_riicl_rx_count g_riiel_rx_length - 7))
;J? RIICD_TCMR3 BIT ACKBT 243 e eune o -
B e o 1 R« 1
u g7 TicD_fx_fount i gp_r i ic0_rx_address = RIICO. ICORR;
245 g.riicO_state = OA_1C_MASTER_RECEIVES STOPPING 253 gp_riicl_rx addresst+;
o 2 g iich_fu_sount++;
& e o 258 g_riic_state = DA_IIC_MASTER_RECEIVES_STOPPING
oL 757
] | 268 else
= 759 [ ) . )
260 tgo_r{ic0_rx_address = RIICO. ICDRR;
261 gp_7iich i _addresst+;
262  griicD_fx_counttt
263
764 /% Start user code ¥/
257 1 265 /% hdd cal Iback function for PHBus demo. #/
%8 fg? r_User_RIICO_cal lback_receive();
268 /% End user code X/
269
70
else if [ _0A_TIC_MASTER RECEIVES STOPPING == g_riicl_state 271 else if (_04_IIC_MASTER_RECEIVES STOPPING == s_riic0_state
RIIGO.ICSRZ 81T STP = 01 B llc0.1CSR2.BIT.STOP =
B amiEmagT
g0 _ric0_rx_address = RIICO. ICORR; 215
&_7iic)_rx_addressts 218
&.7i160_x counts 77
i e e 273 c
RLICO. ICHR3 BIT KAIT o 279
& riicl state = 08 _1C MASTER RECEIVES STOP 0 RIICO. ICHRS BIT WAIT = QU
281 g riicO stafe = _0B_IIC MASTER RECEIVES STOP
282 /x Start user code ¥/
283 7x hdd callback function for PHBus demo. /
i ggg r_User RIICO cal Iback_receive();
M else §BE /% End user code */
i
Function Name r_Config_RIICO_transmi_interrupt()
File name Config_RIICO_user.c
Change Details Transmit buffer empty interrupt handler.
After adding the g_riicO_tx_length to the globals,
After transmitting the slave address with _0D_IIC_MASTER_TRANSMIT ==
g_riicO_mode_flag, save the g_riicO_tx_count in the g_riicO_tx_length.
Before change After change
54 /¥ Start user cods f bal. Do not edit corment gensrated here = 55 /% Start user code for global. Do not edit comment generated here %/
_ 56 volatile uint16_t g_riic0_tx_length; J% RIICO transmit data length %/
- 58 /% End user code. Do not edit comment generated here */
&% TT (01 _T1C_RASTER SENDS AOR 7 W — &_r11eD state 0 TF [_OT_IIC_WASTER SENDS _RDOR 7 W == g _riic0 state)
g; RIICO. [CORT uintd t |ave addrass U 0 l f o
B g L B I
93 /% Start user code ¥/
94 g_riic_tx_lensth = g_riic0_tx_count;
&0 95
96 /% End user code %/
IS L -
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Function Name

r_Config_RIICO_callback_transmitend()

File name

Config_RIICO_user.c

Change Details

This is a callback function for transmission completion interrupts.
Execute r_pmbus_app_int_TransmitEnd() to check the status of PMBus
Middleware and to refresh the status after the transmit end interrupt. Specify

"g_riicO_tx_length" (total number of data to be sent) as the parameter. 0 Execute
Quick Command process.

389

Before change After change
407 static void r_Config_RITCO calThack_transmitendivoid)
- T, e e . 404 /% Start user code for r_Config RIICO_callback_transmitend. Do not edit comment generated
386 static void r Config R al Iback_transmitend(void here *
37 /e start user for r_Config RIICO cal Iback_transmiten: st adit comment generated jgg r_pmbus_app_int_TransmitEnd(g_riic0_tx_length);
o jgg] /% End user code. Do not edit comment generated here x/
388 End user code. D adi

Function Name

r_Config_RIICO_callback_receiveend ()

File name

Config_RIICO_user.c

Change Details

Callback function upon receive end.

Execute r_pmbus_app_int_ReceiveEnd() to check and update the status of
PMBus Middleware after Stop condition interrupt after receive end of all the data.

Before change

After change

398 static void r
399
400‘ f#

1Fig_RITCO_cal lbac

tart user code for r fig RII

401
402

acaiveendvoid

j}g static void r_Config_RIICO_callback_receiveend(void)
419
420

/% Start user code for r_Config RIICO_cal Iback_receiveend. Do not edit comment gererated
here x,

r_pmbus_app_int_ReceiveEnd();

/% End user code. Do not edit comment generated here x/
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Function Name

r_Config_RIICO_callback_error()

File name

Config_RIICO_user.c

Change Details

This is a callback function for error detection interrupts. Execute the following
process for each parameter status.

For "MD_ERRORL1" (Arbitration Lost):

Execute the r_pmbus_app_int_Notify (E_ PMBUS _INT_EVENT_ARB_LOST) to
refresh PMBus Middleware status.

When "MD_ERRORS3" (NACK detected):

Execute the r_pmbus_app_int_Notify (E_PMBUS_INT_EVENT_NACK) to refresh
PMBus Middleware status.

When "MD_ERROR4" (a Stop condition outside the driver-sequence is detected):
If STOP of ICSR2 is 1,

If the g_riicO_mode_flag is_ 0C_IIC_MASTER_RECEIVE to refresh PMBus
Middleware status, set RIICO.ICMR3.BIT.WAIT to 0, and then execute
r_pmbus_app_int_Notify (E_PMBUS_INT_EVENT_STOP_ERROR). If the

g_riicO_mode_flag is other than the above, execute r_pmbus_app_int_Notify
(E_PMBUS_INT_EVENT_STOP).

*MD_ERROR2 (TimeoutError detect) is not used in PMBus Middleware.

Before change

After change

Ll case NU_ERRURT 1457 case WD_ERRCRI:
a7 . | 438
4 E" * Start user code for arbitration-lost er h 1 = he | 438 y /% Start user code for arbitration-lost error. Do not edit comment generated here
%,
| 440 r_pmbus_app_int_Notify(E_PHBUS_INT_EVENT M_ARB_LOST);
ser code. Lo not edit comment genarat | 441
jzg ' ‘ ke b ! e Eenera ! | 42 /% End user code. Do not edit comment generated here */
421 RIICO.ICSRZ.BIT.AL 1 | 448
422 break | 444 RITCO.ICSR2.BIT.AL = OU;
423 | 445 break;
w0
444 case MO_ERRCR3 467 case MD_ERRORS:
445 . i ; . R o . 468 {
48 totart code Zal 0 edit comment generated Bere 469 /% Start user code for NACK signal. Do not edit comment generated here %/
470 r_pmbus_app_int_MNotify(E_PMBUS_INT_EVENT_W_NACK);
447 End user code. U omment ere 471
443 h;mk el o . 472 /% End user code. Do not edit comment generated here ¥/
443 ] 473 break;
411 o
450 case WO_ERRORA 475 case MD_ERROR4:
451 476 -
462 N # Start user cods for communica ment 477 , /% Start user code for communication sequence error. Do not edit comment gemerated
S here x,
478 Ef (1 == RIICO.ICSR2.BIT.STOP)
479
480 RIICO.ICSRZ.BIT.NACKF = 0U;
481 RIICO.ICSRZ.BIT.STOP = OU;
482
183 gf (_OC_IIC_MASTER_RECEIVE == g_riicO_mode_flag)
484
485 /¥ 1f STOP conodition detect before last data received is illegal. %/
486 RIICO. ICHR3.BIT.WAIT = OU;
Zlg; ! r_pmbus_app_int_Notify(E_PMBUS_INT_EVENT_M_STOP_ERROR);
489 else
490 {
ig% r_pmbus_app_int_Not ify(E_PMBUS_INT_EVENT_M_STOP);
458 ¥ End use Do not edi erated here # 493 !
454 break: 494 )
455 ; 495 /* End user code. Do not edit comment generated here */
218575 . break;
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®  Setting smart configurator TMR

Configure

Count setting

Clock source PCLK/8192 v :?.324218?5 (kHz)
Counter clear Cleared by compare match A .
Compare match A value (TCORA) :25 ms ~ Actual value: 24,985600

[[] S12AD A/D conversion start request

Compare match B value (TCORB) .2 ms Actual value: 2.048000

TMOO output setting
[] Enable TMOO output

No change
No change
Interrupt setting
[] Enable TCORA compare match interrupt (CMIAQ)
[] Enable TCORB compare match interrupt (CMIBO)
[[] Enable TCNT overflow interrupt (OVIO)

Priority Level 10 ol

® List of Changed Parts of TMR Driver Codes Generated by Smart Configurator

Function Name R_Config_ TMRO_Start()

File name Config_ TMRO.c

Change Details Add a process for clearing TMRO.TCNT.

Before change After change

87 void R_Config_THRO Start(void 88 void R_Confiz_TWRO Startivoid)

88 89 [
90 /% Start user code */
glz TMRO.TCNT = OU;

88 /¥ Erable THRO interrupt » 93 /% End user code ®/

90 [R(THRO, CHIAD) = OU 94 /¥ Enable TMRO interrupt */

1 [EN(THRO, CHIAD) =1 9 IR(TMRO, CHIAO) = OU;

L start counting 5/ z IENCTHRO, CHIAO) = 10:]

G4 THRO.TCCR BYTE = 03 TWR_CLK_SRC_PCLK | _0B_THR_PELK DIV 8192 08 /v Start counting */

22 188} TWRO.TCCR.BYTE = _08_TMR_CLK_SRC_PCLK | _06_TMR_PCLK_DIV_8192;

Function Name r_Config_TMRO_cmiaO_interrupt()

File name Config_TMRO_user.c

Change Details This is a callback function for compare match interrupts.

Execute the r_pmbus_app_int_Notify (E_PMBUS_INT_EVENT_TIMEOUT) to
refresh PMBus Middleware status.

Before change After change

';3 static void r_Config_TMRO_cmiall_i 74 static void r_Config_TMRO_cmial_interrupt (void)

7 tart user code for r_Config THRO cmiall_interrupt. Do not edit comment generated here 76 /% Start user code for r_Config TMRO cmia0 interrupt. Do not edit comment generated here */
77 r_prbus_app_int_Notify(E_PHBUS_INT_EVENT M_TIMEOUT);

* End user code. o not edit comment generated here +/ 79 /% End user code. Do not edit comment generated here */
al
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®  Setting smart configurator RSCI11

Loopback mode setting
(® Normal mode

Transfer timing adjustment setting
[J Adjust transmit signal transition
[[] Adjust receive data sampling

Noise filter setting
[[] Enable noise filter

Hardware flow control setting

(@ None

(O Loopback mode

Does not change the waveform

Data are sampled at default point

Base clock signal divided by 1

OcTson#

Use CTS and RTS functions at the same time

FIFO data setting

Data match detection setting
[[J Enable data match detection

RS-485 driver control function setting
[] Enable driver control function

Data handling setting

Transmit data handling
Receive data handling

RXD input signal setting

RXD input signal select

Interrupt setting

TXI priority

RXI priority

Enable reception error interrupt (ERI)
TEI, ERI priority (Group ALO)

Multiple interrupts setting

31

31

0x00

Active high
1 base clock cycle

1 base clock cycle

Data handled in interrupt service routine

Data handled by DTC

COMP4 level detection signal

Level 7

Level 7

Level 8

Receive data full interrupt (RXI)

[[] Enable multiple interrupts for transmission interrupt (TXI)

[] Enable multiple interrupts for transmission end interrupt (TEI)
[[] Enable multiple interrupts for reception interrupt (RXI)

[] Enable multiple interrupts for reception error interrupt (ERI)

Callback function setting

Transmission end Reception end

QORTS011#

<

Reception error

(Please ensure DTC conf

Please set CMPC4 and disa
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® List of Changed Parts of RSCI11 Driver Codes Generated by Smart Configurator

Function Name r_Config_RSCI11_callback_transmitend
File name Config_RSCI11_user.c
Change Details Execute the pmbus_demo_update_status
(E_MAIN_STATUS_RESPONSE_COMP).
Before change After change
}EI’F static void r_Tonfig RECTTT calTback transmitendiveid }g; static void r_Config RSCI11 _callback_transmitend(void)
168 '_ -|I --I‘E use code for r_Config RSCITI cal Iback_transmitend. Do not edit comment Wﬁgh /% Start user code for r_Config RSCI11 _callback_transmitend. Do not edit comment generated
} ;? erep’mﬁbusidemoiupdateistatus (E_MAIN_STATUS_RESPONSE_COMP)
}hc * End user ! Jor e & ted her Egl /% End user code. Do not edit comment generated here ¥/
Function Name r_Config_RSCI11_callback_receiveend
File name Config_RSCI11_user.c
Change Details Execute pmbus_demo_uart_recv_callback().
Before change After change
jégsfﬂfiﬁ void r_Config RECITT callback receiveendivoid }g% static void r_Config RSCI11 callback_receiveend(vaid)
181 /2 Start user code for r_fonfig RSCIT1_cal lback_receiveend. Do not edit comment generated 184 /*/Start user code for r_Config RSCIT1_callback receiveend. Do not edit comment generated
1 erep:busfdemoﬁuartirecvica\ Iback();
Eé * End user coda. o not edit comment generated here x }gg /% End user code. Do not edit comment generated here */
8!
Function Name r_Config_RSCI11_callback_receiveerror
File name Config_RSCI11_user.c
Change Details Execute the pmbus_demo_notify_event (E_UART_EVENT_RECEIVE_ERROR).
Before change After change
}Qg static woid r Config RSCITT cal Iback receivesrror (void 197 static void r_Config RSCIT1 callback_receiveerror (void)
Ig:ﬂ N 7:':‘-1” ser, code for r_Conf g RSCIT _cal Iback_receivesrror. Do not edit comment 199 ene{;zga;;:sir code for r_Config RSCITT callback_receiveerror. Do not edit comment
i - an 5 pmbus_demo_notify_event(E_UART_EVENT RECEIVE ERROR);
195 ¥ End user code. Do not edit comment gensrated here */ 202 /* End user code. Do not edit comment generated here */
196 03}
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515

PMBus Master Data Types and Structure list

The following table lists the Data Types and Structure used in this control program.

® Data Types and Structure for PMBus Master Application Functions

€ main_status t

Enumeration Name

e_main_status_t

Description

This enumeration is used to indicate the main status of the

PMBus Master Application.

Declared header file

r_pmbus_demo_master.h

Remarks -

Element name Description Value

E_MAIN_STATUS_IDLE IDLE state. Waits for UART data to be received. 0

E_MAIN_STATUS_REV_BUSY Receiving UART data. 1

E_MAIN_STATUS_REV_COMP Completed receiving UART data required for 2

command process.

E_MAIN_STATUS PMBUS_BUSY PMBUS API is being executed. (Reserve) 3

E_MAIN_STATUS PMBUS_ COMP PMBUS API operation has ended. 4

E_MAIN_STATUS_PMBUS_ACTIVE PMBUS API is being executed. 5

E_MAIN_STATUS_RESPONSE_BUSY | Command process results are being sent via UART. | 6

E_MAIN_STATUS_RESPONSE_COMP | UART data transmission completed. 7

E_MAIN_STATUS_ERROR_BUSY Error process. (Reserve) 8

E_MAIN_STATUS_ERROR_COMP Error process completed. (Reserve) 9

E_MAIN_STATUS_MAX The maximum value of the main status. 10

e_uart_event t

Enumeration Name e_uart_event_t

Description This enumeration is used to specify the message
number to respond by UART.

Declared header file r_pmbus_demo_master.h

Remarks -

Element name Description Value

E_UART_EVENT_COMMAND_END Specify "PMBUS COMMAND END" as the 0
transmission string.

E_UART_EVENT_RESP_START Specify ">>PMBUS_RESPONSE_START"as |1
the transmission string.

E_UART_RECEIVE_FULL Specify ">>ERROR:UART RECEIVE BUFFER | 2
IS FULL" as the transmission string.

E_UART_RECEIVE_ERROR Specify "ERROR:UART RECEIVE ERROR" as | 3
the transmission string.

E_UART_EVENT_FORMAT_ERROR Specify "ERROR:PMBUS FORMAT ERROR" | 4
as the transmission string.

E_UART_EVENT_COMMAND_INVALIDATE Specify "ERROR:PMBUS COMMAND NOT 5
SUPPORT" as the transmission string.

E_UART_EVENT_COMMAND_FAIL Specify "ERROR:PMBUS APl RETURN 6
ERROR" as the transmission string.

E_UART_EVENT_MAX The maximum value of the message number. 7
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e_response_type_t
Enumeration Name e_response_type_t

Description This enumeration type is used to specify the notation
type of the numeric expression that is responded to via
UART. It is used to specify the notation type for each
PMBUS command registered in
s_st_pmbus_command_check_table.

Declared header file r_pmbus_demo_master.h

Remarks -

Element name Description Value
E_RESPONSE_TYPE_HEX Specifies hexadecimal notation. 0
E_RESPONSE_TYPE_DECIMAL Specifies signed decimal notation. 1
E_RESPONSE_TYPE_DECIMAL_UNSIGNED | Specifies unsigned decimal notation. 2
E_RESPONSE_TYPE_MAX The maximum value of notation type. 3

e _app_varidate info _t
Enumeration Name e_app_varidate_info_t

Description This enumeration type is used to indicate whether the PMBUS
command received via UART is valid or invalid. It is used to specify
whether each PMBUS command registered in
s_st_pmbus_command_check_table is valid or invalid.

Declared header file r_pmbus_demo_master.h

Remarks -

Element name Description Value
E_COMMAND_INVALIDATE Specifies an invalid command. 0
E_COMMAND_VALIDATE Specifies a valid command. 1

st app_command format t

Structure Name st_app_command_format_t

Description This structure manages the format information of PMBUS commands
processed by the PMBus Master Application.

It is used to check whether the data received via UART matches the format
of the corresponding PMBUS command, and to determine the format to
respond to via UART.

Declared header file r_pmbus_demo_master.h

Remarks -

Member name Description

uint8_t ul validate Command valid/invalid information. (E_COMMAND_INVALIDATE or
E_COMMAND_VALIDATE)

uint8_t ul_command PMBUS command code. (0x00 to OxXFF)

uint8_t ul_transaction Transaction type of PMBUS command. (Combination of transaction code

(PMBUS_TRANS_XXX))
uintl6_t u2_tx_data_size | The amount of data sent by the PMBUS command. (0x00 to OxFF)
uintl6_t u2_rx_data_size | The amount of data received by the PMBUS command. (0x00 to OxFF)

e_response_type_t Specifies the numeric representation when returning received data of
e_resp_type PMBUS command via UART. (E_RESPONSE_TYPE_HEX,
E_RESPONSE_TYPE_DECIMAL or
E_RESPONSE_TYPE_DECIMAL_UNSIGNED)
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st pmbus data t

Structure Name

st pmbus_data_t

Description

This structure manages PMBUS commands information received
from UART.

Declared header file

r_pmbus_demo_master.h

Remarks

Member name

Description

uint8_t ul_command

The command code of the PMBUS command to execute.

uint8_t ul_transaction

Transaction code of the PMBUS command to be executed.
(Combination of transaction codes (PMBUS_TRANS_XXX))

uint8_t ul_slave addr

The slave address to which the PMBUS command is to be
communicated.

uintlé_t u2_ data size

Total number of transmission data for PMBUS command to be
executed. (Reserve)

uintl6_t u2_tx_index

The current number of transmission data being processed by the
PMBUS command.

uintl6_t u2_command_index

The index of the s_st_pmbus_command_check_table
corresponding to the PMBUS command to be executed. (0 to
(COMMAND_TABLE_SIZE - 1))

uint8_t
ul_tx_bufPMBUS_TX_BUF_SIZE]

A buffer that stores the transmission data to be processed by
PMBUS commands.

bool b_direction

The communication direction to be handled by the PMBUS
command. (false: receive protocol or true: transmit or
transmit/receive protocol)

st_app_uart_rx_t

Structure Name

st_app_uart_rx_t

Description

This structure manages PMBUS commands information received
from UART.

Declared header file

r_pmbus_demo_master.h

ul_recv_buf[lUART_RX_BUF_SIZE]

Remarks -
Member name Description
uint8_t Buffer for storing received UART data.

bool b_recv_flag

The receive end status of one line of data. (false:(receive is not
end) or true:(receive end (set when line feed code "Ox0A" is
received)))
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® Data Types and Structure for PMBus Master API

e_pmbus_packet result m_t

Enumeration Name e_pmbus_packet _result_ m_t

Description This enumeration type is used to indicate the execution
result of PMBus communication (master). It is used as
the argument type of each PMBus Master API. It
indicates the details of the error cause when the PMBus
API return value is PMBUS_RET_ERROR.

Declared header file r_pmbus_app_master.h

Remarks -

Element name Description Value

E_PMBUS_PACKET_M_OK Normal operation. 0

E_PMBUS_PACKET_M_DATA SIZE ERROR | Detects packet size error. 1

E_PMBUS_PACKET_M_PEC_ERROR Detects error in PEC operation. 2

E_PMBUS_PACKET_M_TIMEOUT Detects timeout error. (Ttimeout error detected) | 3

E_PMBUS_PACKET_M_ARB_LOST Detects arbitration-lost error. 4

E_PMBUS_PACKET_M_NACK Detects NACK receive. 5

E_PMBUS_PACKET_M_INTERNAL_ERROR | Detects internal error. 6

st pmbus cfg m t
Structure Name st_pmbus_cfg_m_t
Description This is a structure for PMBus Master configuration data. It is

used as the argument type for R_PMBUS_Master_Open. It is
used to register the configuration data to the internal global
variables of the PMBus Master Middleware.

Declared header file

r_pmbus_app_master.h

Remarks

Member name

Description

uintlé_tu2_rx_size

*The dimensions of the p_ul_rx_buf. (1 to 35)

uint8_t*p_ul rx_buf

Pointer to the receive data storage buffer. The data received
by R_PMBUS_Master_Read or
R_PMBUS_Master_WriteRead is stored in this buffer. The
data is multiplied by the *p_ul_rx_buf and *u2_rx_len
arguments, and then returned to API caller.

uintlé_tu2_ tx_size

*The dimensions of the p_ul_tx_buf. (1 to 35)

uint8_t *p_ul tx_buf

Pointer to the transmit data storage buffer. The data of the
ul command, u2_tx _len, and *p_ul tx_buf specified by
R_PMBUS_Master_Write or R_PMBUS_Master_WriteRead
parameter is stored in this buffer according to the protocol
corresponding to the command code. Then, the data is sent.
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® Data Types and Structure for PMBus Master Middleware function

e_pmbus_nwk_status_m_t

Enumeration Name

e_pmbus_nwk_status_m_t

Description

This enumeration type indicates the internal state of the
PMBus network layer (master). It is used to manage the
internal state of the PMBus Master Middleware.

Declared header file

r_pmbus_app_master.h

Remarks

Element name Description Value
E_PMBUS _NWK_STATUS M _IDLE Waiting for new packet receive. 0
E_PMBUS_NWK_STATUS_M_RX Receiving packet. 1
E_PMBUS_NWK_STATUS M_TX Transmitting packet. 2
E_PMBUS_NWK_STATUS_M_TX_QUICK Transmitting quick command. 3
E_PMBUS_NWK_STATUS_M_TX_BLOCK Transmitting block. 4
E_PMBUS_NWK_STATUS_M_RX BLOCK Receiving block. 5
E_PMBUS_NWK_STATUS_M_ENDING End of packet. 6
E_PMBUS_NWK_STATUS_M_ERROR Detects packet error. 7

e _pmbus_int_event_ m_t

Enumeration Name

e_pmbus_int_event_m_t

Description

This enumeration type indicates the cause of an 12C
error detection interrupt. It is used to execute process for
each interrupt cause in the internal process of the PMBus
Master Middleware.

Declared header file

r_pmbus_app_master.h

Remarks

Element name

Description Value

E_PMBUS_INT_EVENT_M_NONE

Interrupt not detected

E_PMBUS_INT_EVENT_M_ARB_LOST

Detects arbitration lost.

E_PMBUS_INT_EVENT_M_TIMEOUT

Detects timeout.

E_PMBUS_INT_EVENT_M_NACK

Detects NACK receive.

E_PMBUS_INT_EVENT_M_START

Detects start condition.

E_PMBUS_INT_EVENT_M_STOP

Detects stop condition.

E_PMBUS_INT_EVENT_M_STOP_ERROR

OO~ WIN|FL|O

Detects unexpected Stop condition.

RO1AN7660EJ0100 Rev.1.00
Jan.14.25

Page 68 of 178
RENESAS




RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

st pmbus nwk ctrl m t

Enumeration Name

st pmbus_nwk_ctrl_m_t

Description

This is a structure that manages PMBus network layer
(master) parameters. It is used to manage the
communication status inside the PMBus Master Middleware.

Declared header file

r_pmbus_app_master.h

Remarks

Member name

Description

volatile e_pmbus_nwk_status m_t
e_m_status

Network layer status

uint8_t ul_current_addr

Currently executing slave address

uint8_t ul current_cmd

Currently executing command

uintl6_t u2_rx_index

Current number of received data bytes

uintl6_tu2_rx_len

Number of data bytes to be received

uintl6é_t u2_rx_size

*p_ul_rx_buf Size

uint8_t *p_ul_rx_buf

Pointer to receive data storage buffer

uintl6_t u2_tx_index

Current number of transmission data bytes

uintl6_t u2_tx_len

Number of data bytes to be transmitted

uintl6é_tu2_ tx_size

*p_ul_tx_buf Size

uint8_t *p_ul_tx_buf

Pointer to transmit data storage buffer

uint8_t ul pec

Present PEC calculation

st_pmbus_ctrl_m_t

Structure Name

st_pmbus_ctrl_m_t

Description

This is the control data structure of the PMBus Middleware
(master). It is used to manage the PMBus Master Middleware
setting information and communication status.

Declared header file

r_pmbus_app_master.h

Remarks

Member name

Description

st_pmbus_nwk_ctrl_m_t st_nwk_ctrl_m

Parameter-managed struct of PMBus network Layer (master)

volatile e_pmbus_packet_result_m_t
e_pmbus_result_m

Executing PMBus communication (master)

bool b_open_flag

OPEN status (No false: Open or true: Open).

bool b_pec_flag

PEC enable/disable information (false: disable, true: enable)

uint8_tul own_slave_addr

Its own slave address. (Not used in demonstration systems.)
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5.1.6

PMBus Master global variables List

The following table lists the global variables used in this control program.

File
name

Table 19 PMBus Master Application global variables list

Global Variables

Usage

r_pmbu

s_demo
_master
.C

static const
st_app_command_forma
tt
s_st_pmbus_command_
check_tablef COMMAND
_TABLE_SIZE]

static const char *
sp_pmbus_message_ret
urn_res

static const char *
sp_pmbus_message pa
cket_res

static st_app_uart_rx_t
s_st uart_rx_data

static uint8_t
s_ul_uart_tx_buf[UART
_TX_BUF_SIZE]

static uint8_t

s_ul uart_rx_buf[UART
_RX_BUF_SIZE]

static uint16_t
S_u2_uart_rx_index;
static uint16_t
S_u2_rx_r_index

static uintl16_t
S_Uu2_rx_w_index

static uint8_t
s_ul_uart_rx_relay_buf]
UART_RELAY_BUF_SI
ZE]

volatile static
€_main_status_t
S_e_main_status
volatile static uint16_t
S_u2_seq_index

static st_ pmbus_data_t
s_st pmbus_data

static uint8_t

s_ul _pmbus_tx_buf[PM
BUS_TX_ BUF_SIZE]
static uint8_t

s_ul _pmbus_rx_buf[PM
BUS_RX_BUF_SIZE]

A const table used to check the format of PMBUS commands
received via UART.

A const value that stores the string "return code:" that is added
when storing the PMBUS execution result in the UART transmit
buffer.

A const value that stores the string "packet result:" that is added
when storing the PMBUS execution result in the UART transmit
buffer.

Structure variable that manages UART receive data information.
Analyzes the receive data stored in ul_recv_buf, a member of this
structure, and controls PMBUS process.

Buffers for storing UART transmit data.

A buffer that stores UART received data. The received data stored
in this buffer is analyzed to detect the line feed code that separates
the received data. This buffer is used as a ring buffer.

Variable that manages how many data items are currently received
in UART.

This parameter indicates the most recent data position at which the
receive data buffer (s_ul_uart_rx_buf) was read.

Indicates the most recent data position stored in the receive data
buffer (s_ul_uart_rx_buf).

Buffer for storing UART receive data. After the UART receive
interrupt handler stores the received data in this buffer, the main
process Copy the datatos_ul uart rx_buf.

Variables for managing the internal process state of an application.

Variables for managing the UART command receive process
status. This variable determines how much data required for
PMBUS communication has been received.

Structural variables that manage the data for PMBUS commands.
The data stored in this structure variable is used as an argument to
be passed to the PMBUS API.

Buffers for storing the transmitted data for PMBUS. This buffer is
set to the member *p_ul_tx_buf of s_user_pmbus_cfg and used
inside the PMBUS Middleware.

Buffers to store received data for PMBUS. This buffer is set to the
member *p_ul rx_buf of s_user_pmbus_cfg and used inside the
PMBUS Middleware.
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static uint16_t Number of data received by PMBUS. Specify this as an argument

S_u2_pmbus_rx_size to R_PMBUS_Master Read and R_PMBUS_Master_WriteRead to
store the amount of data received via PMBUS.

static uint8_t Buffer for storing PMBUS receive data specified when executing

s_ul_pmbus_temp_rx_b | the PMBUS API. Specify as an argument to
uf[PMBUS_RX_BUF_SI = R_PMBUS_Master_Read and R_PMBUS_Master_WriteRead to
ZE] store data received via PMBUS.

static Variable that stores the execution result (packet result) of the
e_pmbus_packet_result | PMBUS API. Specify as an argument for each PMBUS API to
m_ts_e_packet_result store the execution result (packet result) of the PMBUS API.

static uint8_t Variable that stores the result of executing PMBUS API (return
s_ul _pmbus_ret code).

static st_pmbus_cfg_m_t = Variable to store the configuration data to be registered in
s_user_pmbus_cfg R_PMBUS_Master_Open.

Table 20 Global variables for PMBus Master Middleware

File name Global Variables Usage
r_pmbus_ma | static Global variable that manages the control information of PMBUS
ster_app.c st_pmbus_ctrl_m_t Master Middleware. It is used only within PMBUS Master
g_st_pmbus_ctrl Middleware.

5.1.7 PMBus Master macro Definition List
The following table lists the macro definitions used in this control program.

Table 21 PMBus Master Application macro definition list

File Macro name Usage Defined
name Value
r_pmbus_ | PMBUS_APP_C -Define the command code for PMBUS. (Refer to below for -
demo_ma @ MD_xxx macro names)
ster.h PMBUS_APP_CMD_OPERAION : OPERAION command 0x01
PMBUS_APP_CMD_ON_OFF_CONFIG : 0x02
ON_OFF_CONFIG command
PMBUS_APP_CMD_CLEAR_FAULTS : CLEAR FAULTS 0x03
command
PMBUS_APP_CMD_STATUS_FAN_1_2: 0x81

STATUS_FAN_1 2 command
PMBUS_APP_CMD_READ_VOUT : READ_VOUT command | 0x8B
PMBUS_APP_CMD_READ_IOUT : READ_IOUT command 0x8C

PMBUS_APP_CMD_READ_FAN_SPEED_1: 0x90
REA_DFAN_SPEED_1 command
PMBUS_APP_CMD_READ_FREQUENCY : 0x95

READ_FREQUENCY command
PMBUS_APP_CMD_RESERVED : RESERVED command 0x09

PMBUS_APP_CMD_PMBUS_REVISION : 0x98
PMBUS_REVISION command
PMBUS_APP_CMD_STORE_DEFAULT_CODE : 0x13
STORE_DEFAULT_CODE command
PMBUS_APP_CMD_FAN_COMMAND _1: 0x38

FAN_COMMAND_1 command
PMBUS_APP_CMD_READ_EOUT : READ_EOUT command = 0x87

PMBUS_APP_CMD_PAGE_PLUS_WRITE : 0x05
PAGE_PLUS_WRITE command
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UART_TX_BUF
_SIZE

UART_RX_BUF
_SIZE
UART_RELAY_
BUF_SIZE
PMBUS_TX_BU
F_SIZE
PMBUS_RX_B
UF_SIZE
COMMAND_TA
BLE_SIZE

SEQ_INDEX_xx
X

UART_RESPO
NSE_TIMEOUT
_TIME

Max. of buffers for storing data to be sent by UART.

Max. of buffers for storing data to be received by UART.
Max. buffers to temporarily store data received by UART.
Max. value of buffers for storing data to be sent by PMBUS.
Max. value of buffers for storing data to be received by

PMBUS.

The total number of commands to be registered in the
command check table (s_st_pmbus_command_check_table).

-Define the UART command receive process state. (see

below for macro names)

SEQ_INDEX_IDLE : Waiting for UART receive.
SEQ_INDEX_SLAVE_ADDR : Receive end up to slave
address.

SEQ_INDEX_RX : READ/WRITE information has been
received.

SEQ_INDEX_COMMAND : Command code has been
received.

SEQ_INDEX_WRITE_DATA : PMBUS transmission data is
being received or has been received.

SEQ_INDEX_MAX : The maximum number of PMBUS
transmission data that can be processed by this application.

Soft timer count value that waits until UART communication
is completed when PMBUS receive is returned in UART

Return value of the application internal function. Normal end.

Return value of the application internal function. Abnormal
end.

Table 22 PMBus Master APl macro definition list

Usage

PMBUS_RET_x -Error code returned from PMBus middleware API. (See below for

macro names)
PMBUS_RET_OK : Normal end.

PMBUS_RET_ERROR : Abnormal end. See the
st pmbus_cfg_m_t.e_pmbus_result_m for more information
about the source.

PMBUS_RET_PARAM : Specified argument is invalid.
PMBUS_RET_NOT_OPENED : No OPEN.
PMBUS_RET_OPENED : Already OPEN.

Table 23 PMBus Master Middleware function macro definition list

Usage

- Defines the transaction code used to determine the protocol
supported by each command code. (See below for macro

names)

RET_OK
RET_ERROR
File Macro name
name
r_pmb
us_ap | Xxx
p_mas
ter.h
File Macro name
name
r pmb | PMBUS_TRAN
us_ap | S_Xxxx
p_mas
ter.h

PMBUS_TRANS_RESERVED : Command code is RESERVED.

256

256

40

40

14

4

256

0x50000

0
1

Defined
Value

Defined
Value

0x00
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PMBUS_COM
MAND_CODE_
MAX

PMBUS_BLOC
K_SIZE_MIN
PMBUS_BLOC
K_SIZE_MAX
PMBUS_BUF_
SIZE_MIN

PMBUS_BUF_
SIZE_MAX

PMBUS_CRCS
_USE_IP

PMBUS_ALER
T_RESPONSE
_ADDR

PMBUS_SLAV
E_ADDR_MAX

PMBUS_TRANS_READ_BYTE : Command Code Supports
READ BYTE Transactions.

PMBUS_TRANS_READ_WORD : Command Code Supports
READ WORD Transactions.

PMBUS_TRANS_BLOCK_READ : Command Code Supports
BLOCK READ Transactions.

PMBUS_TRANS_SEND_BYTE : Command Code Supports
SEND BYTE Transactions.

PMBUS_TRANS_WRITE_BYTE : Command Code Supports
WRITE BYTE Transactions

PMBUS_TRANS_ WRITE_WORD : Command Code Supports
WRITE WORD Transactions.

PMBUS_TRANS_BLOCK_WRITE : Command Code Supports
BLOCK WRITE Transactions.

PMBUS_TRANS_ WRITE_QUICK : Command Code Supports
Write Quick Command Transactions.

PMBUS_TRANS_PROCESS_CALL : Command Code Supports
PROCESS CALL Transactions.

PMBUS_TRANS_BLOCK_PROCESS_CALL : Command Code
Supports Block Write-Block Read Process Call Transactions.

The maximum number of commands supported by the PMBus
middleware.

Min. amount of data that can be sent/received by Block
command will.

Max. amount of data that can be sent/received by Block
command will.

Min. of buffer size that can be registered in PMBUS Middleware
during Open.

Max. of buffer size that can be registered in PMBUS Middleware
during Open. (Max. number of data to write during Block
Read/Block Write (32) + Command code (1) + Number of data to
write/Number of data to read (1) + PEC (1))

Defined value that specifies the PEC calculation method. Set to
"1 (uses the calculator built into the MCU)" or "0 (specifies
whether to use a table for calculation).” If you want to use the
calculator built into the MCU, you must implement code that uses
a CRC calculator in the r_pmbus_nwk_AddCrc8() function and
then change the setting to "1 (uses the calculator built into the
MCU)."

The slave address (ARA) of the communication destination for
receiving ALERT information specified when
R_PMBUS_Master_ReceiveARA is executed. The value defined
is compliant with the SMBus specifications.

Max. number of slave address that can be specified in the
PMBUS master API arguments.

0x01
0x02
0x03
0x10
0x20
0x30
0x40
0x50
0x60
0x70

256

32

PMBUS_
BLOCK_
SIZE_MA
X+ 3

0

0x0C

0x80
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5.1.8 PMBus Master Control Flowchart

The flow of PMBus Master Application section is shown in section 5.1.8.1, the flow of PMBus Master API
section is shown in Section 5.1.8.2, and the flow of PMBus Master drivers section is shown in Section
5.1.8.3. In addition, Please refer to the project code for PMBus Master Middleware section.

5.1.8.1 PMBus Master Application Flowchart

PMBus Master Application part communicates with PC and calls API that control PMBus Master Middleware
part. The flowchart of PMBus Master Application part is shown below. Refer to the Project Code for the
process flow of the intermediate functions in PMBus Master Application section. The red-framed areas in the
PAD diagram related to RSCI11 indicate the changes made to the code generated by the Smart
Configurator.

B PMBus master overall outline flow

main program

| Start I

Various
initialization

processes . .
UART data reception wait process
pmbus_demo_uart_ctrl_read_buf

Analysis of UART received
while (1) data/update of ipfllcatlon internal
state

pmbus_demo_update sequence

Executiong PMBUS API based on
UART received data
pmbus_demo_pmbus_execute

PMBUS API execution results by UART
transmission/PMBUS received data
return processing
pmbus_demo_notify_result

End

uart receive interrupt

|Interrupt Startl

Store received data in ddata analysis
buffer

End
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PMBUS transmit/receive interrupt

|Interrupt Startl

PMBUS Middleware internal state
check/updatte process

Analysis processing of PMBUS
received data/transmitted data

End

PMBus master function detailed flow

main

I Start I

ret =r_pmbus_apul_ret =
pmbus_demo_init()p_Start
SendByte()

TRUE

ret = PMBUS_RET_OK

End

pmbus_demo_main()
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® pmbus_demo_main

Start

; while (true 1=
hile(1
while(1) s_st_uart_rx_data.b_recy_flag)
pmbus_demo_update_seq
uence()
[pmbus_demo_uart_ctrl_cle
ar_buf{}

pmbus_demo_uart_ctrl_re
ad_buf()

pmbus_demo_update_stat
us(E_MAIN_STATUS_PMBU

TRUE 5_ACTIVE)

E_MAIN_STATUS_REV_COMP
==5_e_main_status

ul ret =

pmbus_demo_pmbus_exec
ute()

pmbus_demo_update_stat
us(E_MAIN_STATUS_PMBU
5_COMP)

RET_OK ==ul_ret

ul_ret =
pmbus_demo_response{)

pmbus_dema_notify_event]
(E_UART_EVENT_COMMA
ND_END)

pmbus_demo_update_stat
us(E_MAIN_STATUS_IDLE)

s_u2_seq_index =
E_MAIN_STATUS_PMBUS_co |TRUE SEQ_INDEX_IDLE
MP == 5_e_main_status
pmbus_demo_notify_resul l
)

pmbus_dema_notify_event
(E_UART_EVENT_COMMA
ND_FAIL)

pmbus_dema_update_stat
us(E_MAIN_STATUS_IDLE}

TRUE
RET_ERROR ==ul_ret ulret = RET_OK

End

® pmbus_demo_init

Start

ret =
pmbus_demo_system_init

0

pmbus_demo_system_dein

it()

TRUE

ret 1= PMBUS_RET_OK

End
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® pmbus_demo_update_status

Start

s_e_main_status = e_status

E_MAIN_STATUS_IDLE ==
e_status

TRUE

s_u2_seq_index =
SEQ_INDEX_IDLE

End

® pmbus_Demo_notify _result

Start

ul_packet_result =
(uint8_t)s_e_packet_re

ul_ret =
r_uart_ctrl_conv_DecToStrCont
(&s_ul_pmbus_ret, 1,
ul_pmbus_ret_str,
&u2_temp_tx_size)

TRUE

RET_OK == ul_ret

ul_ret =
r_uart_ctrl_conv_DecToStrCont
(&ul_packet_result, 1,
ul_packet_ret_str,
&u2_temp_tx_size)

TRUE

RET_OK == ul_ret

u2_tx_size =
(uint16_t)sprintf((char*)s_ul_u
art_tx_buf,
"%5%s%s%s",
p_pmbus_message_return_res,
ul_pmbus_ret_str,
p_pmbus_message_packet_res
ul_packet_ret_str)

drv_ret =
R_Config_RSCI11_Serial_Send(s
_ul_vart_tx_buf, u2_tx_size)

MD_OK !=drv_ret

TRUE ul_ret = RET_ERROR

FALSE

ud_time =0

while

pmbus_demo_update_status(E
_MAIN_STATUS_RESPONSE_BU
SY)

TRUE

((E_MAIN_STATUS_RESPONSE

RET_OK == ul_ret

End

_COMP !=s_e_main_status)
&&
(UART_RESPONSE_TIMEOUT_
TIME > u4_time)

ud_time++
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® pmbus_demo_response

l Start I

0=
s_u2_pmbus_rx_size

TRUE

pmbus_demo_notify_event(
E_UART_EVENT_RESP_START]|
)

s_st_pmbus_command_check
_table[s_st_pmbus_data.u2_c
ommand_index].e_resp_type

E_RESPONSE_TYPE_HEX

s_st_pmbus_command_check
_table[s_st_pmbus_data.u2_c
ommand_index].e_resp_type

E_RESPONSE_TYPE_DECIMAL
s_st_pmbus_command_check
_table[s_st_pmbus_data.u2_c

ul_ret =
r_uart_ctrl_conv_DecTo5trCont
(s_ul_pmbus_temp_rx_buf,
s_u2_pmbus_rx_size,
s_ul_uart_tx_buf, &u2_tx_size)

ommand_index].e_resp_type

E_RESPONSE_TYPE_DECIMAL_|
UNSIGNED

default

ul_ret =
r_uart_ctrl_conv_DecToStr2Byt
e
(s_ul_pmbus_temp_rx_buf,
s_u2_pmbus_rx_size,
s_ul_uart_tx_buf, &u2_tx_size)

TRUE

RET_OK ==ul_ret

drv_ret =
R_Config_RSCI11_Serial_Se!
nd(s_ul_uart_tx_buf,
u2_tx_size)

TRUE

MD_OK !=drv_ret

ul_ret = RET_ERROR

FALSE

uéd_time =0

while

mbus_demo_update_statu
s(E_MAIN_STATUS_RESPO
NSE_BUSY)

RET_OK ==ul_ret

TRUE

End

FALSE

ul_ret =RET_OK

((E_MAIN_STATUS_RESPONSE
_COMP != s_e_main_status)
&&
(UART_RESPONSE_TIMEOUT _
TIME > u4_time)

ud_time++
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® pmbus_demo_pmbus_execute

| Start I

(TRANS_READ_BYTE ==
(TRANS_READ_WORD ==
TRANS_BLOCK_READ ==
((TRANS_RESERVE ==
==p_tx_buf[0]))
(TRANS_SEND_BYTE==
(TRANS_WRITE_BYTE ==
(TRANS_WRITE_WORD ==
TRANS_BLOCK_WRITE ==
((TRANS_RESERVE ==

== p_tx_buf[0]))

((TRANS_PROCESS CALL ==

((TRANS_RESERVE ==

== p_tx_buf[0])))

5_st_pmbus_data.ul_transaction) ||
s st pmbus data.ul transaction) ||
s_st_pmbus_data.ul_transaction) ||

s_st_pmbus_data.ul_transaction) && (0

s_st_pmbus_data.ul_transaction) ||
s st pmbus_data.ul transaction) ||
5_st_pmbus_data.ul_transaction) ||
s st pmbus_data.ul transaction) ||

s_st_pmbus_data.ul_transaction) && (1

s st pmbus data.ul transaction) ||
(TRANS_BLOCK_PROCESS_CALL ==
5_st_pmbus_data.ul_transaction) ||

s st pmbus_data.ul_transaction) && (2

TRUE

TRUE

s_ul_pmbus_ret =
R_PMBUS_Master_Read(s_st_p
mbus_data.ul_slave_addr,
st pmbus_data.ul_command
p_rx_buf,
&s_u2_pmbus_rx_size,
&s_e_packet_result)

TRUE

s_ul_pmbus_ret =
R_PMBUS_Master_Write(s_st_
pmbus_data.ul_slave_addr,
_st_pmbus_data.ul_command
p_tx_buf,
Bs st pmbus_data.u2_tx_index,
&s_e_packet_result)

FALSE

s_ul_pmbus_ret =
R_PMBUS_Master_WriteRead(s
| st_pmbus_data.ul_slave_addr,
£ st_pmbus_data.ul_command
p_tx¥buf,
s_st_pmbus_data.u2_tx_index
p_rx_buf,
&s_u2_pmbus_rx_size,
&s e packet result)

TRUE

ul ret = RET_ERROR

ul_ret = RET_ERROR

PMBUS_RET_OK I==

s ul pmbus_ret

End

FALSE

ul_ret =RET_OK
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® pmbus_demo_uart _rev_callback

I Start I

s_ul_uart_rx_buf[s_u2_rx_w_inde
x++] =s_ul_uart_rx_relay_buf[0]

TRUE

s_u2_rx_w_index =0

s_u2_rx_w_index >
UART_RX_BUF_SIZE

R_Config_RSCI11_Serial_Receiv
e(s_ul_uart_rx_relay_buf, 1)

End
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® pmbus_demo_notify_event

I Start I

* p_ul_message =

(uint8_t*)sp_pmbus_message_tabl
ele_event]

drv_ret =
R_Config_RSCI11_Serial_Send(p
_ul_message,strlen(sp_pmbus_
message_table[e_event])

TRUE

pmbus_demo_update_status(E_|
MAIN_STATUS_RESPONSE_BUS

Y)

ud_time =

0

MD_OK ==drv_ret

End

while

((E_MAIN_STATUS_RESPONSE
_COMP I=s_e_main_status)

&&

(UART_RESPONSE_TIMEOUT _
TIME > ud_time)

ud_time++

® pmbus_demo_update_sequence

I Start I

SEQ_INDEX_IDLE == TRUE

s_u2_seq_index

SEQ_INDEX_SLAVE_ADDR == | |RUE

pmbus_demo_seq_idle()

s_u2_seq_index

SEQ_INDEX_RX == TRUE

pmbus_demo_seq_addr()

s u2 seq_index

s u2 seq index >= TRUE

pmbus_demo_seq_rw()

SEQ_INDEX_COMMAND

End

pmbus_demo_seq_cmd()
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® r_Config_RSCI11_callback_transmitend

Start

g

pmbus_demo_update_status(E_|
MAIN STATUS RESPONSE COM
P)

The red frame is a change part.

® _Config_RSCI11_callback_receiveend

| Start I

pmbus_demo_uart_recv_callbag

k()

The red frame is a change part.

End

® _Config_RSCI11_callback_receiveerror

Start

g

pmbus_demo_notify_event(E_U
ART_EVENT_RECEIVE_ERROR)

The red frame is a change part.

End
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5.1.8.2 PMBus Master API flowchart

PMBus Master API part controls PMBus Master Middleware part. The flowchart for PMBus Master API part
is shown below.

® R PMBUS_Master_Open

Start

TRUE

ret= PMBUS_RET_OPEND

g_st_pmbus_ctrl.b_open_flag|
== true

ret== PMBUS_RET_OK

TRUE

((PMBUS_BUF SIZE_ MIN >
p_st_cfg->u2_rx_size) | |
PMBUS_BUF_SIZE_MAX <=
p_st cfg->u2_rx_size)) ||
(NULL == p_st_cfg-
>p_ul_rx_buf)||
((PMBUS_BUF SIZE_ MIN >

p_st_cfg->u2_tx_size) ||
PMBUS_BUF_SIZE_MAX <=
p_st cfg->u2_tx_size)) ||
(NULL == p_st_cfg-
>p_ul_tx_buf))

TRUE

ret == PMBUS_RET_OK

TRUE

r_pmbus_app_InitCtrl()

ret == PMBUS_RET_OK

TRUE

Ir_pmbus_nwk_StartMastel

b_open_flag= true

return ret

End

® R_PMBUS_Master_Close

Start

r_pmbus_nwk_StopMaster|

()

g st_pmbus_ctrl.b_open_flag

= false

End

ret = PMBUS_RET_PARAM
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R_PMBUS_Master_ Write

| Start I

ul_transaction =
(s_pmbus_cmd_transaction_t
able[ul_command] & 0xFO)

(PMBUS_SLAVE ADDR_MAX <
ul_slave_addr) ||
(NULL == p_e_packet_result)

TRUE

ret == PMBUS_RET_OK

TRUE

ret = PMBUS_RET_PARAM

ret == PMBUS_RET_OK

TRUE

TRUE

g_st_pmbus_ctrl.b_open_flag
I=true

ul_transaction ==

ret =
PMBUS_RET_NOT_OPENED

PMBUS_TRANS_SEND_BYTE

ul_transaction ==

ret =
r_pmbus_app_SendByte()

PMBUS_TRANS_WRITE_BYTE

ret = PMBUS_RET_PARAM

ret =

r_pmbus_app_WriteByte()

ul_transaction ==
PMBUS_TRANS_WRITE_WOR
D

ret = PMBUS_RET_PARAM

TRUE
u2_tx_len ==0

FALSE

TRUE
(1 ==u2_tx_len) && (NULL !=

p_ul_tx_buf)

FALSE

(2 == u2_tx_len) && (NULL = TRUE
p_ul_tx_buf)
FALSE

ret =
r_pmbus_app_WriteWord(

)

(PMBUS_BLOCK_SIZE_MIN <=|TRUE

ret = PMBUS_RET_PARAM

u2_tx_len) &&

ul_transaction ==
PMBUS_TRANS_BLOCK_WRIT
E

ul_transaction ==
IPMBUS_TRANS_WRITE_QUICK|

ul_transaction ==
PMBUS_TRANS_PROCESS_CAL
L
ul_transaction ==
PMBUS_TRANS_BLOCK_PROC
ESS_CALL

(PMBUS_BLOCK_SIZE_MAX >=
u2_tx_len) &&

FALSE

ret =
r_pmbus_app_BlackWrite()

(NULL != p_ul_tx_buf))

ret =
r_pmbus_app_QuickWRite

return ret

End

ret = PMBUS_RET_PARAM

ret = PMBUS_RET_PARAM

RO1AN7660EJ0100 Rev.1.00
Jan.14.25

RENESAS

Page 84 of 178



RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® R_PMBUS_Master_Read

I Start

ul_transaction =
(s_pmbus_cmd_transaction_t
able[ul_command] & OxOF)

TRUE
(PMBUS_SLAVE_ADDR_MAX < ret = PMBUS_RET_PARAM

ul_slave_addr) ||
(NULL == p_ul_rx_buf) Il
(NULL==p_u2_rx_len) ||
(NULL == p_e_packet_result))

ret=

TRUE PMBUS_RET_NOT_OPENED

g st_pmbus_ctrl.b_open_flag
I=true

TRUE

ret == PMBUS_RET_OK

TRUE

ret == PMBUS_RET_OK

ul_transaction ==
PMBUS_TRANS_READ_BYTE

ret=
r_pmbus_app_ReadByte()

TRUE

*p_u2_rx_len =1

ret == PMBUS_RET_OK

FALSE

*p_u2_rx_len =0
ul_transaction ==
PMBUS_TRANS_READ_WORD

ret=

r_pmbus_app_ReadWord()

*p_u2_rx_len =2

ret == PMBUS_RET_OK

*p_u2_rx_len =0

ul_transaction ==
PMBUS_TRANS_BLOCK_READ

ret=

r_pmbus_app_BlockWriteR
ead()

ul_transaction ==

PMBUS_TRANS_PROCESS_CAL
L

ul_transaction ==

PMBUS_TRANS_BLOCK_PROC
ESS_CALL
ul_transaction ==
PMBUS_TRANS_RESERVED

ret = PMBUS_RET_PARAM

return ret

End
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R_PMBUS_Master WriteRead

I Start I

ul_transaction =
(s_pmbus_cmd_transaction_t
able[ul_command] & OxOF)

(PMBUS_SLAVE_ADDR_MAX <
ul_slave_addr) ||
NULL == p_e_packet_result))

TRUE

ret == PMBUS_RET_OK

TRUE

ret = PMBUS_RET_PARAM

ret == PMBUS_RET_OK

TRUE

g_st_pmbus_ctrl.b_open_flag
I=true

TRUE

return ret

End

ul_transaction ==
PMBUS_TRANS_PROCESS¥call

ul_transaction ==
PMBUS_TRANS_READ_BYTE

ul_transaction ==
PMBUS_TRANS_BLOCK_PROC
ESS_CALL

ul_transaction ==
PMBUS_TRANS_RECEIVE_BYT
E
ul_transaction ==
PMBUS_TRANS_READ_BYTE
ul_transaction ==
PMBUS_TRANS_READ_WORD
ul_transaction ==
PMBUS_TRANS_BLOCK_READ
ul_transaction ==
PMBUS_TRANS_RESERVED

ret =
PMBUS_RET_NOT_OPENED

ret = PMBUS_RET_PARAM

ret =
r_pmbus_app_ProcessCalle

*p_u2_rx_len =2

*p_u2_rx_len =0

(2 I=u2_tx_len) || TRUE
(NULL==p_ul_tx_buf) |]
(NULL==p_ul_rx_buf) |]

(NULL == p_u2_rx_len)
TRUE
ret == PMBUS_RET_OK
TRUE
ret == PMBUS_RET_OK
FALSE
(PMBUS_BLOCK_SIZE_MIN > TRUE
u2_tx_len) ||
(PMBUS_BLOCK_SIZE_MAX <=
u2_tx_len) ||
(NULL == p_ul_tx_buf) |]
(NUL p_ul_rx_buf) ||

(NULL == p_u2_rx_len))

ret == PMBUS_RET_OK

ret = PMBUS_RET_PARAM

ret = PMBUS_RET_PARAM

ret =
r_pmbus_app_BlockProces
sCalle()
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® R PMBUS Master_EnablePEC

Start

g_st_pmbus_ctrl.b_pec_flag=
true

End

® R _PMBUS_ Master_DisablePEC

Start |

lg_st_pmbus_ctrl.b_pec_flag=
false

End

® R_PMBUS_Master_ReceiveARA

l Start I

TRUE

g_st_pmbus_ctrl.b_open_flag
I=true

TRUE

ret = PMBUS_RET_OPENED

ret == PMBUS_RET_OK

TRUE

(NULL == p1_ul_rx_buf ) ||
(NULL == p_e_packet_result)

TRUE

ret == PMBUS_RET_OK

return ret

End

ret=

0

r_pmbus_app_ReceiveByte

ul_ret = PMBUS_RET_PARAM
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5.1.8.3 PMBus Master Drivers Flowchart

In RX26T, the drivers are partially changed according to PMBus Master process from the code generated by
the smart configurator. Refer to Customizing 5.1.4 PMBus Master Driver section for details. The deficit in
each pad diagram is the correction part. The areas framed in red in each PAD diagram are the areas to be

corrected.

® r_Config_RIICO_transmit_interrupt

| Start I

_01_IIC_MASTER_SENDS_ADR_7_

RICO.ICDRT =

(uint8 t)(g riicO_slave address <<

1U)

W ==g riicO_state

TRUE

_0D_lIC_MASTER_TRANSMIT ==

& riic0_mode flag 02 1IC_MASTER SENDS_ADR 10A

_W==g riicO_state

g riicO_state =

05 1IC_MASTER_SENDS DATA

_04_IIC_MASTER_SENDS_ADR_10B
==g_riic0_state

g riic0 tx length =
g _riicO_tx_count

05 1IC_MASTER SENDS DATA ==
g_riicO_state

Omitted after that. The red frame is a change part.

End

® r_Config_RIICO_receive_interrupt

‘ Start I

Omitted

Omitted
_08_IIC_MASTER_RECEIVES_START
==g riic0_state

g_riicO_rx_count < TRUE
_09 1IC_MASTER_RECEIVES_DATA g_riicO_rx_length
==g riic0_state

Omitted

_0A_IIC_MASTER_RECEIVES_STOP
PING == g _riicO_state

default
r_User_RIICO_callback_rec
eive
Omitted some processing. The red frame is a change part.
End

r_User RIICO callback rec

eive
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® r_Config_RIICO_callback_transmitend

Start

g

r_pmbus_app_int_Transmi
tEnd(g_riicO_tx_length)

End

The red frame is a change part.

® r_Config_RIICO_callback_receiveend

Start

g

r_pmbus_app_int_Receive

End

The red frame is a change part.

® r_Config_RIICO_callback_error

Start

]

status == MD_ERROR1

status == MD_ERROR2

status == MD_ERROR3

status == MD_ERROR4

defalt

r_pmbus_app_int_Notify(E
PMBUS_INT_EVENT_ARB
LOST)

RIICO.ICSR2.BIT.AL = 0U

Omitted

r_pmbus_app_int_Notify(E
_PMBUS_INT_EVENT _NAC
K)

1==RIICO.ICSR2.BIT.STOP

TRUE

End

Omitted some processing. The red frame is a change part.

RIICO.ICSR2.BIT.NACKF = 0U
RIICO.ICSR2.BIT.STOP = 0U;

“OC_IIC_MASTER_RECEIVE ==
g_riic0_mode_flag

TRUE

RIICO.ICMR3.BIT.WAIT = 0U

r_pmbus_app_int_Notify(E_PM
BUS_INT_EVENT_STOP_ERROR)

FALSE

r_pmbus_app_int_Notify(E_PM
BUS_INT_EVENT STOP)
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® r_User_RIICO_callback_receive

Start

r_pmbus_app_int_Receive(
g_riicO_rx_count,
&g_riicO_rx_length)

g_riicO_rx_length =
u2_current_rx_length != TRUE u2_current_rx_length
g_riicO_rx_length

TRUE g_riicO_state =
1< (g_riicO_rx_length - _09_IIC_MASTER_RECEIVES_DATA
g_riic0_rx_count)

RIICO.ICMR3.BIT.ACKWP = 1U;
RIICO.ICMR3.BIT.ACKBT = 0U;

RIICO.ICMR3.BIT.WAIT = 0U;

2 < (g_riicO_rx_length - TRUE
g_riicO_rx_count)

This function is an additional function.

End

® R _Config TMRO_Start

| Start I

TMRO.TCNT.BYTE = 0U

IR(TMRO, CMIAD) = 0U;
IEN(TMRO, CMIAQ) = 1U;
TMRO.TCCR.BYTE =
_08_TMR_CLK_SRC_PCLK |
06 _TMR_PCLK DIV 8192;

The red frame is a change part.

End

® r_Config_TMRO_cmiaO_interrupt

| Start I

r_pmbus_app_int_Notify(E
| PMBUS_INT_EVENT_M_TI
MEQUT)

The red frame is a change part.

End
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5.2 PMBus Salve softwares

PMBus Slave software is classified into the user application part, middleware part, and driver part as shown
in Figure 21 PMBus Slave Software Module Configuration (RX26T Group) and Figure 22 PMBus Slave
Software Module Configuration (RA6T3 Group). The driver for the RX26T group uses software generated by
the Smart Configurator, and for the RA6T3 group uses software generated by FSP, with some modifications
made to Execute PMBus Slave operations. Table 24 shows RX26T folder/file configurations for each

software, and Table 25 shows RA6T3 groups.

Folder name
pmbus_app\

pmbus_app\

pmbus_app\

pmbus_slave\
pmbus_slave\

pmbus_slave\
pmbus_slave\

pmbus_slave\

pmbus_slave\

src\smc_gen\C
onfig_RIICO\
src\smc_gen\C
onfig_RIICO\
src\smc_gen\C
onfig_RIICO\
src\smc_gen\C
onfig_ TMRO\
src\smc_gen\C
onfig_ TMRO\
src\smc_gen\C
onfig_ TMRO\
src\smc_gen\C
onfig_ CMTO\
src\smc_gen\C
onfig_IWDT\
src\smc_gen\C

onfig_ MOTOR
\

Table 24 PMBus Slave RX26T Folder/File Configuration

File name
r_app_main.c

r_app_board_ui.c

r_app_main.h

r_pmbus_app_slave.c
r_pmbus_app_slave.h

r_pmbus_nwk_slave.c
r_pmbus_nwk_slave.h

r_pmbus_wrapper_slave.c

r_pmbus_wrapper_slave.h
Config_RIICO.c
Config_RIICO.h
Config_RIICO_user.c
Config_TMRO.c
Config_ TMRO.h

Config_TMRO_user.c

Outline

The main program of PMBus demonstration system. User
Applications

PMBus user application process is added to main file of
the motor sample.

The program for controlling the motor to monitor Ul of the
motor sample board.

Commented motor revolution starting control is used
when SW1 is ON for the motor sample.

The header file to use for the main program of PMBus
demonstration system.

PMBus user application process is added to main file of
the motor sample.

The application-layer of PMBus Middleware.

The header file to use for application-layer of PMBus
Middleware.

The network-layer of PMBus Middleware.

The header file to use for the network-layer of PMBus
Middleware.

Use in the wrapper function which absorbs the difference
between RX26T and RA6T3 driver API in the driver-layer
of PMBus Middleware.

The header file to use for wrapper function in the driver-
layer of PMBus Middleware.

The driver-layer of PMBus Middleware. Generate by the
smart configurator.

The header file to use for the driver-layer of PMBus
Middleware. Generate by the smart configurator.

The driver-layer of PMBus Middleware. Generate by the
smart configurator.

The driver-layer of PMBus Middleware. Generate by the
smart configurator.

The header file to use for the driver-layer of PMBus
Middleware. Generate by the smart configurator.

The driver-layer of PMBus Middleware. Generate by the
smart configurator.

The driver-layer used in motor sample. Generate by the
smart configurator.

The driver-layer used in motor sample. Generate by the
smart configurator.

The driver-layer used in motor sample. Generate by the
smart configurator.
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src\smc_gen\C
onfig_ POE\

src\smc_gen\C
onfig_ PORT\

src\smc_gen\C
onfig_ S12AD2
\

motor_module\
app\

app\cfg\

Folder name
pmbus_app\

pmbus_app\

pmbus_app\

pmbus_app\

pmbus_slave\
pmbus_slave\

pmbus_slave\
pmbus_slave\

pmbus_slave\

pmbus_slave\

pmbus_slave\

pmbus_slave\

The driver-layer used in motor sample. Generate by the
smart configurator.

The driver-layer used in motor sample. Generate by the
smart configurator.

The driver-layer used in motor sample. Generate by the
smart configurator.

Middleware parts of motor sample.
Main application parts of motor sample.

The demonstration system excludes files in main folder
and r_app_board_ui.c in the board_ui folder from being
built.

r_app_control_cfg.h File that defines the configuration information of motor

sample.

Change "APP_CFG_USE_UI" to "MAIN_UI_BOARD" to
control the motor by Board Ul.

Table 25 PMBus Slave RA6T3 Folder/File Configuration
File name Outline

r_app_pmbus_main.c The main program of PMBus demonstration system.

User Applications
PMBus user application process is added to main file
of motor sample.

r_app_pmbus_main.h The header file to use for the main program of PMBus
demonstration system.
PMBus user application process is added to main file
of motor sample.

r_app_control_parameter.h | The header file to use for the main program of PMBus
demonstration system.
Renamed only, the file r_mtr_control_parameter.h of
motor sample.

r_app_motor_parameter.h The header file to use for the main program of PMBus
demonstration system.
Renamed only, the file r_mtr_moter_parameter.h of
motor sample.

r_pmbus_app_slave.c The application-layer of PMBus Middleware.

r_pmbus_app_slave.h The header file to use for the application-layer of
PMBus Middleware.

r_pmbus_nwk_slave.c The network-layer of PMBus Middleware.

r_pmbus_nwk_slave.h The header file to use for the network-layer of PMBus
Middleware.

r_pmbus_wrapper_slave.c | Use in the wrapper function which absorbs the
difference between RX26T and RA6T3 driver APl in
the driver-layer of PMBus Middleware.

r_pmbus_wrapper_slave.h | The header file for wrapper function in the driver-layer
of PMBus Middleware.

r_smbus_slave.c The SMBus driver-layer of PMBus Middleware.
Corresponds to the r_iic_b_slave.c of FSP.
r_smbus_slave.h The header file to use for the SMBus driver-layer of

PMBus Middleware.
Corresponds to the r_iic_b_slave.h of FSP.
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pmbus_slave\ r_smbus_slave_api.h The header file to use for SMBus driver-layer of
PMBus Middleware.

Corresponds to the r_i2c_slave_api.h of FSP.

pmbus_slave\ r_smbus_slave cfg.h The header file to use for SMBus driver-layer of
PMBus Middleware.

Corresponds to the r_iic_b_slave cfg.h of FSP.

ra\fsp\src\r_gpt\ | r_gpt.c PMBus Middleware generated by FSP and the drivers
used by the motor samples.

ra\fsp\inc\api\ r_tiemr_api.h PMBus Middleware generated by FSP and the header
file of the driver layer used in the motor sample.

ra\fsp\inc\instan | r_gpt.h PMBus Middleware generated by FSP and the header

ce\ file of the driver layer used in the motor sample.

ra\ - Various files including the drivers used in the motor
samples generated by FSP.

ra_cfg\ - The driver-layer of PMBus Middleware. Generate by
the smart configurator.

ra_gen\ - The driver-layer of PMBus Middleware. Generate by
the smart configurator.

motor_module\ - Middleware of the motor sample

src\ - Main application parts of motor sample.

The demonstration system excludes files in src
\ application \ main folder from being built.

5.2.1 PMBus Slave operation Sequence

To PMBus for Write operation, Read operation, Write/Read operation, and Alert Response operation
according to the command-sequence. the Write operation sequence is shown in Figure 32 and Figure 33,
the Read operation sequence and Write/Read operation sequence are shown in Figure 34 and Figure 35,
and the Alert Response operation is shown in Figure 36 and Figure 37 For API functions used in each
operation, refer to PMBus Slave Function List in Section 5.2.3.

[Sequence diagram arrow legend]

Function Call (Own task) :

Function Call (Other task) : ———»
Function Return R — >
Asynchronous Notification : — >

RO1AN7660EJ0100 Rev.1.00 Page 93 of 178



RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

NOTE : status is expressed by omitting the element defined in the e_pmbus_nwk_status_s_t.

Result is expressed by omitting the element defined in the e_pmbus_packet_result_s_t.

main process

PMBus
Middleware

RICTXI

interrupt

RIICRXI

interrupt interrupt

RIICEEI

call R_PMBUS_SIavej_Open
call R_Config_RIICd_SIave_Start

execute motor module main loop
)

call R_Config_RIICOiSIave_Receive

alt: first detection

call|start callback

h‘

[l R_Config_TMRO_Start

Update status (STAR"[)

e

Receive

empty interrupt

Start condition detect interrupt

alt:receive first byte (read slave address) and write ]

call start callback

]

Update status (RX)

a

L

t:PEC enabled | ;
| calculate PEC data f

rom slave address

read ICDRR (dummyiread)

alt:receive over second byte (command)

l

call receive callback

]

:
check command code
!

a

t:command is write command ]

Check command is ISupported

Update result (CMD WAIT)

alt: data_size < data_len (data)

l

call receive callback :l

set ICDRR to rx buffer

set ICDRRto rx bu

fer

Continuéd on next
page

B il C P~

Figure 32 PMBus Slave Write protocol Sequence Diagram (1/2)
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main process

PM
Midd|

Bus RIICTXI RIICRXI

RIICEEI

eware interrupt interrupt

1
call receive end callback

interrupt

i Stop condition detect

call R_Config_TMRQ_Stop

)

Al

Update status (IDLE

alt:rxindex=0

|

U?date result (CM DE_QCMD)

alt:result = CMD_COMP or result = CMD_QMCD l

alt:PEC ena

bled ]

calculate PEC dataifrom rx_buffer

4_| :

call command

execute callback

‘ exexute motor control

Update result (OK)

call R_Config_RIICO_E_SIave_Receive

il

alt: system stop by user

call R_PMBUS_Slave_Close

|

] call R_Config_RIICOSlave_Stop

g S g ) S

Figure 33 PMBus Slave Write protocol Sequence Diagram (2/2)
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NOTE : status is expressed by omitting the element defined in the e_pmbus_nwk_status_s_t.
Result is expressed by omitting the element defined in the e_pmbus_packet_result_s_t.

main process

PMBus
Middleware

RICTXI
interrupt

RIICRXI
interrupt

RIICEEI
interrupt

RIICTEI
interrupt

call R_PMBUS_SIavej_Open
call R_Config_RIICO_Slave_Start

execute motor module main loop
:

call R_Config_RIICOiSIave_Receive

(o

alt: start !

[Gall R_Config_TMRO; Start

icall start callback
N

Receive empty interrupt

alt:receive first byte (read slave address)

call start callback

read ICDRR (dummy,read)

alt:receive second byte (command)

I Update status (RX) ! '
------------------ A

call receive callback

check command code

set ICDRR to rx buffer

alt:command is write command |

Update result (CM

o __.

WAIT)

cTTTTT

alt: data_size < data_len (data)

ccall receive callback ;

set ICDRR to rx buffer

alt: data_size == data_len (last data)

set ICDRRto rx bu

er

R B S

S MU=~ - SUPUU (SRR

Start condition detect interrupt

Figure 34 PMBus Slave Read and Write Read protocol Sequence Diagram (1/2)
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' call start callback

alt:statusis RX

l

call command|execute callback

1
exexute motor control set response dat
i

Update status (TX_ERESP)

? to tx buffer

alt:PEC enabled ‘

calcurate PEC data ff

bom NP S

om tx_buffer

R_Config_RIICO_!

lave_Send

R ) o hoEE

Transmit empty interrupt

| Set write buffer

data to ICDRT

. PMBus RICTXI RHCRXI RICEEI RIICTEI
main process . ) . . .
Middleware interrupt interrupt interrupt interrupt
alt:transmit interrupt after detect restart condition | '

alt:other

l

|

Transmit empty inte.rrupt
¢ ° h

Set write buffer data. to ICDRT

Stop condition detect interrupt

call traﬁsmit end callback I ®

]

xecute supplementary processing for

=

Update status (IDLE)

Update result (OK

call R_Config_TM Rb_Stop

:
?

call R_Config_RIICO_Slave_Receive

g

otor control/PMBUS control

alt: system stop by user |

call R_PMBUS_Slave_Close
call R_Config_RIICO_:LSIave_Stop

m
i
'
'
'
'
'
'
'
'
T
'
'
'
'
'
'

Traﬁsmit end interrupt

h.

. Figure 35 PMBus Slave Read and Write Read protocol Seq'uence Diagrarh (2/12)
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NOTE : status is expressed by omitting the element defined in the e_pmbus_nwk_status_s_t.
Result is expressed by omitting the element defined in the e_pmbus_packet_result_s_t.

main process

PMBus
Middleware

RICTXI
interrupt

RICRXI
interrupt

RIICEEI
interrupt

RIICTEI
interrupt

call R_PMBUS_SIavej_Open

|

detect ALERT

call R_Config_RIICd_SIave_Start

call R_Config_RIICOiSIave_Receive

execute motor module main loop

call R_PMBUS_Slave! SendARA

U, U 1

stop i2c driver

reset slave addri

set ara flag

s and restarti2c

g »

set response data to tx buffer

alt:PEC enabled |

L]

clear pec result

execute motor module main

1Start condition detect interrupt

alt: start

call start callback

]

call R_Config_TMRO! Start

Update status (START)

Continued on next page

g g

Figure 36 PMBus Slave Alert Res

ponse Address protocol Sequence Diagram (1/2

)
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RX Family/RA Family
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reset slave addres

stopi2c driver
clear arafla

-

5

ule main loop

e

call R_PMBUS_Slavi

alt: chane normal protocol by user ]

execute motor mod

5

Figure 37 PMBus Slave Alert Response Address protocol Sequence Diagram (2/2)
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5.2.2 PMBus Slave status transitions

The status of PMBus Slave middleware is managed by each of Application Layer and Driver Layer. API part
manages protocol status transitions, and the driver part manages data transmission/reception numbers.
Section 5.2.2.1 shows the status transitions of API part and Section 5.2.2.2 shows the status transitions of
the driver part.

5.2.2.1 PMBus Slave Middleware Application Layer status transitions

Middleware Application Layer status transitions of PMBus Slave are waiting in IDLE status in preparation for
reception from PMBus Master. When a command is subsequently sent from PMBus Master, the status of
transmission, reception, and error handling is managed in accordance with the command code. Application
Layer status transitions of the following PMBus Slave are shown in Figure 38, Figure 39, Figure 40, Figure
41, Table 26, Table 27 and Table 28.

ara_flag = 0 (command receive mode)

E0C] Stop confition detect 5 [EOC] Stop confition detect

[E00]Open
[E05]Restart

[E08] Receive data

Stop confition detect

E09] slave address
(read) detect

[err00] Open [EOA] Transmit data

[err05] Restart
[err0C] Stop confition detect

[err07] slave address (write) detect with restart condition
[err08] Receive data is error *3

[errOF] Timeout Detect

err07] slave address (write) detect with restart condition
[err09] slave address (read) detect with restart condition
[errOC] Transmit data is error *4

[errOF] Timeout Detect

ara_flag = 1 (ARA send mode)

[EOC] Stop confition detect

p\confition detect [EOA] Transmit data

[err00]Open
[EO5]Restart

[E09]slave address
(read) detect

[err07] slave addr(write) detect with restart condition
[err09] slave addr(read) detect with restart condition
[errOA] Transmit data is error

[errOF] Timeout Detect

[errO7]slave address(write) detect
[errOF]\IImeout Detect

[E04]SendARA

[errOC] Stop confition detect

Bold or bold indicates the default destination and Event.

A thin line or thin character indicates the transition point and Event when an error occurs.

The transition order of each protocol is shown below. It is represented by "(Transition source status:
[Event](supplementary information)". )

Figure 38 PMBus Slave Middleware Application Layer status transitions diagram

RO1AN7660EJ0100 Rev.1.00 Page 100 of 178



RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

[Event List]

*[Exx] indicates normal Event, and [errxx] indicates Event when an error occurs.
E0O/err0_Open ,EO1_Close *1 ,E02_EnablePEC *1
EO03_DisablePEC *1 ,E04_SendARA ,EO5/err05_Restart

E06_Interrupt (Start Condition detect)

EQ7/err07_Interrupt (Receive buffer full when the RW bit of the slave address is set to write) *2,
EO08/err08_Interrupt (Receive Buffer Full ),

EQ09/err09_Interrupt (Transmit buffer empty when the RW bit of the slave address is read) *2,

EOA/errOA_Interrupt (Transmit Interrupt) ,EOB_Interrupt (Transmit End Interrupt) *1,

EOC/errOC_Interrupt (Stop Condition detect),

errOD_Interrupt (Arbitlation Lost) *1 ,errOE_Interrupt (NACK detect) *1 ,errOF_Interrupt (Timeout Detect)

*1. A Event in which no status transitions occur.
*2. Whether a Receive Buffer full interrupt or a Transmit Buffer empty interrupt occurs when a slave address is received,
The hardware is determined by RW of the slave address.
*3. Set an error code in PACKET RESULT and enter ERROR in the following cases.
- The number of received data exceeds the receive buffer size. PACKET RESULT=DATA_SIZE
- When the receive buffer is not registered. PACKET RESULT=NOT_READY
- The first data (command) received is unsupported. PACKET RESULT=CMD_NOT_SUPPORT
*4. Set an error code in PACKET RESULT and enter ERROR in the following cases.
- The transmit buffer has not been registered. PACKET RESULT = NOT_READY

the callback.

*5. Check PACKET RESULT and execute the callback. Refer to the status diagram of PACKET RESULT for the term to execute

Figure 39 PMBus Slave Middleware Application Layer status transitions diagram Supplement to

Figure 38
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® PACKET RESULT status transitions

[E04]/[E05]

callback end*1

[Exx] *2*3

[EOC] stop condition detect with
r_index is zero (no receive data)

TE04)[EQS]
callback end3

[E04)[EQS]
ifb_ara_flag ==false
calback end*1

ifb_ara_flag == tru
calback end*1

[EO4)[EQS]

.
Lt

[E08] first receive data and
command is supported

[E0Y] slave address (read)
detect with restart condition
[EOC] Stop condition detect

[Exx] 2 *3

[Exx]*2 *3

[E04]/[E05]
callback end=2

Figure 40 PMBus Slave Middleware Application Layer status transitions diagram for PACKET
RESULT

*1. Calls a callback function and executes command processing.
*2. [Exx] stands for one of the following events:,
[EOQ7/err07]
[EO8/err08]
[EQ9/err09]
[EOA/errOA]
[errOF]
*3. Call the callback function and Executes error notification.
<ERROR> means one of the following.
DATA_SIZE_ERROR
PEC_ERROR
TIMEOUT
INTERNAL_ERROR
NOT_READY
CMD_NOT_SUPPORT
*4. Call the callback function and execute ARA reply completion process.

Figure 41 PMBus Slave Middleware Application Layer status transitions diagram for PACKET
RESULT Supplement to Figure 40
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Table 26 PMBus Slave Application Layer status transitions table (ara_flag = 0)

This table shows the state transition table when ara_flag is 0.
Explanations of the annotations are summarized in Figure 27

This table and.Figure 27 should be interpreted as follows.
event consists of an abbreviation for the APl name and the interrupt cause.
status consists of an abbreviation for the "e_pmbus_nwk_status_s_t" element name.
"If (<condition>)" means a conditional transition.
[—><state>] means a transition to a state.
"ERROR (<error name>)" means the API return value.
"PACKET RESULT(<error name>)" means the error information stored in the APl argument p_e_packet_result).
[-] means no state transition.

Light green indicates state transitions when ara_flag=0 in Figure 38.
Light blue indicates state transitions when ara_flag=1 in Figure 38.

IDLE START RX TX_RESP ERROR *5
EO0/err00_Open - — — — —
IDLE*7 IDLE*7 IDLE*7 IDLE*7 IDLE*7
EO1 Close - - - - -
EO02_EnablePEC - - - - -
E03_DisablePEC - - - - -
EO04_SendARA - — — — —
ara_flag=1 IDLE IDLE IDLE IDLE
PACKET RESULT PACKET RESULT PACKET RESULT PACKET RESULT
(OK) (OK) (OK) (OK)
ara_flag=1 ara_flag=1 ara_flag=1 ara_flag=1
EO5/err05_Restar - — — — —
t ara_flag=0 IDLE IDLE IDLE IDLE
PACKET RESULT PACKET RESULT PACKET RESULT PACKET RESULT
(OK) (OK) (OK) (OK)
ara_flag=0 ara_flag=0 ara_flag=0 ara_flag=0
EO06_Interrupt - - - - -
(Start START
Condition detect)
EO7/err07_Interru - if (detect start PACKET RESULT PACKET RESULT -
pt condition) (PEC_ERROR) (PEC_ERROR)
(Receive Buffer — — —
Full with slave RX ERROR ERROR
address is write)
E08/err08_Interru - - read receive data from PACKET RESULT -
pt ICDRR (INTERNAL)
(Receive Buffer if (rx_index over buffer —
Full') size) ERROR
PACKET RESULT
(DATA_SIZE)
—
ERROR
if (buffer size is NULL)
PACKET RESULT
(NOT_READY)
ERROR
if (rx_index ==0) &
(command supported)
PACKET RESULT
(CMD_WAIT)
if (rx_index ==0) &
(command not support)
PACKET RESULT
(CMD_NOT_SUPPORT)
g
ERROR
EO09/err09_Interru - PACKET RESULT | if (PACKET RESULT == - -
pt (INTERNAL) CMD_WAIT) & (detect
(Transmit — restart condition)
Interrupt with ERROR PACKET RESULT
slave address is (CMD_COMP)
read) -
TX_RESP*1*
if (PACKET RESULT !=
CMD_WAIT)
PACKET RESULT
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(PEC_ERROR)

—

ERROR

EOA/errOA_Interr
upt
(Transmit
Interrupt)

set transmit data to
ICDRT

EOB_Interrupt
(Transmit End

Interrupt)
EOC/err0C_Interr - if (PACKET RESULT == if (tx bufer size is —
upt IDLE CMD_WAIT) NULL) IDLE
(Stop Condition PACKET RESULT PACKET RESULT
detect) (CMD_COMP)*3 (NOT_READY)
—_ d
IDLE ERROR
if(rx_index==0) if (PACKET
PACKET RESULT RESULT ==
(CMD_QUICK)*3 CMD_WAIT)
— PACKET RESULT
IDLE (CMD_COMP)*3
g
IDLE
if (b_ara_flag ==
true)
PACKET RESULT
(CMD_ARA_COMP)
*3
IDLE
errOD_Interrupt - - - -
(Arbitlation Lost)
errOE_Interrupt - - - -
(NACK detect)
errOF_Interrupt PACKET RESULT PACKET RESULT PACKET RESULT -
(Timeout Detect) (TIMEOUT) (TIMEOUT) (TIMEOUT)
— — —
ERROR ERROR ERROR
— — —
IDLE*6 IDLE*6 IDLE*6
Table 27 PMBus Slave Application Layer status transitions table (ara_flag = 1)
This table shows the state transition table when ara_flag is 1.
IDLE START TX ERROR *5
EO0/err00_Open - - - -
IDLE*7 IDLE*7 IDLE*7 IDLE*7
EO1 Close - - - -
E02_EnablePEC - - - -
EO03 DisablePEC - - - -
E04_SendARA ara_flag=1 — — N
IDLE IDLE IDLE
PACKET RESULT PACKET RESULT PACKET RESULT
(OK) (OK) (OK)
ara flag=1 ara flag=1 ara flag=1
EO5/err05_Restart ara_flag=0 — — —
IDLE IDLE IDLE
PACKET RESULT PACKET RESULT PACKET RESULT
(OK) (OK) (OK)
ara_flag=0 ara flag=0 ara_flag=0
EO06_Interrupt - - - -
(Start START
Condition detects)
EO7/err07_Interrupt - PACKET RESULT PACKET RESULT -
(Receive Buffer Full (PEC ERROR) (INTERNAL)
with slave address is — —
write) —ERROR ERROR
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EO08/err08_Interrupt
(Receive Buffer Full )

E09/err09_Interrupt

if (detect start

PACKET RESULT

(Transmit Interrupt condition) (PEC_ERROR)
with slave address is — —
read) X ERROR
EOA/errOA_Interrupt - - set transmit data to -
(Transmit Interrupt) ICDRT
if (buffer size is NULL)
PACKET RESULT
(NOT_READY)
—
ERROR
EOB_Interrupt - - - -
(Transmit End
Interrupt)
EOC/errOC_Interrupt - - - —
(Stop Condition IDLE IDLE IDLE
detect)
errOD_Interrupt - - - -
(Arbitlation Lost)
errOE_Interrupt - - - -
(NACK detect)
errOF_Interrupt - - PACKET RESULT -
(Timeout Detect) (TIMEOUT)
—
ERROR
—
IDLE*6
EO0/err00_Open - - - -
IDLE*7 IDLE*7 IDLE*7 IDLE*7
EO1 Close - - - -
EO02_EnablePEC - - - -
EO03_DisablePEC - - - -
EO04_SendARA ara_flag=1 — — —
IDLE IDLE IDLE
PACKET RESULT PACKET RESULT PACKET RESULT
(OK) (OK) (OK)
ara flag=1 ara flag=1 ara flag=1

[NOTE]

*1. Execute user callback after state transition.
*2. Start sending response data.

*3. Start receiving the next command after executing the callback.
*4. Execute a callback to notify the user that the command is not supported.

*5. Execute a callback after ERROR status is changed, and notifies the user of the occurrence of the error.

*6. The callback is executed after ERROR state transition, and Restart process is executed immediately, and IDLE state is entered.

*7. Switches to Idle only when Open occurs after Close.
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Table 28 PACKET_RESULT State Transition Table
This table shows the state transition table for PACKET_RESULT corresponding to Figure 40.

This table should be interpreted as follows.
. event consists of an abbreviation for the APl name and the interrupt cause.
status consists of an abbreviation for the "e_pmbus_nwk_status_s_t" element name.
"If (<condition>)" means a conditional transition.
[—><state>] means a transition to a state.
[-] means no state transition.

Light green indicates state transitions in Figure 40.

OK CMD_WAIT | CMD_COMP | CMD_QUICK CMD(SQE,A—C <ERROR> *
E00/err00_Op
en - - - - - -
EO01_Close ) ) ) ) ) )
EO02_EnableP ) ) ) ) ) )
EC
E03_DisableP ) ) ) ) ) )
=C
EO04_SendAR
A } — — — — —
OK OK OK OK OK
EO5/err05_Re
start } — — — — —
OK OK OK OK OK
EO06_Interrupt
(Start ) ) ) ) ) )
Condition
detect)
EQ7/err07_Int
errupt
(Receive N . . . .
Buffer Full -
with slave <ERROR> <ERROR> <ERROR> <ERROR> <ERROR>
address is
write)
EO8/err08_Int | if (first receive data
errupt and command is
(Receive supported)
Buffer Full ) — N N N N
CME;I_S\QVA'T <ERROR> <ERROR> <ERROR> <ERROR>
<ERROR>
EQ09/err09_Int if (slave
errupt address (read)
(Transmit detect with
Interrupt with restart
slave — condition) — — —
address is - -
<ERROR> <ERROR> <ERROR> <ERROR>
read) CMD_CMP
else
<ERROR>
EOA/errOA_In
terrupt - - - - -
(Transmit <ERROR> <ERROR> <ERROR> <ERROR> <ERROR>
Interrupt)
EOB_Interrup
t
(Transmit - - - - - -
End
Interrupt)
EOCt:/errO(f_In if (rx_index is zero
eSrrup (no receive data)) -
Co(nzlci)trijon - CMD_CMP _ _ _ _
detect) CMD_QUICK
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errOD_Interru

pt
(Arbitlation -
Lost)
errOE_Interru
pt
(NACK B
detect)
errOF_Interru
pt
(Timeout N N N N N
Detect)
<ERROR> <ERROR> <ERROR> <ERROR> <ERROR>
callback end if (ara_flag ==
false)
OK — — —
if (ara_flag ==
true) OK OK OK
CMD_ARA_CO
MP

* For detailed conditions under which an <ERROR> occurs, see the PMBus Slave Application Layer state

transition tables shown in Table 26 and Table 27.
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5.2.2.2 PMBus Slave Driver Layer status transitions

The state transition of the PMBus Slave Driver Layer is divided into the transmit operation part and the
receive operation part to PMBus Master, and the specified data is transmitted and received by the specified
number of bytes. PMBus Slave Driver Layer status transitions are shown in Figure 42, Figure 43, Table 29
and Table 30.

[E011 ™1

mode_flag = _17_IIC_SLAVE_TRANSMIT mode_flag =_16_lIC_SLAVE_RECEIVE

[EO06] receiveend calblack
=>Receive complete *2

[E00]

[E06] Transmitend calblack
=>Transmit complete *4
13_SEND
S_STOP

[E04]
[E08] when remain data ==0

[EO1] ™1 14_RECEI

VES_STO
P

15_WAIT_ST
ARTTBRNDIT [E06] receiveend calblack *2
=>Receive complete

16_WAIT_ST
ART_CONDI
ol

[E01] *1
[E02] when ICSR2.STOP == 1

or when rx_count ==rx_lenj
[E03] when remain data ==0 - -

10_RECEI
VES_DAT
A

11_SEND
S DATA

v,

[E03] when remain data >0

[E08] when remain data =5 0 [E02] when ICSR2.STOP ==0

and when rx_count<rx_len

[err00]
[err06]

[E03] when ICSR2.START ==1
transmit callback *3
(restart condition)

[E00]

Black-bold line (bold): Normal route
Thin wire (thin): Route at error or restart

Figure 42 PMBus Slave Driver Layer status transitions

[Event List]
*[Exx] indicates normal Event, and [errxx] indicates Event when an error occurs.
Abnormal Event that are not shown in the list occur in any status, and Notify an error by callback error.
E0O0/err00_Send
EO1/err01_Rreceive
EO02_Interrupt (Receive Buffer Full)
EO03_Interrupt (Transmit)
EO4_Interrupt (Transmit End)
EO05/err05_Interrupt (Start Condition Detect)
E06/err06_Interrupt (Stop Condition Detect)
err07_Interrupt (Arbitlation Lost)
E08/err08_Interrupt (NACK detect)

*1. PMBus demonstration system normally executes a Receive and waits for a read from master.
The receive data count initial value (total_data_size) specified in Receive API specifies the maximum number of Block Write
protocols (35(command (1) + Data Size (1) + Data(32) + PEC (1)) so that the receive data count does not change to STOP
condition reception wait during reception.

*2. If a Stop condition is detected prior to transition to 14, a Receive Event[EOL is generated in callback receivend to initialize the
receive buffer settings, since reception operation is not completed.
Even when the maximum number of receive data is received, Receive Event[EOL is generated in callback receiveend and
the receive buffer setting is initialized.

*3. Send Event[EQQ] is raised in callback transmit, mode_flag is updated to 17, and status is updated to 11. (Corresponds to
detection of restart condition.)

*4. In transmitend callback, if Receive Event[E01] (PMBUS middleware is command receive mode for the next communication,

or if Send Event[E0Q] (PMBus middleware is ARA send mode).

Figure 43 PMBus Master Driver status transition diagram (Supplement to Figure 42)
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Table 29 PMBus Slave Driver Layer status transition table (when transmit)

This table shows the state transition when mode_flag is _17_IIC_SLAVE_TRANSMIT.
Explanations of the annotations are summarized in Table 30.

This table and Table 30 should be interpreted as follows.
Since slave-address 10-bit is not used in PMBus, status control is omitted.
The status control is omitted because RIICO timeout detection interrupt is not used in PMBus.
[><number>] is the number of the transition destination. (<number>) indicates the number of the transition destination of

mode_flag.

[-] means no state transition.
[Callback <xxx>] refers to executing a callback. Callback error (<number>) means the error-information passed to callback

error.

[If (<Condition>)] refers to conditional operation.
Red text indicates the process changed for PMBus middleware.
Light green indicates state transitions when mode_flag=17 in Figure 42.

: Light blue indicates state transitions when mode_flag=16 in Figure 42.

_15_|IC_SLAVE_WAIT

_11_IIC_SLAVE_SEN

_12_1IC_SLAVE_SEN

13_IIC_SLAVE_SEND

Detect)

_START_CONDITION DS_DATA DS_END S_STOP
EOO/err00_Send - — — —
15 15 15 15
(17) 17 17 17
EO1/err01_Rreceive — — — —
15 15 15 15
(16) (16) (16) (16)
EO02_Interrupt - - - -
(Receive Buffer Full)
EO3 Interrupt - if (0O==remain data) - -
(Transmit) —
12
EO4_Interrupt - - - -
(Transmit End) 13
EO5/err05_Interrupt — - callback error -
(Start Condition 11 (MD_ERRORA4)
Detect) callback start
EO06/err06_Interrupt - — callback error callback transmitend *3
(Stop Condition 15 (MD_ERROR4)

err07_Interrupt
(Arbitlation Lost)

callback error
(MD_ERROR1)

callback error
(MD_ERROR1)

callback error
(MD_ERROR1)

EO08/err08_Interrupt
(NACK detect)

if (0 == remain data)
—
13
if (0 <remain data)
callback transmitend *3

callback error
(MD_ERROR3)

if (0 == remain data)
—
13
if (0 <remain data)
callback transmitend *3

callback error
(MD_ERROR3)

if (0 == remain data)
—
13
if (0 < remain data)
callback transmitend *3

callback error
(MD_ERROR3)
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Table 30 PMBus Slave Driver Layer status transition table (when receive)

This table shows the state transition when mode_flagis 16 IIC_SLAVE_RECEIVE.

_15_IIC_SLAVE_WAIT_START_

_10_IIC_SLAVE_RECEIVE_DAT

_14_IIC_SLAVE_RECEIVE_STO

Detect)

callback receiveend*2

CONDITION A P
EQ0/err00_Send — — —
15 15 15
a7) a7) 17)
EO1/err01_Rreceive — — —
15 15 15
(16) (16) (16)
EO02_Interrupt - if (dummy_count < 1) -
(Receive Buffer callback receive
Full) if ICSR2.STOP == 1) || (rx_count
==rx_len)
—
14
callback receive
EO3_Interrupt - if ICSR2.START ==1) -
(Transmit) callback transmit*1
11
(15)
EO04_Interrupt - *1
(Transmit End) —
15
7
EO5/err05_Interrupt - - -
(Start Condition 10
Detect) callback start
EO06/err06_Interrupt - — callback receiveend *2
(Stop Condition 15

err07_Interrupt
(Arbitlation Lost)

callback error (MD_ERROR1)

callback error (MD_ERROR1)

E08/err08_Interrupt
(NACK detect)

callback error (MD_ERROR3)

callback error (MD_ERROR3)

[NOTE]

*1. Raises an Send Event in callback transmit, updates mode_flag to 17, and then updates the status to 11. (Corresponds to detection

of restart condition.)

*2. If a Stop condition is detected prior to transition to 14, a Receive Event[EO1 is generated in callback receivend to initialize the
receive buffer settings, since the receive operation is not completed. Even when the maximum number of receive data is received,

Receive Event[EO1 is generated in callback receiveend and the receive buffer setting is initialized.

*3. In transmit end callback, if Receive Event[E0Q1] (PMBUS middleware is command receive mode for the next communication, or if

Send Event[EOO] (PMBus middleware is ARA send mode).
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5.2.3 PMBus Slave Function List

PMBus Slave functions are divided into Table 31 and Table 32 of Application functions, API functions in
Table 33, Middleware functions in Table 34, and driver functions in Table 35 and Table 36 generated by the
Smart Configurator and FSP. Some of the driver functions have been changed according to PMBus Slave
process. Refer to Customizing 5.2.4 PMBus Slave Driver section for details.

Table 31 PMBus Slave Application RX26T Function List

File Name Function Name
pmbus_app\r_a | main
pp_pmbus_main
.C

r_app_main_start p
mbus_ctrl

pmbus_ctrl
r_pmbus_callback

r_app_pmbus_exe_

write_command

r_app_pmbus_exe_r

ead_command
pmbus_app\r_a  r_app_board_ui_mai
pp_board_ui.c nloop

Function

The main process for the application in which the initialization
process of PMBus Middleware is added to the existing motor
sample.

Open PMBUS middleware.

Execute the process corresponding to PMBUS command
received in the main process.

Callback to register with PMBus Middleware. Execute process
corresponding to the received command code.

Execute the process corresponding to the write transaction
code command. Called from the callback function.

Execute the process corresponding to the read transaction
code command. Called from the callback function.

This process comment the motor rotation start control when
SW1 is ON in the motor sample.

Table 32 PMBus Slave Application RA6T3 Function List

File Name Function Name
src\hal_entry.c hal_entry

pmbus_app\mai | r_app_main_start p
n\ mtr_main.c mbus_ctrl

mtr_main

board_ui
pmbus_ctrl
r_pmbus_callback
r_app_pmbus_exe_

write_command

r_app_pmbus_exe_r
ead_command

Function
The main process for the application in which the initialization
process of PMBus Middleware is added to the existing motor
sample.

Open PMBus Middleware.

The main process for the application in which the initialization
process of PMBus Middleware is added to the existing motor
sample.

This process monitors the status of the board Ul of the motor
sample and controls the motor.

Execute the process corresponding to PMBUS command
received in the main process.

Callback to register with PMBus Middleware. Execute process
corresponding to the received command code.

Execute the process corresponding to the write transaction
code command. Called from the callback function.

Execute the process corresponding to the read transaction
code command. Called from the callback function.
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File Name

r_pmbus_app_sl
ave.c

File Name

Table 33 PMBus Slave API Function List

Function Name
R_PMBUS_Slave_Open

R_PMBUS_Slave_Close

R_PMBUS_Slave_EnableP
EC

R_PMBUS_Slave_Disable
PEC

R_PMBUS_Slave_SendAR
A

R_PMBUS_Slave_Restart

Function

Open PMBus Middleware and wait for a command from
the master.

Close PMBus Middleware.

Enable sending and receiving packets to which PEC
has been added.

Disable sending and receiving packets with PEC.

Change to wait for Alert Response protocol-response.

Return from Alert Response protocol-response wait
state to the command-reception wait state.

Table 34 PMBus Slave Middleware Function List

Function Name

Function

Initialize PMBus Middleware parameters.

r_pmbus_app_sl
ave.c

r_pmbus_nwk_s
lave.c

r_pmbus_wrapp
er.c

r_pmbus_app_InitCtrl
r_pmbus_app_int_Transmit
End
r_pmbus_app_int_Receive
End
r_pmbus_app_int_Receive
r_pmbus_app_int_Transmit
r_pmbus_app_int_Notify
r_pmbus_app_CheckComm
andSupport
r_pmbus_nwk_Startlave
r_pmbus_nwk_Stoplave
r_pmbus_nwk_ResetSlave

r_pmbus_nwk_StartendAR
A

r_pmbus_nwk_ReStartlave
r_pmbus_nwk_ProcessStart
r_pmbus_nwk ProcessRx
r_pmbus_nwk_ProcessTx
r_pmbus_nwk_ProcessStop

r_pmbus_nwk_ProcessErro
rNotice

r_pmbus_nwk_ProcessStart
Read

r_pmbus_nwk_ProcessStart
Write

r_pmbus_nwk_ProcessAfter
Stop

r_pmbus_nwk_ProcessCall
back

r_pmbus_nwk_AddCrc8

r_pmbus_nwk_CaluculateP
ECAtSlave

r_pmbus_wrapper_l|2cStart

Execute transmit end callback process.
Execute receive end callback process.

Execute receive callback process.
Execute transmit callback process.
Execute error detection callback process.

Check whether the received command is supported by
PMBus spec.

Start PMBus slave-receive operation.

Stop PMBus slave-operation.

Reset PMBuUs slave-operation.

Start PMBus ARA protocol-response operation.

Restart PMBuUs slave-receive process.

Execute PMBus start condition detecting process.
Execute PMBus slave-receive process.

Execute PMBus slave-transmit process.

Execute PMBus stop condition detecting process.

Execute the process when an interrupt is detected at an
unexpected timing of PMBuUSs.

Execute preprocess when the slave receive mode is
detected.

Execute preprocess when slave transmit mode is
detected.

Execute post-processing after PMBus stop condition
detection.

Execute a user-registered callback function.

Execute a CRC operation on a single file.

Execute a CRC operation on more than one data.
(Slave address is not included.)

Start the 12C Driver. This function is a wrapper function
that absorbs the differences in driver code between
RX26T and RA6T3.
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r_pmbus_wrapper_l|2cStop
r_pmbus_wrapper_|2cRecei
ve
r_pmbus_wrapper_l2cSend
r_pmbus_wrapper_TimerOp
en

r_pmbus_wrapper_TimerCl
ose

r_pmbus_wrapper_TimerSt
art

r_pmbus_wrapper_TimerSt
op

r_smbus_handle_callback

g_gpt5_i2c_timeout_callbac
k

Stop the 12C Driver. This function is a wrapper function
that absorbs the differences in driver code between
RX26T and RA6T3.

Start the 12C driver slave receive operation. This
function is a wrapper function that absorbs the
differences in driver code between RX26T and RA6T3.
Start the 12C driver slave transmit operation. This
function is a wrapper function that absorbs the
differences in driver code between RX26T and RA6T3.
Start the timer driver. This function is a wrapper function
that absorbs the differences in driver code between
RX26T and RAGT3.

Stop the timer driver. This function is a wrapper function
that absorbs the differences in driver code between
RX26T and RA6T3.

Start the timer driver count operation. This function is a
wrapper function that absorbs the differences in driver
code between RX26T and RA6T3.

Stop the timer driver count operation. This function is a
wrapper function that absorbs the differences in driver
code between RX26T and RA6T3.

Callback function for I3C interrupt. This function is only
used RA6T3.

Callback function for the GPT interrupt of the channel
that monitors communication timeout. This function is
only used RA6T3.
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Table 35 Smart Configurator Function List (RX26T)

File Name Function Name Function Changes
from
diversio
n source

Config_RIICO.c | R_Config_RIICO_Create Initialize RIICO drivers that can specify slave | Yes

addresses.

R_Config_RIICO_Stop Stop the operation of RIICO in slave mode, Yes
including the slave address detection disable
setting.

R_Config_RIICO_SLave_ | Start the slave receive operation. Yes

Receive

Config_TMRO.c | r_Config_TMRO_Start Start the timer count. Yes

Config_TMRO_ | r_Config_TMRO_cmia0O_in Interrupt process for the compare match Yes

User.c terrupt interrupt A.

Config_RIICO_u | r_Config_RIICO_transmit_ | Interrupt process for the transmit buffer Yes

ser.c interrupt empty interrupt.

r_Config_RIICO_receive_i | Interrupt process for the receive buffer full Yes

nterrupt interrupt.

r_Config_RIICO_error_int | Interrupt process for error detection interrupt. | Yes

errupt

r_Config_RIICO_callback | Transmit end callback function. Yes

transmitend

r_Config_RIICO_callback_ | Receive end callback function. Yes

receiveend

r_Config_RIICO_callback_ = Error callback function when error is detected @ Yes

error by various interrupts of RIICO.
r_User_RIICO_callback_st @ Start condition detection callback function. New
art

r_User_RIICO_callback_tr | Transmit callback function. New

ansmit

r_User_RIICO_callback_r | Receive callback function. New

eceive
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Table 36 FSP Function List (RA6T3)

File Name Function Name

Function

Changes
from

diversion
source

\pmbus_sla | R_SMBUS_SLAVE_Open

velr_smbus ' y smbus_slave read_writ
_slave.c e

r_smbus_slave_notify

r_smbus_slave_callback_
request

r_smbus_open_hw_slave

r_smbus_slave_call_callb
ack

r_smbus_rxi_check illega
|_start

r_smbus_rxi_slave
r_smbus_txi_slave

r_smbus_tei_slave

r_smbus_err_slave

Execute the open process of SMBUS drivers.

Execute the transmission start/reception start
process of SMBUS drivers.

Calls the post-process and callback when the
error interrupt of SMBUS driver is detected.

Calls the callback function when an interrupt
occurs in SMBUS drivers.

Initialize 13C registers.

Call the callback function of SMBUS driver.

Check Start condition detection status when the
receive buffer full interrupt of SMBUS drivers is
generated.

Receive buffer full interrupt process of SMBUS
drivers.

Transmit buffer empty interrupt process of
SMBUS drivers.

Transmit completion interrupt process of
SMBUS drivers.

Error-detection interrupt process of SMBUS
drivers.

New
New

New

New

New
New

New

New

New

New

New
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5.2.4 Customizing PMBus Slave Drivers

PMBus Slave driver code (RIICO, TMR) is generated by the smart configurator of RX26T and FSP of RA6T3.
RX26T modifies and adds some of RIICO, and TMR processes by protecting the user code in the Smart
Configurator. RA6T3 registers the code generated by FSP as a separate function. The driver is dedicated to
PMBus Slave. The following shows RX26T smart configurator settings, FSP settings for RA6T3 to change
the generated driver code, and the changes for the generated driver.

(1) Customizing Smart Configurator (RX26T)
® Setting Smart Configurator RIICO (RX26T)

Configure

Transfer rate setting
Baudrate 100 v (kbps) Actual value: 99.01, Error: -0.99%
Slave address setting
[“] Set slave address 0
Address format |7 bits v Address |0x5A
[] Set slave address 1
7 bits
[[J Set slave address 2
7 bits
[: General call address enable
[[] Device-ID address detection enable
[T Host address detection enable
Noise filter setting
[[] Enable noise filter
Single-stage filter
SDA output delay setting
[] Enable SDA output delay
SDA output delay counter clock Internal reference clock v 3.75 (MHz)
SDA output delay counter value 2 IIC cycles v
Timeout setting
[[J enable timeout function
SCL at low and high (both) levels
Long mode (16 bit counter)
Other function setting
[C] Enable slave arbitration-lost detection
[[] Enable NACK transmission arbitration-lost detection

[“] Enable transfer suspension during NACK reception

Interrupt setting

Transmit data empty interrupt (TXI0) priority Level 9 v
Transmit end interrupt (TEIO) priority (Group BL1) Level 9 v
Receive data full interrupt (RXI0) priority Level 9 v

blé arbitratios
[“] Enable start condition detection interrupt (STI)
[“] Enable stop condition detection interrupt (SPI)

[“] Enable NACK reception interrupt (NAKI)

EEIO priority (Group BL1) Level 9 ~

Multiple Interrupts setting

[C] Enable multiple interrupts for transmit data empty interrupt (TXI0)
[] Enable multiple interrupts for transmit end interrupt (TEIO)

[C] Enable multiple interrupts for receive data full interrupt (RXI0)

[JEnable multiple interrupts for error interrupt (EEIQ)

Callback function setting
[ Transfer end Receive end [ Error
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Function Name

r_Config_RIICO_Slave_Create()

File Name

Config_RIICO.c

Change Details

RIICO's initialfunction.

Adds the process of overwriting SARLO by adding a global-variable
g_riicO_user_slave_addr so that the user-specified slaveaddress can be set to
SARLO register.

Before change After change
53 Ze Start e Sode Tor gihel Do nol oflF coment gencrated bere ¥ B3 /x Start user Gode For glgbal. Do nof edit coment generated here 3/
54 volatile uint8_t g_riicO_user_slave_addr = 0; /% liser specified slave address #/
54 /% End user code. Do not edit comment generated b
72 RIICO.SARLO.BYTE = owgal; 72 RIICO.SARLO.BYTE = 0xB4U
3 b
| i /% Start user code ®/
18 /% Reset slave address for user specification */
ga RIICD.SARLO.BYTE = g riicO_user_slave_ addr << 1;
61 /% End user code */
L] t! 82 /% Set ILSER *

Function Name

R_Config_RIICO_Stop()

File Name

Config_RIICO.c

Change Details

This function disable the function by disabling the interrupt in RIICO.

Adds clearing of ISCER register to disable slave address detection when RIICO
function is stopped.

Before change

After change

183 EN(RIICO, EEID) = OU;

EN(RIICO, EEID) = QU

/% Start user code %/

/# Clear slave address detection +/
RIICO.ICSER.BYTE = 0;

/% End user code */

Function Name

R_Config_RIICO_Slave Receive()

File Name

Config_RIICO.c

Change Details

This function Start the reception operation of RIICO (slaves).
Add the g_riicO_start_detect_at_receive initialization process.

Before change

After change

5 riio0_dummy_read count 00

229 & riicl mode flag

16 T1C SLAVE RECEIVE

THT a_r 1ol dumy_read_count = 00
2 /% Start user code 3/ .
743 g riic_start detect at_recsive = 0;

245 /% Erd user code */
g_riicl_mode_tlag 16_[IC_SLAVE_RECEIVE

Function Name

r_User_RIICO_callback_Start()

File Name

Config_RIICO_user.c

Change Details

This is a new callback function added to execute when a Start condition detection
interrupt occurs in Slave. Execute the r_pmbus_app_int_Notify
(E_PMBUS_INT_EVENT_S_START) to execute the process of starting slave
transmission/reception.

Before change

After chang

None.

438 /x Start user code Tor adding. Do nof edit comment generated here ¥
439

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

) AEEEXTOERRKILLREEEE TR,

440 * Function Mame: r_User RIICO_cal Iback_start
441 # Description @ .

442 % Return Value : .

443

N ——
444 static void r_User RIIC0_cal lback _start(void)

445§
ﬂg} r_pmbus_app_int_Notify(E_PMBUS_INT_EVENT S_START);
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Function Name

r_User_RIICO_callback Receive()

File Name

Config_RIICO_user.c

Change Details

This is the callback function for the receive buffer full interrupt added by PMBus
Middleware. r_pmbus_app_int_Receive() is executed to check and update PMBus
Middleware status each time a receive buffer full interrupt is generated.

Within r_pmbus_app_int_Receive(),

If the "g_riicO_rx_count" (currently received data count) is 0, the
r_pmbus_nwk_ProcessStart() is internally executed, and the reception Start after
the "p_pmbusSlaveCmdCallback" command-process is executed. If
"g_riicO_rx_count" is not 0, the r_pmbus_nwk_ProcessRx is executed internally
and reception is executed.

Before change

After change

None.

wof3 Fumt\an Name r User _RIICO_cal Iback _receive
461 * Descr iption @ .

462 * Return Yalue @ .

483

e
454 static void r_lser RIICO_cal lback_receive(void)

468
467 §
468
4B9 /% End user cods > not edit comment g

r_pmbus_app_int_Receive(g_riicl_rx_count);

nerated hare

Function r_Config_RIICO_transmit_interrupt ()
Name

File Name Config_RIICO_user.c

Change Transmit buffer empty interrupt handler.
Details

In response to a start condition (restart condition) detected by RIICO driver in transmit
mode, the following process is executed when ICSR2.START is 1 or the
g_riicO_start_detect_at_receive is 1.

-Clear ICSR2.START.

-The g_riicO_start_detect_at_receive is cleared.

-Execute r_User_RIICO_callback_transmit() and Execute PMBus Middleware process
when a restart condition is detected.

-Set the *gp_riicO_tx_address in ICDRT.

-If the g_riic9_tx_count is greater than 0, increment the gp_riicO_tx_address and
decrement the g_riicO_tx_count.

Before change

After change

i

971

/# Start user code

101 else if ((IU RL[UJ ICSRZ.BIT.START) ||

10 ( = g_riicO_start_detect at_receive))
/* ]f restart condition detected or start condition detected at receive mode, */
/% execute R Config RIICO Slave_Send at pmbus callback function. ®/
R]]CU [CSRZ BIT.START = ol;

_riic0 start_detect at receive = 0;
r_Usar_RI100_cal Iback_transmit();

R]]CU ICORT = *gp_riicO_tx_address:
if (0U < g_riicO_tx_count)

1

1

1

1

1

1

1

1

1

1
113
114 | g_riicO_tx_count—;
i
116
1

1

1

1

1

1

1

1

1

gp_riic0_tx_address++;
: ] g_riicl_state = _11_[IC_SLAVE_SENDS_DATA;
19 else
20
2 /% Do nothing */
22
2 /+ End user code +/
%
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Function Name

r_Config_RIICO_receive_interrupt ()

File Name

Config_RIICO_user.c

Change Details

process.

Receive buffer full interrupt handler.
When the g_riicO_state is _10_IIC_SLAVE_RECEIVE_DATA, add the following

-When ICSR2.START is 1, ICDRR is dummy-read and "g_riicO_dummy_read_count"
is incremented to execute the r_Config_RIIC9_callback error (MD_ERROR4).

-Adds PMBus Middleware operation by executing r_User_RIICO_callback_receive() to
the operation when the g_riicO_dummy_read_count is greater than 1.

-After reading RIICO.ICDRR, add PMBus Middleware action by executing
r_User_RIICO_callback_receive().
When the g_riicO_state is _10_IIC_SLAVE_SEND_DATA, PMBus Middleware process
by executing r_User_RIICO_callback_receive() is added.

Before change

After change

135 if (_10.11C
136

_SLAVE_RECETYES_DATA

g riich_state

1
16
165
166
167
168
169
170
171
172
173
174
175
17

Ef (_T0_T1C_SLAVE_RECEIVES DATA == g_riic0_state)

/x Start user code */
Jx If an unexpected restart condition is detected, error processing is performed. */

Ef (10 == RIICO.ICSR2.BIT.START)
dummy = RIICO.ICDRR;
g_riic0_dummy read countt+;
r_Config_RI1CO_cal Thack_error (MD_ERROR4 ) ;

return;

!

L e codb s

}’33‘? if (10> g_riic0_dummy_read_count Hé Ef (10 > g_riicO_dummy_read_count )

i

139 dummy = RIICO.ICORR 179 dummy = RI1CO.ICORR;

140 g_riic)_dummy_read_count++: 180 g_riicO_dummy_read_count++:
181 /% Start user code ¥/
}g% r_User_RI1C0_callback_receive();
184 /% End user code */

141 return; 185 return:

142 186 1

148 g_riicl_rx_count+t 192 g riic0_rx_count++;

149 193
194 /% Start user code %/
}gg r_User RIICO_cal lback_receive();

) - o 197 /% End user code */
150 if (1 RIICO.ICSR2.BIT.STOP 198 if (11) == RIICO.TCSR? RIT.STOP
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Function r_Config_RIICO_error_interrupt ()

Name

File Name Config_RIICO_user.c

Change This is a callback function for error detection interrupts.

Details To enable PMbus communication startup process when a Start condition is detected,
Execute r_User_RIICO_callback_start() when "g_riicO_state" is

" 15 IIC_SLAVE_WAIT_START_CONDITION". (2 places)

In addition, initialize the g_riicO_start_detect_at_receive in reception mode
(_16_lIC_SLAVE_RECEIVE = g_riicO_mode_flag).

In reception mode (_16_IIC_SLAVE_RECEIVE = g_riicO_mode_flag), if "g_riicO_state"
is" 18 IIC_SLAVE_WAIT_RESTART_CONDITION", add a branch that does not
disable Start condition interrupt by "RIICO.ICIER.BIT.SPIE".

Before change

After change

230 else if (_15_11C_SLAVE_WAIT_START CONDITION == g_riic0_state Z’g else if (_I6_[T1C_SLAVE_WAIT_START_CONDITION == g_riic0_state
264 RIICD. [GSR2 BIT.START = 0
285 RIICD.ICIER BIT/STIE - 0U
G 28 RIICD. [CIER EIT SPIE - TU
295 287 g riicl state = 10_11C_SLAVE RECEIVES_DATA
288 /7% Starf user code 7 )
289 /% set start condition detection flas. =/
290 g_riicl start_detect at_receive = 1:
%g; r_User_RIIC0_zal [back_start();
2397
293 /4 End user cods +/
236
?9’ else if [_TO_TIC_SLAVE_RECETVES_DATA g_riicl_state else if [_10_IIC_SLAVE RECETVES_DATA g_riicl_state
23 w: RI1 BIT ST0P - [
240 il RIL SPIE =
21 A B - RIT 1T.5TIE = 11
242 “16_11C_SLAVE WAIT START CONDITION r e = _15_[1C_SLAVE_WAIT_START_CONDITION
/% Start user code ¥/ - .
/% If detect stop condition before receive buffer is full, execute pmbus command,
/% or error notification from master.
r Config RIICO_cal Iback_receiveend();
243 /% End user code #/
4 else olse
759 Slse i1 TIC_SLAVE WAIT_STERT CONDITION == g_r1ic0_state olse 1T [_T5_TTC_SLAVE WAIT_START CONDITION == g_riied_state
60
f RIICO 1T.574R T.START
gl 2(”% ]‘ i E; J?ET i:” CO. [C1ER BIT STIE = 0U;
63 RIICO.ICIER.BIT.SPIE J RIICC [ER.BIT.SPIE U
4 g_riic0 state = 11_11C_SLAVE_SENDS_DATA g riic state = 11 110 SLAVE SENDS DATA
| PRI § L5 - . /% Start user code ¥/
r_lsar_RIICO_cal [back_start():
/% End user code #/
65 ) R
Function r_Config_RIICO_callback_transmitend ()
Name
File Name Config_RIICO_user.c
Change This is the callback function for Stop condition detection interrupt during transmit
Details operation.
Execute r_pmbus_app_int_TransmitEnd() to execute PMBus Middleware transmit
completion process after Stop condition detected interrupt.

Before change After change

291 static void r_Config_RIICO_cal Iback_transmitend(void 380 static void r_Config RI1CO_cal Iback_transmitend(void

26z 380

253/ . : tart user code for r_Config RIICO callback_transmitend. Do not edit 361‘ /% Start user code for r_Config RIICO_ callback_transmitend. Do not edit comment generated
362 r_pnbus_app_int_TransmitEnd();

bo 363

264 # End user code. Do not edit comment generated here 364 * End user code. Do not edit comment generated here #/

% 365 | '
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PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Function Name

r_Config_RIICO_callback receiveend ()

File Name

Config_RIICO_user.c

Change Details

This is the callback function for Stop condition detection interrupt during receive
operation.

After Stop condition is detected, execute r_pmbus_app_int_ReceiveEnd() to
execute PMBus Middleware reception completion process and
"r_pmbusSlaveCmdCallback".

Before change After change
291 static void r_Config RIICO_cal Iback_transmitend(void 380 static void r_Config RIICO_cal lback_transmitend(void
267 | 36
233 /% Start user code tor r_ConfigF cal Iback_transmite 381 * Start user code for r_Config _RIICO callback _transmitend. Do not edit U t
here ¥ here x/
1?;3 r_prbus_app_int_TransmitEnd():
294 ser corh t comment generated hars * %4 fxEnd u

ode. Do not edit coment generated here #

Function Name

r_Config_RIICO_callback_error ()

File Name

Config_RIICO_user.c

Change Details

This is a callback function to be executed when the interrupt source is an
error when an error is detected.

For "MD_ERROR4" (Start condition detected outside driver sequence):

If the START bit in ICSR2 is 1, clear the START bit in ICSR2 and then
execute
r_pmbus_app_int_Notify(E_PMBUS_INT_EVENT_S_START_UNEXPECTE
D) to update the state of PMBus Middleware.

Before change

After change

4 case MU_ERRORS
345

generated here x

/% Start user code for communication sequence error. Do not edit comment

416 case WO_ERROR4 -
417

418 * Start user code for communic

AHL; if (1U == RIICO.ICSRZ.BIT.START)
42
421 RIICO.ICSR2.BIT.START = 0;
iz | T-pebis 300 _int Nty (E_FUBLS_INT_EVENT_S START_IKEECTED)
424
426 * End use Je. o not edit comment generated here *
347 /¥ End user code. Do not edit comment generated here x/ 426 break:
ggg break: a2
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® Setting smart configurator TMR (RX26T)

Configure

Count setting

Clock source
Counter clear

Compare match A value (TCORA)
[CJS12AD A/D conversion start request
Compare match B value (TCORB)

TMOO output setting
[] Enable TMOO output

Interrupt setting

Enable TCORA compare match interrupt (CMIAD)
["] Enable TCORB compare match interrupt (CMIBO)
[J Enable TCNT overflow interrupt (QVI0)

Priority

PCLK/8192
Cleared by compare match A

25 ms

Level 10

v [7.32421875 (kHz)

Actual value: 24.985600

Actual value: 2.048000

® List of Changes in TMR Driver Codes Generated by Smart Configurator (RX26T)

Function Name

r_Config_ TMRO_cmiaO_interrupt ()

File Name

Config_TMRO_User.c

Change Details

This is a callback function to be executed when the interrupt source is an error
when an error is detected.
Execute r_pmbus_app_int_Notify(E_PMBUS_INT_EVENT_S_ TIMEOUT) to
update the status of PMBus Middleware.

Before change After change
73static void r_Config_THRO_cmial_interrupt(void) 7;1 static void r_Config_TMRO_cmiaO_interrupt(void
7
7% /% Start user code for r_Config TMRO cmial_interrupt. Do not edit comment gererated here */ 76 ot . Do not edit comment generated here =/

76 /% End user code. Do not edit comment generated here %/
77

rt us for r_Config TMRO cmiall_interr
_int_Not | Fy (E_PMBUS_INT_EVENT_S_TIMEQUT):
79 /* End user code

o not edit comment generated here *

Function Name

r_Config_ TMRO_Start()

File Name

Config_TMRO.c

Change Details

This API Start counting.
Add process to initialize the counter register (TCNT) at the start of the function.

Before change

After change

T

89 /% Erable THRO interrupt #/
0 IR(THRD, olia0) - ol

89 /% Start user code */
a0 /% Clear Timer counts/
a1 THRO.TCHT = 0U;

9,
93 /% End user code */
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

(2) Customizing FSP (RA6T3)
® Setting FSP 13C (RA6T3)

0% [RABT3_MCILV1_PMBUS_DEMO_SLAVE_E2S_V001] FSP Configuration X

Clocks Configuration

XTAL 10MHz

L PLL Src: XTAL ™
HOCO 20MHz 4 PLL Div /1 Jf v
LOCO 32768Hz PLL Mul x20.0 ™
MOCO 8MHz PLL 200MHz
SUBCLK 32768Hz

g i2c slave0 12C Slave (r iic b slave)

Property

v Comman
Parameter Checking

~ Module g_i2c_slave0 12C Slave (r_iic_b_slave)
Interrupt Priority Leve

Settings
API Info

Name

Channel

Rate

Intemnal Reference Clock

Digital Noise Filter Stage Select
Slave Address

General Call

Address Mode

Clock Stretching

Callback

> Clock Src: PLL ~ —~=>|CLK Div /1
> PCLKA Div /2
['>PCLKB Div /4

['>PCLKC Div /4

[> PCLKD Div /2

> FCLK Div /4
CLKOUT Disabled
UCLK Disabled

~ —>UCLK Div /5

CANFDCLK Disabled

2 13CCLK Src: PLL ~ —>[3CCLK Div /2

Value

Enabled

g.i2¢_slave0

0

Standard

12C Clock / 1

Disabled

0x08

Disabled

7-Bit

Enabled
g_iic_b_slave0_callback

~ —> CLKOUT Div /1

v —> CANFDCLK Div /6

~ —>/ICLK 200MHz

~ —>PCLKA 100MHz

~ —>PCLKB 50MHz

~ —>PCLKC 50MHz

~ —>PCLKD 100MHz

~ —>FCLK 50MHz

~ —>|CLKOUT 0Hz

~ —>UCLK OHz

~ —> CANFDCLK OHz

~ —>{13CCLK 100MHz
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Pin Selection ERBER

Pin Configuration

“J Cycle Pin Group

Type filter text

v P1 ~

v P2

v 3

v P4

v PS

P8

¥ Qther Pins
v ¥ Peripherals
Analog:ACMPHS
Analog:ADC
Analog:DAC12
CLKOUT:CLKOUT
Connectivity:CANFD
Connectivity:13C/IIC
¥ 13C/IC
¥ Connectivity:5CI
Connectivity:SPI
Connectivity:USB FS
DebugJTAG/SWD
InterruptIRQ
System:CGC
System:SYSTEM

L 8

<

<
<

4

<

<

Name
Pin Group Selection
Operation Mode

v Input/Output

13C_SCL
13C_SDA
SCLo
SDAD

Value
Mixed
Custom

None
None
¥ P205
None

Lock Link

TRG:ADC(Digital)
TRG:CAC
Timers:AGT
¥ Timers:GPT
Timers:GPT_OPS
> ¢ TimersGPT POEG
Pin Function | Pin Number

L€

Interrupts Configuration

User Events.

Event

1IC0O RXI (Receive data full)
1IC0 TXI (Transmit data empty)
1ICO TEI (Transmit end)

1ICO ERI (Transfer error)

Allocations

Interrupt Event

AGTO INT (AGT interrupt)

ADCO SCAN END (A/D scan end interrupt)
POEG1 EVENT (Port Qutput disable interrupt B)
GPT5 COUNTER OVERFLOW (Overflow)

11CO RXI (Receive data full)

11CO TXI (Transmit data empty)

11CO TEI (Transmit end)

1ICO ERI (Transfer error)

R Y R

Summary BSP Clocks Pins Interrupts Event Links Stacks Components

Module name:

13¢/NC

)

Generate Project Content

4| New User Event > % | Remove

ISR
smbus_slave_rxi_isr
smbus_slave_txi_isr

smbus_slave_tei_isr

smbus_slave_eri_isr

ISR

agt_int_isr
adc_scan_end _isr
poeg_event isr
gpt_counter_overflow_isr
smbus_slave_rxi_isr
smbus_slave_txi_isr
smbus_slave_tei_isr

smbus_slave_eri_isr
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® List of Changes to I3C Driver Codes Generated by FSP (RA6T3)

[NOTE] The symbolic name of the code generated by FSP is replaced in PMBus Middleware for:
Symbol name replacement is not described in detail in this table.
- 12C_SLAVE -> SMBUS_SLAVE
- i2c_slave -> smbus_slave
- IC_B_SLAVE -> SMBUS_SLAVE
- lic_b_slave -> smbus_slave

Data Type i2c_slave_event t
File Name r_i2c_slave_api.h
Change Details -Added EVENT_START_REQUEST.

-Added EVENT_STOP_REQUEST.
-Added EVENT_ARB_LOST.
-Added EVENT_TIMEOUT.

-Added EVENT_NACK.

-Added EVENT_START_ERR.

Before change After change

75 typedef enum e_iZc_slave_event 47 typedef enum o_srbus_slave_event

75

Vi 12C_SLAVE_EVENT_ABORTED = |, ¢kt f borted a4 SMBUS _SLAVE_EVENT _ABORTED =1, ///< A transfer was aborted

78 [2CTSLAVEEVENTRX COWPLETE = 2. %( A oD e o8 Cralefiod sressstiulls 81 SHBUS SL*VE-EVENU§ COWPLETE = 2, ///< A receive operaton was comoleted successfully
79 [2C_SLAYE_EVENT_TX_COMPLETE =3, ///< A transmit operation was completed successfully 36 SHEUS_SLAVE EVENT T COMPLETE - &0 //< A transmit operation was corpleted successfully
80 12CSLAWE EVENT TRXREQUEST = 4, /772 k read cparation expscted from slave. Dstected 87 EEELCE SLA"‘ETVENW”E“JEST = 4, ///< b read opsration sxpected from slave. Detectad

a write from mast awrite from mast _ ; )
81 120 SLAVE EVENT _TXREQUEST =5, ///< A write operation expected from slave. Detected 0" 300 SWTE EVENT T REDIEST = 6, /4/< A write operation expested from slave.

tected a read from masfer
a read from mast

82 190, SLAVE EVENT RX_MORE_REQUEST = B, ///< A read cperation expected from slave. Master a9 SHEUS _SLAVE, EVENT RX HERE REQUEST = 6, ///< k read Dperahun expected from slave. Master

sends_out more data than conf igured to_be read in slave. qﬁge ds BUS E VE E\,IENT ?Q ﬁmEIREmgs[ b? r,?’,an',‘;“ in sl d f | M
0 MEL Al = A o ti 1 i

83 [2C_SLAVE_EVENT_TX_MCORE REQUEST = 7, ///<C A write operatmn expected from slave. Master requasts more han configured to be written b:” \B W ARG TS LEtar

requests more data than confisured to be written by slav 91 SHBUS SLAVE EVENT GEIERAL _CALL =8, ///< General Call address received from Master.
84 [2C_SLAVE EVENT GENERAL CALL =8, ///X General Cal\ address received from Master. Detected a write from master

Detected a write from master 92 SHBUS_SLAVE_EVENT_START REIlJEST =9, ///< Detection of the start condition
85} iZc_slave_svent_t; 93 SMBUS_SLAVE_EVENT_STOP_REQUES = 0‘ ///< Detection of the stop cordition

4 SMBUS _SLAVE_EVENT //#< Detaction of the arbitration lost

1
5 = 12 #/7< Detection of the SCL timeout
96 SMBUSZSLAVE_EVENT NACK =13, ///< Detection of the MACK
97 SMBUS_SLAVE_EVENT START _ERR = 14, ///< Detection of the unexpected start condition >
98| swbus_sTave_svent t7

on

Data Type iic_b_slave_instance_ctrl_t

File Name r_iic_b_slave.h
Change Details Add volatile bool start_detect.
Before change After change

76 volatile bool transaction completed 77 Tracks whether previous fransaction _’_vu'\‘at‘llc booT Transaction_completed; 77 Tracks whether previous transaction

mstanted 79 E t:«:tl;SiIe bool start_detect: /7 Tracks whether previous transaction

F £/ SWU te o1 memory

B sl e st e £ ¢ smohaliebrahiiinaie s

gé /+ Pointer to context to be passed into callback function * B fepinter ssed o callback funetion

h .‘Z“g“;f:x‘m;agzz‘;h NT 57 el el it
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Macro Name

IIC_B_SLAVE_PRV_BIE_INIT_MASK

File Name

r_iic_b_slave.c

Change Details

Removed R_I3CO_BIE_ALIE_Mask and R_I3CO_BIE_TODIE_Msk.

Before change

After change

34 fdef ine 11C_BZSCAVETPRV_BIECINIT MASK
| R_I300_BIE_TODIE Fsk)™

(R_T3CO_BIE_NACKDIE Msk | R_I3CO_BIE_ALIE Msk

42 bdef ine SMBUSZSLAVE PRV_BIE_INIT_MASK

(R_13C0_BIE_NACKDIE Msk)

Macro Name

IIC_B_SLAVE_PRV_BIE_INIT_MASK

File Name

r_iic_b_slave.c

Change Details

Removed R_I3CO_BSTE_ALE_Mask and R_I3CO_BSTE_TODE_Msk.

Before change

After change

35 fidefine TIC_B_SLAVE PRV BSTE INIT_MASK
36‘ R_I3C0_BSTE_TODE Fisk T ¥

(R_I3C0_BSTE_NAGKDE Msk | R_I3CO_BSTE_ALE Msk
R_ISCO_BSTE_TENDE hsk)

43 fidef ine SMBUS_SLAVE_PRV_BSTE_INIT_MASK

(R_I'3CO_BSTE_NACKDE Msk |R_I3CO_BSTE_TENDE Msk )

Table Name

g_iic_b_slave0_extend

File Name

r_iic_b_slave.c

Change Details

Move global tables generated in hal.data.c.

Before change

After change

S gonst srbus_sTave_ovtended Gr_t §_srbus._slavel svtend =

None EB/* Actual delay: 250 ns. */.clock settings.br| _value = 25,

89 clock settings digital filter stages = 0, .clock _setfings.cks_valua = 0, 1
Table Name g_iic_b_slave0_cfg
File Name r_iic_b_slave.c

Change Details

Move global tables generated in hal.data.c.

Before change

After change

70 const smbus_slave cfg_t g smbus sla

veD,
None il [ channel = 0. .rate = SWBUS_SCAVE RATE STnNDARIJ .slave = OxBA, .general_call _enable =

ZE .addr mode = SMBUS_SLAVE_ADDR_MODE_7BIT,

73 .p_cal lback = r_smbus, han le callback, .p context = NULL

I rxi_irg = VECTI _NUMBER_T]CU RXI,

75 Ltxi_irg = VECTER NUMBERJ]CO_THL

76 .tei_irg _NUMBER_I ICOTET,

JT“‘ .eri IF? ), = VECTER _NUMBER I ICOERI,

8 i

79 eri_ipl = (3), .clock_stretching_snable = false, .p_extend = &g smbus_slave0_sxtend, |;
Table Name g_iic_slaveO
File Name r_iic_b_slave.c

Change Details

Move global tables generated in hal.data.c.

Before change

After change

None

[ a
23!3 R &g _smbls_sTavel_ctrl,
o smbis_slave_on_smbus |;

smbus_slave_instance_t g_smbus_slavel =
trl = .p_cfg = bg_smbus_slavel_cfg, .p_api =
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Function Name R_IICB_B_SLAVE_Open

File Name r_iic_b_slave.c

Change Details p_ctrl->Added start_detect initialization.

Before change After change

198 p_ctrT—not fy_request Talse; rl->transaction count = 0l
199 p_ctrl->transaction_count = OU; p :tr\ >start dste:t = false;
200 return FSP_SUCCESS

201 return FSP_SUCCESS;

g

Function Name iic_b_slave read_write
File Name r_iic_b_slave.c
Change Details -Bytes is cast to uint16_t when internally assigned.

-p_ctrl->Removed direction checking.

-p_ctrl-> Added a process to initialize the p_ctrl-> start_detect when direction
is "MASTER_WRITE_SLAVE_READ".

Before change After change
gg? FSP_ERROR_RETURNCIIC_B_SLAVE_OPEN == p_ctr|->open, FSP_ERR_NOT_OPEN); 407 FSP_ERRCR_RETURN{SWEUS_SLAVE OPEN == p_ctr I->open, FSP_ERR_NOT_OPEN);

382 /% Fail if there is already a transfer in progress x/
383 [SP_ERROR_RETURN(IIC_B_SLAVE_TRANSFER_DIR_NOT ESTABLISHED == p_ctrl->direction,
FSP _ERRZIN_USED;

408
385 FSP_ASSERT(( (i c_b_slave_instance_ctr|_t ) p_api_ctr|)->p_cal lback = NULL): 408 FSP_ASSERT(((smbus_slave_instance_ctrl_t #) p_api_ctrl)->p_callback != NULL);
389 p_ctr[->p_buff = p_buffer:; 413 p_otrl-op_buff p_buffer:
390 p_ctri->total = bytes; 414
391 p_ctrl->remain = bytes; 416 /% [n order to reuse the base driver code, cast uint16_t from uint32_t. =/
j\; p_ctrl->total = (uint16_t )bytes;
1
418 /% In order to reuse the base drlver code, cast uint16_t from wint32_t. */
4190 pctri->remain = (uint18 t)byl
392 p_ctri->direction = direction; 420 pctri-sdirection = directio
408 p_ctr|->transaction_completed = false: 433 /% The flag is cleared in preparation for dstecting a start condition for transmission
404 processing =/
434 /% while waiting for reception.

*
435 if (SMBUS_SLAVE_TRANSFER_DIR_MASTER_WRITE_SLAVE_READ == direction)
36

47 . p_ctrl->start_detact = false;

40 return FSP_SUCCESS:

405 return FSP_SUCCESS:
408 1
Function Name iic_b_slave_notify
File Name r_iic_b_slave.c
Change Details -The setting to set STCNDDE bit and SPCNDDE bit to 1 was added to BSTE
setting.
-Change the type of the local transaction_count to uint16_t.
Before change After change
421 p_ctrl->p_reg-»BSTE = [1C_B_SLAVE_PRV_BSTE_INIT_MASK & "R_I3CO_BSTE_TODE_Msk; 456 ctr|->p_reg-—>BSTE = (SMEU‘“ SLAVE_PRV_BSTE_INIT_MASK | R_I3C0_BSTE_STCNDDE Msk |
R_I lSCU BSTE_SPCNODE _Msk )
422 p_otr|=>p_reg=>NTIE = [1C_B_SLAVE_PRV_NTIE_INIT_MASK: 457 ("R_13C0_BSTE_TCOE Msk);
458 p_ctri=>p_reg=>NTIE = SWEUSZSLAVE_PRVNTIEZINIT_MASK;
423 459
424 /¥ Reset the status flags */ 460 © Reset the status flags
49 5 transaction count */ 485 * Save transaction count *
450 umtSZ t transact ion_count = p_ctrl->transaction_count; 486 uint16_t transaction_count = p_ctr|->transaction_count;
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Function Name iic_b_slave_callback_request

File Name r_iic_b_slave.c

Change Details -Removed the setting of BSTE.TODE bit and BIE.TODIE bit before and after
iic_b_slave_call_callback().

Before change After change
489 p_ctri->direction = [1C_B_SLAVE_TRANSFER_DIR_NOT_ESTABLISHED;
471 /% Disable timeout function ¥/

472 p_ctrl->p_reg->BSTE b.TODE = OU;
473 p_ctr[->p_reg->BIE_b.TODIE = OU;

474 505 rwoke the callback to notity the read request
475 /% Invoke the callback to notify the read reauest.

479 /% Allow timeouts to be generated on the low value of SCL using long count mode x/

jg? p_ctr|->p_reg->TMOCTL = R_I3CO_TMOCTL _TOLCTL Msk;

482 /% Enable timeout furction */
483 p_ctri->p_reg->BSTE b.TODE = 1U;
484 pLotri-bp_reg-oBIE b.TODIE = 10

Eno |
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Function Name iic_b_open_hw_slave

File Name r_iic_b_slave.c

Change Details -Added the setting of BFCTL.SMBS=1 (select SMBuSs).
-Change the setting to BFCTL.SALE=0 (slave arbitration-lost detection is
disabled).

-Change the setting to BFCTL.NALE=0 (disable NACK transmit arbitration-
lost detection).

-OUTCTL.SDODJ[2:0] =111b(13 or 14 I3Ce cycles (I3C¢p/2 when
OUTCTL.SDODCS=1)), OUTCTL.SDODCS=1 (internal reference clock
divided by 2 is selected as the clock source for SDA output delay counter.)

-TMOCTL.TOLCTL=0 (SCL L-period timeout detection disabled),
TMOCTL.TOHCTL=0 (SCL H-period timeout detection disabled)

-Set BIE.NACKDIE to 1 (NACK detect interrupt enabled).
-Set BIE.STCNDIE=1 (Start condition detected interrupt is enabled).
-Set BIE.NACKDIE to 1 (Stop condition detection interrupt enabled).

-Addition of BFRECDT.FRECYCJ8:0] (bus-free interval) setting.
(113Cp(100MHz)*4.7us=470(0x1D6hex)

Before change After change
530 % 1. Enable FI+ slope circuit if fast mode plus is enabled. 3353 /% 1. Enable FH+ =lope ¢ st is enabled.
531 * 2. Set Master Arbitration-Lost Detection Enable 558 ® 2, Set Mastsr Arbllrﬂtmn Lost Detscl\on Dl‘ﬂb‘ :
532 * 3, Set NACK Transmission Arbitration-Lost Detection Erable 557 # 3. Set NACK Transmission Arbitration-Lost Detection Disable
533 % 4. Set Slave Arbitration-Lost Detection Erable E?B} L3 f Set Slavs Arbltrat\un Lost Detect\on Disable
56 ircu
534 * 5. Use the SCL synchronous circuit. g?? x 5 Use SHBus i bus
535 x/ 28
== = o 562 ctrl-> SBFCTL = (((uint32_t) ((SMBUS_SLAVE R»!'IE FASTPLUS == trl-p_cfg->rata)
£ (-5 res dBFCTL = (((uint32_t) ((12C_SLAVE_RATE_FASTPLUS == p_otr |-bp_cfa->rate) < «R ngﬁ BRETENPE o) [ " RTS0_BRCTL ST Mek) s~

R_ I3CO BFCTL _FMPE_Pos)) |

R_IBC0_BFCTL_MALE_Msk | R_I300_BFCTL_NALE Msk |
R_I3C0_BFCTL_SALE Mk |

R_I3CO_BFCTL_SCSYNE _hisk);

539
None 604 /% Set the bus free stats detection time to 4.7us or more. */
. 805 /x Assumes that [3phai=100MHz. Internal clock is 1/2. =/
E%Q p_ctr|->p_reg->BFRECOT = Ox106:
807
608 /1 Ssls the SDA output delay time to approximately 260ns. (100MHz(13Cphai)/2 * 14 cycle)
609 SWBUS 2.0 specification requires a data hold time of 300 ns or mare,
810 p hul since the system frequency of the motor sample ®ill not bs changsd in this damo
system,
611 x"this setting will be used.
812 tri->p reg->0UTCTL |= (uint32_t)(R_I3C0_DUTCTL_SDOD Msk |
R_I3C0 I].ITCTL _5S00DCS_Msk);
13
530 /% Enable status for Timeout Detection, Arbitration Loss, NACK Detection, Transmit End 614~ /x Enable status for START condition Detection, STCP condition Deteotion, Transmit End
detection. 515 R
581 x Disable status for Wake-up Condition Detection (Feature not supported by driver), ‘;}b ’;E'E""‘E B o Dt o, At o Lo ver).
582 * STOP and START condition Detection. are=Up HLond 1t briflatec L onEl hea R8Nt ta Upporiad Sl Vel

f;II ctrl- =p reg=»BSTE = SMBUS_SLAVE PRV BSTE INIT MASK | R_I3CO_BSTE_STCNDDE Msk |
i R_ [305 BSTE_SPCNDDE _Msk:
L]

583 %/
584 | p_otr|=>p_reg=3BSTE = 11C_B_SLAVE_PRV_BSTE_INIT MASK;
None G20 7% Enable status for START condi icn Detect fon, STUP condition Detection, NACK detect jen-
' 621" p ctrl-sp reg-3BIE = SHEUS_SLAVE PRY_BIE_INIT_ASK | R_I3CO_BIE_STCNODIE ek |
L 1300 BIE_SPTNDIE. Mek:
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Function Name iic_b_slave_initiate_transaction

File Name r_iic_b_slave.c

Change Details This function is deleted because the calling function is replaced with
iic_b_slave_callback_request.

Before change After change

"
*maran gt | pointer o the control strusture.

elete

607 static woid [1c_b_s ave_in tiate_transaction ic_b_s ave_instance otr |_t # p_oirl,  i2c_s|aue_svent_t 5 Iave _svent)

602 {
608 /% Set the status Flay o ensure this conditional olause ereoution only once W
P_oty I->mot | fo_reauest = true;
7% Enable Interrupts: Timsout Detect fon. Arbitration Loss, NACK Detection.
# Dissble Inkerrupt? Transnit End, Start, Stop
P_oty I->p_reg->8IE = | IC_B_SLAVE PRV_EIE_INIT_MSK:
% Enable Interrupts: Transmit Uata Buffer Erpty and Receive Data Buffer Full
P_okr I->p_rex-ONTIE = [1C_B_SLAVE_PRV_NTIE_INIT WSk
7K Inike ooz for the user 10,53l 3 val i 01 41
Tio_b_slave_cal Iback_r sauest (p_otr |, =lave_svent)
‘ Cheok IF correst AB1 s oalled heve Chaok divaction (1 called) 3gainst slaue svent requestad (ISR inuoked) '
et  THRGEE DI MAGTER TRITE SLAVE JEA0
pchr Igiract fon) &
(720 _SLAE _EVENT_R_REQUEST == >lave_evert) || (120_SLAVE EVENT_GENERAL CALL == s lave_svent)?) I
(C11E_5_5LAVE_THANGTER DI F_IRSTER FEAD_SLAVE WRITE
6 p_cfr 1-33rast ion) &4 (1 2C_SLAVE_EVENT_T%_FEQUEST == s 3ve_suent)))
&1
625 71 In case tiaster i 1S sueead GP1 s 10T called o serujce faster wte operation 3 HAcK is
& Ued from the REI ISR (shich is Fired once) =
a1 x
6 % In case Mastarli Ites|zuefiead (P1 s MIT ca11ed fo seryloe aster General Cal | operation 3 MACK is
I # issued from the RKI |3 (shich is Fired onoe) and the bus is relessed.
&0 :
&1 %11 case nstarhends vl b B0 is MOT called b0 suruics Moster read nration the T will i one,
2 % g data will be ur ibren to |CORT and the tmster will read GafF for svery byte it fr iss fo
I
2 £ For both the cases sboue the < lave callback i iruched with 120 SUKE EVBIT ARTED
¥ event to not iy the user ap| icatior
x
1
alse
X Ensble the Start condition detection to tv ke ERI 1SR W/
71 Since address mtch s detected, ensble STOP and FESTANT defeotiop for Master fead Slave 1t ite
= done conditional Iy only For Haster Read Slaue i ite to prevent olearing the stark bit
R s e o el e e e S R
x I cntr s pde sl tha 1o b gl stavel aftar e domy oo
£ e o i A e B R R T e o e o A
# rastart which e don't vant fo dete
IF ((1c B SLAE TRALEER.DILISGTER REA0 SLNE IRITE = p st it o) ]
C11E 2 S TRaersR DI losTer 4 SLate 5 a1 raot lon) &
ok -5p _oF->addr oo S AE A0 k10813

1 /A Clesr the Start and Stop sondit jon Flai for §laua Resd/liite oparation K/
P_ofr |2p_rexd8ST &= ((uintaz_tn *(R_I300_BST_STCNUDF Nk | R_I2C0_BST _SPCNDOF_tk))s
/% Endble the Start and Stop condition defestion interrupt A’

7% Ensble Interrupts: Tineout Detestion, Arbitration Loss, NACK, Start, Stop Detection.
& Bizab e Intarrupt. Tramamit End

B0ty |5 rexJESTE

16_B_SLAVE_PRY_BSTE_INIT_WASK | B_|3C0.BIE STCHODIE sk | R_ISC0_BIE SPLADDIE Misk

651 PLotr I->p_rerdBIE = |ICLBSLAVE DR BIE_THIT_JRGK | R_I3CO_BIE_STCNDDIE Jik | R_T3C0_BIE_GPONDDIE ez
5
5 7% Enable Interrupts: Transnit Uata Buffer Epty and Receive Dsta Buffer Full &
7 p_okr I->p_rex-HTIE = 11C_B_SLAVE _PRV_HTIE_INIT_WAck:
5
a )
o
1
> KT l1= near ralIharis

RO1AN7660EJ0100 Rev.1.00 Page 130 of 178



RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Function Name

iic_b_rxi_slave

File Name

r_iic_b_slave.c

Change Details

-Callback calls changed to use iic_b_slave_callback_request().

-Add ar_smbus_rxi_check_illegal_start to check whether a Start condition is
detected, and Execute the following:

-When STCNDDF bit of BST is "1", STCNDDF bit of BST is cleared after
NTDTBPO register is dummy read, and iic_b_slave_callback_request() is
executed by specifying EVENT_START_ERR.

-- If p_ctrl->direction is "MASTER_READ_SLAVE_WRITE", NTDTBPO
register is dummy-read, and then iic_b_slave_callback_request() is executed
with EVENT_RX_REQUEST specified.

-- If other than the above, the next process of the reception buffer empty
interrupt process is executed.

-The handling of unexpected reception interrupts is changed to ACKCTL.ACKT
bit-based NACK response. Instead, dummy read of NTDTBPO register and
callback function of iic_b_slave_callback request() are executed.

-When setting BIE register when dummy read p_ctrl->do_dummy_read is O,
STCNDDIE bit is not set, and NACKDIE bit and SPCNDDIE bit are set.

Before change After change
692 *x Check start detection when receive data full interrupt
None. operating as a slave.

693 | *

694 * @param[in] p_ctrl The target IIC block’s control
block.

695

N * /

606 stat ic bool : )
r_swas_rxl_check_lIIeaal_start(svbus_s\ava_lnstanca_ctrl_t *
p_ctr

697 {

698 bool check_result;

699 :

700 /% 1If a start condition |s deteoted dur ing reception mode.
abnormal |ty processing is pe

;\j]l‘ if (1 == p_ctrl->p_reg— >BST b STCNDDF)

02

703 /% dummy read */

704 volatile uint (u t)
(p_ctr|->p_reg->NTDT] Pﬁ & SMBU§ SLAVE PRV NTUTBPO _SIZE);

70r FSP_PARAMETER_NOT_USED(dummy_read);

70

7U7 /* Dlear Start condition detection flag *x/

708 _ eg—>BST &= ((uint32_t)

T (R_ ISCU BST STCNDUF _Msk)):

710 mbus_slave cal lback_request(p_ctrl,

= SMBUS SLAVE _EVENT_START_ERR);

1

712 check_result = true:

713

714 /* Perform d ection. /

715 else if (SMBUS SLAVE TRANSFER DIR MASTER READ SLAVE _WRITE ==
p_ctrl->direction)

716

7217 /% dummy read ¥/

718 volatile u|nt8 t dummy (u t)
(p_ctr1->p_reg->NTDTBPD & SMBUg SLAVE PRV NTUTBPU _SIZE);

;}? FSP_| PARAMETER _NOT_USED (dummy_read):

0
721 _slave_cal lback_request(p_ctrl,
- 2SMBUS SLAVE EVENT _RX_REQUEST ) :

z

?7)2 check_result = true:

725 else

726

727 check_result = false;

728 ]

729

730 return check_result;

731

732

733 /i

A A A A A K A A A KRR KK AR A 0K

734 static void iic_b_rxi_slave (iic_b_slave_instance_ctrl_t * p_ctrl)

735 [ p_ctrl)
| 739

740
741 if (r smbus rxi check illegal start(p ctrl))
142
743 /% If illegal start condition detected, operate in

736 /* Perform dummy read after an address match detection. */ 744 rfsmbUS*EXI*ChECkJ INegal_start

737 if (lp_ctrl->do_dummy_read) 745
746 /% Perform dummy read after an address match detection. */

738 static void r_smbus_rxi_slave (smbus_slave_instance ctrl t

747 else if (!p_ctrl->do_dummy_read)

Arbitration Loss, NACK
72 (74

770 % Enable Interrupts: Start, Stop Detection. 780 * Enable Interrupts: Transmit End, Timeout Detection,

7 * Disable Interrupt: Transmit End, Timeout Detection,

Arbitration Loss, MACK, Stop Detection.
31 % Disable Interrupt Start

773 ctrl->p_rez—>BIE = R_[3C0 BIE_STCNDDIE Msk | 787 ;x/
74R 1300 BIE _ SPCNDDTE Msk; 783 rl-»p_reg—>BIE = SWMBUS_SLAYE PRY BIE INIT MASK |
1rs . - e e e e . R_I3C0 BIE SPCNDDIE sk
784 _ _ _
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

1ICB

786 MBUS
787
788

/% Check if this is a General Call by Master %/

deleted.

SESEETEnTe ==

S=5=

N 8 e
i r
receiva_cal Iback_event =/ SHBTS_SLA

815 else
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Function Name iic_b_txi_slave
File Name r_iic_b_slave.c
Change Details -Callback calls changed to use iic_b_slave_callback_request().

-The term for calling iic_b_slave_callback_request() is changed when
BST.STCNDDF=1 (Start condition detected) or p_ctrl->start_detect = true
(start condition detected in receive mode). In this case, the process of
initializing p_ctrl->start_detect to false is added.

Before change After change
L e T P e |
;g'i } iic_b_slave_initiate_transaction(BLetrly12C SLAVE EVENT -TX_REQUEST); é%é : ;-ﬁ:;}‘?:;;?ﬁ‘;gg;ﬁ'ETEQQEZ.: F
847 r_smbus_s|ave_ca \hack_raqieét(p_clr\ + SHBUS_SLAVE_EVENT_TX REQUEST);
2 o4
850  /x If WasterReadSlavelrite API is invoked, proceed writing data =
Function Name iic_b_tei_slave
File Name r_iic_b_slave.c
Change Details The data to be written to NTDTBPO when ACKCTL.ACKR=1 (ACK detected)
is changed to dummy data.
Before change After change
80 else o olse
é%; p,c%r}*iT,rssaileDTBPﬂ = (Uint32.t) p_ctr|->p_bufflp_ctr|->loaded]} gjé volatile uintB_t dummy_data = OxFF;
s Boetr - transacton ot o fr i e dum st i a1 2 relmee S0 +/
915 908 I
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PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

Function Name

iic_b_err_slave

File Name

r_iic_b_slave.c

Change Details

-Change the branching of error events so that BST.TODF=1 (time-out
detection), BST.ALFDF=1 (arbitration-lost detection), BST.STCNDDF=1 (Start
condition detection), BST.SPCDDF=1 (Stop condition detection), and
BST.NACKDF=1 (NACK detection).

-When BST.TODF=1, the event set to iic_b_slave notify() is changed to
"EVENT_TIMEOUT".

-When BST.ALFDF=1, the event set to iic_b_slave_notify() is changed to
"EVENT_ARB_LOST".

-When BST.STCNDDF=1, set BIE.STCNDDIE=0 (Start condition detection
interrupt is disabled) and BIE.SPCNDDIE=1 (Stop condition detection
interrupt is enabled), and then change to notify "EVENT_START_REQUEST"
by iic_b_slave_callback_request.

-When BST.SPCNDDF=1, set BIE.SPCNDDIE=0 (Stop condition detection
interrupt is disabled), BIE.STCNDDIE=1 (Start condition detection interrupt is
enabled), set true to p_ctrl->start_detect, and change to notify
"EVENT_RX_COMPLETE" or "EVENT_TX COMPLETE" in
iic_b_slave_callback_request.

-When BST.NACKDF=1, the setting of BIE.NACKDIE=0 (NACK detected
interrupt disabled) is deleted,

Change iic_b_slave_notify() to set the event "EVENT_NACK".

Before change After change
986 if ((error_events & R_13C0_BST_TOOF_Msk) || (error_events & R_I3CO_BST_ALF Msk 978 Time:
& 29 ents & R_[3C0_BST_ALF_Msk)
gqs ¥ Clear stop flag. This indicates an error. + ag. This indicates an error
g?% p_ctrl->transaction_completed = false; action 1 arplated - false
a7l iic b slave notify(PLekrly 112C_SLAYE EVENT ABORTED): % Timeout detected s,
[f (error _events & R IZCU |_BST_TOOF _Msk)
| r_smbus_slave_notifylp_ctrl, SWBUS_SLAVE EVENT _TIMEOUT);
/ ArblTratwon loss detected %/
{
| r_smbus_slave_notify(p_ctr|, SMBUS_SLAVE_EVENT _ARB_LOST):
o R
if (orror_aventsi&IR_I3C0_BST_STCNDDF _Msk)
None.
1
/* clear start condition detectvcrn flag :/
uint32_t bst status p_C
bst, status ‘R ]3(:0 BSY STCNDDF Msk
p_ctrl->p_reg->l BS!
/* Disable start condition detect interrupt and enable stop condition dstect interrupt x/
p_ctri->p_reg->BIE_b.STCNDDIE = OU;
p_ctr|->p_reg->BIE_b.SPCNDDIE = 1U;
/% In case of stop (or reslart . set lhe transaction_completed flag */
p_ctr|->transaction_completed = false
/x is set in case a start condition for transmission processing is x/
/% detected during reception waiting.
p_ctri->start_detect = true:
/% Notify the user */
r_smbus_slave_cal Iback_request(p_ctrl, SMBUS_SLAVE EVENT START_REQUEST);
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

|
mn—lzc T .

volatile uint3? t dummy_read = p_ctr|->p_reg—NTOTEFO; volatile uint3Z t dummy read = p_ctrl-p_reg->NTOTEPO;
FSP '_PARAMETER_NOT_USED(dummy _t reaH FSP_PARAMETER_NTT _LISED (dummy_read) ;

smbus_s|ave_not i f ctrl UUS_SLAVE_EVENT _NACK!
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

®  Setting GPT of FSP (RA6T3)
Pin Configuration

Select Pin Configuration

RA6T3 MCK ¥ Manage configurations...

Pin Selection

+ -/ /% Pin Configuration

o

Generate Project Content

m Export to CSV file ;_ Configure Pin Driver Warnings

Generate data: |g_bsp_pin_cfg

~ Cycle Pin Group

Type filter text J Name
Pin Group Selection
Operation Mode
v Input/Output
GTIOC5A
GTIOCSB

v + Peripherals ~
; Analog:ACMPHS
» ¥ Analog:ADC
Analog:DAC12
CLKOUT:CLKOUT
» ¢ Connectivity:CANFD
» " Connectivity:13C/IIC
> ¥ Connectivity:SCl
Connectivity:SPI
Connectivity:USB FS
> ¥ DebugJTAG/SWD
Interrupt:IRQ
» « System:CGC
> System:SYSTEM
TRG:ADC(Digital)
TRG:CAC
Timers:AGT
v ¢ Timers:GPT
GPT
GPTO
v GPT1
v GPT2 <

Value Lock Link
Mixed
Disabled

None

None

v GPT3
GPT4
GPT5
> Timers:GPT_OPS
» ¥ Timers:GPT_POEG

Module name: GPTS

Pin Function | Pin Number

[ Summary BSP | Clocks | Pins | Interrupts | Event Links | Stacks | Components

g_timer5 Timer, General PWM (r_gpt)

Settings Property
v Common
Alllofo Parameter Checking
Pin Output Support
Write Protect Enable
Clock Source
v Module g_timer5 Timer, General PWM (r_gpt)
General
Output
Input
v Interrupts
Callback
Overflow/Crest Interrupt Priority
Capture A Interrupt Priority
Capture B Interrupt Priority
Underflow/Trough Interrupt Priority
Extra Features
w Pins
GTIOCSA
GTIOCSB

Value

Default (BSP)

Enabled with Extra Features
Disabled

PCLKD

g_gpt5_i2c_timeout_callback
Priority 3
Disabled
Disabled
Disabled

P101
P100
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RX Family/RA Family

PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® List of Changes to GPT Driver Codes Generated by FSP (RA6T3)

Function Name p_callback
File Name r_pmbus_wrapper_slave.c
Change Details A callback function executed by an overflow interrupt, which is registered as a
parameter during R_GPT_Open. The actual state of this function is placed in the
r_pmbus_wrapper_slave.c in PMBus Middleware.
Execute r_pmbus_nwk_slave_process_Timeout() to refresh PMBus Middleware
status.
Before change After change
None AR K KKK R R KA AR ARAKK KKK
' 380 x Function Name: g_gpth_i2c_timeout_callback
381 x Description : .
382 % Argument : p_args
ggg * Return Value : .
PEFEE ST TSRS TP EELSOSIELEESEI TS ETEILTTEEEF LSSV EECSCIEIIESITTEES ST
*X****)K!H(**XK*XXXXX*XXXX**XX**************#*XXXK*X/
326 \[foid g_gpth_iZ2c_timeout_cal |back(timer _cal lback_args_t *p_args)
387 if (NULL != p_arss)
388
ggg switch (p_args—>event)
gglz case TIMER_EVENT CYCLE_FND:
r_pmbus_app_int_Not i fy(E_PHBUS_INT_EVENT_S_TIMEOUT);
393 break;
394
395 default:
396 break;
397 ]
298}
400 /x:k***x***xxx**xxx**xxx**xxxxxxx****xx***xx**xxm*xxx**xxx*mx***m
AR KKK KKK K KKK KKK ACKHORIOKKKOIOROK
401 * End of function g_spth_i2c_timeout_callback
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® Comparing RX26T and RA6T3 Drivers API

Peripheral APl name of RX26T RIICO APl name of RAG6T3 I3C Function overview
functions
12C (13C) void fsp_err _t Initialization/communicat
R_Config_RIICO_Create(void @ R_IIC_B_SLAVE_Open ion start.
) (i2c_slave_ctrl_t * const
void p_api_ctrl, i2c_slave cfg_t
R_Config_RIICO_Create_Us | const* const p_cfg)
erlnit(void)
void
R_Config_RIICO_Start(void)
MD_STATUS fsp_err _t Start reception.
R _User_RIICO_Slave Recei | R_IIC_B_SLAVE_Read
ve (uit8_t * const rx_buf, (i2c_slave_ctrl_t * const
uintlé_trx_num)*l p_api_ctrl, uint8_t * const
p_dest, uint32_t const bytes)
MD_STATUS fsp_err_t Start transmission.
R_Conig_RIICO_Slave_Send | R_IIC_B_SLAVE_Write
(uint8_t * const txbuf, (i2c_slave_ctrl_t * const
uintlé_t tx_num) p_api_ctrl, uint8_t * const p_src,
uint32_t const bytes)
void fsp_err_t Stop communication.

R_Config_RIICO_Stop(void) R_IIC_B_SLAVE_Close
(i2c_slave_ctrl_t * const

p_api_ctrl)
void - Start condition issuance.
R_Config_RIICO_lIC_StartCo
ndition(void)
void - Stop condition issuance.
R_Config_RIICO_lIC_StopCo
ndition(void)
- R_IIC_B_SLAVE_CallbackSet Modify a callback
(i2c_slave_ctrl_t * const function.
p_api_ctrl, void (*
p_callback)(i2c_slave_callback
args_t *), void const * const
p_context,
i2c_slave callback args t*
const p_callback_memory)
Timer void fsp_err tR_GPT_Open Initialization.
R_Config_ TMRO_Create(voi | (timer_ctrl_t* const p_ctrl,
d) timer_cfg_t const * const p_cfg)
void
R_Config_TMRO_Create_Us
erlnit(void)
void R_User fsp_err tR_GPT_Start Timer start.
_TMRO_Start(void) *1 (timer_ctrl_t* const p_ctrl)
fsp_err_t R_GPT_Reset Counter reset.
(timer_ctrl_t * const p_ctrl)
void fsp_err t R_GPT_Stop Timer stop.
R_Config_ TMRO_Stop(void) | (timer_ctrl_t* const p_ctrl)
fsp_err_t R_GPT_Close Timer End.
(timer_ctrl_t * const p_ctrl)
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5.2.5 PMBus Slave Data Types and Structure List
The following table lists the Data Types and Structure used in this control program.

® Data Types and Structure for PMBus Slave Application Functions

e_app_req_event t

Enumeration Name

e_app_req_event_t

Description

This enumeration type is used to notify the main process of the
cause of a PMBUS callback or the occurrence of other events.

Declared header file

r_app_main.h

Remarks

Element name

Description

Value

E_PMBUS_REQ_EVENT_NONE

No event occurred.

E_PMBUS_REQ_EVENT_ERROR

This is used when 12C error interrupt occurs and the
callback will notify the main process of the error.
Depending on the needs of the user system, the main
process should Execute post-error process such as
calling R_PMBUS_Slave Restart, or
R_PMBUS_Slave_Close/R_PMBUS_Slave_Open.

E_PMBUS_REQ_EVENT_ARA_START

This event is an optional event for checking the
ALERT RESPONSE response operation. If you want
to check the operation of the ALERT RESPONSE
process by detecting an ALERT signal, etc., you can
use it by changing the PMBus Slave Application.
When this event is detected, execute
R_PMBUS_Slave_SendARA in the main process.

E_PMBUS_REQ_EVENT_ARA_STOP

This event is an optional event to check the return
from ALERT RESPONSE response operation to
normal operation. If you want to return from ALERT
RESPONSE process operation to normal operation,
the user should change the PMBus Slave Application
to use this event. When this event is detected,
execute R_PMBUS_Slave Restart in the main
process.

E_PMBUS_REQ_EVENT_PEC_ENA

This event is an optional event for checking
communication with PEC. If you want to communicate
with PEC without resetting the slave during slave
operation, you should change the PMBus slave
application and use it. When this event is detected,
execute R_PMBUS_Slave_PEC_Enable in the main
process.

E_PMBUS_REQ_EVENT_PEC_DIS

This event is an optional event for returning to normal
operation from an operating state of communication
with PEC. If you want to return to normal
communication from communication with PEC without
resetting the slave during the slave's operation, the
user should change the PMBus slave application and
use this event. When this event is detected, execute
R_PMBUS_Slave_PEC_Disavle in the main process.
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® Data Types and Structure for PMBus Slave API

e_pmbus_packet result_s_t

Enumeration Name e_pmbus_packet_result_s_t

Description This enumeration type is used to indicate the
execution result of PMBus communication (slave).
It is used as the argument type for each PMBus Slave
API. It indicates the details of the error cause when the
PMBus API return value is PMBUS_RET_ERROR.

Declared header file r_pmbus_app_slave.h

Remarks -

Element name Description Value

E_PMBUS_PACKET_S_OK Normal operation. 0

E_PMBUS_PACKET_S DATA_ SIZE_ERROR A packet size error was detected. 1

E_PMBUS PACKET_S PEC_ERROR An error was detected in PEC operation. 2

E_PMBUS_PACKET_S TIMEOUT A timeout error was detected. (Ttiveout error | 3
detected)

E_PMBUS_PACKET_S CMD_WAIT Command code and received data are being | 4
received.

E_PMBUS_PACKET_S_CMD_COMP The command code and received data have |5
been received.

E_PMBUS_PACKET_S CMD_QUICK Quick Command is being taken. 6

E_PMBUS_PACKET_S_INTERNAL _ERROR An internal error was detected. 7

E_PMBUS_PACKET_S NOT_READY Command reception is not ready. 8

E_PMBUS_PACKET_S _CMD_NOT_SUPPORT | A command not supported by PMBUS spec is | 9
received.

E_PMBUS_PACKET_S_ARA_COMP SendARA process completed. 10

_pmbusSlaveCmdCallback

Callback Function Type Name void (* p_pmbusSlaveCmdCallback)(st_pmbus_nwk_ctrl_s t
*p_st_nwk_ctrl, e_pmbus_packet_result_s_t
e_pmbus_result)

Description Callback calls from PMBus interrupt handlers. It is specified
when you R_PMBUS_Slave_Open().

The user must use this callback function to implement the
execution process corresponding to the command code.

Declared header file r_pmbus_app_slave.h

Remarks -

Element name Description

st_ pmbud_nwk_ctrl_s t Pointer to the storage of PMBus Middleware's network-
*p_st_pmbus_nwk_ctrl control information.

e_pmbus_packet_result_s Pointer to store PMBus Middleware packet-information.

e_pmbus_result
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st pmbus cfg s t

Structure Name

r_pmbus_cfg_s t

Description

This is a structure for PMBus Slave configuration
data. It is used as the argument type for
R_PMBUS_Slave_Open. It is used to register the
configuration data to the internal global variables of
the PMBus Slave Middleware.

Declared header file

r_pmbus_app_slave.h

Remarks

Member name

Description

uintlé_tu2_rx_size

*The dimensions of the p_ul_rx_buf. (1~35)

uint8_t *p_ul_rx_buf

Pointer to the receive data storage buffer. The data
received from master is stored in this buffer.

uintlé_tu2_ tx_size

*The dimensions of the p_ul_tx_buf. (1~35)

uint8_t *p_ul_tx_buf

Pointer to the transmit data storage buffer. Stores the
data to be sent to master.

uint8_t ul_ slave_addr

Own slave address. (0x01~0x0F)

void (*

p_pmbusSlaveCmdCallback)( st_pmbus_nwk_ctr
|_s t*constp_st nwk_ctrl,
e_pmbus_packet_result_s t* const
p_e_pmbus_result)

Callback calls from PMBus interrupt handlers. The
user must execute the control process of motor
module corresponding to the command in this
function.

® Data Types and Structure for PMBus Slave Middleware functions

e_pmbus_nwk_status_s t

Enumeration Name

e_pmbus_nwk_status_s t

Description

This enumeration type indicates the internal state of the
PMBus network layer (slave). It is used to manage the
internal state of the PMBus Slave Middleware.

Declared header file

r_pmbus_app_slave.h

Remarks -

Element name Description Value
E_PMBUS_NWK_STATUS_S_IDLE Waiting for new packet reception. 0
E_PMBUS_NWK_STATUS_S START Detects start condition. 1
E_PMBUS_NWK_STATUS_S RX Receiving packet. 2
E_PMBUS NWK_STATUS S TX Transmitting Receive Byte packet. 3
E_PMBUS_NWK_STATUS_S_TX_RESP Transmitting packet. 4
E_PMBUS_NWK_STATUS_S ERROR Detects Packet error. 5
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e_pmbus_int_event_s t

Enumeration Name

e _pmbus_int_event s t

Description

This enumeration type indicates the cause of an
I12C error detection interrupt. It is used to execute
process for each interrupt cause in the internal
process of the PMBus Slave Middleware.

Declared header file

r_pmbus_app_slave.h

Remarks

Element name Description Valu
e
E_PMBUS _INT_EVENT_S NONE No interrupt detected 0
E_PMBUS_INT_EVENT_S_ARB_LOST Arbitration lost is detected. 1
E_PMBUS_INT_EVENT_S TIMEOUT Timeout detected. 2
E_PMBUS_INT_EVENT_S_NACK NACK reception is detected. 3
E_PMBUS _INT_EVENT_S_START A Start condition is detected. 4
E_PMBUS_INT_EVENT_S_STOP A Stop condition is detected. 5
E_PMBUS_INT_EVENT_S_START_UNEXPECTED | Detects an unexpected timed Start 6
condition.

st pmbus _nwk _ctrl_s t

Structure Name

st_pmbus_nwk_ctrl_s_t

Description

status inside the PMBus Slave Middleware.

This is a structure that manages PMBus network layer
(slave) parameters. It is used to manage communication

Declared header file

r_pmbus_app_slave.h

Remarks

Member name

Description

e_status

volatile e_pmbus_nwk_status_s t

Network layer status

uint8_t ul_current_addr_rw

Currently executing slave address (including RW)

uint8_tul current_cmd

Currently executing command

uintl6_tu2_rx_index

Current number of received data bytes

uintl6_t u2_rx_len

Number of data bytes to be received

uintle_tu2_rx_size

*p_ul_rx_buf Size

uint8_t *p_ul_rx_buf

Pointer to receive data storage buffer

uintl6_tu2_tx_index

Current number of transmission data bytes

uintl6_t u2_tx_len

Number of data bytes to be transmitted

uintlé_tu2_ tx_size

*p_ul_tx_buf Size

uint8_t *p_ul_tx_buf

Pointer to transmit data storage buffer

uint8_t ul pec

Present PEC calculation
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st pmbus ctrl s t
Structure Name st pmbus_ctrl_s _t

Description This is the control data structure of the
PMBus Middleware (slave). It is used to
manage the PMBus Slave Middleware setting
information and communication status.

Declared header file r_pmbus_app_slave.h

Remarks -

Member name Description

st pmbus_nwk_ctrl_s tst nwk ctrl_s Parameter-managed struct of PMBus network

Layer (slave)
volatile e_pmbus_packet_result s te pmbus_result_s Executing PMBus communication (slave)

bool b_open_flag OPEN status (No false: Open or true: Open).

bool b_pec_flag PEC enable/disable information (false:
disable, true: enable)

uint8_t ul_own_slave_addr Its own slave address.

void (* Callback calls from PMBus interrupt handlers.

p_pmbusSlaveCmdCallback)(st_pmbus_nwk_ctrl_s t*
const p_st_nwk_ctrl, e_pmbus_packet_result_s t * const
p_e_pmbus_result)
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5.2.6

PMBus Slave Global variables List

The following table lists the global variables used in this control program.

File Name
r_app_main.c

File Name
r_app_main.c

Config_RIICO.

c

r_pmbus_wrap
per_slave.c

Table 37 PMBus Slave Application global variable list

Global Variables

static uint8_t
s_ul _pmbus_config_d
ata

static uint8_t
s_ul_pmbus_operatio
n_data

static uint8_t
s_ul_pmbus_tx_buf[P
MBUS_BUF_SIZE_M
AX]

static uint8_t

s_ul pmbus_rx_buf[P
MBUS_BUF_SIZE_M
AX]

static volatile
e_app_req_event_t
s_e_req_status

static

st pmbus_cfg_s t
s_st_pmbus_cfg

Usage

Global-variable that manages ON_OFF_CONFIG command-
specification values. Only bit3 is valid in this demonstration.

Global-variable that manages OPERATION command-
specification values. Only bit7 is valid in this demonstration.

Buffer for storing transmit data for PMBUS. This buffer is set
to the member *p_ul tx_buf of s_user_pmbus_cfg and is
used inside PMBus Middleware.

Buffer for storing received data for PMBUS. This buffer is set
to the member *p_ul_rx_buf of s_user_pmbus_cfg and is
used inside PMBus Middleware.

Variable used to notify the main process of the cause of a
PMBUS callback or the occurrence of other events.

Variable that stores the configuration data to be registered by
R_PMBUS_Slave_Open.

Table 38 PMBus Slave Middleware global variable list

Global Variables

static

st pmbus_ctrl_s t
g_st_pmbus_ctrl
volatile uint8_t
g_riicO_user_slave_ad
dr

volatile uint8_t
g_riicO_start_detect_at
_receive

static
gpt_instance_ctrl_t
s_st_gpt_ctrl

static
smbus_slave_instance
_ctrl_ts_st smbus_ctrl
static

smbus_slave cfg_t
s_st_smbus_cfg
smbus_slave_instance
_tg_smbus_slave0O

Usage
Global variable that manages the control information of
PMBUS Slave Middleware. It is used only within PMBUS
Slave Middleware.
In the RX26T, this is used to set the slave address specified
by the user with R_PMBUS_Slave_Open to the SARLO
register.
In the RX26T, this is a flag that manages the detection of a
Start condition detection interrupt when the RIICO driver's
g_riic0_mode_flag is in receive mode.
In the RABT3, this variable is used as the control handler for
the GPT driver.

In the RAG6T3, this variable is used as the control handler for
the SMBUS driver.

In the RABT3, this variable stores the configuration data set in
the SMBUS driver by R_SMBUS_SLAVE_Oepn.

In the RAG6T3, this instance used inside SMBUS drivers.
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5.2.7 PMBus Slave macro
The following table lists the m

-definition list
acro definitions used in this control program.

Table 39 PMBus Master Application macro definition list

File Macro name
name

r_app_  PMBUS_APP_
main.h | CMD_xxx

SLAVE_ADDR
ESS

OPERATION_
OPE_START B
IT

ON_OFF_CON
FIG_OPE_

ENABLE_BIT
RET_OK
RET_ERROR

Usage

- Define the command code for PMBUS. (Refe to below for macro

names)
PMBUS_APP_CMD_OPERAION : OPERAION command

PMBUS_APP_CMD_ON_OFF_CONFIG : ON_OFF_CONFIG
command

PMBUS APP_CMD CLEAR_FAULTS : CLEAR_FAULTS
command

PMBUS_APP_CMD_STATUS FAN_1 2:STATUS FAN_ 1 2
command

PMBUS_APP_CMD_READ_VOUT : READ_VOUT command
PMBUS_APP_CMD_READ_IOUT : READ_IOUT command

PMBUS_APP_CMD_READ_FAN_SPEED_1:
REA_DFAN_SPEED_1 command

PMBUS_APP_CMD_READ_FREQUENCY :
READ_FREQUENCY command

PMBUS_APP_CMD_RESERVED : RESERVED command

PMBUS_APP_CMD_PMBUS_REVISION : PMBUS_ REVISION
command

PMBUS_APP_CMD_STORE_DEFAULT_CODE:
STORE_DEFAULT_CODE command

PMBUS_APP_CMD_FAN_COMMAND _1: FAN_COMMAND_1
command

PMBUS_APP_CMD_READ_EOUT : READ_EOUT command

PMBUS_APP_CMD_PAGE_PLUS_WRITE :
PAGE_PLUS WRITE command

This defines the slave address to be set in the PMBus Slave
Middleware.

Defined OPERATION command-motor control indication bit.

The data-definition used in ON_OFF_CONONFIG command.

Specifies whether to use the motor control instruction setting of
OPERATION command when controlling the motor.

Return value of the application internal function. Normal end.
Return value of the application internal function. Abnormal end.

Defined
Value

0x01
0x02

0x03

0x81

0x8B
0x8C
0x90

0x95

0x09
0x98

0x13

0x38

0x87
0x05

Ox0A

0x80

0x08
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File
name
r_pmb
us_ap
p_slav
e.h

File
name
r_pmb
us_ap
p_slav
e.h

Macro name

Table 40 PMBus Slave APl macro definition list

Usage

PMBUS_RET_x -Error code returned from PMBus middleware API. (See below for

XX

macro names)
PMBUS_RET_OK : Normal end.

PMBUS_RET_ERROR : Abnormal end. See the
st_pmbus_cfg_s_t.e_pmbus_result_m for more information about
the source.

PMBUS_RET_PARAM : Specified argument is invalid.
PMBUS_RET_NOT_OPENED : No OPEN.
PMBUS_RET_OPENED : Already OPEN.

Table 41 PMBus Slave Middleware function macro definition list

Macro name

PMBUS_TRAN
S XXX

PMBUS_COM
MAND_CODE_
MAX

PMBUS_BLOC
K_SIZE_MIN
PMBUS_BLOC
K_SIZE_MAX
PMBUS_BUF_
SIZE_MIN
PMBUS_BUF_
SIZE_MAX

Usage

- Defines the transaction code used to determine the protocol

supported by each command code. (See below for macro
names)

PMBUS_TRANS_RESERVED : Command code is RESERVED.
PMBUS_TRANS_READ_BYTE : Command Code Supports
READ BYTE Transactions.

PMBUS_TRANS_READ_WORD : Command Code Supports
READ WORD Transactions.

PMBUS_TRANS_BLOCK_READ : Command Code Supports
BLOCK READ Transactions.

PMBUS_TRANS_SEND_BYTE : Command Code Supports
SEND BYTE Transactions.

PMBUS_TRANS_WRITE_BYTE : Command Code Supports
WRITE BYTE Transactions

PMBUS_TRANS_WRITE_WORD : Command Code Supports
WRITE WORD Transactions.
PMBUS_TRANS_BLOCK_WRITE : Command Code Supports
BLOCK WRITE Transactions.

PMBUS_TRANS_ WRITE_QUICK : Command Code Supports
Write Quick Command Transactions.

PMBUS_TRANS_ PROCESS CALL : Command Code Supports
PROCESS CALL Transactions.
PMBUS_TRANS_BLOCK_PROCESS_CALL : Command Code
Supports Block Write-Block Read Process Call Transactions.

The maximum number of commands supported by the PMBus
middleware.

Min. amount of data that can be sent/received by Block
commandl will.

Max. amount of data that can be sent/received by Block
commandl will.

The smallest buffer size that can be registered in PMBUS
Middleware during Open.

The largest buffer size that can be registered in PMBUS
Middleware during Open. (Max. number of data to write during

Defined
Value

Defined
Value

0x00
0x01

0x02
0x03
0x10
0x20
0x30
0x40
0x50
0x60
0x70

256

32

PMBUS_
BLOCK_
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r_pmb
us_wr
apper_
slave.

PMBUS_CRCS8
_USE_IP

PMBUS_ALER
T_RESPONSE
_ADDR

PMBUS_SLAV
E_ADDR_MIN

PMBUS_SLAV
E_ADDR_MAX

PMBUS_CFG_
DEVICE_RX26
7
PMBUS_CFG_
DEVICE_RAG6T
3

PMBUS_CFG_
DEVICE

Block Read/Block Write (32) + Command code (1) + Number of
data to write/Number of data to read (1) + PEC (1))

Defined value that specifies the PEC calculation method. Set to
"1 (uses the calculator built into the MCU)" or "0 (specifies
whether to use a table for calculation)." If you want to use the
calculator built into the MCU, you must implement code that uses
a CRC calculator in the r_pmbus_nwk_AddCrc8() function and
then change the setting to "1 (uses the calculator built into the
MCU)."

Slave address (ARA) for responding to ALERT information set at
execution time R_PMBUS_Slave_SendARA. Values conforming
to the SMBus specifications are defined.

Defines the highest slave address that can be specified as a
parameter in the slave API of PMBUS.

Defines the highest slave address that can be specified as a
parameter in the slave APl of PMBUS.

Used when using the wrapper function of the driver provided in
r_pmbus_wrapper_slave.c with the RX26T.

Used when using the wrapper function of the driver provided in
r_pmbus_wrapper_slave.c with the RA6T3.

Definition of the MCU that executes the wrapper function of the
driver provided in r_pmbus_wrapper_slave.c. Specify
PMBUS_CFG_DEVICE_RX26T or
PMBUS_CFG_DEVICE_RA6T3.

SIZE_MA
X+ 3

0

0x0C

0x01

0x10

Follow
MCU
used.
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5.2.8 PMBus Slave Control Flowchart

The flow of PMBus Slave Application part is shown in 5.2.8.1, the flow of PMBus Slave API part is shown in
5.2.8.2, and the flow of PMBus Slave driver part is shown in 5.2.8.3. Please refer to the project code for
PMBus Slave Middleware part.

5.2.8.1 PMBus Slave Application section flowchart

PMBus Slave Application section controls the Motor Control Middleware and API calls to PMBus Slave
Middleware section that communicates with PMBus Master. The flowchart of PMBus Slave Application part
is shown below.

B PMBus slave overall outline flow

® PMBus slave overall outline flow (RX26T)

main program

I Start I

Various
initialization
processes SW check and mn_:ntor control
processing
r_app_board_ui_mainloop
PMBUS event checking and motor
control processin
while (1) p g

pmbus_ctrl

Refreshing the Watchdog Timer
R_Config_IWDT_Restart

End

motor control interrupt *

|Interrupt Startl

Motor operation status monitoring
and motor control processing

End
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PMBUS receive interrupt

|Interrupt Startl

PMBUS Middleware internal state
check/updatte process

Analysis processing of PMBUS
received data

Motor control corresponding to
PMBUS received data/Motor control
value acquision/PMBUS event
issuance processing
r_pmbus_callback

End

note: For details, refer to RX Famiky Sensorless Vector Control of a Permanent Magnet Synchronous Motor
- For MCK (RO1ANG6858)
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® PMBus slave overall outline flow (RA6T3)

main program

I Start I

initialization
processes

Various

SW check/motor internal status check
and motor control processing
board_ui

while (1)

PMBUS event checking and motor
control processing
pmbus_ctrl

End

motor control interrupt *

|Interrupt Start |

Motor operation status monitoring
and motor control processing

End

PMBUS receive interrupt

|Interrupt Start |

PMBUS Middleware internal state
check/updatte process

Analysis processing of PMBUS
received data

Motor control corresponding to
PMBUS received data/Motor
control value acquision/PMBUS
event issuance processing
r_pmbus_callback

End

note: For details, refer to Sensorless vector control for permanent magnetic synchronous motor For Renesas
Flexible Motor Control (RO1AN6839)
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PMBus slave function detailed flow
main (RX26T), hal_entry (RA6T3)

Application part of the motor control middleware is used for various initialization processes and main-loop
processes. Refer to Motor Middle application notes for details. The red framed and red text parts of each
PAD diagram are the parts to be corrected, and the blue framed and blue text parts are the parts to be

deleted.

| Start

Various initialization
processing
Omitted

ret =
r_app_main_start_pmbus
_ctrl()

TRUE

Main loop processing

ret == APP_RET_OK

End

Omitted after that.

The red frame and the red character part are added.

r_app_main_start_pmbus_ctrl (RX26T, RA6T3)

| Start I

et=
R_PMBUS_Slave_Open(&
g_st pmbus_cfg,
&e_pmbus_result)

RUE

R_PMBUS_Slave Close()

ret |= PMBUS_RET_OKwv

return ret

End
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pmbus_ctrl (RX26T, RA6T3)

Start

switch s_e_req_status
E_PMBUS_REQ_EVENT_ERR
OR

E_PMBUS_REQ_EVENT_ARA
_START

E_PMBUS_REQ_EVENT_ARA
_STOP

E_PM
US_REQ_EVENT_PEC_ENA
E_PMBUS_REQ_EVENT_PEC_
DIS

F_PMBUS_REQ_EVENT_NON
E

default

s_e_req_status =

E_PMBUS_REQ_EVENT_NON

ul_ret =

&e ret)

R_PMBUS_Slave_Restart(

R_PMBUS_Slave_Close()

PMBUS_RET OK l=ul_ret

R_PMBUS_Slave_Open(&s
TRUE _st_pmbus_cfg, &e_ret)

no action;

break;

no action;

break;

no action;

break;

break;

End

break;
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r_pmbus_callback (RX26T, RA6T3)

Start

switch p_st_pmbus_ctrl-
»e_pmbus_result_s
E_PMBUS_PACKET S CMD_
COMP

E_PMBUS_PACKET_S_CMD_
QuIcK

E_PMBUS_PACKET S_ARA_C
OMP:

E_PMBUS_PACKET S TIMEO
uT:
E_PMBUS PACKET S INTER
NAL_ERROR:

E_PMBUS_PACKET_S_DATA_
SIZE_ERROR:
E_PMBUS_PACKET S PEC_E
RROR:
E_PMBUS_PACKET S NOT R
EADY:
E_PMBUS_PACKET_S_CMD_
NOT_SUPPORT:
default

p_st_pmbus_ctrl-
>e_pmbus_result_s =
r_app_pmbus_exe_write_
command

== (p_st_nwk_ctrl_t- TRUE
>ul_current_add_rw &
PMBUS_SLAVE_ADD_WR_BI
T
FALSE
*p_e result =

E_PMBUS_PACKET_S_OK;

*p_e result =
E_PMBUS_PACKET_S_OK;

s_e_req_status =
E_PMBUS_REQ_EVENT_ERR
OR;
*p_e result =
E_PMBUS_PACKET_S_OK;

*p_e result =
E_PMBUS_PACKET_S_OK;

End

*p_st_pmbus_ctrl-
>e_pmbus_result_s =
r_app_pmbus_exe_read_
command
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® 1 _app_pmbus_exe write_command (RX26T, RA6T3)

Start

ul_current_command ==
PMBUS_APP_CMD_OPERAIO
N

qd

s_ul pmbus_operation_data
=g pmbus_rx_buf[0]

ON_OFF_CONFIG_OPE_ENAB
LE BIT==
(s_ul_pmbus_config_data &
ON_OFF_CONFIG_OPE_ENAB

LE_BIT)

TRUE

ul_current_co ==
PMBUS_APP_CMD_ON_OFF_
CONFIG

ul_current_co d ==

s_ul_pmbus_config_data =
s_ul_pmbus_rx_buf[0]

e_ret =
E_PMBUS_PACKET_S_OK

PMBUS_APP_CLEAR_FAULTS

qd

ul_current_co ==

R_MOTOR_SENSORLESS_
VECTOR_MotorReset()

e_ret =
E_PMBUS_PACKET S OK

PMBUS_APP_CMD_STATUS_
FAN_1 2

ul_curent_command ==
PMBUS_APP_CMD_STORE_D
EFAULT_CODE

ul_current_command ==
PMBUS_APP_CMD_FAN_CO
MMAND_1

ul_current_command ==
PMBUS_APP_CMD_PAGE_PL
USE_WRITE

default

uint8_t ul_data =
s_ul_pmbus_rx_buf[0]

g_st_sensorless_vector.u2_e
rror_status &=
(uint16_t)(~ul_data)

e_ret =
E_PMBUS_PACKET_S_OK

e_ret=
E_PMBUS_PACKET S OK

e_ret=

E_PMBUS_PACKET_S_OK

e_ret =
E_PMBUS_PACKET_S_OK

e_ret=

E_PMBUS_PACKET_S_CMD_

End

NOT_SUPPORT

OPERATION_OPE_START_BIT
(s_ul_pmbus_operation_dat
a&
OPERATION_OPE_START_BIT
)

TRUE

R_MOTOR_SENSORLESS_
VECTOR_MotorStart()

e_ret =
E_PMBUS_PACKET_S_OK

FALSE

R_MOTOR_SENSORLESS
VECTOR_MotaorStop()

[Note] The motor sample APl names in the diagram are different for RA6T3. Please refer to the project for
details.
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® r_app_pmbus_exe read command (RX26T, RA6T3)

:::::: i com £l prbus.tx_buf[0] =

m and =

PIEBUS_APP_CMD_OPERAION 5.1 pmbus_opesation dts

B_st penbus ctrboud b Jen =
L

oot
E_PMBUS PACKET 50K
dat
o

ut_curren t_eommand ==
EAIBUS 4P CMD_STATUS FA

1_cureant_commany

.32 te_bul = {int16 %)
s ul_pbus_tx_buflo]

11 curent_command =
PMIBUS_APP_CMD_READ. |OUT

ut_current t_command ==
PIBLS_APP_OMD_READ FAN_
SPEED 1

p_a2_tx_buf = {int16 )
&s_ul_prbus b ouflo];

ul_current_cammand ==
FIMBLS_AFP_CHID_READ_FAEQ
BN

ul_curren it _eommand ==

PMBUS_APP_CMD. PMBUS_RE

ViSION B_st_pmbus_ctrlud e Jon =
2

oot
E_PMBUS_PACKET_$_OK

ul_cureent command == s _ul_pmbs_te_bullg] = 02aS;
PMBUS_4PP_ CMD_FAN COM [ n_lon =

F

e et
E_PMBUS_PACKET 5_0K

cour
0] = Ouas;
1) = 0nit;
oA
oot
E_PMBUS PACKET 50K
detault GINES_t U1_Cnt=0; U3_ndes:
ulentes

Bst_pmbus_ctrlud t_Jon =
&

E_PMEUS_PACKET_5_OK

(=)

[Note] The motor sample API hames in the diagram are different for RA6T3. Please refer to the project for
details.
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5.2.8.2 PMBus Slave API section flowchart

PMBus Slave API part controls PMBus Slave Middleware part. The flowchart for PMBus Slave API part is
shown below.

® R PMBUS_ Slave_Open

I Start I

g st_pmbus_ctrl.b_open_flag
== true

TRUE ret = PMBUS_RET_OPENED

TRUE
ret = PMBUS_RET_PARAM

(((PMBUS_BUF_SIZE_MIN >
p_st_cfg->u2_rx_size) ||
(PMBUS_BUF_SIZE_MAX <=
p st cfg->u2 rx size)) ||

(NULL == p_st_cfg-
>p_ul_tx_buf) ||

TRUE

ret == PMBUS_RET_OK ((PMBUS_BUF_SIZE_MIN >
p_st_cfg->u2_tx_size) ||
(PMBUS_BUF SIZE_MAX <=
p_st_cfg->u2_tx_size)) ||
(NULL == p_st_cfg-
>p ul rx buf) ||

((PMBUS_SLAVE_ADDR_MAX
<= p_st_cfg->ul_slave_addr)
[
(PMBUS_SLAVE_ADDR_MIN >
p_st_cfg-=ul_slave_addr)) ||

(NULL == p_st_cfg-
>p_pmbusSlaveCmdCallback)
[ (NULL ==
p_e_packet_result))

TRUE

r_pmbus_app_InitCtrl()
ret == PMBUS_RET_OK

r_pmbus_nwk_StartSlave

*p_e_packet_result =
g st_pmbus_ctrl.e_pmbus_res
ult_s

TRUE b_open_flag = true

ret == PMBUS_RET OK

return ret

End
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® R PMBUS Slave Close

| Start I

r_pmbus_nwk_StopSlave()

b_open_flag=true

End

® R PMBUS_Slave EnablePEC

| Start l

g st pmbus_ctrl.b_pec flag=
true

End

® R PMBUS_Slave DisablePEC

| Start l

g st pmbus ctrlb pec flag =
false

End
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® R PMBUS Slave SendARA

I Start I

ret = PMBUS_RET_OPENED

g_st_pmbus_ctrl.b_open_flag
I=true

ret == PMBUS_RET_OK

TRUE

ret == PMBUS_RET_OK

TRUE
(p_ul_tx_buf == NULL) ||
TRUE (p_e_packet_result == NULL)
r_pmbus_nwk StopSlave()
TRUE

return ret

End

ret =

RA()

r_pmbus_nwk_StartSendA

*p_e_packet_result =
g st_pmbus_ctrl.e_pmbus_res
ult_s

ret = PMBUS_RET_PARAM
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® R PMBUS Slave Restart

I Start I

ret = PMBUS_RET_OPENED

ret == PMBUS_RET OK

TRUE
g st pmbus_ctrl.b_open_fla
g !=true
TRUE
ret == PMBUS_RET_OK
TRUE

TRUE

NULL==p_e_packet_result

ul_ret =
PMBUS_RET_PARAM

r_pmbus_nwk_StopSlave()

return ret

End

ret =
r_pmbus_nwk_StartSlave()

*p_e_packet_result =
g st_pmbus_ctrl.e_pmbus_r
esult_s
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

5.2.8.3 PMBus Slave Drivers Flowchart

PMBus Slave driver section is a smart configurator in RX26T, and in RA6T3, it is partially changed according
to PMBus Slave process from the code generated in FSP. Refer to Customizing 5.2.4 PMBus Slave Drivers
for details. The deficit in each pad diagram is the correction part. The red framed and red text parts of each
PAD diagram are the parts to be corrected, and the blue framed and blue text parts are the parts to be
deleted.

(1) Smart Configurator (RX26T)

® R _Config_RIICO_Create

| Start I

RIICO.SARLO.BYTE = Ox5Ar;

RIICO.SARLO.BYTE =
g_riicO_user_slave_addr;

same as
r Config RICO Create

Added red frame processing.

End

® R_Config_RIICO_Stop

| Start \

RIICO.ICSER.BYTE = 0;

same as r_Config_RIICO_Stop

Added red frame pracessing.

End
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PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® r_Config_RIICO_Slave_Receive

| Start I

MD_STATUS status = MD_OK;
g_riic0_rx_length = rx_num;
g_riic0_rx_count = 0U;
gp_riicO_rx_address = rx_buf;
RIICO.ICMR3.BYTE |= 0x70U;
RIICO.ICMR3.BIT.ACKWP = 1U;
RIICO.ICMR3.BIT.ACKBT = 0U;
g_riic0_dummy_read count = 0U;

g _riicO_start _detect_at_rece
ive=0

g riic0_mode flag =
_16_IIC_SLAVE_RECEIVE;
g_riicO_state =
_15_IIC_SLAVE_WAIT_START_CON
DITION;

Added red frame processing.

End
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® r_Config_RIICO_transmit_interrupt

‘ Start \

Omitted

17 _IIC_SLAVE_TRANSMIT ==
g riicO_mode flag

RIICO.ICSR2.BIT.START = 0U:
g riic0_start detect at receive =
0:

’

(1U == RIICO.ICSR2.BIT.START )| |

g riicO_start detect at receive) ¢ User RIICO_callback_tran

smit()

else

RIICO.ICDRT =
*gp riicO0_tx_address;

gp riicO_tx address++;

TRUE g riicO_tx_count--;
0U < g_riicO_tx_count
g riicO_state =
11 _IIC_SLAVE_SENDS_DATA
Omitted some processing. The red frame is a change part.
End
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PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® r_Config_RIICO_receive_interrupt

| Start I

_10_IIC_SLAVE_RECEIVES_DATA ==
g_riicO_state

_11_1IC_SLAVE_SENDS_DATA ==
g_riicO_state

else

1U == RIICO.ICSR2.BIT.START

TRUE

1U > g riicO_dummy_read_count

TRUE

dummy = RIICO.ICDRR;
g_riic0_dummy_read_count++;

r_Config_RIICO_callback_er
ror(MD_ERROR4)

End

RIICO.ICMR3.BIT.ACKWP = 1U;
RIICO.ICMR3.BIT.ACKBT = 0U;
*egp_riicO_rx_address =
RIICO.ICDRR;
gp_riicO_rx_address++;
g_riicO0_rx_count++;

r_User RIICO callback rec
eive()

Omitted

dummy = RIICO.ICDRR;

r_User_RIICO_callback_rec
eive()

End

Omitted some processing. The red frame is a change part.

dummy = RIICO.ICDRR;
g_riic0_dummy_read_count++;

r_User_RIICO_callback_rec

eive()

End
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RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® r _Config_RIICO_error_interrupt

| Start I

RIICO.ICSR2.BIT.STOP = OU;
— RIICO.ICIER.BIT.SPIE = OU;
CE: _14_IIC_SLAVE_RECEIVES_STOP == RIICO.ICIER.BIT.STIE = 1U;
g_riicO_state

-~ User_RIICO_callback_rece|
iveend()

_16_lIC_SLAVE_RECEIVE ==
g riic0_mode_flag RIICO.ICSR2.BIT.START = 0U;
RIICO.ICIER.BIT.STIE = 0U;
RIICO.ICIER.BIT.SPIE = 1U;
_15_IIC_SLAVE_WAIT_START_CON g_riic0_state =
DITION == g_riicO_state _10_lIC_SLAVE_RECEIVES_DATA;

g_riicO_start_detect_at_receive =1

r_User_RIICO_callback_star

_10_IIC_SLAVE_RECEIVES_DATA == R

g_riicO_state

RIICO.ICSR2.BIT.STOP = 0U;
RIICO.ICIER.BIT.SPIE = 0U;
RICO.ICIER.BIT.STIE = 1U;
g_riicO_state =
_15_IIC_SLAVE_WAIT_START_CON
DITION;

else r_User_RIICO_callback_rece
iveend()

r_Config_RIICO_callback_er
_11 IIC_SLAVE_SENDS_DATA == ror{MD_ERROR4)
g _riicO_state

&g
else

RIICO.ICSR2.BIT.START = 0U;
RIICO.ICIER.BIT.STIE = 0U;
RIICO.ICIER.BIT.SPIE = 1U;
BEE g_riic0_state =
_11_IIC_SLAVE_SENDS_DATA;

_15_IIC_SLAVE_WAIT_START_CON
DITION == g_riicO_state

r_User_RIICO_callback_star
t()

Omitted some processing. The red frame is a change part.

End
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® r_Config_RIICO_callback_transmitend

Start

g

r pmbus_app _int_ Transmit]
End()

The red frame is a change part.

End

® r_Config_RIICO_callback_receiveend

Start

g

r_pmbus_app_int Receive
End()

The red frame is a change part.

End

® r_Config_RIICO_callback_error

RIICO.ICSR2.BIT.START =0

| Start I
Omitted
TRUE
status == MD_ERROR4 1U == RIICO.ICSR2.BIT.START
break;
default break;
Omitted some processing. The red frame is a change part.

End

r_pmbus_app_int_Notify(E
_PMBUS_INT_EVENT_S_ST
ART_UNEXPECTED)
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® r_User_RIICO_callback_start

Start

i

r_pmbus_app_int_Notify(E
_PMBUS_SINT_EVENT S_S
TART)

The red frame is a change part.

End

® _User_RIICO_callback_transmit

Start

i

r_pmbus_app_int_Transmit

0

The red frame is a change part.

End

Start

g

r_pmbus_app_int_Receive(
(g_riicO_rx_count)

The red frame is a change part.
End

° r_User_RIICO_callback_receive
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® R _ Config_ TMRO_Start

| Start I

TMRO.TCNT.BYTE = 0U

IR(TMRO, CMIAD) = OU;
IEN(TMRQ, CMIAQ) = 1U;
TMRO.TCCR.BYTE =
_08_TMR_CLK_SRC_PCLK |
06 TMR_PCLK_DIV_8192;

The red frame is a change part.

End

(2) FSP functional (RA6T3)
® R_SMBUS_SLAVE_Open

| Start I

Omitted

p_ctrl-»start_detect = false;

Omitted some processing. Added red frame processing.

End
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® r_smbus_slave read_write

Start I

Omitted

Omitted

p_ctrl->total = (uint16_t)bytes;
p_ctrl->remain = (uint16_t)bytes;

Omited

TRUE

SMBUS_SLAVE_TRANSFER_DIR_MASTER_
WRITE_SLAVE_READ == direction

Omitted some processing.

p_ctrl->start_detect = false

The blue frame part and the cancellation line processing are deleted

The red frame and the red character part are changed.

End

® r_smbus_slave_notify

| Start I

p_ctrl->p_reg->BSTE =
(SMBUS_SLAVE_PRV_BSTE_INIT_MASK |
R_I3C0_BSTE_STCNDDE_Msk |
R_13C0O_BSTE_SPCNDDE_Msk) &
(~R_I3C0_BSTE_TODE_Msk);

Omitted

uintl6_t transaction_count = p_ctrl->transaction_count

Omitted

Omitted some processing.

The red character part are changed.

End
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® r_smbus_slave_callback_request

| Start |

r_smbus_slave_call_callba
ck(p_ctrl, slave_event,
p_ctrl-
>transaction_count)

The blue frame part and the cancellation line processing are deleted.

End
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® r_smbus_open_hw_slave

| Start I

Omitted

p_ctrl->p_reg->BFCTL = (({uint32 t)
({(1I2C_SLAVE_RATE_FASTPLUS == p_ctrl-»p_cfg->rate)
<< R_I3C0_BFCTL_FMPE_Pos)) |

Fle o EReL e el

R3€0- BFCH NALE Msk | R13€0-BRCH SALE Msk
| R_I3C0_BFCTL_SCSYNE_Msk |
R_13C0_BFCTL_SMBS_Msk)

p_ctrl->p_ret->BFRECDT = 0x1D#6;

p_ctrl->p_reg-=0QUTCTL |=
(uint32_t)(R_I3CO_OUTCTL_SDOD_Msk |
R_I13CO_OUTCTL_SDODCS_Msk);

p_ctrl->p_reg-=BSTE =
SMBUS_SLAVE_PRV_BSTE_INIT_MASK | #SMBUS_SLAVE_PRV_BSTE_INIT_MASK = (R_I3C0_BSTE_NACKDE_Msk |

R_13CO_BSTE_STCNDDE_Msk | R300-BSTE ALE MsklR 1300 BSTE TODE Msk|R I3C0_BSTE_TENDE_Msk)
R_13C0_BSTE_SPCNDDE_Msk;

p_ctrl->p_reg->BIE = .
SMBUS_SLAVE_PRV_BIE_INIT_MASK | #SMBUS_SLAVE_PRV_BIE_INIT_MASK = (R_I3CO_BIE_NACKDIE_Msk+}

R_I3C0O_BIE_STCNDDIE_Msk | R 300 BIE ALIE MekiD 1300 BIE TODIE Lisk)
R_13CO_BIE_SPCNDDIE_Msk;

Omitted

Omitted some processing.

End The blue frame part and the cancellation line processing are deleted.
n
The red frame and the red character part are added and changed.

RO1AN7660EJ0100 Rev.1.00 Page 170 of 178



RX Family/RA Family PMBus Master-Slave communication using 12C bus interface (RIIC/I3C)

® r_smbus_slave_call_callback

| Start I

argument : smbus_slave_instance_ctrl_t * p_ctrl,
smbus_slave_event_t event

uint16_t transaction_count

Omitted

Omitted some processing.
The red character part are changed.

End

® r_smbus_rxi_check illegal_start

| Start I

volatile uint32_t dummy_read = p_ctrl-
>p_reg->NTDTBPO;

p_ctrl->p_reg->BST &= ((uint32_t)
~(R_I3C0_BST_STCNDDF_Msk))

r_smbus_slave_callback_reque

st(p_ctrl,
SMBUS_SLAVE_EVENT_START
_ERROR};
p_ctrl->p_reg-
>BST—b'5T1CNDDF check_result = true

volatile uint32_t dummy_read = p_ctrl-
>p_reg->NTDTBPO;

r_smbus_slave_callback_reque
st{p_ctrl,
SMBUS_SLAVE_EVENT_RX_RE
QUEST);
p_ctrl->direction ==
SMBUS_SLAVE_TRANSFER_DI check_result = true
R_MASTER_READ_SLAVE W
RITE
else

check_result = false

return check_result

The red frame and the red character part are added

End
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® r_smbus_rxi_slave

check_illegal_start ==true | OPEration

p_ctrl->p_reg->BSTE =
tp_ctrl->do_dummy_read SMBUS_SLAVE_PRV_BSTE_INIT_MASK |
R_I3C0_BSTE_STCNDDE_Msk |
R_I3C0_BSTE_SPCNDDE_Msk;
p_ctrl->p_reg->BST &= ((uint32_t)
~(R_13C0_BST_STCNDDF_Msk |
R_I3C0_BST_SPCNDDF_Msk));

volatile uint32_t dummy_read
>

TRUE

p_ctrl->p_cfg->addr_mode ==
SMBUS_SLAVE_ADDR_MODE_7BIT

p_ctrl->p_reg->BSTE =

FALSE | SMBUS_SLAVE_PRV_BSTE_INIT_MASK |
R_I3CO_BIE_SPCNDDIE_Msk;

p_ctrl->p_reg->BST &= ((uint32_t)

~(R_I3C0_BST_SPCNDDF_Msk));

[TRUE

p_ctrl->p_reg->BIE =
SMBUS_SLAVE_PRV_BIE_INIT_
MASK |

R_I3C0_BIE_SPCNDDIE_Msk

r_smbus_slave_callback_requ
est(p_ctr,
SMBUS_SLAVE_EVENT_RX_RE
QUEST);

ie—b-slave_initiate_transactio

e
2ESLAVE-EVENT-RX-REQUE
ST

FALSE

Ip_ctrl->notify_request

Prcteh >poreg SACKETL = volatile uint32_t dummy_read
RIBCOACKETEACKT WA Mk >p_reg->NTDTBPO;

receive_callback_event =
SMBUS_SLAVE_EVENT_NACK;

poetri>poreg ACKETL=
RO ACKCIL ACKEWE Mok |
RI3CO_ACKETLACKE Msk;

_ctrl->total

FALSE

. volatile uint32_t dummy_read = p_ctrl-
D - >p_reg->NTDTBPO;

126 SLAVE_EVENT_RY_MORE-
_ctrl->loaded

REQUEST; receive_callback_event =
prctrl>poreg SACKEH = SMBUS_SLAVE_EVENT_NACK;

R 300 ACKUIL ACKIWE sk ©
RI3CO_ACKETLACKT Mk

p_ctrl->total

FALSE

p_ctrl->total

p_ctrl->p_bufflp_ctrl->loaded++] =

(uint8_t) (p_ctrl->p_reg->NTDTBPO &

else 11C_B_SLAVE_PRV_NTDTBPO_SIZE);
1 _count+;

r_smbus_slave_callback_requ
est(p_ctrl,
SMBUS_SLAVE_EVENT_RX_RE
QUEST);

The blue frame part and the cancellation line processing are deleted.
end The red frame and the red character part are added and changed.
n
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® r_smbus_txi_slave

Start I

p_ctrl->p_reg->BST_b.STCNDDF = 0;
TRUE
p_ctrl->start_detect = false;
1p—etrl>notify_request
(1 ==p_ctrl->p_reg- r_smbus_slave_callback_requ
>BST_b.STCNDDF) || (p_ctrl- estlp_ctr
>start_detect == true) SMBUS_SLAVE_EVENT_TX_RE
QUEST);
FALSE HER
Omitted some processing

The blue frame part and the cancellation line processing are deleted.

n
End The red frame and the red character part are added and changed.

® r_smbus_tei_slave

l Start I

r_smbus_slave_callback_requ
est(p_ctrl,
SMBUS_SLAVE_EVENT TX M
ORE_REQUEST);
pctrlpreg>NTDTBPO—{uint324)
e by LET el ol dadl:
P P P Tr
TRUE SMBUS_SLAVE_TRANSFER_DIR_MASTER_ ‘B—E‘ ; ea_ded ;
READ_SLAVE_WRITE !=p_ctrl->direction FALSE PStitransachen_cotnt
0 == p_ctrl->p_reg->ACKCTL_b.ACKR
volatile vint8_t dummy_data = OxFF;
p_ctrl->p_reg->NTDTBPO = (uint32_t)
dummy_data;
SMBUS_SLAVE_HARDWARE_R
EGISTER_WAIT(p_ctrl->p_reg-
>BIE_b.TENDIE, 0U,
timeout_count)
Omitted some processing.
End The blue frame part and the cancellation line processing are deleted.
n
The red frame and the red character part are added and changed.
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® r_smbus_err_slave

3

p_cti->transaction_completed = false;
r_smbus_slave_notify(p_ctrl,
TRUE MBUS_SUAVE_EVENT_TIMEOUT)
(error_events &
R.15C0, 857 TOOF Mak) 1 error_events & R_I3CO_BST_TODF_Msk
(error_events & FALSE +_smbus_slave_notify(p_ctrl,
R_I3CO_BST_ALF_Msk) AVE_EVENT_ARB._LOST)
N33t At_status = p_cUi >p_reg 85T
bit_status &= “R_IICO_BST_STCNDOF_Misk:
p_ctrl->p_reg->BST « bat_status,
p_cri->p_reg->BIE_b.STCNODIE = 0,
p_ctrk->p_reg->BIE_b SPCNDOIE = 1U;
p_ctri->transaction_completed = fase;
p_ctri_start_detect = true;
(ervor_events &
R_I3C0_BST_STCNDDF_Msk) T
" RUE
(error_events & error_events & R_13CO_BST_STCNOOF_Msk
R_I3CO_BST_SPCNDOF_Msk) FALSE
p_ctri->transaction_completed = true;
” SMBUS_SUAVE_EVENT_RX_COMPLETE
SMBUS_SLAVE_TRANSFER_DIR_MASTER_WRITE_SLA
VE_READ == p_ctrl->direction FALSE

SMBUS_SLAVE_EVENT_TX_COMPLETE

TRUE p_ctri>transaction_count = |,

p_ctri->total > p_ctri->loaded

r_smbus_slave_notifylp_ctr,
smbus_event),

p._ctri->p_reg >BIE_b.SPCNDOIE = OU,
p_ctri->p_reg->BIE_b STCNODIE = 1

volatile uint32_t dummy_read = p_ctrh
(error_events & postmpuaias
R_I3CO_BST_NACKDF_Msk) )
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6. PMBus command-transmit/receive test-result

The following shows sample communication using tera term.

® ON_OFF_CONFIG (write) WRITE_BYTE protocol
Transmission :

Slave address: Ox0A, READ/WRITE orientation: W, Command code: 0x02, Write data: 0x00
Reception :

Return code: 0x00, Packet result: 0x00

VI COMG - Tera Term VT

J7A)UF) #wWEE) BEES) IVEO-JUO) FavEIW) ALTH)

START OxOA +/W + ACK 0x02 + ACK 0x00 + ACK STOP

it

A

® ON_OFF_CONFIG (read) READ_BYTE protocol
Transmission :

Slave address: Ox0A, READ/WRITE orientation: R, Command code: 0x02
Reception :

Read data: 0x00, Return code: 0x00, Packet result: 0x00

START OK0A +/W + ACK 0102 + ACK RESTART OxOA +R + ACK 0x00 + NACK stop

*1: This is due to ACK timing and does not affect PMBus communication.
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7. FAQ
B Questionl:

Are there any PMBUS specifications that cannot be checked by this application?

Answer :
The following specifications cannot be checked.
-Group command protocol
*Extended command protocol
+Zone Command Protocol
-Bus master protocol
*Quick Command (read) Protocol
- Address resolution protocol(ARP)
= Control of Control signals (including Alert signals)
-Failure Management and Reporting Features
-Multi-master operation
- Clock stretching function
-Suspend mode natification by SMBUS signal
-Slave bus master switching function
~Host communication
-Internal-memory protective function by Write Protect signal
-General Call Operation
*Functionality added in SMBUS 3.0.0 or later and PMBUS 1.3.0 or later.

You can also use the following specifications by adjusting your application and PMBUS middleware. This
item should be evaluated by yourself.

-Commands Using Block Write

-Commands Using Block Read

-Commands Using Process Call

-Commands Using Block Write-Block Read Process Call

*Quick Command (write) Protocol

-Packet Error Check (PEC) Communication with

-Alert reply using Alert Response Address (ARA)

B Question2 :

What is the setting of terminal software for communication between PC and master?

Answer :
Make the following settings.
Bit rate :115200 bps
Data length :8 bit
Parity: None
Stop bit: 1 bit
Data-transfer-direction: LSB first
Line feed: Receive: LF, Send: CR+LF

B Question3:

In this application, CRC calculation for communication with PEC uses a conversion table. Is it feasible to use
CRC calculator installed in MCU?

Answer :
Yes Possible. When using CRC calculator in this application, change 4.1.6 PMBus Master macro definition
listand 4.2.6 PMBus_Slave macro definition list to define "PMBUS_CRC8_USE_IP" to "1", and then
change "r_pmbus_nwk_AddCrc8()" which is implemented as an empty function to operate using CRC of
MCU. API for controlling CRC calculator of MCU can be generated by the smart configurator and FSP.
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B Question4 :

If the motor does not stop, what action should be taken?

Answer :
The motor can be stopped regardless of PMBUS command-receiving status by turning OFF SW1 (toggled
SW). When restarting the motor rotation, eliminate the reason for the error, set SW1 (toggle SW) to the
position where the motor can rotate, and then send the required ON_OFF_CONFIG command and
OPERATION command of PMBUS to restart the motor rotation.
It may also stop if an error is detected in the motor sample used in this application. Refer also to the
application notes for each motor sample for details.

B Question5 :

When a user application on the slave side is customized and evaluated, a "packet result:0x03" (timeout
detection) is returned from the terminal software. What are the possible causes?

Answer :
The problem may be caused by the high load of process added to the slave by the customer.
This application monitors the completion of the protocol-specified PMBUS(SMBUS within 25ms (Ttimeour).
For protocols that include Master receive /Slave transmissions, such as READ BYTE protocol, the callback
process on the slave is executed prior to sending Slave, so a timeout occurs if the callback process is
overloaded. If you want to Execute high-load process, consider executing high-load process in main
process by sending an event notification to main loop process from the callback using the pmbus_ctrl() and
e_pmbus_int_event_s tthat are executed periodically in the loop process.
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General Precautions in the Handling of Microprocessing Unit and Microcontroller Unit
Products

The following usage notes are applicable to all Microprocessing unit and Microcontroller unit products from Renesas. For detailed usage notes on the
products covered by this document, refer to the relevant sections of the document as well as any technical updates that have been issued for the products.

1.

Precaution against Electrostatic Discharge (ESD)

A strong electrical field, when exposed to a CMOS device, can cause destruction of the gate oxide and ultimately degrade the device operation. Steps
must be taken to stop the generation of static electricity as much as possible, and quickly dissipate it when it occurs. Environmental control must be
adequate. When it is dry, a humidifier should be used. This is recommended to avoid using insulators that can easily build up static electricity.
Semiconductor devices must be stored and transported in an anti-static container, static shielding bag or conductive material. All test and
measurement tools including work benches and floors must be grounded. The operator must also be grounded using a wrist strap. Semiconductor

devices must not be touched with bare hands. Similar precautions must be taken for printed circuit boards with mounted semiconductor devices.
Processing at power-on

The state of the product is undefined at the time when power is supplied. The states of internal circuits in the LSI are indeterminate and the states of
register settings and pins are undefined at the time when power is supplied. In a finished product where the reset signal is applied to the external reset
pin, the states of pins are not guaranteed from the time when power is supplied until the reset process is completed. In a similar way, the states of pins
in a product that is reset by an on-chip power-on reset function are not guaranteed from the time when power is supplied until the power reaches the

level at which resetting is specified.
Input of signal during power-off state

Do not input signals or an I/O pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/O
pull-up power supply may cause malfunction and the abnormal current that passes in the device at this time may cause degradation of internal

elements. Follow the guideline for input signal during power-off state as described in your product documentation.
Handling of unused pins

Handle unused pins in accordance with the directions given under handling of unused pins in the manual. The input pins of CMOS products are
generally in the high-impedance state. In operation with an unused pin in the open-circuit state, extra electromagnetic noise is induced in the vicinity of
the LSI, an associated shoot-through current flows internally, and malfunctions occur due to the false recognition of the pin state as an input signal

become possible.
Clock signals

After applying a reset, only release the reset line after the operating clock signal becomes stable. When switching the clock signal during program
execution, wait until the target clock signal is stabilized. When the clock signal is generated with an external resonator or from an external oscillator
during a reset, ensure that the reset line is only released after full stabilization of the clock signal. Additionally, when switching to a clock signal

produced with an external resonator or by an external oscillator while program execution is in progress, wait until the target clock signal is stable.
Voltage application waveform at input pin

Waveform distortion due to input noise or a reflected wave may cause malfunction. If the input of the CMOS device stays in the area between Vi
(Max.) and Vi (Min.) due to noise, for example, the device may malfunction. Take care to prevent chattering noise from entering the device when the

input level is fixed, and also in the transition period when the input level passes through the area between V. (Max.) and Vi (Min.).
Prohibition of access to reserved addresses

Access to reserved addresses is prohibited. The reserved addresses are provided for possible future expansion of functions. Do not access these

addresses as the correct operation of the LSl is not guaranteed.
Differences between products

Before changing from one product to another, for example to a product with a different part number, confirm that the change will not lead to problems.
The characteristics of a microprocessing unit or microcontroller unit products in the same group but having a different part number might differ in terms
of internal memory capacity, layout pattern, and other factors, which can affect the ranges of electrical characteristics, such as characteristic values,
operating margins, immunity to noise, and amount of radiated noise. When changing to a product with a different part number, implement a system-
evaluation test for the given product.



Notice

1.

10.

11.

12.

13.
14.

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of semiconductor products
and application examples. You are fully responsible for the incorporation or any other use of the circuits, software, and information in the design of
your product or system. Renesas Electronics disclaims any and all liability for any losses and damages incurred by you or third parties arising from the
use of these circuits, software, or information.
Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents, copyrights,
or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical information described in this
document, including but not limited to, the product data, drawings, charts, programs, algorithms, and application examples.
No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas Electronics
or others.
You shall be responsible for determining what licenses are required from any third parties, and obtaining such licenses for the lawful import, export,
manufacture, sales, utilization, distribution or other disposal of any products incorporating Renesas Electronics products, if required.
You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics disclaims any
and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification, copying or reverse engineering.
Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended applications for
each Renesas Electronics product depends on the product’s quality grade, as indicated below.

"Standard": Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment; home

electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.
"High Quality": Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication equipment; key
financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a direct threat to
human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious property damage (space
system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military equipment; etc.). Renesas
Electronics disclaims any and all liability for any damages or losses incurred by you or any third parties arising from the use of any Renesas
Electronics product that is inconsistent with any Renesas Electronics data sheet, user's manual or other Renesas Electronics document.
No semiconductor product is absolutely secure. Notwithstanding any security measures or features that may be implemented in Renesas Electronics
hardware or software products, Renesas Electronics shall have absolutely no liability arising out of any vulnerability or security breach, including but
not limited to any unauthorized access to or use of a Renesas Electronics product or a system that uses a Renesas Electronics product. RENESAS
ELECTRONICS DOES NOT WARRANT OR GUARANTEE THAT RENESAS ELECTRONICS PRODUCTS, OR ANY SYSTEMS CREATED USING
RENESAS ELECTRONICS PRODUCTS WILL BE INVULNERABLE OR FREE FROM CORRUPTION, ATTACK, VIRUSES, INTERFERENCE,
HACKING, DATA LOSS OR THEFT, OR OTHER SECURITY INTRUSION (*Vulnerability Issues”). RENESAS ELECTRONICS DISCLAIMS ANY AND
ALL RESPONSIBILITY OR LIABILITY ARISING FROM OR RELATED TO ANY VULNERABILITY ISSUES. FURTHERMORE, TO THE EXTENT
PERMITTED BY APPLICABLE LAW, RENESAS ELECTRONICS DISCLAIMS ANY AND ALL WARRANTIES, EXPRESS OR IMPLIED, WITH
RESPECT TO THIS DOCUMENT AND ANY RELATED OR ACCOMPANYING SOFTWARE OR HARDWARE, INCLUDING BUT NOT LIMITED TO
THE IMPLIED WARRANTIES OF MERCHANTABILITY, OR FITNESS FOR A PARTICULAR PURPOSE.
When using Renesas Electronics products, refer to the latest product information (data sheets, user's manuals, application notes, “General Notes for
Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the ranges specified by
Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation characteristics, installation, etc.
Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of the use of Renesas Electronics products
outside of such specified ranges.
Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products have specific
characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless designated as a high reliability
product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas Electronics document, Renesas Electronics
products are not subject to radiation resistance design. You are responsible for implementing safety measures to guard against the possibility of bodily
injury, injury or damage caused by fire, and/or danger to the public in the event of a failure or malfunction of Renesas Electronics products, such as
safety design for hardware and software, including but not limited to redundancy, fire control and malfunction prevention, appropriate treatment for
aging degradation or any other appropriate measures. Because the evaluation of microcomputer software alone is very difficult and impractical, you
are responsible for evaluating the safety of the final products or systems manufactured by you.
Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each Renesas
Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate the inclusion or use of
controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics products in compliance with all these
applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or losses occurring as a result of your noncompliance
with applicable laws and regulations.
Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use, or sale is
prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control laws and regulations
promulgated and administered by the governments of any countries asserting jurisdiction over the parties or transactions.
It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or otherwise sells or
transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this document.
This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas Electronics.
Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or Renesas
Electronics products.

(Notel) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled

subsidiaries.

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

(Rev.5.0-1 October 2020)

Corporate Headquarters Contact information

TOYOSU FORESIA, 3-2-24 Toyosu, For further information on a product, technology, the most up-to-date
Koto-ku, Tokyo 135-0061, Japan version of a document, or your nearest sales office, please visit:
WWW.renesas.com www.renesas.com/contact/.
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