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Notice

1.

12.

13.
14.

(Note1)

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.

“Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly controlled
subsidiaries.

(Note2)

Corporate Headquarters
TOYOSU FORESIA, 3-2-24 Toyosu,
Koto-ku, Tokyo 135-0061, Japan

www.renesas.com

Trademarks

Renesas and the Renesas logo are trademarks of Renesas Electronics
Corporation. All trademarks and registered trademarks are the property of
their respective owners.

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

(Rev.5.0-1  October 2020)

Contact information

For further information on a product, technology, the most up-to-date
version of a document, or your nearest sales office, please visit:
www.renesas.com/contact/

© 2024 Renesas Electronics Corporation. All rights reserved.


https://www.renesas.com/
http://www.renesas.com/contact/

Trademarks (continued)

Examples of trademark or registered trademark used in the document of R-IN32M4;

Arm® and Cortex® are registered trademarks of Arm Limited (or its subsidiaries) in the EU and/or elsewhere.
All rights reserved.

Ethernet is a registered trademark of Fuji Xerox Co., Ltd.

IEEE is a registered trademark of the Institute of Electrical and Electronics Engineers Inc.

TRON is an acronym for “The Real-time Operation system Nucleus”.

ITRON is an acronym for “Industrial TRON".

MITRON is an acronym for “Micro Industrial TRON”.

TRON, ITRON, and pITRON do not refer to any specific product or products.

CC-Link and CC-Link IE Field are registered trademarks of the CC-Link Partner Association (CLPA).

Note that in each section of the Manual, trademark notation of ® and TM may be omitted.
All other trademarks and registered trademarks are the property of their respective owners.

© 2024 Renesas Electronics Corporation. All rights reserved.



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 1/0 pull-up power supply while the device is powered off. The current injection that results from input of such a signal or I/0
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 Vi1 (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 Vi (Max.) and Vi4 (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 LSI 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.



1.

How to Use This Manual

Purpose and Target Readers
This manual is intended for users who wish to understand the functions of industrial Ethernet communications ASSP
(Application Specific Standard Product) “R-IN32M4-CL3” (R9A06G064MGBG, R9A06G064SGBG) and design
application systems using it. It is assumed that the reader of this manual has general knowledge in the fields of
electrical engineering, logic circuits, and microcontrollers.

Particular attention should be paid to the precautionary notes when using the manual. These notes occur
within the body of the text, at the end of each section, and in the Usage Notes section.

The revision history summarizes the locations of revisions and additions. It does not list all revisions.
Refer to the text of the manual for details.

Related The related documents indicated in this publication may include preliminary versions.

Documents However, preliminary versions are not marked as such. Please be understanding of this beforehand.
In addition, because we make document at development, planning of each core, the related
document may be the document for individual customers. Last four digits of document number
indicate version information of each document. Please download the latest document from our web
site and refer to it.

The document related to R-IN32M4-CL3

Document Name Document Number

R-IN32M4-CL3 User’s Manual: Hardware edition (This manual) R18UZ0073EJ0100
R-IN32M4-CL3 User’s Manual: Gigabit Ethernet PHY edition R18UZ0075EJ0100
R-IN32M4-CL3 User’s Manual: Board Design edition R18UZ0074EJ0100
R-IN32M4-CL3 User’s Manual: CC-Link IE TSN edition R18UZ0070EJ0100
R-IN32M4-CL3 User’s Manual: CC-Link IE Field edition R18UZ0071EJ0100
R-IN32M4-CL3 Programming Manual: Driver R18UZ0076EJ0100
R-IN32M4-CL3 Programming Manual: OS R18UZ0072EJ0100




2. Notation of Numbers and Symbols

Weight in data notation: Left is high-order column, right is low-order column
Active low notation:
xxxZ (capital letter Z after pin name or signal name)
or xxx_N (capital letter N after pin name or signal name)
or xxnx (pin name or signal name contains small letter n)
Note:
Explanation of (Note) in the text
Caution:
Item deserving extra attention
Remark:
Supplementary explanation to the text
Numeric notation:
Binary ... xxxx , xxxxB or n’bxxxx (n bits)
Decimal ... xxxx

Hexadecimal ... xxxxH or n’hxxxx (n bits)

Prefixes representing powers of 2 (address space, memory capacity):
K (kilo)... 2!°=1024
M (mega)... 2% = 1024?
G (giga)... 2°0=1024°
Data Type:
Word ... 32 bits
Halfword ... 16 bits
Byte ... 8 bits
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R-IN32M4-CL3 User’'s Manual R18UZOO7?<302288
Hardware edition May 31, 2024
1. Functional Overview

1.1 Overview

Compared to conventional technologies, Ethernet communications in the industrial field are strongly required to have
high-performance functions such as higher speed real-time response. These requirements are not necessarily realized by
traditional methods such as making the Ethernet processing itself hardware or using a dedicated CPU for high-speed
network processing.

The R-IN32M4-CL3 Ethernet communications LSI from Renesas Electronics has the following functions to realize
“higher speed real-time response” and “high-accuracy communications control (low jitter communications)” which are

important for Ethernet communications in the factory automation field.

m CPU
» Integrated Arm® Cortex®-M4 core
* Integrated hardware real-time OS accelerator (HW-RTOS)
m Peripheral
« Timers, WDT, I>’C, UART, CSI, CAN, and general-purpose 1/O ports (GPIO)
* Serial flash memory controller
m External memory/external MCU (microcontroller) interface
» External memory connection mode: 16- or 32-bit bus connection to external devices such as SRAM
* External MCU connection mode: 16- or 32-bit bus connection to host MCU
m Ethernet
* Integrated Gigabit Ethernet MAC
* Integrated switching hub with cut-through transfer, IEEE 1588 timer, and Device Level Ring (DLR) functions
* Integrated 2-port 10/100/1000BASE-PHY
* Dedicated DMA controller and buffer for the network processor
m Supported industrial Ethernet protocol
* CC-Link IE Field intelligent device station and remote device station
* CC-Link IE TSN remote station (authentication Classes: A and B)
* PROFINET RT
* EtherNet/IP
* Modbus TCP
m Target application
* Remote I/O
* Inverter and servo drive
* Industrial Ethernet communication unit
m Others
* Pin assignment considering a replacement from R-IN32M4-CL2
* Integrated 2.5 V regulator for PHY

R18UZ0073EJ0200 Rev.2.00 RENESAS Page 1-1
May 31, 2024



R-IN32M4-CL3 Hardware edition

1. Functional Overview

1.2 Functional Overview
Table 1.1 Functional Overview of R-IN32M4-CL3 (1/3)
Product R9A06G064MGBG R9A06G064SGBG
Item (23 mm Square Package) (17 mm Square Package)
CPU core Arm Cortex-M4 32-bit RISC CPU

+ Real-Time OS Accelerator (Hardware Real-Time OS)

Operating frequency

100 MHz

Instruction set

Thumb®-2 instruction Armv7-M architecture

Floating-point UNIT

Armv7M FPv4-SP (32-bit single precision)

Instruction RAM

768 Kbytes (RAM with ECC)

Data RAM

512 Kbytes (RAM with ECC)

Buffer RAM

64 Kbytes (RAM with ECC)

Network RAM

128 Kbytes (RAM with ECC)

Internal system bus

32-bit system bus at 100 MHz (AHB-Lite)
64-bit system bus at 125 MHz (AXI)
128-bit communication bus at 100 MHz

DMA function (system bus side)

4 channels + 1 channel (for real-time port),
Supports software and various interrupt-triggered DMA.

Boot modes

Serial flash ROM boot,
External memory boot,
External MCU boot

Support for external memory
access

* Bus-size selection (16 or 32 bits)

» Paged ROM/ROM/SRAM interface

» Synchronous burst memory interface
* Programmable wait function

Chip select signals for static 4-line 4- or 3-line*"
memory
External memory space 256 Mbytes 256 or 192 Mbytes

External MCU interface

* Bus-size selection (16 or 32 bits)

» General-purpose interface for static memory

» Address space: 2 Mbytes (Instruction RAM, Data RAM, Register area)
« Internal address space mapping switching function

Serial flash ROM memory controller

» Supports serial interface compatible with SPI of companies.

« Supports direct boot from serial memory device.

» Supports Fast Read, Fast Read Dual Output, Fast Read Dual 1/O,
Fast Read Quad Output, and Fast Read Quad I/O modes.

« Direct layout in memory space

Interrupt

« 30 external interrupt ports

Note 1.

When using an asynchronous SRAM controller in the 17 mm square package, the external

memory areas of CSZ0-CSZ2 can be accessed.

R18UZ0073EJ0200 Rev.2.00
May 31, 2024
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R-IN32M4-CL3 Hardware edition 1. Functional Overview

Table 1.1 Functional Overview of R-IN32M4-CL3 (2/3)

Product R9A06G064MGBG R9A06G064SGBG
Item (23 mm Square Package) (17 mm Square Package)
Internal peripheral modules
I/O port CMOS I/0: 106 maximum ‘ CMOS I/0: 101 maximum

Timers (4 sub-systems)

« Internal timer of hardware RTOS
* Internal timer of the CPU

 32-bit timer (4 channels)

* 16-bit timer (16 channels)

Watchdog timer

* 1 channel
* Software-triggered start mode
» Watchdog error response options:
—Generation of a non-maskable interrupt (NMI)
— Generation of a reset
« Interrupt when the counter reaches 75% of its overflow value

Asynchronous serial interface

2 channels

* Full duplex transfer

* FIFOs: 10 bits x 16 receive and 8 bits x 16 transmit
» Support output of receive errors and status

* Character length: 7 or 8 bits

« Parity bit options: Odd, even, 0, none

 Transmit stop bits: 1 bit or 2 bits

I2C serial interface

2 channels

» Operating modes: Normal or high-speed

* Transfer modes: Single-transfer mode or continuous-transfer mode
« Transfer data length: 8 bits

CAN controller

* 2 channels Not available

» Conforming to ISO11898

» Support for transmission and reception
of standard and expanded frames

* Transfer rate: Up to 1 Mbps

Clocked serial interface

2 channels

» Synchronized serial data transmission by three-wire system
* Master mode or slave mode selectable

* Built-in baud-rate generator

« Transfer data length: 7 to 16 bits

10/100/1000Mbps Ethernet MAC

* 1 channel
* Built-in 2-port switch

Ethernet PHY

* 2 ports IEEE 802.3
» 10BASE-T, 100BASE-TX, 1000BASE-T

CC-Link IE Two types of CC-Link IE (CC-Link IE Field and CC-Link IE TSN) are supported.
They can be used exclusively
CC-Link IE Field CC-Link IE Field (intelligent device station / remote device station)
CC-Link IE TSN CC-Link IE TSN
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R-IN32M4-CL3 Hardware edition 1. Functional Overview

Table 1.1 Functional Overview of R-IN32M4-CL3 (3/3)

Product R9A06G064MGBG R9A06G064SGBG
Item (23 mm Square Package) (17 mm Square Package)
On-chip debugging « Selecting serial wire or JTAG
« Full trace (built-in ETM)
Internal PLL Generates various clocks from 25 MHz input clock
Built-in regulator 2.5V power supply dedicated to PHY can be generated from 3.3V power supply
Power supply voltage VDD33 = 3.3 + 0.165 V*?

VDD11 = 1.15 + 0.06 V*?
VDD25 = 2.5 + 0.125 V*!. *2

Operating temperature -40°C < Tj £ +125°C, -40°C < Ta < +85°C
Packages 484-ball PBGA 356-ball FBGA
23 mm x 23 mm, 1.0-mm Pitch 17 mm x 17 mm, 0.8-mm Pitch

Note 1. 2.5V power supply (VDD25) can be generated with the built-in regulator.
2. Ripple incorporated value. As a target value, set the DC component to within 3% and the ripple
component to within £2%.

R18UZ0073EJ0200 Rev.2.00 RENESAS Page 1-4
May 31, 2024



R-IN32M4-CL3 Hardware edition

1. Functional Overview

1.3 Internal Block Diagram

R-IN32M4-CL3
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R-IN32M4-CL3 Hardware edition

1. Functional Overview

1.4

1.4.1

Pin Assignments (Top View)

23 mm Square Package Pin Assignments (Top View)

GND | GND | RP21 | RP23 | RP25 | RP27 | RP02 | RP0O ggg\/‘ (()BSEDI\/I (();;’\IEDIG GND P67 P65 P63 P60 P30 GND | GND
GND | RP20 | RP22 [ RP24 | RP26 | RP04 | RP0O3 | RPO1 g;g/‘ ggg‘ gF”\‘EDI\/l P66 P64 P62 P61 P31 P32 GND
0 RP30 [ RP32 | RP10 | RP11 | RP12 | RP13 | RPO7 | RP05 | GND |VDD33 ggg\i GND EXTPO | EXTP1 | EXTP2 | EXTP3 HSV‘\éRLZ R;S?E.I:I'Z PONRZ | P33 0
e} RP31 [ RP33 | RP37 | RP14 | RP15 | RP16 | RP17 | RP06 | GND |VDD33 ggED’\/‘ GND [ GND | TEST7 CléﬁM VDD33 MSEé\IA_C ﬁggg BUE?\?Z gus.l:rz P35 P34 9
8 RP34 | RP36 | D15 GND (VDD33 | GND |(VDD33 | GND |VDD33 |VDD33| GND [ GND GND | GND |VDD33 | TEST6 M:QALIF BOOTO | GND 8
D6 RP35 | D13 D14 | TEST3 | VDD33 | GND GND | VDD33 AL HIF BOOT1 | P36 GND
VDD | SYNC
] D4 D5 D11 D12 GND |VDD33 | GND GND GND | GND GND GND | GND GND | VDD33 T}LI\II_IS EXTP9 | EXTP8 | P37 GND 6
D2 D3 D9 D10 GND [ GND | GND GND | GND | GND | GND | GND | GND GND | GND | GND | EXTP7 | EXTP6
Zy DO D1 D7 D8 GND |VDD33 | GND GND GND | GND GND GND | GND GND GND | GND | EXTP5 | EXTP4 4
RDZ WRZS = CSZ0 | A20 GND [ GND | GND GND |VDD33 | GND | OSCTH| NMiZ
P10 P12 | WRZ0 | A19 GND |(VDD33 |VDD33 [ GND |VDD33 | GND |(VDD33|VDD33 [ GND |VDD33 | GND |VDD33 |VDD33 [ GND GND TE?EE
P11 P13 | WRZ1 | A18 GND [ GND | GND [ GND | GND | GND [ GND | GND [ GND | GND [ GND | GND | GND [ GND -I;RA/'\I%E .I[—)if‘l"ig
W] P14 P15 A7 GND GND GND | GND GND | GND GND ggED[\/l GND GND | GND GND | GND GND | GND GND Bi/}ris P01 P00 0
] P16 P17 A15 A16 GND [ GND | GND | GND |VDD33 |VDD33 | VDD33 | VDD33 [ VDD33 | VDD33 | GND | GND | GND [ GND | TRSTZ Bi{?_ig P03 P02 9
) P47 P44 A13 A4 GND | GND | GND | GND |VDD33 | GND | GND | GND | GND |VDD33 | GND | GND [ GND | GND | TDO Jgéf P05 P04 8
P45 P46 A1 A12 GND [ GND | GND | GND GND [ GND | GND | GND GND [ GND | GND [ GND TCK TM;)DE P07 P06
] P43 P41 A9 A10 Réﬁ* GND GND GND | GND | GND | GND GND | GND | GND | GND DI TM?DE P51 P50 6
P42 A7 A8 Aﬁ; AGND | GND GND [ GND | GND [ GND | GND | GND | GND | GND [ GND | GND | GND | TMS TMSDE P53 P52
2y P40 A5 A6 AFI;FI;YZ AGND Fg?f GND RES’ GND | GND | GND | GND | GND | GND | GND [ GND | GND | GND | TEST5 | TEST4 [ P55 P54 4
A2 A3 M APDF:JE GND [ GND | GND | GND | GND |VDD11A[VDD11A| GND (VDD25A|VDD25A|VDD25A[ GND | GND [ GND | GND | GND P57 P56
GND TEE)O’ AFI;‘_.’Y“ GND | GND | GND |P0O_D3N(P0_D2N|PO_D1N(P0_DON| GND RFT'F GND |P1_D3N(P1_D2N|P1_DIN(P1_DON| GND | GND | GND FI’.'?EE({ GND
GND [ GND | GND [ GND | GND | GND |P0_D3P|P0_D2P(PO_D1P|P0_DOP| GND Sga_ GND |P1_D3P|P1_D2P(P1_D1P|P1_DOP| GND | GND | GND | GND | GND
A B D P R AA AB
Figure 1.1 23 mm Square Package Pin Assignments (Top View)
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R-IN32M4-CL3 Hardware edition 1. Functional Overview

14.2 17 mm Square Package Pin Assignments (Top View)

P31 EXTP12

HOT

reserz| X1

ADMUX

EXTP14 MODE

GND VDD33

VDD33 VDD33

VDD33 GND OSCTH

TRACE

GND CLK

TRACE
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TRACE

GND | VDD33 EXTP10

GND | GND

VDD11A|VDD11A

EXTP11

B VDD25A|VDD25A|VDD25A

GND | GND GND | GND | GND | GND

PO_D2N|PO_D1N P1_D3N|(P1_D2N|P1_D1N|P1_DON

P0_D2P |PO_D1P P1_D3P (P1_D2P|P1_D1P|P1_DOP

Figure 1.2 17 mm Square Package Pin Assignments (Top View)
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R-IN32M4-CL3 Hardware edition

1. Functional Overview

1.5 External Pin List

1.5.1 23 mm Square Package

Table 1.2 23 mm Square Package External Pin List (1/4)

Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name
A1 GND B15 D3 D7 A12 E21 RP26

A2 GND B16 D5 D8 A14 E22 RP25

A3 A2 B17 RP35 D9 A16 F1 GND

A4 P40 B18 RP34 D10 GND F2 GND

A5 P42 B19 RP33 D11 A18 F3 GND

A6 P43 B20 RP32 D12 A19 F4 REG_OUT
A7 P45 B21 RP20 D13 A20 F5 GND

A8 P47 B22 GND D14 D8 F6 GND

A9 P16 C1 GND D15 D10 F7 GND

A10 P14 Cc2 PHYADD4 D16 D12 F8 GND

A11 P11 C3 A4 D17 D14 F9 GND

A12 P10 C4 A6 D18 D15 F10 GND

A13 RDzZ C5 A8 D19 RP14 F11 GND

A14 DO C6 A9 D20 RP11 F12 VDD33
A15 D2 c7 A11 D21 RP24 F13 GND

A16 D4 Cc8 A13 D22 RP23 F14 VDD33
A17 D6 C9 A15 E1 GND F15 GND

A18 BUSCLK C10 A17 E2 GND F16 VDD33
A19 RP31 C11 WRZ1 E3 GND F17 VDD33
A20 RP30 C12 WRZ0 E4 AGND F18 VDD33
A21 GND C13 CSz0 ES AGND F19 RP16

A22 GND C14 D7 E6 REG_EN F20 RP13

B1 GND C15 D9 E7 GND F21 RP04

B2 PHYO_LEDO C16 D11 E8 GND F22 RP27

B3 A3 Cc17 D13 E9 GND G1 PO_D3P
B4 A5 C18 RP36 E10 GND G2 PO_D3N
B5 A7 Cc19 RP37 E11 GND G3 GND

B6 P41 C20 RP10 E12 GND G4 GND

B7 P46 C21 RP22 E13 GND G5 VDDREG_33
B8 P44 C22 RP21 E14 GND G6 AVDDREG_33
B9 P17 D1 GND E15 GND G7 GND

B10 P15 D2 GND E16 GND G8 GND

B11 P13 D3 PHYADD3 E17 TEST3 G9 GND

B12 P12 D4 PHYADD2 E18 GND G10 GND

B13 WRSTBZ D5 PHYADD1 E19 RP15 G11 GND

B14 D1 D6 A10 E20 RP12 G12 VDD33
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R-IN32M4-CL3 Hardware edition

1. Functional Overview

Table 1.2 23 mm Square Package External Pin List (2/4)

Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name
G13 GND J9 VDD33 L5 GND N1 GND
G14 GND J10 GND L6 GND N2 GND
G15 GND J11 GND L7 GND N3 VDD25A
G16 GND J12 VDD33 L8 GND N4 GND
G17 GND J13 VDD11 L9 VDD33 N5 GND
G18 GND J14 GND L10 GND/OPEN N6 GND
G19 RP17 J15 GND L11 GND N7 GND
G20 RPO7 J16 GND L12 VDD33 N8 GND
G21 RPO3 J17 VDD11 L13 VDD11 N9 VDD33
G22 RP02 J18 GND L14 GND N10 GND

H1 PO_D2P J19 GND L15 GND N11 GND
H2 PO_D2N J20 GND L16 GND N12 GND
H3 GND J21 GND/OPEN L17 VDD11 N13 VDD11
H4 REG_FB J22 GND/OPEN L18 VDD33 N14 GND
H5 GND K1 PO_DOP L19 GND/OPEN N15 GND
H6 GND K2 PO_DON L20 GND/OPEN N16 GND
H7 GND K3 VDD11A L21 GND/OPEN N17 VDD11
H8 GND K4 GND L22 GND/OPEN N18 GND
H9 GND K5 GND M1 REF_REXT N19 GND
H10 GND K6 GND M2 REF_FILT N20 P24
H11 GND K7 GND M3 GND N21 P23
H12 GND K8 GND M4 GND N22 P22
H13 VDD11 K9 VDD33 M5 GND P1 P1_D3P
H14 VDD11 K10 GND M6 GND P2 P1_D3N
H15 VDD11 K11 GND M7 GND P3 VDD25A
H16 VDD11 K12 GND M8 GND P4 GND
H17 VDD11 K13 VDD11 M9 VDD33 P5 GND
H18 VDD33 K14 GND M10 GND P6 VDD11
H19 RP06 K15 GND M11 GND P7 VDD11
H20 RPO5 K16 GND M12 VDD33 P8 VDD33
H21 RPO1 K17 VDD11 M13 VDD11 P9 VDD33
H22 RPOO K18 VDD33 M14 GND P10 GND

J1 PO_D1P K19 VDD33 M15 GND P11 GND

J2 PO_D1N K20 VDD33 M16 GND P12 VDD33
J3 GND K21 GND/OPEN M17 VDD11 P13 VDD11
J4 GND K22 GND/OPEN M18 GND P14 GND

J5 GND L1 GND M19 GND P15 GND

J6 VDD11 L2 GND M20 GND P16 GND

J7 VDD11 L3 VDD11A M21 P21 P17 VDD11
J8 VDD33 L4 GND M22 P20 P18 VDD11
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R-IN32M4-CL3 Hardware edition

1. Functional Overview

Table 1.2 23 mm Square Package External Pin List (3/4)

Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name
P19 TEST7 T15 GND V11 GND Y7 TMODE2
P20 EXTPO T16 GND V12 GND Y8 JTAGSEL
P21 P26 T17 GND V13 GND Y9 TRACEDATA3
P22 P25 T18 GND V14 GND Y10 TRACEDATA2
R1 P1_D2P T19 VDD33 V15 GND Y11 TRACEDATAO
R2 P1_D2N T20 EXTP2 V16 PLL_GND Y12 TRACECLK
R3 VDD25A T21 P66 V17 PLL_VDD Y13 NMIZ

R4 GND T22 P67 V18 TEST6 Y14 EXTP4

R5 GND U1 P1_DOP V19 ADMUXMODE Y15 EXTP6

R6 GND u2 P1_DON V20 HWRZSEL Y16 EXTP8

R7 GND u3 GND V21 P62 Y17 BOOT1

R8 GND U4 GND V22 P63 Y18 BOOTO

R9 GND us GND W1 GND Y19 RSTOUTZ
R10 GND ué GND w2 GND Y20 PONRZ

R11 GND u7 GND W3 GND Y21 P31

R12 GND us GND W4 TEST5 Y22 P30

R13 VDD11 U9 GND W5 TMS AA1 GND

R14 VDD11 u10 GND W6 TDI AA2 PHY1_LEDO
R15 VDD11 u11 GND W7 TCK AA3 P57

R16 VDD11 u12 VDD33 w8 TDO AA4 P55

R17 VDD11 u13 VDD33 W9 TRSTZ AA5 P53

R18 GND u14 GND W10 GND AAG P51

R19 CLK2MSEL u15 GND W11 TRACEDATA1 AA7 P07

R20 EXTP1 u16 VDD33 W12 GND AA8 P05

R21 P27 u17 VDD33 W13 OSCTH AA9 P03

R22 GND u18 VDD33 W14 EXTP5 AA10 P01

T1 P1_D1P u19 MEMCSEL W15 EXTP7 AA11 P77

T2 P1_D1N u20 EXTP3 W16 EXTP9 AA12 P75

T3 GND u21 P64 W17 HIFSYNC AA13 P73

T4 GND u22 P65 W18 MEMIFSEL AA14 P71

T5 GND V1 GND W19 BUS32EN AA15 P70

T6 GND V2 GND W20 HOTRESETZ AA16 P37

T7 GND V3 GND W21 P61 AA17 P36

T8 GND V4 GND W22 P60 AA18 GND

T9 GND V5 GND Y1 GND AA19 P35

T10 GND V6 GND Y2 GND AA20 P33

T11 GND V7 GND Y3 GND AA21 P32

T12 VDD33 V8 GND Y4 TEST4 AA22 GND

T13 GND V9 GND Y5 TMODEO AB1 GND

T14 GND V10 GND Y6 TMODE1 AB2 GND
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R-IN32M4-CL3 Hardware edition

1. Functional Overview

Table 1.2 23 mm Square Package External Pin List (4/4)

Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name

AB3 P56 AB8 P04 AB13 P72 AB18 CCI_CLK2

_097M

AB4 P54 AB9 P02 AB14 XT1 AB19 P34

AB5 P52 AB10 P00 AB15 XT2 AB20 RESETZ

AB6 P50 AB11 P76 AB16 GND AB21 GND

AB7 P06 AB12 P74 AB17 GND AB22 GND
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R-IN32M4-CL3 Hardware edition 1. Functional Overview

1.5.2 17 mm Square Package

Table 1.3 17 mm Square Package External Pin List (1/3)
Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name
A1l GND B19 RP37 D17 RP10 G10 VDD11
A2 GND B20 GND D18 RP14 G11 VDD11
A3 A5 C1 VDDREG_33 D19 RP22 G12 GND
A4 A10 Cc2 REG_OUT D20 RP21 G13 VDD11
A5 P42 C3 GND E1 GND G14 VDD11
A6 P43 C4 A2 E2 GND G15 VDD33
A7 P45 C5 A9 E3 GND G17 RP13
A8 P47 C6 A7 E4 GND G18 RP17
A9 P16 c7 A14 E17 RP15 G19 RP04
A10 P15 Cc8 A13 E18 RP11 G20 RP27
A11 WRSTBZ C9 A17 E19 RP24 H1 PO_D1P
A12 CSz0 c10 WRZ1 E20 RP23 H2 PO_D1N
A13 D2 C11 WRZ0 F1 PO_D3P H3 GND
A14 D4 C12 D1 F2 PO_D3N H4 REG_FB
A15 D11 C13 D7 F3 GND H6 GND
A16 BUSCLK Cc14 D6 F4 GND H7 GND
A17 RP34 C15 D13 F6 REG_EN H8 GND
A18 RP36 C16 D14 F7 VDD33 H9 GND
A19 GND Cc17 RP33 F8 GND H10 GND
A20 GND c18 RP32 F9 GND H11 GND
B1 GND Cc19 RP20 F10 GND H12 GND
B2 PHYO_LEDO C20 GND F11 VDD33 H13 GND
B3 A4 D1 AVDDREG_33 F12 VDD33 H14 GND
B4 A8 D2 AGND F13 GND H15 VDD33
BS P40 D3 AGND F14 GND H17 RPO7
B6 P41 D4 A3 F15 GND H18 RP06
B7 P46 D5 A6 F17 RP12 H19 RP03
B8 P44 D6 A12 F18 RP16 H20 RP05
B9 P17 D7 A11 F19 RP26 J1 PO_DOP
B10 P14 D8 A16 F20 RP25 J2 PO_DON
B11 RDZz D9 A15 G1 PO_D2P J3 GND
B12 DO D10 A18 G2 PO_D2N J4 GND
B13 D3 D11 A19 G3 GND J6 GND
B14 D5 D12 A20 G4 GND J7 VDD11
B15 D12 D13 D8 G6 GND J8 GND
B16 RP35 D14 D9 G7 GND J9 GND
B17 RP31 D15 D10 G8 VDD11 J10 GND
B18 RP30 D16 D15 G9 VDD11 J11 GND
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R-IN32M4-CL3 Hardware edition 1. Functional Overview

Table 1.3 17 mm Square Package External Pin List (2/3)

Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name

J12 GND L17 TEST7 P1 P1_D2P T17 ADMUXMODE

J13 GND L18 EXTPO P2 P1_D2N T18 HOTRESETZ

J14 GND L19 P26 P3 GND T19 P31

J15 GND L20 P25 P4 GND T20 P30

J17 P20 M1 GND P6 VDD11A U1 GND

J18 RPOO M2 GND P7 GND U2 GND

J19 RPO1 M3 GND P8 VDD11 u3 GND

J20 RP02 M4 VDD25A P9 GND U4 TEST5

K1 GND M6 GND P10 VDD11 us TCK

K2 GND M7 GND P11 VDD11 ué TMODE2

K3 GND M8 GND P12 GND u7 TRSTZ

K4 VDD25A M9 GND P13 VDD11 us TRACEDATA3

K6 GND M10 GND P14 VDD11 U9 TRACEDATA1

K7 VDD11 M11 GND P15 GND u10 GND

K8 GND M12 GND P17 MEMCSEL u11 NMIZ

K9 GND M13 GND P18 P62 u12 EXTP5

K10 GND M14 GND P19 P63 U13 EXTP8

K11 GND M15 VDD33 P20 P64 u14 EXTP9

K12 GND M17 CLK2MSEL R1 P1_D1P u15 PLL_GND

K13 GND M18 EXTP1 R2 P1_D1N u16 PLL_VDD

K14 VDD11 M19 P67 R3 GND u17 TEST6

K15 GND M20 P27 R4 GND u18 EXTP13

K17 P23 N1 P1_D3P R6 GND u19 EXTP7

K18 P22 N2 P1_D3N R7 VDD33 u20 PONRZ

K19 P21 N3 GND R8 VDD33 V1 GND

K20 P24 N4 GND R9 GND V2 PHY1_LEDO

L1 REF_REXT N6 VDD11A R10 GND V3 TMODEOQ

L2 REF_FILT N7 GND R11 GND V4 TDI

L3 GND N8 GND R12 VDD33 V5 TMODE1

L4 VDD25A N9 GND R13 VDD33 V6 TDO

L6 GND N10 GND R14 GND V7 EXTP10

L7 GND N11 GND R15 GND V8 TRACEDATA2

L8 GND N12 GND R17 HWRZSEL V9 TRACEDATAO

L9 GND N13 GND R18 EXTP3 V10 TRACECLK

L10 GND N14 GND R19 P61 V11 OSCTH

L11 GND N15 VDD33 R20 P60 V12 EXTP4

L12 GND N17 EXTP14 T1 P1_DOP V13 EXTP6

L13 GND N18 EXTP2 T2 P1_DON V14 HIFSYNC

L14 VDD11 N19 P65 T3 GND V15 BOOT1

L15 GND N20 P66 T4 TEST4 V16 BOOTO
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R-IN32M4-CL3 Hardware edition 1. Functional Overview

Table 1.3 17 mm Square Package External Pin List (3/3)

Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name Pin ID Pin Name

V17 MEMIFSEL W8 P01 W19 P32 Y10 P74

V18 BUS32EN W9 P77 W20 GND Y11 P72

V19 EXTP12 W10 P75 Y1 GND Y12 XT1

V20 GND W11 P73 Y2 GND Y13 XT2

W1 GND W12 P71 Y3 P51 Y14 GND

w2 TMS W13 P70 Y4 P50 Y15 CCI_CLK2_097M

W3 P57 w14 P37 Y5 EXTP11 Y16 GND

W4 P52 W15 P36 Y6 P04 Y17 P34

W5 JTAGSEL W16 P35 Y7 P02 Y18 RESETZ

W6 P05 W17 RSTOUTZ Y8 P00 Y19 GND

w7 P03 W18 P33 Y9 P76 Y20 GND
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R-IN32M4-CL3 Hardware edition 1. Functional Overview

1.6 Base Addresses

The addresses of each register described in the following sections are the relative addresses from the base addresses. In
access to the registers via the external MCU interface, the base address is D_0000H. In access by the internal CPU or
DMA controller, the base address is 4001 _0000H.

« In access by the internal CPU or DMA controller: BASE = 4001 _0000H
« In access via the external MCU interface: BASE =D_0000H
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R-IN32M4-CL3 Hardware edition 2. Pin Function

2. Pin Function

The following tables list the meanings of the items, symbols, and abbreviations used in each pin table in this chapter.

Some pins and functions are not available depending on the type of package. Refer to the PKG column.

Table 2.1 Meanings of the Items in the Pin Lists

Item Meaning

Function Name Name of a function of the pin under “Pin Name” below.

Pin Name Name of the pin shown in Section 1.4 “Pin Assignments (Top View)”.
PKG Type of package

23[J: 23 mm Square Package
17[1: 17 mm Square Package

I/0 I/O direction of the given pin
Description Summary of the given pin function
Active Active level of the given pin

Level during Reset The pin state while RSTOUTZ is Low.

For details on the reset specifications, refer to Section 4.3 “Reset Function”.

Table 2.2 Meanings of the Symbols and Abbreviations in the Pin Lists

Symbol and
Target Abbreviation Meaning
Pin Name — (hyphen) The pin is a dedicated pin that is not multiplexed with a port-pin function.
PKG O The pin exists.
X The pin does not exist.
I/O — (hyphen) The pin does not have an I/O direction, such as a power supply or ground pin.
Active — (hyphen) There is no active level (clock pins, data pins, and address pins).
High The active level is high.
Low The active level is low.
Level during Reset | — (hyphen) This is an input-dedicated pin that has no initial level or state following a reset.
High The pin state during a reset is high.
Low The pin state during a reset is low.
Hi-Z (High) The pin state during a reset is Hi-Z (high) with the internal pull-up resistor
pulling it to the high level.
Hi-Z (Low) The pin state during a reset is Hi-Z (Low) with the internal pull-down resistor
pulling it to the Low level.
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2. Pin Function

2.1 Pin List by function

The pins described in Section 2.1.2 “Ethernet Pins” to Section 2.1.15 “Operating Mode Setting Pins" are multiplexed

with port pins described in Section 2.1.1 “Port Pins and Real-Time Port Pins”. For details, refer to Multiplexed function 1

to Multiplexed function 4 in Section 2.1.1 “Port Pins and Real-Time Port Pins”.

211

Port Pins and Real-Time Port Pins

The LSI has 13 ports for the 3.3 V interface, all of which are 8-bit ports except for EXTP, which has 15 bits.

Grouping them into sets of four ports allows 32-bit access: for example, through ports 0 to 3 (P00-P37), ports 4 to 7
(P40-P77), and real-time ports 0 to 3 (RPO0—RP37).

(1/5)

Pin PKG Multiplexed Multiplexed Multiplexed Multiplexed Level during

Name | 23] | 17J | Function 1 Function 2 Function 3 Function 4 Reset

P00 O O INTPZO — CCI_RUNLEDZz — Hi-Z (High)

P01 O | O [INTPZ1 — — —

P02 O O INTPZ2 — CCI_DLINKLEDZ | —

P03 O O INTPZ3 — CCl_ERRLEDZ —

P04 O O INTPZ4 — CCI_LERR1LEDZ | —

P05 O O INTPZ5 — CCl_LERR2LEDZ | —

P06 O X — — CCI_SDLEDZ —

PO7 O X — — CCI_RDLEDZ —

P10 O X SMIO2 — — —

P11 O X SMIO3 — — —

P12 O X CSZ3 — CCI_WDTIZ —

P13 | O X CSz2 — — —

P14 |O O |[SMSCK — — —

P15 |O O |SMIO0 — — —

Pie |O |O |SMIO1 — — —

P17 |O |O |sMmCcsz — — —

P20 |O | O |RXDO — — —

P21 |O | O | TXDO — — —

P22 | O |O |INTPZ8 — — —

P23 O O INTPZ9 — — —

P24 | O | O |INTPZ10 ETHSWSYNCOUT — —

p2s |O |O |wWDTOUTZ — — —

P26 O O TINJ1/TIND5*'" | TOUTJ1/TOUTD5*! | — —

P27 O O TINJO / TIND4*" | TOUTJO/TOUTD4*" | — —

Note 1. Enabling the TAUJ2 or TAUD pin function is selectable by using the TMISEL register.

For details, refer to Section 28.17 “Timer Interface Select Register (TMISEL)”.
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2. Pin Function

(2/5)
Pin PKG Multiplexed Multiplexed Multiplexed Multiplexed Level during
Name | 23[] | 17[] | Function 1 Function 2 Function 3 Function 4 Reset
P30 O O RXD1 — — — Hi-Z (High)
P31 O O | TXD1 — — —
P32 |O |O | DMAREQZ1 — — —
P33 |O | O | DMAACKZ1 — — —
P34 |O |O |DMATCZ1 — — —
P35 O O CSISCK1 INTPZ22 — — Hi-Z (Low)
P36 O O CSISlI1 INTPZ23 — — Hi-Z (High)
P37 O O CSISO1 INTPZ24 — — Hi-Z (Low)
P40 O 1O | A1/MAO HA1 — — Hi-Z (High)
P41 O O WAITZ HWAITZ INTPZ29 —
P42 |O |O |csICs00 HERROUTZ — —
P43 |O |O [cCSICS01 HBUSCLK — —
P44 O O CSZ1 HPGCSZ — —
P45 |O | O | CSISCKO WAITZ1 — —
P46 |O |O |[csIsio WAITZ2 — —
P47 |O |O |CSISO0 WAITZ3 — —
P50 | O | O | INTPZ6 — — —
P51 O O INTPZ7 — — — Hi-Z (Low)
P52 O O TINJ3 / TIND7*' | TOUTJ3/TOUTD7*' | CCI_NMIZ — Hi-Z (High)
P53 O X CRXDO CCI_INTZ — —
P54 O X CTXDO — — —
P55 O X CRXD1 — — —
P56 O X CTXD1 — — —
P57 O O TINJ2 / TIND6*' | TOUTJ2/TOUTD6*' | — —
Note 1. Enabling the TAUJ2 or TAUD pin function is selectable by using the TMISEL register.
For details, refer to Section 28.17 “Timer Interface Select Register (TMISEL)”.
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2. Pin Function

(3/5)
PKG Multiplexed Multiplexed Multiplexed Multiplexed Level during
Pin Name 230 | 17 | Function 1 Function 2 Function 3 Function 4 Reset
P60 O 1O |scLo — — — Hi-Z (High)
P61 O | O | SDAO — — —
P62 O 10 RTDMAREQZ — — —
P63 O 10 RTDMAACKZ — — —
P64 O 10 RTDMATCZ — — —
P65 O | O | DMAREQZO0 — — —
P66 O 10 DMAACKZ0 — — —
P67 O 10 DMATCZ0 — — —
P70 O 10 CSICS10 — — —
P71 O 10 CsICS11 — — —
P72 O | O | SLEEPING — — —
P73 O 10 INTPZ11 — — —
P74 O |10 INTPZ12 — — —
P75 O 10 INTPZ13 — — —
P76 O 10 INTPZ14 — — —
P77 O O INTPZ15 — — —
(4/5)
PKG Multiplexed Multiplexed Multiplexed Multiplexed Level during
Pin Name 23] | 170J | Function 1 Function 2 Function 3 Function 4 Reset
EXTPO O 10O |= TOUTDO — TINDO Hi-Z (High)
EXTP1 O 10 |—= TOUTD1 — TIND1
EXTP2 O 10 |= TOUTD2 — TIND2
EXTP3 O |O |wbToUTZ TOUTD3 — TIND3
EXTP4 O 10 |= — — —
EXTP5 O 10 |— — — —
EXTP6 O 10 |—= — — — Hi-Z (Low)
EXTP7 O 1O |= — — — Hi-Z (High)
EXTP8 O 10 |— — — —
EXTP9 O 10 |= — — —
EXTP10 X O | sMmI02 CCI_INTZ — —
EXTP11 X O | smIO3 CCI_WDTIZ — —
EXTP12 X O | csz3 CCl_SDLEDZ — —
EXTP13 X O | Ccsz2 CCl_RDLEDZ — =
EXTP14 X O | IETYPE_LED — — —
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2. Pin Function

Ports RPOx to RP3x (x: 0—7) operate as real-time ports. These ports can handle input and output in 32-bit units in

synchronization with the DMA transfer trigger from the dedicated DMA controller for the real-time ports.

(5/5)
Pin PKG Multiplexed Multiplexed Multiplexed Multiplexed Level during
Name | 23[] | 17[] | Function 1 Function 2 Function 3 Function 4 Reset
RP0OO | O O INTPZ16 SCL1 — — Hi-Z (High)
RPO1 | O | O [INTPZ17 SDA1 — —
RP02 | O | O |INTPZ18 — — —
RPO3 | O O INTPZ19 — — —
RPo4 | O | O | INTPZ20 — — —
RPO5 | O O INTPZ21 — — —
RP0O6 | O O WRZ2 / BENZ2 HWRZ2 / HBENZ2 — —
RPO7 | O O WRZ3 / BENZ3 HWRZ3 / HBENZ3 — —
RP10 | O O D24 / MD24 / HD24 | LEDO_PHYO — —
RP11 | O O D25/MD25/HD25 | LED1_PHYO — —
RP12 | O O D26 / MD26 / HD26 | LED2_PHYO — —
RP13 | O O D27 /MD27 / HD27 | LED3_PHYO — —
RP14 | O O D28 /MD28 /HD28 | LEDO_PHY1 — —
RP15 | O O D29/MD29/HD29 | LED1_PHY1 — —
RP16 | O |O D30 /MD30/HD30 | LED2_PHY1 — —
RP17 | O O D31/MD31/HD31 | LED3_PHY1 — —
RP20 | O O BCYSTZ / ADVZ HBCYSTZ — —
RP21 | O X A21/ MA20 — — — Hi-Z (Low)
% O Hi-Z (High)
RP22 | O X A22 | MA21 — — — Hi-Z (Low)
% O Hi-Z (High)
RP23 | O X A23 / MA22 — — — Hi-Z (Low)
X O Hi-Z (High)
RP24 | O X A24 | MA23 INTPZ25 — — Hi-Z (Low)
X O Hi-Z (High)
RP25 | O X A25 | MA24 INTPZ26 — — Hi-Z (Low)
X O Hi-Z (High)
RP26 | O X A26 / MA25 INTPZ27 — — Hi-Z (Low)
% O Hi-Z (High)
RP27 | O X A27 | MA26 INTPZ28 — — Hi-Z (Low)
% O Hi-Z (High)
RP30 | O O D16 /MD16/HD16 | TOUTD8 TIND8 —
RP31 | O O D17 /MD17 /HD17 | TOUTD9 TIND9 —
RP32 | O O D18 /MD18/HD18 | TOUTD10 TIND10 —
RP33 | O O D19/MD19/HD19 | TOUTD11 TIND11 —
RP34 | O O D20 /MD20/HD20 | TOUTD12 TIND12 —
RP35 | O O D21/MD21/HD21 | TOUTD13 TIND13 —
RP36 | O O D22 /MD22/HD22 | TOUTD14 TIND14 —
RP37 | O O D23 /MD23/HD23 | TOUTD15 TIND15 —
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2. Pin Function

21.2 Ethernet Pins
(1/2)
Pin PKG Level during
Function Name Name 23] 1/0 Description Active Reset
PO_DON — O O 110 PHY 0 Tx/Rx channel A negative signal — —
PO_DOP — O O PHY 0 Tx/Rx channel A positive signal
PO_D1N — O O PHY 0 Tx/Rx channel B negative signal
PO_D1P — O O PHY 0 Tx/Rx channel B positive signal
PO_D2N — O O PHY 0 Tx/Rx channel C negative signal
P0O_D2P — O O PHY 0 Tx/Rx channel C positive signal
PO_D3N — O O PHY 0 Tx/Rx channel D negative signal
P0O_D3P — O O PHY 0 Tx/Rx channel D positive signal
P1_DON — O O PHY 1 Tx/Rx channel A negative signal
P1_DOP — O O PHY 1 Tx/Rx channel A positive signal
P1_D1N — O O PHY 1 Tx/Rx channel B negative signal
P1_D1P — O O PHY 1 Tx/Rx channel B positive signal
P1_D2N — O O PHY 1 Tx/Rx channel C negative signal
P1_D2P — O O PHY 1 Tx/Rx channel C positive signal
P1_D3N — O O PHY 1 Tx/Rx channel D negative signal
P1_D3P — O O PHY 1 Tx/Rx channel D positive signal
PHYADD1 — O X Device SMI Address bit 1 (with Pull-Down resistance)
PHYADD2 — O X Device SMI Address bit 2 (with Pull-Down resistance)
PHYADD3 — O X Device SMI Address bit 3 (with Pull-Down resistance)
PHYADDA4 — O X Device SMI Address bit 4 (with Pull-Down resistance)
REF_FILT — O O /10 Copper media reference filter pin.
REF_REXT — O O Copper media reference external pin.
VDD11A — O O — 1.15 V analog power requiring additional PCB power
supply filtering
VDD25A — O O 2.5V general analog power supply
PHYO_LEDO — O O O GbE-PHY LEDO_PHYO0 output signal Low High
PHY1_LEDO — O O GbE-PHY LEDO_PHY1 output signal
LEDO_PHYO RP10 | O O GbE-PHY LED signal output Hi-Z (High)
(Same signal as external pin PHYO_LEDO)
LED1_PHYO RP11 | O O GbE-PHY LED signal output
LED2_PHYO0 RP12 | O O GbE-PHY LED signal output
LED3_PHYO0 RP13 | O O GbE-PHY LED signal output
LEDO_PHY1 RP14 | O O GbE-PHY LED signal output
(Same signal as external pin PHY1_LEDO)
LED1_PHY1 RP15 | O O GbE-PHY LED signal output
LED2_PHY1 RP16 | O O GbE-PHY LED signal output
LED3_PHY1 RP17 | O O GbE-PHY LED signal output
ETHSWSYNCOUT | P24 O O Ethernet switch event output High
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(2/12)
Pin PKG Level during
Function Name Name 2300 | 1700 (1O Description Active Reset
VDDREG_33 — O O — 3.3V power for 2.5 V regulator — —
AVDDREG_33 — O O 3.3 V analog power for 2.5 V regulator
REG_EN — O O 2.5V Regulator enable
REG_FB — O O Feedback from the supply regulation point
AGND — O O — Analog ground for regulator
REG_OUT*! — O O o 2.5V Regulator output
Note 1. The power supply of 2.5 V via the REG_OUT pin is dedicated to the VDD25A.
The pin is not available for the power supply of 2.5 V to other devices.
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213 External SRAM and External MCU Interface Pins

Usage of the external SRAM interface pins and external MCU interface pins is exclusive.
This setting is selected by the level of the MEMIFSEL pin. (Setting value: Low level for the external SRAM interface
pins and High level for the external MCU interface pins)

2.1.31 External SRAM Interface Pins

(a) External SRAM Interface Pins (when Asynchronous SRAM Controller is Selected
(MEMCSEL = 0))

PKG Level during

Function Name Pin Name 2300 | 1700 [ I/O Description Active Reset
BUSCLK — O 1O |o Bus clock output — Clock output
CSZ0 — O 10 Chip select signal output Low Hi-Z (High)
CSZ1 P44 O 10
Csz2 P13 O X

EXTP13 X O
CSZz3 P12 O X

EXTP12 X O
A1 P40 O |10 Address output —
A2-A20 — O 10 Hi-Z (Low)
A21-A27 RP21-RP27 | O O Hi-Z (High)
D0-D15 — O O I/0 Data bus Hi-Z (Low)
D16-D31 RP30-RP37, | O O Hi-Z (High)

RP10-RP17
RDZ — O O 0 Read strobe output Low
WRSTBZ — O 10 Write strobe output
WRZ0 / BENZ0*" WRZ0 O O Valid byte lane strobe
WRZ1/BENZ1*' | WRZ1 O 10 output
WRZ2 / BENZ2* RP06 O O
WRZ3 / BENZ3*! | RP07 O 10
WAITZ P41 O |10 I Wait signal input
BCYSTZ RP20 O O O Bus cycle start status output

Remark. The external memory interface pins other than BUSCLK are inputs as long as the internal reset
signal (HRESETZ) is active.

Note 1. The WREN register is used to switch the pin functions between WRZ3-WRZ0 and BENZ3-BENZ0.
For details on this register, refer to Section 14.3.5 “Write Enable Switching Register (WREN)”.
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(b) External SRAM Interface Pins (When Synchronous Burst Access Memory Controller is
Selected (MEMCSEL = 1))

PKG Level during

Function Name Pin Name 2300 | 1700 [ I/O Description Active Reset
BUSCLK — O O 0 Bus clock output — Low
CSZ0 — O 10 Chip select signal output | Low Hi-Z (High)
CSZ1 P44 O 10
Csz2 P13 O X

EXTP13 X O
CSZz3 P12 O X

EXTP12 X O
MAO P40 O O Address output —
MA1-MA19 A2-A20 O O Hi-Z (Low)
MA20-MA26 RP21-RP27 | O O Hi-Z (High)
MDO-MD15 / D0-D15 O O I/0 Data bus Hi-Z (Low)
MAO-MA15*!
MD16-MD31 / RP30-RP37, | O O Hi-Z (High)
MA16-MA31*! RP10-RP17
RDZ — O 1O |o Read strobe output Low
WRSTBZ — O O Write strobe output
WRZ0 / BENZ0*2 | WRZ0 O O Valid byte lane strobe
WRZ1/BENZ1*? | WRZ1 O O output
WRZ2 / BENZ2*2 | RP06 O 10
WRZ3 / BENZ3*2 | RP07 O O
WAITZ P41 O 10 I Wait signal input
WAITZ1-WAITZ3 | P45-P47 O O
ADVZ RP20 O O [O Address valid output

Remark. The external memory interface pins other than BUSCLK are inputs as long as the internal reset
signal (HRESETZ) is active.

Note 1. When the ADMUXMODE pin is at the High level, these pin functions are multiplexed with address
pin functions.
ADMUXMODE = 0: MD0-MD31 (separated address and data lines)
ADMUXMODE = 1: MD0-MD31 / MAO to MA31 (multiplexed address and data lines)

2. The SET_OPMODE register is used to the switch pin functions between WRZ3-WRZ0 and

BENZ3-BENZ0.
For details on this register, refer to Section 15.2.7 “Synchronous Burst Access Memory
Controller Mode Setting Register (SET_OPMODE)”.
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2132

External MCU Interface Pins

(a) External MCU Interface Pins (When Asynchronous SRAM Memory Controller is Selected
(MEMCSEL = 0))

PKG Level during

Function Name Pin Name 2301 | 1700 | /O Description Active Reset
HBUSCLK*" P43 O O I Bus clock input — Hi-Z (High)
HCSZ CSZz0 O 10 Chip select signal input | Low
HPGCSZ P44 O 10 Page ROM mode chip

select signal input
HWAITZ P41 O O 0 Wait signal output
HA1 P40 O 10O I Address signal input —
HA2-HA20 A2-A20 O O Hi-Z (Low)
HDO-HD15 D0-D15 O 1O |0 Data bus
HD16-HD31 RP30-RP37, O O Hi-Z (High)

RP10-RP17

HRDZ RDZ O 10 I Read strobe input Low
HWRSTBZ WRSTBZ O O Write strobe input
HWRZ0 / HBENZ0*? WRZ0 O O Valid byte lane strobe
HWRZ1/HBENZ1*2 | WRZ1 O O input
HWRZ2 / HBENZ2*2 | RP06 O 10
HWRZ3 / HBENZ3*? RPO7 O O
HERROUTZ P42 O O O Error interrupt output High
HBCYSTZ RP20 O O | Bus cycle input Hi-Z (High)

Note 1. The HBUSCLK pin is used only in case of synchronous SRAM supported MCU connection mode
(HIFSYNC pin is High). The HBUSCLK pin is not used in case of asynchronous SRAM supported

MCU connection mode (HIFSYNC pin is Low). Furthermore, the other signal connection is

common in each mode.

For details on the connection example, refer to the "R-IN32M4-CL3 User’s Manual: Board Design

edition”.

2. The level being input on the HWRZSEL pin controls switching between HWRZ3-HWRZ0 and

HBENZ3-HBENZO0 signals.

Remark. The external MCU interface pins continue to operate as those pins even during a reset.
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(b) External MCU Interface Pins (When Synchronous Burst Access Memory Controller is Selected
(MEMCSEL = 1))

PKG Level during

Function Name Pin Name 2300 | 170 [I/O Description Active Reset
HBUSCLK P43 O O | Bus clock input — Hi-Z (High)
HCSZz CSz0 O O Chip select signal input Low
HPGCSzZ P44 O O Page ROM mode chip

select signal input
HWAITZ P41 O O 0 Wait signal output
HA1*! P40 O O I Address signal input —
HA2-HA20*! A2-A20 O 10 Hi-Z (Low)
HDO-HD15*! D0-D15 O 1O |wo Data bus
HD16-HD31*" RP30-RP37, | O O Hi-Z (High)

RP10-RP17

HRDZ RDZ O O I Read strobe input Low
HWRSTBZ WRSTBZ O O Write strobe input
HWRZ0 / HBENZ0*? WRZ0 O O Valid byte lane strobe
HWRZ1/HBENZ1*2 | WRZ1 O 10 input
HWRZ2 / HBENZ2*2 RPO06 O O
HWRZ3 / HBENZ3*? RPO7 O O
HERROUTZ P42 O O (@) Error interrupt output High
HBCYSTZ RP20 O O [ Bus cycle input Hi-Z (High)

Note 1. The address/data pin connection depends on address/data multiplex mode (ADMUXMODE pin is
High) or address/data separate mode (ADMUXMODE pin is Low).

For details on the connection example, refer to the “R-IN32M4-CL3 User's Manual: Board Design

edition”.

2. When the MEMCSEL pin is High, setting the HWRZSEL pin to High is prohibited.

Remark. The external MCU interface pins continue to operate as those pins even during a reset.
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21.4

Serial Flash ROM Interface Pins

The serial flash ROM interface pins are the pins of the serial flash ROM controller.

These pins support the following instruction formats: Fast Read, Fast Read Dual Output, Fast Read Dual /O, Fast Read
Quad Output, and Fast Read Quad 1/0.

The DMA interface pins are the external interface pins of the DMA controllers.
Two types of DMA controllers built into the R-IN32M4-CL3, general-purpose DMA controllers (channels 0 and 1) and

real-time port DMA controller, can be used as external DMA interfaces.

Function | Pin PKG Level during
Name Name 2300 | 1700 [I/O Description Active Reset
SMSCK | P14 O O ) Serial clock output signal for serial flash ROM — Hi-Z (High)
SMIO0 | P15 O O I/O | Serial data I/O signals for serial flash ROM
(Connected to the 100 pin of serial flash ROM)
SMIO1 P16 O O Serial data 1/O signals for serial flash ROM
(Connected to the 101 pin of serial flash ROM)
SMIO2 | P10 O X Serial data 1/O signals for serial flash ROM
EXTP10 | % O (Connected to the /WP(I02) pin of serial flash
ROM)
SMIO3 | P11 O X Serial data /O signals for serial flash ROM
EXTP11 | % O (Connected to the /[HOLD(IO3) pin of serial flash
ROM)
SMCSZ | P17 O O O Chip select output signal for serial flash ROM Low
215 DMA Interface Pins

Pin PKG Level during
Function Name |Name | 23] | 17[J |1/O Description Active Reset
RTDMAREQZ | P62 O O RTDMAC DMA transfer request input Low Hi-Z (High)
RTDMAACKZ | P63 O O RTDMAC DMA acknowledge output
RTDMATCZ P64 O O RTDMAC terminal count output
DMAREQZ0 P65 O O DMA transfer request input 0
DMAACKZ0 P66 O 10 DMA acknowledge output 0
DMATCZ0 P67 |O |O Terminal count output 0
DMAREQZ1 P32 O O DMA transfer request input 1
DMAACKZ1 P33 |O O DMA acknowledge output 1
DMATCZ1 P34 O O Terminal count output 1

Note. These pins are fixed to channels of the DMA controllers. The pins cannot be assigned to the desired

channel. For details, refer to Section 18 “DMA Controllers”.
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2.1.6 External Interrupt Input Pins

The LSI has one non-maskable interrupt and 30 maskable interrupt input pins.

PKG Level during
Function Name Pin Name 2300 | 1700 | 1/O Description Active Reset
NMIZ — O O I Non-maskable external Low Hi-Z (High)

interrupt input
INTPZO-INTPZ5 P00-P05 O O External interrupt input
INTPZ6 P50 O 10
INTPZ7 P51 O 10 Hi-Z (Low)
INTPZ8-INTPZ10 P22-P24 O O Hi-Z (High)
INTPZ11-INTPZ15 | P73-P77 O O
INTPZ16-INTPZ21 | RPO0-RP05 | O O
INTPZ22 P35 O O Hi-Z (Low)
INTPZ23 P36 O O Hi-Z (High)
INTPZ24 P37 O O Hi-Z (Low)
INTPZ25-INTPZ28 | RP24-RP27 | O O , ,
Hi-Z (High)
INTPZ29 P41 O 10
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217 Timer /O Pins

PKG Level during
Function Name Pin Name | 23] | 17LJ [I/O Description Active Reset
TINJO / TOUTJO*! P27 O 1O |Wwo Timer TAUJ2 I/O pin — Hi-Z (High)
TINJ1 / TOUTJ1*! P26 O 10
TINJ2 / TOUTJ2*! P57 O |0
TINJ3 / TOUTJ3*! P52 O 10
TINDO / TOUTDO EXTPO O |O Timer TAUD I/O pin
TIND1/ TOUTD1 EXTP1 O |0
TIND2 / TOUTD2 EXTP2 O 10
TIND3 / TOUTD3 EXTP3 O O
TIND4 / TOUTD4*! P27 O 10
TIND5 / TOUTD5*! P26 O |10
TIND6 / TOUTD6*! P57 O 10
TIND7 / TOUTD7*' P52 O |10
TIND8 / TOUTDS8 RP30 O O
TIND9 / TOUTD9 RP31 O 10
TIND10/ TOUTD10 RP32 O |0
TIND11/ TOUTD11 RP33 O 10
TIND12 / TOUTD12 RP34 O |10
TIND13 / TOUTD13 RP35 O O
TIND14/TOUTD14 | RP36 O 10
TIND15/ TOUTD15 RP37 O O

Note 1. TINJO-TINJ3 and TIND4-TIND7, and TOUTJ0-TOUTJ3 and TOUTD4-TOUTD?7 are assigned as
multiplexed functions of the same port pins. Use the TMISEL register to select the pin functions to
be used.

For details on this register, refer to Section 28.17 “Timer Interface Select Register (TMISEL)”.
When the external pin functions such as the interval timer function of the internal clock are not
used, both TAUJ2 and TAUD channels can be used at the same time.

21.8 Watchdog Timer Output Pin

Function PKG Level during
Name Pin Name 2301 | 1700 | /O Description Active Reset
WDTOUTZ | P25/ EXTP3 O O O Watchdog timer output pin Low Hi-Z (High)
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2. Pin Function

21.9 Serial Interface Pins

Function Pin PKG Level during
Name Name | 23] | 17LJ |I/O Description Active Reset
TXDO P21 O O () UARTO serial data output — Hi-Z (High)
RXDO P20 O O I UARTO serial data input

TXD1 P31 O O 0 UART1 serial data output

RXD1 P30 O O I UART1 serial data input

CSISCKO P45 O O I/0 CSI0 serial clock input/output

CsISIo P46 O O I CSI0 serial data input

CSIS00 P47 O O o] CSI0 serial data output

CSICS00 P42 O O CSIO0 chip select signal output 0 Low

CSICS01 P43 O O CSIO0 chip select signal output 1

CSISCK1 P35 |O |O I/0 CSI1 serial clock input/output — Hi-Z (Low)
CSISI1 P36 O O | CSI1 serial data input Hi-Z (High)
CSISO1 P37 O O (0] CSI1 serial data output Hi-Z (Low)
CSICS10 P70 O O CSI1 chip select signal output 0 Low Hi-Z (High)
CSICS11 P71 O O CSI1 chip select signal output 1

SCLO*! P60 O O I/0 12CO0 serial clock —

SDA0*! P61 | O |O I2CO serial data

SCL1*! RPOO | O |O I2C1 serial clock

SDA1*! RPO1 | O | O 12C1 serial data

CRXDO P53 O X I CANO receive data input (5 V tolerant)

CTXDO P54 O X (0] CANO transmit data output (5 V tolerant)

CRXD1 P55 O X I CANT1 receive data input (5 V tolerant)

CTXD1 P56 O X (0] CAN1 transmit data output (5 V tolerant)

Note 1. The SCLn and SDAn pins (n =0, 1) are open-drain outputs.

For details, refer to Section 24.4.1 “Pin Configuration”.
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2. Pin Function

2.1.10 CC-Link IE Pins

These pins are used for CC-Link IE Field and CC-Link IE TSN.

Pin PKG Level during
Function Name Name 230 | 17L] [ I/O Description Active Reset
CCI_RUNLEDZ P00 O O 0] RUN status output Low Hi-Z (High)
CCI_DLINKLEDZ | P02 O O Cyclic communication status output
CCI_ERRLEDZ P03 O O Field network error status output
CCI_LERR1LEDZ | P04 O O Link error status output 1
CCl_LERR2LEDZ | P05 O O Link error status output 2
CCI_SDLEDZ P06 O X Transmission status output
EXTP12 | X | O
CCI_RDLEDZ P07 O X Port reception status output
EXTP13 | X | O
CCIl_NMIz P52 O O Output NMI interrupt to MCU
CCI_WDTIZ P12 O X | Input from external WDT
EXTP11 [ x | O
CCI_INTZ P53 O X o} Output interrupt to MCU
EXTP10 | X | O
CCI_CLK2_097M | — O O | 2.097152 MHz clock — —
(crystal oscillator)
CLK2MSEL*! — O O CC-Link IE Field clock selection
signal input
0: 2.097152 MHz (CCI_CLK2_097M)
1: 2 MHz (PLL divided clock)
IETYPE_LED EXTP14 | X O 0] The signal pin for LED indicates Low Hi-Z (High)
whether the CC-Link IE function is
operating in TSN or Field.
TSN operating: LED on
Field operating: LED blinking
Note 1. For details, refer to Section 26.2 “CC-Link IE Clock Selection Function”.
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2.1.11 System Pins
Function Pin PKG Level during
Name Name | 23[1] | 170] [I/O Description Active Reset
XT1 — O 1O |0 Clock input pin — —
XT2 — O O I When using an oscillator (OSCTH = 1):
XT1 is connected to GND and XT2 is
connected to the oscillator.
When using a Resonator (OSCTH = 0):
XT1 and XT2 are connected to the
resonator.
RESETZ — O O Reset input Low
PONRZ — O |10 Power-on reset input
HOTRESETZ | — O |0 Hot reset input
OSCTH — O O External clock input mode setting High
0: Resonator connection mode
1: External clock input mode
JTAGSEL — O O JTAG pin operating mode setting —
0: Cortex-M4 JTAG mode
1: B-SCAN JTAG mode
RSTOUTZ — O O 0] External reset output Low Low
PLL_VDD — O O — PLL power supply (1.15 V) — —
PLL_GND — O 10 PLL GND
VDD33 — O |10 I/0 power supply (3.3 V)
VDD11 — O |10 Internal power supply (1.15 V)
GND — O O Power supply ground voltage (GND)
GND/OPEN | — O X Power supply ground voltage (GND) or
open
2112 Trace Pins
Pin PKG Level during
Function Name Name | 23] | 17L] |I/O Description Active Reset
TRACECLK — O 1O o Trace port clock output — Clock output
TRACEDATA3* — O O Trace port data output Hi-Z (High)
TRACEDATA2Y! | — O 10
TRACEDATA1*" | — O 10
TRACEDATA0*! | — O 10

Note 1. These pins are used as an input port in the initial state. The pins are switched to an output port
after the reset state is released (the RSTOUTZ pin is switched from Low to High) and 150 to 170 ns

are passed.
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2. Pin Function

2.1.13 CPU Power Control Pin
Pin PKG Level during
Function Name Name 2301 | 1700 | 11O Description Active Reset
SLEEPING P72 O O ) CPU core sleep mode output High Hi-Z (High)
2.1.14 Test Pins
Pin PKG Level during
Function Name Name 2300 | 1700 [ I/O Description Active Reset
TMODEO-TMODE2 | — O O I Renesas dedicated test pins — —
TEST3 O X
TEST4, TEST5 O 1O W
TEST6, TEST7 O O |
T™MS O 1O |lVo Mode select signal
TDI O O I Serial data input
TDO O 1O |o Serial data output
TRSTZ O O I Reset signal Low
TCK O 10 Clock signal (JTAG clock) —
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2. Pin Function

21.15

Operating Mode Setting Pins

Function Name

Pin
Name

PKG

23]

1701

110

Description

Active

Level during
Reset

BOOT1-BOOTO

O

MEMIFSEL

MEMCSEL

BUS32EN

HIFSYNC

HWRZSEL

ADMUXMODE

Boot mode selection

00: External memory boot

01: External serial flash ROM boot

10: External MCU boot

11: Instruction RAM boot (only available
for debugging)

External memory interface selection
0: Slave memory interface
1: External MCU interface

Internal memory controller selection

0: Asynchronous SRAM controller

1: Synchronous burst access memory
controller

External memory interface bus width
selection

0: 16-bit bus

1: 32-bit bus

External MCU interface operating mode
selection

0: Asynchronous SRAM interface

1: Synchronous SRAM interface

External MCU interface HWRZ/HBENZ
selection

0: Used as HBENZ

1: Used as HWRZ

Multiplexing of address and data lines
0: Separated address and data lines
1: Multiplexed address and data lines
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2. Pin Function

The following table lists the combinations of available operating mode setting pins for this product.

Boot mode External memory boot External MCU boot External serial flash ROM boot

External memory

interface Slave memory interface External MCU interface Slave memory interface External MCU interface
Memory controller type | Asynchronous | Synchronous | Asynchronous | Synchronous | Asynchronous | Synchronous | Asynchronous | Synchronous
External bus width 16-bit |32-bit |16-bit [32-bit [16-bit |32-bit |16-bit |32-bit |16-bit [32-bit |16-bit |32-bit |16-bit |32-bit |16-bit |32-bit
BOOT1-0 00 |00 00 |00 10 |10 10 |10 01 |01 01 | 01 01 |01 01 |01
MEMIFSEL 0 0 0 1 1 1 1 0 0 0 1 1 1 1
MEMCSEL 0 0 1 1 0 1 1 0 0 1 1 0 0 1 1
BUS32EN 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
HIFSYNC 0 0 0 *1 *1 1 1 0 0 0 0 *1 *1 1 1
HWRZSEL 0 0 0 2 | *2 0 0 0 0 0 0 2 | *2 0 0
ADMUXMODE 0 0 3 | *3 0 0 3 |3 0 0 3 13 0 0 *3 |13

Note. Any combination of operating mode setting pins other than above is prohibited.

Note 1.

HIFSYNC = 0: Asynchronous SRAM supported MCU connection mode
HIFSYNC = 1: Synchronous SRAM supported MCU connection mode
For details, refer to Section 16 “External MCU Interface”.

2. The external MCU interface HWRZ or HBENZ is selectable by the level on the HWRZSEL pin.
For details, refer to Section 2.1.3.2(a) “External MCU Interface Pins (When Asynchronous SRAM
Memory Controller is Selected (MEMCSEL = 0))”.

3. Multiplexing of address and data lines is selectable by the level on the ADMUXMODE pin.

For details, refer to Section 2.1.3.1(b) “External SRAM Interface Pins (When Synchronous Burst
Access Memory Controller is Selected (MEMCSEL = 1))”.

Remarks 1.

The mode of the external MCU interface is selectable by the level on the HIFSYNC pin.

The combination of operating mode setting pins used to select booting for instruction RAM

(BOOT1-0 = 11) is the same as that for booting from external memory (BOOT1-0 = 00).
2. Asynchronous: Asynchronous SRAM controller (MEMCSEL = 0)
Synchronous: Synchronous burst access memory controller (MEMCSEL = 1)
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2.2 Pin States

The initial state of the port functions after release from the reset state differs depending on the state of the operating mode
setting pins. For the state of the operating mode setting pins in each boot mode and the supported combinations, refer to

Section 2.1.15 “Operating Mode Setting Pins”.

Remarks 1. Entries in cells shaded in light green indicate multiplexed pin functions that are enabled in the
initial state.

2. The initial state of booting for instruction RAM is the same as that for booting from external

memory.
2.2.1 Pin States when Booting is from External Memory
(1/4)
External memory boot (BOOT1-0 = 00)
Slave memory interface (MEMIFSEL = 0)
Asynchronous SRAM controller Synchronous burst access memory controller
Pin PKG (MEMCSEL = 0) (MEMCSEL = 1)
Name |[230] |170] |16-bit (BUS32EN =0) |32-bit (BUS32EN =1) |16-bit (BUS32EN =0) |32-bit (BUS32EN = 1)
PO |O |O |POO P00 P00 P00
PO1 O 10 PO1 P01 P01 PO1
P02 |O |O P02 P02 P02 P02
P03 |O |O P03 P03 P03 P03
Ppo4 |O |O P04 P04 P04 P04
Po5 |O |O |PO5 P05 P05 P05
po6 | O X P06 P06 P06 P06
Ppo7 | O X P07 P07 P07 P07
P10 |O X P10 P10 P10 P10
P11 O X P11 P11 P11 P11
P12 |O X P12 P12 P12 P12
P13 | O X P13 P13 P13 P13
P4 |O |O |P14 P14 P14 P14
P5 |O |O P15 P15 P15 P15
P66 |O |O P16 P16 P16 P16
P17 |O |O P17 P17 P17 P17
P20 |O |O P20 P20 P20 P20
P21 O 1O |P21 P21 P21 P21
P22 |O |O P22 P22 P22 P22
P23 |O |O P23 P23 P23 P23
P24 |O |O P24 P24 P24 P24
P25 |O |O P25 P25 P25 P25
P26 |O |O |P26 P26 P26 P26
P27 |O |O P27 P27 P27 P27
P30 |O |O |P30 P30 P30 P30
P31 O 10 P31 P31 P31 P31
P32 |O |O P32 P32 P32 P32
P33 |O |O P33 P33 P33 P33
P34 |O |O P34 P34 P34 P34
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2. Pin Function

(2/4)

External memory boot (BOOT1-0 = 00)

Slave memory interface (MEMIFSEL = 0)

Asynchronous SRAM controller

Synchronous burst access memory controller

Pin PKG (MEMCSEL = 0) (MEMCSEL = 1)
Name |23[1 |170] |16-bit (BUS32EN =0) |32-bit (BUS32EN = 1) |16-bit (BUS32EN =0) |32-bit (BUS32EN = 1)
P35 O O P35 P35 P35 P35
P36 O O P36 P36 P36 P36
P37 O O P37 P37 P37 P37
P40 O 10O | A1 P40 MAO MAO
P41 O O P41 P41 P41 P41
P42 O O P42 P42 P42 P42
P43 O O P43 P43 P43 P43
P44 O O P44 P44 P44 P44
P45 O O P45 P45 P45 P45
P46 O O P46 P46 P46 P46
P47 O O P47 P47 P47 P47
P50 O O P50 P50 P50 P50
P51 O O P51 P51 P51 P51
P52 O O P52 P52 P52 P52
P53 O X P53 P53 P53 P53
P54 O X P54 P54 P54 P54
P55 O X P55 P55 P55 P55
P56 O X P56 P56 P56 P56
P57 O O P57 P57 P57 P57
P60 O O P60 P60 P60 P60
P61 O |10 P61 P61 P61 P61
P62 O O P62 P62 P62 P62
P63 O O P63 P63 P63 P63
P64 O O P64 P64 P64 P64
P65 O O P65 P65 P65 P65
P66 O O P66 P66 P66 P66
P67 O O P67 P67 P67 P67
P70 O O P70 P70 P70 P70
P71 O O P71 P71 P71 P71
P72 O O P72 P72 P72 P72
P73 O O P73 P73 P73 P73
P74 O O P74 P74 P74 P74
P75 O O P75 P75 P75 P75
P76 O O P76 P76 P76 P76
P77 O O P77 P77 P77 P77
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(3/4)
External memory boot (BOOT1-0 = 00)
Slave memory interface (MEMIFSEL = 0)
Asynchronous SRAM controller Synchronous burst access memory controller
Pin PKG (MEMCSEL = 0) (MEMCSEL = 1)
Name |230]|17[] |16-bit (BUS32EN =0) |32-bit (BUS32EN =1) |16-bit (BUS32EN =0) |32-bit (BUS32EN = 1)
EXTPO | O X EXTPO EXTPO EXTPO EXTPO
X O Reserved Reserved Reserved Reserved
EXTP1 | O X EXTP1 EXTP1 EXTP1 EXTP1
X O Reserved Reserved Reserved Reserved
EXTP2 | O X EXTP2 EXTP2 EXTP2 EXTP2
X O Reserved Reserved Reserved Reserved
EXTP3 |O | O EXTP3 EXTP3 EXTP3 EXTP3
EXTP4 | O X EXTP4 EXTP4 EXTP4 EXTP4
X O Reserved Reserved Reserved Reserved
EXTP5 | O | O EXTPS EXTP5 EXTP5 EXTP5
EXTP6 |O | O EXTP6 EXTP6 EXTP6 EXTP6
EXTP7 |O | O EXTP7 EXTP7 EXTP7 EXTP7
EXTP8 | O X EXTP8 EXTP8 EXTP8 EXTP8
X O Reserved Reserved Reserved Reserved
EXTPY | O X EXTP9 EXTP9 EXTP9 EXTP9
X O Reserved Reserved Reserved Reserved
EXTP10 | X | O EXTP10 EXTP10 EXTP10 EXTP10
EXTP11 | X O EXTP11 EXTP11 EXTP11 EXTP11
EXTP12 | X | O EXTP12 EXTP12 EXTP12 EXTP12
EXTP13 | X O EXTP13 EXTP13 EXTP13 EXTP13
EXTP14 | X O EXTP14 EXTP14 EXTP14 EXTP14

Note. The initial state of the “Reserved” pins is not specified. These pins can be used as normal ports
by setting the port function after release from the reset state.
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(4/4)

External memory boot (BOOT1-0 = 00)

Slave memory interface (MEMIFSEL = 0)

Asynchronous SRAM controller

Synchronous burst access memory controller

Pin PKG (MEMCSEL = 0) (MEMCSEL = 1)
Name |23 |170] |16-bit (BUS32EN =0) |32-bit (BUS32EN = 1) |16-bit (BUS32EN = 0) |32-bit (BUS32EN = 1)
RP0O0O O 10 RP0O0O RP0OO RP0O0O RP0O0O
RPO1 O O RPO1 RPO1 RPO1 RPO1
RP02 O 10O RP02 RP02 RP02 RPO02
RPO3 |O |O RP03 RP03 RP03 RPO03
RP04 O 10O RP04 RP04 RP04 RP04
RP05 O X RP05 RP05 RP05 RP0O5
X O Reserved Reserved Reserved Reserved
RPO06 O 10O RP06 WRZ2 RPO6 WRZ2
RPO7 O O RPO7 WRZ3 RPO7 WRZ3
RP10 O 10O RP10 D24 RP10 MD24
RP11 O O RP11 D25 RP11 MD25
RP12 |O |O |RP12 D26 RP12 MD26
RP13 O 10 RP13 D27 RP13 MD27
RP14 O 10O RP14 D28 RP14 MD28
RP15 O 10O RP15 D29 RP15 MD29
RP16 O O RP16 D30 RP16 MD30
RP17 | O |O |RP17 D31 RP17 MD31
RP20 O 10 RP20 RP20 ADVZ ADVZ
RP21 | O | O* | RP21 RP21 RP21 RP21
RP22 O | O | RP22 RP22 RP22 RP22
RP23 O | O* | RP23 RP23 RP23 RP23
RP24 O | O | RP24 RP24 RP24 RP24
RP25 O | O* | RP25 RP25 RP25 RP25
RP26 | O |O*' | RP26 RP26 RP26 RP26
RP27 O | O | RP27 RP27 RP27 RP27
RP30 O O RP30 D16 RP30 MD16
RP31 O 10O RP31 D17 RP31 MD17
RP32 O O RP32 D18 RP32 MD18
RP33 | O |O |RP33 D19 RP33 MD19
RP34 O 10 RP34 D20 RP34 MD20
RP35 | O |O |RP35 D21 RP35 MD21
RP36 O 10O RP36 D22 RP36 MD22
RP37 O O RP37 D23 RP37 MD23
Note 1. In the initial state of the 17 mm square package, the A21-A27 inputs (external pins: RP21-RP27) of
the external SRAM interface are pulled up. For details, refer to Section 7.1 "Selecting the Boot
Mode".
Note. The initial state of the “Reserved” pins is not specified. These pins can be used as normal ports

by setting the port function after release from the reset state.
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222 Pin States when Booting is from External Serial Flash ROM
Remarks 1. Asynchronous type: Asynchronous SRAM controller (MEMCSEL = 0)
Synchronous type: Synchronous burst access memory controller (MEMCSEL = 1)
2. 16-bit: 16-bit bus width of the external memory interface (BUS32EN = 0)
32-bit: 32-bit bus width of the external memory interface (BUS32EN = 1)
(1/4)
External serial flash ROM boot (BOOT1-0 = 01)
Slave memory interface (MEMIFSEL = 0) External MCU interface (MEMIFSEL = 1)
Pin PKG Asynchronous type Synchronous type Asynchronous type Synchronous type
Name |23(] |17[] |16-bit 32-bit 16-bit 32-bit 16-bit 32-bit 16-bit 32-bit
P00 O O P00 P00 P00 P00 P00 P00 P00 P00
P01 O O PO1 P01 P01 P01 P01 P01 P01 P01
P02 O O P02 P02 P02 P02 P02 P02 P02 P02
P03 O O P03 P03 P03 P03 P03 P03 P03 P03
P04 O O P04 P04 P04 P04 P04 P04 P04 P04
P05 O O P05 P05 P05 P05 P05 P05 P05 P05
P06 O X P06 P06 P06 P06 P06 P06 P06 P06
PO7 O X PO7 P07 PO7 PO7 P07 P07 P07 P07
P10 O X P10 P10 P10 P10 P10 P10 P10 P10
P11 O X P11 P11 P11 P11 P11 P11 P11 P11
P12 O X P12 P12 P12 P12 P12 P12 P12 P12
P13 O X P13 P13 P13 P13 P13 P13 P13 P13
P14 O O SMSCK | SMSCK | SMSCK SMSCK SMSCK | SMSCK | SMSCK SMSCK
P15 O O SMIO0 SMIO0 SMIO0 SMIO0 SMIO0 SMIOO0 SMIO0 SMIO0
P16 O O SMIO1 SMIO1 SMIO1 SMIO1 SMIO1 SMIO1 SMIO1 SMIO1
P17 O O SMCSZ SMCSZ SMCSZ SMCSZ SMCSZ SMCSZ SMCSZ SMCSZ
P20 O O P20 P20 P20 P20 P20 P20 P20 P20
P21 O O P21 P21 P21 P21 P21 P21 P21 P21
P22 O O P22 P22 P22 P22 P22 P22 P22 P22
P23 O O P23 P23 P23 P23 P23 P23 P23 P23
P24 O O P24 P24 P24 P24 P24 P24 P24 P24
P25 O O P25 P25 P25 P25 P25 P25 P25 P25
P26 O O P26 P26 P26 P26 P26 P26 P26 P26
P27 O O P27 P27 P27 P27 P27 P27 P27 P27
P30 O O P30 P30 P30 P30 P30 P30 P30 P30
P31 O O P31 P31 P31 P31 P31 P31 P31 P31
P32 |O |O |P32 P32 P32 P32 P32 P32 P32 P32
P33 O O P33 P33 P33 P33 P33 P33 P33 P33
P34 O O P34 P34 P34 P34 P34 P34 P34 P34
P35 O O P35 P35 P35 P35 P35 P35 P35 P35
P36 O O P36 P36 P36 P36 P36 P36 P36 P36
P37 Q O P37 P37 P37 P37 P37 P37 P37 P37
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(2/4)

External serial flash ROM boot (BOOT1-0 = 01)

Slave memory interface (MEMIFSEL = 0)

External MCU interface (MEMIFSEL = 1)

Pin PKG Asynchronous type Synchronous type Asynchronous type Synchronous type

Name |23[] |170] |16-bit 32-bit 16-bit 32-bit 16-bit 32-bit 16-bit 32-bit

P40 O O A1 P40 MAO MAO HA1 HA1 HA1 HA1

P41 O O P41 P41 P41 P41 HWAITZ | HWAITZ | HWAITZ | HWAITZ

P42 O O P42 P42 P42 P42 HERROUTZ | HERROUTZ | HERROUTZ | HERROUTZ

P43 O O P43 P43 P43 P43 HBUSCLK | HBUSCLK | HBUSCLK | HBUSCLK

P44 O O P44 P44 P44 P44 HPGCSZ | HPGCSZ | HPGCSZ | HPGCSZ

P45 O O P45 P45 P45 P45 P45 P45 P45 P45

P46 O O P46 P46 P46 P46 P46 P46 P46 P46

P47 O O P47 P47 P47 P47 P47 P47 P47 P47

P50 O O P50 P50 P50 P50 P50 P50 P50 P50

P51 O O P51 P51 P51 P51 P51 P51 P51 P51

P52 O O P52 P52 P52 P52 P52 P52 P52 P52

P53 O X P53 P53 P53 P53 P53 P53 P53 P53

P54 O X P54 P54 P54 P54 P54 P54 P54 P54

P55 O X P55 P55 P55 P55 P55 P55 P55 P55

P56 O X P56 P56 P56 P56 P56 P56 P56 P56

P57 O O P57 P57 P57 P57 P57 P57 P57 P57

P60 O O P60 P60 P60 P60 P60 P60 P60 P60

P61 O O P61 P61 P61 P61 P61 P61 P61 P61

P62 O O P62 P62 P62 P62 P62 P62 P62 P62

P63 O O P63 P63 P63 P63 P63 P63 P63 P63

P64 O O P64 P64 P64 P64 P64 P64 P64 P64

P65 O O P65 P65 P65 P65 P65 P65 P65 P65

P66 O O P66 P66 P66 P66 P66 P66 P66 P66

P67 O O P67 P67 P67 P67 P67 P67 P67 P67

P70 O O P70 P70 P70 P70 P70 P70 P70 P70

P71 O O P71 P71 P71 P71 P71 P71 P71 P71

P72 O O P72 P72 P72 P72 P72 P72 P72 P72

P73 O O P73 P73 P73 P73 P73 P73 P73 P73

P74 O O P74 P74 P74 P74 P74 P74 P74 P74

P75 O O P75 P75 P75 P75 P75 P75 P75 P75

P76 O O P76 P76 P76 P76 P76 P76 P76 P76

P77 O O P77 P77 P77 P77 P77 P77 P77 P77
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(3/4)
External serial flash ROM boot (BOOT1-0 = 01)
Slave memory interface (MEMIFSEL = 0) External MCU interface (MEMIFSEL = 1)

Pin PKG Asynchronous type Synchronous type Asynchronous type Synchronous type
Name |23[1] |17[] | 16-bit 32-bit 16-bit 32-bit 16-bit 32-bit 16-bit 32-bit
EXTPO | O X EXTPO EXTPO EXTPO EXTPO EXTPO EXTPO EXTPO EXTPO

X O Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
ExXTP1 | O X EXTP1 EXTP1 EXTP1 EXTP1 EXTP1 EXTP1 EXTP1 EXTP1

X O Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
EXTP2 | O X EXTP2 EXTP2 EXTP2 EXTP2 EXTP2 EXTP2 EXTP2 EXTP2

X O Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
EXTP3 | O O EXTP3 EXTP3 EXTP3 EXTP3 EXTP3 EXTP3 EXTP3 EXTP3
EXTP4 | O X EXTP4 EXTP4 EXTP4 EXTP4 EXTP4 EXTP4 EXTP4 EXTP4

X O Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
EXTP5 | O O EXTP5 EXTP5 EXTP5 EXTP5 EXTP5 EXTP5 EXTP5 EXTP5
EXTP6 | O O EXTP6 EXTP6 EXTP6 EXTP6 EXTP6 EXTP6 EXTP6 EXTP6
EXTP7 | O O EXTP7 EXTP7 EXTP7 EXTP7 EXTP7 EXTP7 EXTP7 EXTP7
ExTP8 | O X EXTP8 EXTP8 EXTP8 EXTP8 EXTP8 EXTP8 EXTP8 EXTP8

X O Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
ExTPY | O X EXTP9 EXTP9 EXTP9 EXTP9 EXTP9 EXTP9 EXTP9 EXTP9

X O Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
EXTP10 | X O EXTP10 EXTP10 EXTP10 EXTP10 EXTP10 EXTP10 EXTP10 EXTP10
EXTP11 | X O EXTP11 EXTP11 EXTP11 EXTP11 EXTP11 EXTP11 EXTP11 EXTP11
EXTP12 | X O EXTP12 EXTP12 EXTP12 EXTP12 EXTP12 EXTP12 EXTP12 EXTP12
EXTP13 | X O EXTP13 EXTP13 EXTP13 EXTP13 EXTP13 EXTP13 EXTP13 EXTP13
EXTP14 | X O EXTP14 EXTP14 EXTP14 EXTP14 EXTP14 EXTP14 EXTP14 EXTP14

Note. The initial state of the “Reserved” pins is not specified. These pins can be used as normal ports

by setting the port function after release from the reset state.
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(4/4)
External serial flash ROM boot (BOOT1-0 = 01)
Slave memory interface (MEMIFSEL = 0) External MCU interface (MEMIFSEL = 1)

Pin PKG Asynchronous type Synchronous type Asynchronous type Synchronous type
Name |23[] |170] |16-bit 32-bit 16-bit 32-bit 16-bit 32-bit 16-bit 32-bit
RP0OO | O O RPOO RPOO RPOO RPOO RPOO RPOO RPO0O RP00
RPO1 | O O RPO1 RPO1 RPO1 RPO1 RPO1 RPO1 RPO1 RPO1
RP0O2 | O O RP02 RP02 RP02 RP02 RP02 RP02 RP02 RP02
RPO3 | O O RPO03 RPO3 RPO3 RPO03 RPO03 RPO3 RPO03 RPO03
RP04 | O O RP04 RP04 RP04 RP04 RP04 RP04 RP04 RP04
RPO5 | O X RPO05 RP05 RP05 RP05 RP05 RP05 RP05 RP05

X O Reserved Reserved Reserved Reserved Reserved Reserved Reserved Reserved
RP0O6 | O O RP06 WRZ2 RPO6 WRZ2 RPO06 HWRZ2 RP06 HWRZ2
RPO7 | O O RPO7 WRZ3 RPO7 WRZ3 RPO7 HWRZ3 RPO7 HWRZ3
RP10 | O O RP10 D24 RP10 MD24 RP10 HD24 RP10 HD24
RP11 | O O RP11 D25 RP11 MD25 RP11 HD25 RP11 HD25
RP12 | O O RP12 D26 RP12 MD26 RP12 HD26 RP12 HD26
RP13 | O O RP13 D27 RP13 MD27 RP13 HD27 RP13 HD27
RP14 | O O RP14 D28 RP14 MD28 RP14 HD28 RP14 HD28
RP15 | O O RP15 D29 RP15 MD29 RP15 HD29 RP15 HD29
RP16 | O O RP16 D30 RP16 MD30 RP16 HD30 RP16 HD30
RP17 | O O RP17 D31 RP17 MD31 RP17 HD31 RP17 HD31
RP20 | O O RP20 RP20 ADVZ ADVZ HBCYSTZ | HBCYSTZ | HBCYSTZ | HBCYSTZ
RP21 | O O RP21 RP21 RP21 RP21 RP21 RP21 RP21 RP21
RP22 | O O RP22 RP22 RP22 RP22 RP22 RP22 RP22 RP22
RP23 | O O RP23 RP23 RP23 RP23 RP23 RP23 RP23 RP23
RP24 | O O RP24 RP24 RP24 RP24 RP24 RP24 RP24 RP24
RP25 | O O RP25 RP25 RP25 RP25 RP25 RP25 RP25 RP25
RP26 | O O RP26 RP26 RP26 RP26 RP26 RP26 RP26 RP26
RP27 | O O RP27 RP27 RP27 RP27 RP27 RP27 RP27 RP27
RP30 | O O RP30 D16 RP30 MD16 RP30 HD16 RP30 HD16
RP31 | O O RP31 D17 RP31 MD17 RP31 HD17 RP31 HD17
RP32 | O O RP32 D18 RP32 MD18 RP32 HD18 RP32 HD18
RP33 | O O RP33 D19 RP33 MD19 RP33 HD19 RP33 HD19
RP34 | O O RP34 D20 RP34 MD20 RP34 HD20 RP34 HD20
RP35 | O O RP35 D21 RP35 MD21 RP35 HD21 RP35 HD21
RP36 | O O RP36 D22 RP36 MD22 RP36 HD22 RP36 HD22
RP37 | O O RP37 D23 RP37 MD23 RP37 HD23 RP37 HD23

Note. The initial state of the “Reserved” pins is not specified. These pins can be used as normal ports

by setting the port function after release from the reset state.
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2.2.3 Pin States when Booting is for External MCU
(1/4)
External MCU boot (BOOT1-0 = 10)
External MCU interface (MEMIFSEL = 1)
Asynchronous SRAM controller Synchronous burst access memory controller
Pin PKG (MEMCSEL = 0) (MEMCSEL = 1)
Name |23[ |170] |16-bit (BUS32EN = 0) |32-bit (BUS32EN = 1) | 16-bit (BUS32EN =0) |32-bit (BUS32EN = 1)
P00 O O P00 P00 P00 P00
P01 O O P01 PO1 P01 P01
P02 O 10O P02 P02 P02 P02
P03 O O P03 P03 P03 P03
P04 O 10O P04 P04 P04 P04
P05 O O P05 P05 P05 P05
P06 O | x P06 P06 P06 P06
P07 O | X P07 P07 P07 P07
P10 O | x P10 P10 P10 P10
P11 O | X P11 P11 P11 P11
P12 O | X P12 P12 P12 P12
P13 O | x P13 P13 P13 P13
P14 O 1O P14 P14 P14 P14
P15 O O P15 P15 P15 P15
P16 O 10 P16 P16 P16 P16
P17 O 10O P17 P17 P17 P17
P20 O 10O P20 P20 P20 P20
P21 O O P21 P21 P21 P21
P22 O 10 P22 P22 P22 P22
P23 O 1O P23 P23 P23 P23
P24 O O |pP24 P24 P24 P24
P25 O 10O P25 P25 P25 P25
P26 O 10O P26 P26 P26 P26
P27 O 10 P27 P27 P27 P27
P30 O O P30 P30 P30 P30
P31 O O P31 P31 P31 P31
P32 O 10 P32 P32 P32 P32
P33 O O P33 P33 P33 P33
P34 O 10O P34 P34 P34 P34
P35 O O P35 P35 P35 P35
P36 O 10 P36 P36 P36 P36
P37 O 1O P37 P37 P37 P37
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(2/4)

External MCU boot (BOOT1-0 = 10)

External MCU interface (MEMIFSEL = 1)

Asynchronous SRAM controller

Synchronous burst access memory controller

Pin PKG (MEMCSEL = 0) (MEMCSEL = 1)

Name |23[|170] |16-bit (BUS32EN = 0) |32-bit (BUS32EN = 1) | 16-bit (BUS32EN =0) |32-bit (BUS32EN = 1)
P40 O 1O HA1 HA1 HA1 HA1

P41 O 10O HWAITZ HWAITZ HWAITZ HWAITZ
P42 O 10O HERROUTZ HERROUTZ HERROUTZ HERROUTZ
P43 O O HBUSCLK HBUSCLK HBUSCLK HBUSCLK
P44 O 10O HPGCSZ HPGCSZ HPGCSZ HPGCSZ
P45 O 10O P45 P45 P45 P45

P46 O 10 P46 P46 P46 P46

P47 O 1O P47 P47 P47 P47

P50 O O P50 P50 P50 P50

P51 O 10O P51 P51 P51 P51

P52 O 10O P52 P52 P52 P52

P53 O | x P53 P53 P53 P53

P54 O | x P54 P54 P54 P54

P55 O | x P55 P55 P55 P55

P56 O | x P56 P56 P56 P56

P57 O 10O P57 P57 P57 P57

P60 O 10O P60 P60 P60 P60

P61 O 10O P61 P61 P61 P61

P62 O 10 P62 P62 P62 P62

P63 O 1O P63 P63 P63 P63

P64 O 10O P64 P64 P64 P64

P65 O 10O P65 P65 P65 P65

P66 O 10O P66 P66 P66 P66

P67 O 10 P67 P67 P67 P67

P70 O 10O P70 P70 P70 P70

P71 O 10O P71 P71 P71 P71

P72 O 10 P72 P72 P72 P72

P73 O O P73 P73 P73 P73

P74 O 10O P74 P74 P74 P74

P75 O 10O P75 P75 P75 P75

P76 O 10 P76 P76 P76 P76

P77 O 1O P77 P77 P77 P77
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(3/4)
External MCU boot (BOOT1-0 = 10)
External MCU interface (MEMIFSEL = 1)
Asynchronous SRAM controller Synchronous burst access memory controller
Pin PKG (MEMCSEL = 0) (MEMCSEL = 1)
Name |23[]|170] |16-bit (BUS32EN =0) |32-bit (BUS32EN = 1) |16-bit (BUS32EN =0) |32-bit (BUS32EN = 1)
EXTPO | O X EXTPO EXTPO EXTPO EXTPO
X O Reserved Reserved Reserved Reserved
EXTP1 | O X EXTP1 EXTP1 EXTP1 EXTP1
X O Reserved Reserved Reserved Reserved
EXTP2 | O X EXTP2 EXTP2 EXTP2 EXTP2
X O Reserved Reserved Reserved Reserved
EXTP3 | O |O EXTP3 EXTP3 EXTP3 EXTP3
EXTP4 | O X EXTP4 EXTP4 EXTP4 EXTP4
X O Reserved Reserved Reserved Reserved
EXTP5 O | O EXTPS EXTP5 EXTP5 EXTP5
EXTP6 | O | O EXTP6 EXTP6 EXTP6 EXTP6
EXTP7 |O |O EXTP7 EXTP7 EXTP7 EXTP7
EXTP8 | O X EXTP8 EXTP8 EXTP8 EXTP8
X O Reserved Reserved Reserved Reserved
EXTP9 | O X EXTP9 EXTP9 EXTP9 EXTP9
X O Reserved Reserved Reserved Reserved
EXTP10 | X O EXTP10 EXTP10 EXTP10 EXTP10
EXTP11 | X O EXTP11 EXTP11 EXTP11 EXTP11
EXTP12 | X O EXTP12 EXTP12 EXTP12 EXTP12
EXTP13 | X O EXTP13 EXTP13 EXTP13 EXTP13
EXTP14 | X O EXTP14 EXTP14 EXTP14 EXTP14

Note. The initial state of the “Reserved” pins is not specified. These pins can be used as normal ports
by setting the port function after release from the reset state.
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(4/4)

External MCU boot (BOOT1-0 = 10)

External MCU interface (MEMIFSEL = 1)

Asynchronous SRAM controller

Synchronous burst access memory controller

Pin PKG (MEMCSEL = 0) (MEMCSEL = 1)
Name |23[7|170] |16-bit (BUS32EN =0) |32-bit (BUS32EN = 1) |16-bit (BUS32EN =0) |32-bit (BUS32EN = 1)
RP00 O 10O RPOO RPOO RPO0 RP00
RPO1 O O RPO1 RPO1 RPO1 RPO1
RP02 O 10O RP02 RP02 RP02 RP02
RPO03 O 10 RPO3 RPO3 RPO3 RPO03
RP04 O 10O RP04 RP04 RP04 RP04
RP05 O | X RPO05 RP05 RP05 RP05
X O Reserved Reserved Reserved Reserved

RP06 O 1O RP06 HWRZ2 RP06 HWRZ2
RPO7 O O RPO7 HWRZ3 RPO7 HWRZ3
RP10 O 10O RP10 HD24 RP10 HD24
RP11 O 10O RP11 HD25 RP11 HD25
RP12 |O |O |RP12 HD26 RP12 HD26
RP13 O 10O RP13 HD27 RP13 HD27
RP14 O O RP14 HD28 RP14 HD28
RP15 O 10 RP15 HD29 RP15 HD29
RP16 O 10 RP16 HD30 RP16 HD30
RP17 | O |O |RP17 HD31 RP17 HD31
RP20 O 10O HBCYSTZ HBCYSTZ HBCYSTZ HBCYSTZ
RP21 | O | O |RP21 RP21 RP21 RP21
RP22 O 1O RP22 RP22 RP22 RP22
RP23 O 10 RP23 RP23 RP23 RP23
RP24 O 10O RP24 RP24 RP24 RP24
RP25 O 10O RP25 RP25 RP25 RP25
RP26 O 10 RP26 RP26 RP26 RP26
RP27 O 1O RP27 RP27 RP27 RP27
RP30 O 10 RP30 HD16 RP30 HD16
RP31 O 10 RP31 HD17 RP31 HD17
RP32 O O RP32 HD18 RP32 HD18
RP33 | O |O |RP33 HD19 RP33 HD19
RP34 O 10 RP34 HD20 RP34 HD20
RP35 | O |O |RP35 HD21 RP35 HD21
RP36 O 1O RP36 HD22 RP36 HD22
RP37 O O RP37 HD23 RP37 HD23

Note. The initial state of the “Reserved” pins is not specified. These pins can be used as normal ports

by setting the port function after release from the reset state.

R18UZ0073EJ0200 Rev.2.00
May 31, 2024

RENESAS

Page 2-32




R-IN32M4-CL3 Hardware edition

2. Pin Function

2.3 Operating Mode Monitoring

The levels on the operating mode setting pins can be checked by using the operating mode monitoring register. The

following table lists the operating mode setting pins for which the settings can be checked.

For details on the operating mode monitoring register, refer to Section 28.2 "Operating Mode Monitor Register

(MDMNT)".

Table 2.3 Operating Mode Setting Pins for which the Settings can be Checked

Pin Name Function

BUS32EN Selects the bus width when the external memory interface is started.
MEMIFSEL Selects the type of external memory interface.
HIFSYNC Sets the operating mode of the external MCU interface.
HWRZSEL Selects HWRZ or HBENZ of the external MCU interface.
JTAGSEL Sets the operating mode of JTAG pins.

OSCTH Inputs High level in external clock input mode.

BOOTO0, BOOT1 Selects boot mode.

MEMCSEL Selects the internal memory controller.

ADMUXMODE Sets multiplexing of address and data lines.

CLK2MSEL Selects the clock to be input to CC-Link IE.

24 Buffer Switching

The driving ability and use of a pull-up or pull-down resistor are programmable for the real-time port pins and

general-purpose port pins (with some exceptions).

This function provides stable operation in systems with large loads by providing the ability to raise the driving ability.

The buffer switching register (DRCTLXx) is used to switch the buffer function.

For details on the buffer switching register, refer to Section 27.6 “Buffer Switching Register (DRCTL)”.
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2.5 Buffer types of Port Pins and Real-Time Port Pins and Handling of Unused Pins
2.5.1 Port Pins and Real-Time Port Pins
PKG Recommended connection
Pin Name 2307 | 1700 [1/O Interface when not in use
P0O0-P05 O O I/0 | Programmable I/O Buffer (3.3 V) Open
P06-P0O7 O X Driving ability selection
P34-P35, P37, O (8 mA, 12 mA)
P50, Resistor selection
P70-P77, (Pull-up or Pull-down or less)
RP10-RP17,
RP33, RP34,
EXTPO, EXTP6, EXTP7
P20-P23, P25-P27, O O I/0 | Programmable I/O Buffer (3.3 V)
P30-P33, P44, Schmitt in
P60-P67, driving ability selection
RP00-RPO04, (8 mA, 12 mA)
RP20-RP27 Resistor selection
(Pull-up or Pull-down or less)
P10-P13 O X I/O Programmable I/O Buffer (3.3 V, 8 mA)
P14-P17 O O Resistor selection
P24, O O (Pull-up or Pull-down or less)
P36,
P40-P43, P45-P47,
P51, P52, P57,
RP05-RP07,
RP30-RP32,
RP35-RP37,
EXTP1-EXTPS5,
EXTP8, EXTP9
P53-P56 O | X I/0O | 5V tolerant I/O Buffer
Schmitt in
4 mA 130 kQ Pull-up
EXTP10-EXTP14 X O I/0 Programmable 1/0O Buffer (3.3 V)
Driving ability selection
8 mA, 12 mA)
Resistor selection
(Pull-up or Pull-down or less)
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25.2 Ethernet pins
PKG Recommended connection
Pin Name 2301 | 1700 | 1/O Interface when not in use
PO_DON O O /0 Management Data Interface (Analog)
PO_DOP O O
PO_D1N O 10
PO_D1P O 10
PO_D2N O 10
PO_D2P O 10
PO_D3N O 10
PO _D3P O 10
P1_DON O |0
P1_DOP O 10
P1_D1N O O
P1_D1P O 10
P1_D2N O 10
P1_D2P O 10
P1_D3N O 10
P1_D3P O 10
PHYADD1 O X | Input Buffer (3.3 V) Schmitt in 160 kQ Pull-down
PHYADD2 O X
PHYADD3 O X
PHYADD4 O X
REF_FILT O O 110 Copper media reference filter pin. Pin handling is required
REF_REXT O O Copper media reference external pin. even when not in use.*’
VDD11A O O — 1.15 V analog power requiring additional PCB Connect to VDD (1.15 V)
power supply filtering
VDD25A O O 2.5V general analog power supply Connect to VDD (2.5 V)
PHYO_LEDO O O 0] GbE-PHY LEDO_PHYO output signal
Output Buffer (3.3 V) 12 mA
PHY1_LEDO O O GbE-PHY LEDO_PHY1 output signal
Output Buffer (3.3 V) 12 mA
VDDREG_33 O O — 3.3 V power for 2.5 V regulator Connect to GND
AVDDREG 33 | O O 3.3 V analog power for 2.5 V regulator
REG_EN O O I Input Buffer (3.3 V) Schmitt in
REG_FB O O Feedback from the supply regulation point Connect to GND or Open
AGND O O — Analog ground for regulator Connect to GND
REG_OUT O O 0] 2.5V Regulator output Connect to GND or Open

Note 1. For the pin handling, refer to the "R-IN32M4-CL3 User's Manual: Board Design edition™.
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2.5.3 External SRAM Interface Pins and External MCU Interface Pins
PKG Recommended connection
Pin Name 2300 | 1700 [I/O Interface when not in use
BUSCLK O O 0] Output Buffer (3.3 V) 10 mA Open
CSZ0 O O 110 I/0O Buffer (3.3 V) 8 mA 130 kQ Pull-up
A2—-A20 O O I/0O Buffer (3.3 V) 8 mA 160 kQ Pull-down
D0-D15 O |10
RDZz O O I/O Buffer (3.3 V) 8 mA 130 kQ Pull-up
WRSTBZ O 10
WRZ0,WRZ1 | O | O
254 External Interrupt Input Pins
PKG Recommended connection
Pin Name 2300 | 1700 [I/O Interface when not in use
NMIZ O O [ Input Buffer (3.3 V) Schmitt in 130 kQ Pull-up Connect to VDD (3.3 V)
2.5.5 CC-Link IE Pins
PKG
Pin Name 2300 | 1700 | 11O Interface Recommended connection when not in use

CCI_CLK2_097M*" | O O

CLK2MSEL

Input Buffer (3.3 V)

When using CC-Link IE Field (CLK2MSEL = 0):
A 2.097152MHz oscillator must be connected.
When using only CC-Link IE TSN (CLK2MSEL = 1):
Connect the pin to GND.

Input Buffer (3.3 V)
Schmitt in

Set this pin in accordance with the operating mode.

Note 1. For details, refer to Section 26.2 "CC-Link IE Clock Selection Function”.
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256 System Pins

PKG Recommended connection

Pin Name 2307 | 1700 | I/O Interface when not in use

XT1 O 10 |o Oscillator *1

XT2 O 10 ]I

RSTOUTZ O O 0 Output Buffer (3.3 V) 8 mA Open

RESETZ O O | Input Buffer (3.3 V) Schmitt in Connect to VDD (3.3 V)

PONRZz O O Connect a reset signal
since this pin is always
used.

HOTRESETZ O O Connect to VDD (3.3 V)

OSCTH O 10 Input Buffer (3.3 V) Schmitt in 160 kQ Set these pins in

JTAGSEL O O Pull-down accordance with the
operating mode.

PLL_VDD O O — PLL power supply (1.15 V) Connect to VDD (1.15 V)

PLL_GND O 10 PLL GND Connect to GND

VDD33 O O 1/0 power supply (3.3 V) Connect to VDD (3.3 V)

VDD11 O O Internal power supply (1.15 V) Connect to VDD (1.15 V)

GND O O Power supply ground voltage (GND) Connect to GND

GND/OPEN*? O X Power supply ground voltage (GND) or Open Connect to GND or Open

Note 1. The pin connection differs depending on the setting of OSCTH pin.
For details, refer to the “R-IN32M4-CL3 User's Manual: Board Design edition”.
2. In consideration of the replacement from R-IN32M4-CL2 to R-IN32M4-CL3, OPEN is also permitted.
Connect to GND, if not the replacement from R-IN32M4-CL2.

2.5.7 Trace Pins
PKG Recommended connection
Pin Name 2300 | 1700 [I/O Interface when not in use
TRACECLK O O O Output Buffer (3.3 V) 8 mA Open
TRACEDATA3- | O @) 110 Programmable I/O Buffer (3.3 V, 8 mA),
TRACEDATAO 130 kQ Pull-up
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258 Test Pins
PKG Recommended connection
Pin Name 2301 (1700 |I/O Interface when not in use (Required)
TMODEO-TMODE2 | O O | Input Buffer (3.3 V) Schmitt in, 160 kQ Connect to GND
Pull-down
TMS O O 1/0 1/0 Buffer (3.3 V) 8 mA 130 kQ Pull-up Open
TDI O O | Input Buffer (3.3 V) 130 kQ Pull-up
TDO O O 0 3-state Output Buffer (3.3 V) 8 mA
TRSTZ O O | Input Buffer (3.3 V) Schmitt in, 130 kQ
Pull-up
TCK O 10 Input Buffer (3.3 V) 130 kQ Pull-up
TEST3 O X Renesas Test signal Connect to VDD (3.3 V) or
GND
TEST4, TEST5 O O 1’0 Open
TEST6, TEST7 O @) I Connect to GND

259 Operating Mode Setting Pins
PKG Recommended connection

Pin Name 2301 (1700 |I/O Interface when not in use

BOOTO, BOOT1 O O | Input Buffer (3.3 V) Schmitt in Set these pins in
MEMIFSEL O O accordance with the
BUS32EN O O operating mode.
HIFSYNC O 10

HWRZSEL O O

MEMCSEL O 10

ADMUXMODE O 10
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3. Memory Maps
The memory of R-IN32M4-CL3 consists of three spaces: internal AHB space (4 Gbytes, 0000 0000H to FFFF FFFFH),
internal AXI space (1 Mbyte, 0 0000H to F FFFFH), and external MCU interface space (2 Mbytes).

An accessible area depends on the operation mode and the state of each control register.

Note. Access to the "Reserved" areas is prohibited.
The operation is not guaranteed if an attempt is made to access these areas.
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FFFF FFFFH

E000 0000H
DFFF FFFFH

4400 0000H
43FF FFFFH

4200 0000H
41FF FFFFH

400F 0COOH
400F OBFFH

400F 0800H
400F 07FFH

4008 0000H
400A FFFFH

4008 0000H
4007 FFFFH

4000 0000H
3FFF FFFFH

2300 0000H
22FF FFFFH

2200 0000H
21FF FFFFH

200A 0000H
2009 FFFFH

2008 0000H
2007 FFFFH

2000 0000H
1FFF FFFFH

1000 0000H
OFFF FFFFH

0800 0000H
O7FF FFFFH
040C 0000H
040B FFFFH

0400 0000H
03FF FFFFH

0200 0000H
O1FF FFFFH
0010 0000H
000F FFFFH

0000 0000H

Internal AHB space

Cortex-M4
system level area
(512 Mbytes)

Reserved

Bitband alias area
(32 Mbytes)

Reserved

Network RAM control
registers area (1 Kbyte)

Reserved

AHB peripheral registers
area (192 Kbytes)
APB peripheral registers
area (512 Kbytes)

Reserved

Bitband alias area
(16 Mbytes)

Reserved

Network RAM area
(128 Kbytes)

Data RAM area
(512 Kbytes)

External memory area
(256 Mbytes)

Buffer memory occupied
space (128 Mbytes)

System area

Reserved

Instruction RAM area
(768 Kbytes)

Serial flash ROM area
(32 Mbytes)

Reserved

Mirror area**
(1 Mbyte)

iCode and dCode areas

Internal AXI space

Reserved

Network RAM control
registers area (1 Kbyte)

Reserved

Network RAM area
(128 Kbytes)

Data RAM area
(512 Kbytes)

F FFFFH

F 0COOH
F OBFFH

F 0800H
FO7FFH

AQOOOH
9 FFFFH

8 0000H
7 FFFFH

0 0000H

Figure 3.1 Memory Map (All)

Note 1. The mirror area is an area where one of the external memory areal/serial flash memory
arealinstruction RAM area can be mirrored by setting the external pins (BOOTO0, BOOT1).

For details, refer to Section 7 “Booting Procedure”.
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/\_/

Reserved
400B 0000H

400A FFFFH . .
AHB peripheral registers area

(192 Kbytes)

4008 0000H
4007 FFFFH ; -
APB peripheral registers area
(512 Kbytes)
4000 0000H

Reserved

400A FFFFH

400A AOOOH
400A SFFFH

400A 8000H
400A 7FFFH

400A 4400H
400A 43FFH

400A 4000H
400A 3FFFH

400A 3CO0H
400A 3BFFH

400A 3800H
400A 37FFH

400A 3400H
400A 33FFH

400A 3000H
400A 2FFFH

400A 2CO0H
400A 2BFFH

400A 2800H
400A 27FFH

400A 2400H
400A 23FFH

400A 2000H
400A 1FFFH

4009 2000H
4009 1FFFH

4009 1000H
4009 OFFFH

4009 0000H
4008 FFFFH

4008 0000H

Reserved

Synchronous burst MEMC
control registers (8 Kbytes)

Reserved

CC-Link IE Field bridge control
registers (1 Kbyte)

Reserved

EXT port
(1 Kbyte)

Real-time port
(1 Kbyte)

GPIO
(1 Kbyte)

DMA controller RTPORT control
registers area (1 Kbyte)

DMA controller control
registers area (1 Kbyte)

Serial flash ROM controller control
registers area (1 Kbyte)

Asynchronous SRAM MEMC
control registers area (1 Kbyte)

Reserved

QINT BUFID
(4 Kbytes)

Gigabit Ether
(4 Kbytes)

HW-RTOS
(64 Kbytes)

Figure 3.2 Memory Map (AHB Peripheral Registers Area)
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400B 0000H
400A FFFFH

4008 0000H
4007 FFFFH

4000 0000H

/\/

Reserved

AHB peripheral registers area
(192 Kbytes)

APB peripheral registers area
(512 Kbytes)

Reserved

/\/

4007 FFFFH

4007 0000H
4006 FFFFH

4006 0000H
4005 FFFFH

4004 0000H
4003 FFFFH

4002 0000H
4001 FFFFH

4001 0000H
4000 FFFFH

4000 0COOH
4000 OBFFH

4000 0800H
4000 07FFH

4000 0710H
4000 070FH

4000 0700H
4000 06FFH

4000 0600H
4000 O5FFH

4000 0500H
4000 04FFH

4000 0400H
4000 03FFH

4000 0300H

4000 02FFH

4000 0200H
4000 O1FFH

4000 0100H
4000 00FFH

4000 0000H

ETHER SWITCH control
registers area (64 Kbytes)

Reserved

CAN1 area
(128 Kbytes)

CANO area
(128 Kbytes)

System registers area

(64 Kbytes)

Reserved

Timer 1 (TAUD)
(1 Kbyte)

Reserved

Watchdog timer
(16 bytes)

11C1
(256 bytes)

11CO
(256 bytes)

UART1
(256 bytes)

UARTO
(256 bytes)

csi1
(256 bytes)

CSIO
(256 bytes)

Timer 0 (TAUJ2)
(256 bytes)

Figure 3.3 Memory Map (APB Peripheral Registers Area)
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2008 0000H
2007 FFFFH

2000 0000H
1FFF FFFFH

1000 0000H
OFFF FFFFH

0800 0000H
O7FF FFFFH

-

Reserved

Data RAM area
(512 Kbytes)

External memory area
(256 Mbytes)

Buffer memory occupied
space (128 Mbytes)

eserved

1FFF FFFFH
CSZ3 area
(64 Mbytes)
1C00 0000H
1BFF FFFFH
CSZ2 area
(64 Mbytes)
1800 0000H
17FF FFFFH
CSZ1 area
(64 Mbytes)
1400 0000H
13FF FFFFH
CSZ0 area
(64 Mbytes)
1000 0000H

Figure 3.4 Memory Map (External Memory Area of the 23 mm Square Package)

2008 0000H
2007 FFFFH

2000 0000H
FFF FFFFH

1000 0000H
OFFF FFFFH

0800 0000H
O7FF FFFFH

When the asynchronous
SRAM controller is
selected (MEMCSEL = 0)

When the synchronous burst
access memory controller is
selected (MEMCSEL = 1)

d CSZ3 area
Reserve (64 Mbytes)
CSZ2 area CSZ2 area

(64 Mbytes)

(64 Mbytes)

CSZ1 area
(64 Mbytes)

CSZ1 area
(64 Mbytes)

CSZ0 area
(64 Mbytes)

CSZ0 area
(64 Mbytes)

1FFF FFFFH
— 1€00 0000H
Reserved 1BFF FFFFH
Data RAM area
1800 0000H
(512 Kbytes) 17FF FFFFH
External memory area

(256 Mbytes)
1400 0000H
13FF FFFFH

Buffer memory occupied
space (128 Mbytes)
1000 0000H
Reserved

Figure 3.5 Memory Map (External Memory Area of the 17 mm Square Package)
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MCU space Internal AHB space

A 1FFFFFH A
Data RAM area

(512 Kbytes)

18 0000H
17 FFFFH

Reserved

10 0000H
OF FFFFH HOSTIF registers area
OF FFOOH (256 bytes)

OF FEFFH

Reserved

2 Mbytes

4 Gbytes

OE 0000H

0D FFFFH System registers area 1

)

i

P,
0D 0000H (64 Kbytes)
OCFFFFH | ApB peripheral registers | g > AHB peripheral registers 400A FFFFH
0C 3000H | area*’ (upper 52 Kbytes) area (upper 52 Kbytes) | 4004 3000H
0C 2FFFH A Al
Mirror area*? S - 4001 FFFFH
*— > ystem registers area
(780 Kbytes) > (64 Kbytes)
y 00 0000H EES) 4001 0000H
2007 FFFFH
L Data RAM area
(I2IKbLes) 2000 0000H
000C 2FFFH
00000 Mirror area*?

(780 Kbytes)

0000 0000H

Figure 3.6 External MCU Interface Space

Note 1. The upper 52 Kbytes of the AHB peripheral registers area cover the range from the GPIO area to

the synchronous burst memory controller control registers. For details, refer to Figure 3.2
“Memory Map (AHB Peripheral Registers Area)”.
3. The mirror area is an area where one of the external memory area/serial flash memory

arealinstruction RAM area can be mirrored by setting the external pins (BOOTO0, BOOT1).
When access is from the external MCU interface, the following areas can be accessed.
* When BOOT0, BOOT1 = 01 (External serial flash ROM boot): Reserved area (access prohibited)
* When BOOTO0, BOOT1 = 10 (External MCU boot): Instruction RAM area
For the lists of slaves accessible by the bus masters, refer to Section 6 “Bus Architecture”.

For details on boot mode, refer to Section 7 “Booting Procedure”.
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4. Clock/Reset Function

4.1 Clock Configuration

411

Description of Internal Clocks

R-IN32M4-CL3 uses various clocks.

The following lists the major clock signals covered in this manual.

Clock Signal

Application

OSCCLK

A clock before passing through the internal PLL. This is a 25-MHz clock with no frequency multiplication.

FCLK

A clock signal of the internal AHB system bus.
This clock is the base clock signal for use in access to the CPU and Ethernet MAC.
The duty of this clock signal is 50%.

HCLK

A clock signal of the internal AHB system bus.

This clock is the base clock signal for use in access to the HW-RTOS, DMA controller, and memory
controller.

The duty of this clock signal is 50%.

The watchdog timer A uses this clock as is, or with its frequency divided.

PCLK

A clock signal for internal peripheral macros.

This clock is the base clock used for accessing peripheral circuits such as the timers, serial interfaces,
and I°C.

The frequency of PCLK is the same as that of HCLK, therefore the frequency of PCLK is also 100 MHz.
The duty of this clock signal is 50%.

ACLK

A clock signal of the internal AXI system bus.
This is a 125-MHz clock.
The duty of this clock signal is 50%.

BUSCLK*!

A clock signal of the external bus interface used by the memory controller.
The frequency of this clock signal is the same as that of HCLK.

HBUSCLK*?

A clock signal for the external MCU interface. This clock signal is used in clock-synchronous access by

an external MCU.

Note 1. BUSCLK operates as follows when the synchronous burst access memory controller is selected.

1. Frequency division setting:

Division settings of 1/2 to 1/6 are selectable by using the BCLKSEL register.

2. Clock operation by access to memory

* No memory access: Clock is stopped. (fixed to the Low level)

* At the time of access to asynchronous memory: Clock is stopped. (fixed to the Low level)

* At the time of access to synchronous memory: Clock is output only at the time of access.

2. When using asynchronous mode, input a Low level to the HBUSCLK pin.
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4.1.2 Clock Configuration Diagram

Figure 4.1 shows the clock configuration diagram.

This is a schematic diagram. It does not show all the clock configurations.

XT1 ©<e— Oscillator

block 0SCCLK
XT2 > 25 MH 1000 MHz 100 MHz
©T> (e56) (25 MHz) PLL > 0 f——————
L = T~
N N N N
I| I | 1
S| 2| 3| = /8
OSCTH© 2/8/ 8l ¥ STCLK
hlhat IEa] kel
| ¥ v ¥ Cortex-M4
) - ) —
2 2R <«—© TCK
REERC —»© TRACECLK
BUSCLK
_ External memory interface
o Async Standard Type
Control Register
— © MEMCSEL
[ 32-bittimer (TAUJ2) |=——¢
| 16-bit timer (TAUD) |«
—
Serial interface H
(CSIH)
External MCU <
Serial interface J 3 »| interface (HOSTIF) |«—® HBUSCLK
(UARTJ)
»| Serial flash ROM |
| CAN Controller (FCN) |<—" memory controller
| °C (IicB) le > System bus (AHB)
| GPIO . > System bus (AXI)
> DMAC RTPORT
| RTGPIO l« o
DMAC
Watchdog timer A <
> Networ
(WDTA) > NetworkRAM (128 K)
y > IRAM (768 K)
DRAM (512 K)
WDTATCKI
»| BufferRAM (64 K)
1/32 to 1/8192 »
: > HWRTOS |
- UDLSYS
-
1/8 to 1/64 —
. Se
© ¢ G _ MAC_TOP PHY
= 0SCCLK
S —=>==="3|REFCLK
CC'—CLKZ—O%M ;m 2 Ethernet Switch MDC
101 cLkam _ g
B > GTX_CLK 0 _|
500 MHz CC-Link IE TX_CLK O | ©
> 12 leso}Ml—' « ==t
/ l / RX_CLK O | @
»_@ 25 MHz - CC-Link IE Field ETX_CLK_l -~
31.25 MHz CC-Link IE TSN TX CLK 1| T
[ 1/16 < £
ﬂ . RxCk 1| &
125 MH o
%‘ 1/4 : TX_CLK
1/5 | 200 MH: - RX_CLK
A Gi6A_moDE
N 2.5/25/125 MHZ|
| Gigabit Ethernet MAC ‘2_5/25/125 MHz

Figure 4.1 Clock Configuration Diagram (Schematic)
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4.2 Clock Supply Stop Function

421 Overview

R-IN32M4-CL3 is capable of stopping clock supply to unused functions. Once the clock supply is stopped by using the
CLKGTD register, it cannot be resumed. To supply the clock signal again, reset the entire system.
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422 Clock Control Register (CLKGTDO, CLKGTD1, CLKGTDZ2)

This register is used to stop clock supply to unused modules to save power.

« This register can be read or written in 32- or 16-bit units.

Caution 1. This register is writable only when a protection release sequence is performed using the
system protection command register (SYSPCMD). For the protection release sequence, refer
to Section 28.7 "System Protect Command Register (SYSPCMD)". No special sequence is
required for reading the register.

2. Once the clock supply is stopped by using the CLKGTD register, it cannot be resumed.
To supply the clock signal again, reset the entire system.
3. Access to stopped modules is prohibited. Operation is not guaranteed if an attempt is made

to access these modules.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
— BASE + 01AOH
CIRlE|Z| g|E 9|2(8|o| nitial value
CLKGTDO0000000000000000§§%%§§§81111;8%%
313131813131813 3131818 oooorrH
R/W 000 O0OOOUO OO OO OOTO OO OO OO O O0RWRWRWRWRWRWRWRW 1 1 1 1 RWRWRWRW
Bit Bit Name Description
31-16 — Reserved (When writing to these bits, write 0. When read, 0 is returned.)
15 GCl2C1 I2C bus (12C1) function (1: Operating, 0: Stopped)
14 GCI2C0 I2C bus (12C0) function (1: Operating, 0: Stopped)
13 GCUART1 Asynchronous serial interface 1 (UART1) function (1: Operating, 0: Stopped)
12 GCUARTO Asynchronous serial interface 0 (UARTO) function (1: Operating, 0: Stopped)
11 GCTIMER1 | 16-bit timer array unit (TAUD) function (1: Operating, 0: Stopped)
10 GCTIMERO  |32-bit timer array unit (TAUJ2) function (1: Operating, 0: Stopped)
9 GCRTOS HW-RTOS (including Gigabit Ethernet MAC) function (1: Operating, 0: Stopped)
8 GCHOSTIF |External MCU interface function (1: Operating, 0: Stopped)
7-4 — Reserved (When writing to these bits, write 1. When read, 1 is returned.)
3 GCMEMC* |Memory controller (asynchronous/synchronous burst access) function (1: Operating, 0: Stopped)
2 GCSROM Serial flash ROM function (1: Operating, 0: Stopped)
1 GCDMACRT |DMAC for real-time ports function (1: Operating, 0: Stopped)
0 GCDMAC General-purpose DMAC function (1: Operating, 0: Stopped)
Note. Whether to stop or supply the clock signal to the asynchronous SRAM controller and
synchronous burst access memory controller cannot be specified separately.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address

BASE + 01A4H
Initial value

23 mm Square

CLKGTD1 [o|o|o|o|o|o|o|ololo|ofo|o|ofoofm [1]o| [1]1]0 0 Package:
0000 6EDFH
N é% E%%%% l1:’7mmS.quare
w w alwl |2|D|D|O|0| Package:
3 3 3181 18|813|8|3| 0000 EEDFH
R/W 00 O0OOOOOOOOOOTOOOOMRWIT ORW1T 1 0RWRW O RWRWRWRWR/W
Bit Bit Name Description
31-16 |— Reserved (When writing to these bits, write 0. When read, 0 is returned.)
15 — 23 mm Square Package | Reserved (When writing to these bits, write 0. When read, 0 is returned.)
17 mm Square Package | Reserved (When writing to these bits, write 1. When read, 1 is returned.)
14 GCIE CC-Link IE function (1: Operating, 0: Stopped)
13 — Reserved (When writing to these bits, write 1. When read, 1 is returned.)
12 — Reserved (When writing to these bits, write 0. When read, 0 is returned.)
11 GCIE2 CC-Link IE function (CLK2M clock only) (1: Operating, 0: Stopped)
10-9 |[— Reserved (When writing to these bits, write 1. When read, 1 is returned.)
8 — Reserved (When writing to these bits, write 0. When read, 0 is returned.)
7 GCBCLK* |BUSCLK output function (1: Operating, 0: Stopped)
6 GCESW Ethernet Switch function (1: Operating, 0: Stopped)
5 — Reserved (When writing to these bits, write 0. When read, 0 is returned.)
4 GCWDT Watch Dog Timer function (1: Operating, 0: Stopped)
3 GCFCN1 CAN1 function (1: Operating, 0: Stopped)
2 GCFCNO CANO function (1: Operating, 0: Stopped)
1 GCCSI1 CSI1 function (1: Operating, 0: Stopped)
0 GCCsI0 CSIO function (1: Operating, 0: Stopped)

Note. When the synchronous burst access memory controller is used, the GCBCLK bit needs to be fixed
to 1. When the GCBCLK bit is set to 0, the synchronous burst access memory controller stops its

operation.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
= BASE + 01A8H
< "

CLKGTD2 [o|0|0|0f0|o|0|0f0|o]o|ofofo|o|o|ofolo|o|0ofofo]o|t|1|1/E[1]|1[1/1 Initial value

z
O 0000 O0FFH
Q

R/W 00O0O0OOOOOOOOOOOOOOOOOOODOOT T TRWIT 1T 11

Bit Bit Name Description

31-8 — Reserved (When writing to these bits, write 0. When read, 0 is returned.)

7-5 — Reserved (When writing to these bits, write 1. When read, 1 is returned.)

4 GCNWRAM  |Network RAM function (1: Operating, 0: Stopped)

3-0 — Reserved (When writing to these bits, write 1. When read, 1 is returned.)
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4.3 Reset Function

R-IN32M4-CL3 has various reset functions.
The following are the major reset functions described in this manual.

431 Overview

* Reset control by hardware
— Reset by signal input from the RESETZ pin
— Power-on reset function by signal input from the PONRZ pin (including initialization processing of the
R-IN32M4-CL3 internal RAM)
— Reset by signal input from the HOTRESETZ pin
* ResetReset control by software
* Reset control by the window watchdog timer A (WDTA)
* Reset output (RSTOUTZ)
* Noise elimination for external reset input signals (Applicable pins: RESETZ, PONRZ, HOTRESETZ, and TRSTZ)

Table 4.1 Reset Sources and Targets to be Reset

Target to be reset
Instruction RAM,
Data RAM, Other
Buffer RAM, CC-Link IE CPU Gigabit peripheral
Network RAM, power-on reset debugging | Ethernet | circuits RSTOUTZ
Reset source Control register*> | PLL control register*® | unit PHY (including CPU) | output
Hardware | PONRZ o) o) o) —_ o) o) o)
RESETZ _ o o _ o o o
HOTRESETZ — _ — — — o o
TRSTZ — — — o — — —
Software | Window
watchdog timer A = = = = = @) 0]
(WDTAQOTRES)
System reset
register = = = = = @) o)
(SYSRESET)
AIRCR register*' — _ — — — o o
PHYRSTregister . . . . o . .
(PHYRST)

O: Applicable, —: Not applicable

Notes 1. This is a system control register (0xE000_ED18) in the Cortex-M4.
It can be reset by setting "1" to AIRCR[2].SYSRESETREQ.
2. The control registers that can be reset only by signal input from the PONRZ pin are PHYADD,
MACSEL, and MDIOSEL.
3. The control register that can be reset only by signal input from the PONRZ pin and the RESETZ
pin is PHYRST.

R18UZ0073EJ0200 Rev.2.00 RENESAS Page 4-7
May 31, 2024



R-IN32M4-CL3 Hardware edition 4. Clock/Reset Function

4.3.2 Reset Configuration Diagram

Figure 4.2 shows the reset configuration diagram.
This is a schematic diagram. It does not show all the reset configurations.

ECC initialization

PORESETn

NetworkRAM (128K)

IRAM (768K)

DRAM (512K)

GP—D_E} PREL
RESETZ A-FIL

YY VY VYV VYV

BufferRAM (64K)

PRESETn
HOTRESETZ A-FIL
Control Register
HRESETn p| PHYADD register

MACSEL register
MDIOSEL register

WDTA
»|  WDTAOTRES ARESETn X »| Other registers
Cortex-M4 J
o : >
P> AIRCR register > System bus (AHB)
Control Register > System bus (AXI)
»{ SYSRESET register PLL < 4
PHYRSTn — > External bus
»{ PHYRST register »| Gigabit I(E;}gﬁgnet PHY memory controller
> Serial flash ROM
s £ < controller
a A 5 HWRTOS w External MCU interface
g g (HOSTIF)
DMA < >
o GPIO
RTDMA < >
= RTGPIO
APB_SYS < MAC_TOP
TAUD I’c »|  Ethernet Switch
TAUJ2 CAN
UART WDTA i CC-Link IE
(o]
> UDLSYS
Cortex-M4 @
TRSTn
TRSTZ © >-A_F“- . »  CPU debugging unit »© RSTOUTZ

EI : Synchronization circuit E E EC.I .
: Analog noise filter (RESFIL) S £ &
: Circuit that delays reset release
Figure 4.2 Reset Configuration Diagram (Schematic)
R18UZ0073EJ0200 Rev.2.00 RENESAS Page 4-8

May 31, 2024



R-IN32M4-CL3 Hardware edition 4. Clock/Reset Function

4.3.3 Types of Reset

(1) Reset Control by Hardware

When the reset signal PONRZ, RESETZ, or HOTRESETZ is input, the CPU core and internal peripheral modules are
initialized. Note that the input of HOTRESETZ does not reset the internal PLL.

The width at Low level of each reset signal must be at least 1 ps.

The oscillation stabilization time of the external oscillator clock (25 MHz) must be secured using the width at Low level
for the signal on each reset pin.

TRSTZ is only connected to the Cortex-M4 debugging unit. When resetting the CPU core and internal peripheral
modules from the in-circuit emulator (ICE), connect the target reset signal (nSRST) input via the ICE connector to the

RESETZ pin by using logic such as wired OR. For an example of the connection, refer to Section 9 "Debugging".

(2) Reset Control by Software

R-IN32M4-CL3 can be reset by using the system reset register (SYSRESET). This reset is equivalent to a reset executed
by the input of a signal to the HOTRESETZ pin. The internal RAM is not initialized.

Hardware reset for Gigabit Ethernet PHY can be controlled by using the reset signal RESETZ or PONRZ, or the
CC-Link IE dedicated register or the PHYRST register.

(3) Reset Control by the Window Watchdog Timer A (WDTA)

When a reset request is generated by the window watchdog timer A (WDTA), the CPU core and internal peripheral
modules are initialized. This reset is equivalent to a reset executed by the input of a signal to the HOTRESETZ pin. The
internal RAM is not initialized.

(4) Reset output (RSTOUTZ output)

When a reset is generated in R-IN32M4-CL3, a low-level signal is output from the RSTOUTZ pin. This reset can be used
as a general-purpose reset for external devices.

(5) Analog Noise Filter (RESFIL)

The RESFIL is a circuit for eliminating noise from a power-on reset input (PONRZ), reset input (RESETZ), hot reset
input (HOTRESETZ), and JTAG reset (TRSTZ). This circuit eliminates noise shorter than 100 ns. The noise eliminator
is skipped in test mode.

: RESFIL 5
RESETZ(O )\ RESCSCZ .
i — E
E HINLED e 1: In test mode (noise elimination is skipped) E
DELAYBYPASS E 0: In normal usage E

Figure 4.3 Configuration of the Noise Eliminator for Reset Input
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4.3.4 Reset Control Registers

(1) System Reset Register (SYSRESET)

This register resets R-IN32M4-CL3 (equivalent to the HOTRESETZ input pin). The registers targeted only by the
PONRZ or RESETZ pin are not reset. When system reset is performed for this register (by writing "0" to SYSRESET),

the reset is automatically released (SYSRESET will be "1") after R-IN32M4-CL3 is reset.

« This register can be read or written in 32- or 16-bit units.

Caution: This register is writable only when a protection release sequence is performed using the

system protection command register (SYSPCMD). For the protection release sequence, refer

to Section 28.7 "System Protect Command Register (SYSPCMD)". No special sequence is

required for reading the register.

0: System reset start

1: System reset is released

Address Initial
15 14 13 12 11 10 9 8 7 6 5 4 3 2 0 value
sysreseT| 0 oo |o|ofo|o|lo|lo|o]o|o|o0]|o %> | BASE +01COH 0001H
R/W 0 0 0 0 0 0 0 0 0 0 0 0 0 0 R/W
Bit Bit Name Description
0 SYSRST This register performs system reset of R-IN32M4-CL3.
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(2) PHY Reset Register (PHYRST)

This register performs reset control of the PHY.

« This register can be read or written in 32- or 16-bit units.

Caution: This register is writable only when a protection release sequence is performed using the
system protection command register (SYSPCMD). For the protection release sequence, refer
to Section 28.7 "System Protect Command Register (SYSPCMD)". No special sequence is
required for reading the register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 O Address
BASE + 1220H
Initial value
PHYRST 0000000000000000000000000000000(|7J
| 0000 0000H
>_
I
o
R/W 0O00O0OOOOOOOOOOOOOOOO OO OO OOOOTOOOO 0RW
Bit Bit Name Description
0 PHYRST This register performs reset control of the PHY.
0: PHY is in the reset state
1: PHY reset is released
This register can be initialized only by signal input from the PONRZ pin and the RESETZ pin, which are external pins.
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4.3.5 Operations for Reset

The charts below show the timing of the reset at power-on and when a system reset is issued for R-IN32M4-CL3.

Waiting for oscillation ~ Maintaining 1 ps
stabilization for the or more for the Reset release 4096 + 2500 cycles 16 cycles 16 cycles 200 cycles
external oscillator reset period ! ! @0SC25M }@osczsm @0SC25M | @0SC25M !
— P P> >
i i

i
R 742w 1 I 1 I A L e e e e e e 0 o 6 o
(0sC25M) ! |
1 1
* * iighhghhighhighhihnk
i i
Internal system clock i ;
rltrzicer et N K I s I o O O N R G A A R S QA MR Ay SR AR A E
i
I
I
i
i
i
T
!
7
i
i
|
I
|
|

PLL output

Stopping the clock and
switching to PLL output

HOTRESETZ

1
i i i
I I I
| | |
(pin input) i i i
i i i
RESETZ | i i
(pin input) 4 i i i
PONRZ ! ! !
(pin input) ! ! !
I I i i
i i
After de-assertion of PONRZ and RESETZ Releasing internal peripherél
Reset for internal signals, the reset release sequence starts. modules from the reset state \

peripheral modules | i i

/F !

I
l l : :
! ! Releasing internal peripheral
R_STOUTZ i i modules from the reset state \L
(pin input) ! ! } :
! ! ! Releasing CPU & HOST-|,
Reset for ! ! ! from the reset state ~ ~——pl

CPU & HOST-I/F

Switchingto  Clock output  Releasing  Releasing CPU &
PLL clock continued/ peripheral HOST-I/F from
Reset state modules from the reset state
the reset state

Figure 4.4 Timing of Reset at Power-On

16 cycles 16 cycles 200 cycles
@0SC25M @0SC25M @0SC25M
A—N—P(—h

e Gsczom) mmwm
(0sc25M)
HCLK/PCLK

System reset

Reset for internal
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5. CPU and Internal RAMs

R-IN32M4-CL3 incorporates a high-performance 32-bit processor (Arm Cortex-M4 core).
This section describes an overview of the CPU and internal RAMs of R-IN32M4-CL3.

5.1 CPU-core Information

The revision of the Cortex-M4 core currently used in R-IN32M4-CL3 is Cortex-M4 rOp1.

For details on the CPU core section, architecture, or others, refer to the following Arm Limited website.

http://infocenter.arm.com/help/topic/com.arm.doc.set.cortexm/index.html

5.2 CPU-core Configuration Information

The Cortex-M4 of R-IN32M4-CL3 has the following configurations.

Category Configuration ltem | Setting Remark
Interrupt NUM_IRQ 240 The number of IRQ interrupts to be input: 1 to 240
(NMI interrupts are counted separately.)
Interrupt Priority LVL_WIDTH 4 Priority bit numbers 3 to 8 (8 to 256 priority levels)
MPU MPU_PRESENT Yes Presence of the memory protection unit
Debug Level DEBUG_LVL 3 Debug level 1to 3
Trace Level TRACE_LVL 2 Trace level 0 to 2
SW/SWJ-DP Selection | JTAG_PRESENT | SWJ-DP | SWJ-DP is selected when the JTAG access circuit is built-in.
Bit-band Area BB_PRESENT Yes Presence of bit-banding

Debug Level

1

2

3 (setting in R-IN32M4-CL3)

Function Outline

Minimum debug
configuration

Full debug configuration
(without data matching)

Full debug configuration
(with data matching)

Debugging Halt

Yes

Yes

Yes

Breakpoints

2 (Instruction)

6 (Instruction)

6 (Instruction)

2 (Literal) 2 (Literal)

DWT Comparator Number 1 (Data matching is not 4 (Data matching is not 4
available.) available.)

Flash Patch Function No Yes Yes
Trace Level 0 1 2 (setting in R-IN32M4-CL3)
Function Outline No trace Standard trace Full trace
ITM and TPIU Functions No Yes Yes
DWT Trigger and Counter No Yes Yes
ETM function No No Yes

Caution: R-IN32M4-CL3 does not support SLEEPDEEP mode. Do not set the SLEEPDEEP bit of the SCR

register to 1.

R18UZ0073EJ0200 Rev.2.00

May 31, 2024

RENESAS

Page 5-1


http://infocenter.arm.com/help/topic/com.arm.doc.set.cortexm/index.html

R-IN32M4-CL3 Hardware edition 5. CPU and Internal RAMs

53 Internal Instruction RAM

The internal instruction RAM is a 768-Kbyte RAM. It is accessible by AHB.

5.31 Outline of Features

* Includes a 128-bit (32 bits x 4) read buffer

* Latency: latency is 2 in read access in general but 1 in the case of hitting the read buffer.
latency is 1 in write access.

* AHB bus width: 32 bits

* RAM data bus width: 128 bits (without ECC circuit)

* Transfer size: 16- or 32-bit transfer selectable

* Support for burst transfer

« Little endian fixed

* Support for ECC (1-bit error correction, 2-bit error detection)

Table 5.1 Interrupt from Internal Instruction RAM and Request for Peripheral Modules

Internal Instruction RAM Interrupt Signal Function Connected to
IRAMECCSEC Instruction RAM ECC 1-bit error correct interrupt Interrupt controller
IRAMECCDED Instruction RAM ECC 2-bit error detect interrupt Interrupt controller
5.3.2 Read Buffer

* 128-bit (32 bits x 4) read buffer
* Response to the AHB involves with latency 0 in the case of hitting the read buffer.
* Clear the data in the read buffer when a 2-bit ECC error occurs.

* A 2-bit ECC error at the time of the read response generates an ECC error interrupt.

533 Write Interface

* When 16-bit write access arises, write to the RAM in 32-bit units through two consecutive rounds of access.

* When 8-bit write access arises, return an error response.

Caution: Write access by an external MCU in 16-bit units may occur.
The specification assumes that such access to the RAM will always proceed two consecutive

times (for the writing of data in 32-bit units).
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54 Internal Data RAM

The internal data RAM is a 512-Kbyte RAM. It is accessible by the AHB and Header Endec (Communication-BUS).

541 Outline of Features

* AHB latency: latency is 1 in read and write access (latency is 2 in read access following write access).
» Communication-BUSlatency: latency is 1 in read and write access

* Arbitration of access when contention arises: Round robin

* AHB bus width: 32 bits

* Communication-BUS width: 128 bits

* RAM bus width: 128 bits (without ECC circuit)

« AHB transfer size: 8-, 16-, or 32-bit transfer selectable

* Communication-BUS transfer size: 8-, 16-, 32-, 128-bit transfer selectable

* Support for burst transfer

« Little endian fixed

* Support for ECC (1-bit error correction, 2-bit error detection)

Table 5.2 Interrupt from Internal Data RAM and Request for Peripheral Modules

Internal Data RAM Interrupt Signal Function Connected to
DRAMECCSEC Data RAM ECC 1-bit error correct interrupt Interrupt controller
DRAMECCDED Data RAM ECC 2-bit error detect interrupt Interrupt controller

9.5 Buffer RAM

The buffer RAM is a 64-Kbyte RAM. It is accessible by the Communication-BUS.

5.51 Outline of Features

» Communication-bus latency: latency is 1 in read and write access

» Communication-BUS width: 128 bits

* RAM bus width: 128 bits (without ECC circuit)

» Communication-BUS transfer size: 8-, 16-, 32-, 128-bit transfer selectable

* Support for ECC (1-bit error correction, 2-bit error detection)

Table 5.3 Interrupt from Buffer RAM and Request for Peripheral Modules

Buffer RAM Interrupt Signal Function Connected to
BRAMECCSEC Buffer RAM ECC 1-bit error correct interrupt Interrupt controller
BRAMECCDED Buffer RAM ECC 2-bit error detect interrupt Interrupt controller
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5.6 Network RAM

The network RAM is a 128-Kbyte RAM. The RAM is accessible by AXI.

5.6.1 Outline of Features

* Includes a write buffer
* AXI latency:

—When the ECC function is enabled

Read access: Single transfer: Latency is 3.

Burst transfer: First data latency is 3, second data or later latency is 2.

Write access: 8- or 16-bit writing: Latency is 3.

32- or 64-bit writing: Latency is 1.
—When the ECC function is disabled

Read access: Single transfer: Latency is 2.

Burst transfer: First data latency is 2, second data or later latency is 1.

Write access: 8- or 16-bit writing: Latency is 1.

32- or 64-bit writing: Latency is 1.

* AXI bus width: 64 bits

* RAM bus width: 64 bits (without ECC circuit)
» AXI transfer size: 8-, 16-, 32-, or 64-bit transfer selectable

* Support for ECC (1-bit error correction, 2-bit error detection)

Table 5.4 Interrupt from Network RAM and Request for Peripheral Modules

Network RAM Interrupt Signal

Function

Connected to

NRAMECCSEC

Network RAM 1-bit ECC error detection interrupt

Interrupt controller

NRAMECCDED

Network RAM 2-bit ECC error detection interrupt

Interrupt controller

5.6.2 Control Register

(1) Register List

Register Name Abbreviation Address
Network RAM ECC Function Control Register NRAMCTL BASE + 2010H
Network RAM Lower 32-bit ECC control register NRAM_CTL 0 400F 0800H
Network RAM Upper 32-bit ECC control register NRAM_CTL_1 400F 0840H
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(2) Network RAM ECC Function Control Register (NRAMCTL)

This register is used to enable or disable the ECC function of the network RAM.

« This register can be read or written in 32-bit units.

Caution 1. This register is writable only when a protection release sequence is performed using the

system protection command register (SYSPCMD). For the protection release sequence, refer

to Section 28.7 "System Protect Command Register (SYSPCMD)". No special sequence is

required for reading the register.

2. Change the setting of this register from the initial value, immediately after the boot or system
reset release and before the access to the network RAM.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
BASE
é +2010H
NRAMCTL00000000000000000000000000050005 Initial Value
§ § 0000 0001H
R/W 00O0O0OOOOOOOOOOOOOOOOOOOOOOO ORWO O O0RW
Bit Bit Name Description
31-5 — Reserved (When writing to these bits, write 0. When read, 0 is returned.)
4 ECCERMK |Configure whether to return an error response over the AXI bus when a 2-bit ECC error occurs
during the network RAM read.
0: Returns an error response over the AXI bus
1: Not returns an error response over the AXI bus
3-1 — Reserved (When writing to these bits, write 0. When read, 0 is returned.)
0 ECCEN Network RAM ECC Function Enable
0: ECC function disabled
1: ECC function enabled
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(3) Network RAM ECC control register (NRAM_CTL_n)

These registers are used to set the operation when an ECC error occurs.
There are registers for the upper 32 bits (NRAM_CTL 1) and the lower 32 bits (NRAM_CTL 0) since the ECC is

performed in units of 32 bits.

« This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 O Address
400F 0800H
NRAM_CTL 0 oo lolo 400F 0840H
NRAM_CTL 1 OOOOOOOOOOOOOOO<§(OOOOOOOEBBBOO Initial Value
Q Q (B (E (B || 0000 0010H
R/W 0O 0O0OOOOOOUO® OO OO OOO O RW 0O0OOUOTOUO ORWRWRWRWO O R
Bit Bit Name Description
31-16 — Reserved
15-14 ECMA[1:0] |Enable Writing to ECERVF
2'b01: Writing enabled
Others: Writing disabled
If these bits are 2’b01, writing to the ECERVF bit is enabled.
Other than 2’b01, writing to the ECERVF bit is disabled.
When these bits are read, 2’b00 are always returned.
13-7 — Reserved
6 ECERVF*' |ECC Error Detection Enable
This bit is used to enable or disable the ECC Error Detection.
0: Disables ECC error detection.
1: Enables ECC error detection.
When writing to this bit, 15—14 bits must be set to 2'b01.
If 15—14 bits are other than 2'b01, writing to this bit is not performed.
5 EC1ECP*' |Single-bit Error Correction Enable
This bit is used to enable or disable error correction when an ECC single-bit error is detected.
0: Single-bit error correction enabled
1: Single-bit error correction disabled
4 EC2EDIC*' *2| 2-bit Error Detection Interrupt Control
This bit is used to control whether or not to output an interrupt when an ECC 2-bit error is
detected.
0: Do not generate an interrupt when a 2-bit error is detected
1: NRAMECCDED interrupt signal is output when a 2-bit error is detected
3 EC1EDIC*'*2| Single-bit Error Detection Interrupt Control
This bit is used to control whether or not to output an interrupt when a single-bit error is detected.
0: Do not generate an interrupt when a single-bit error is detected
1: NRAMECCSEC interrupt signal is output when a single-bit error is detected
2-0 — Reserved
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Notes 1.

Remark:

Changes the ECERVF, EC1ECP, EC2EDIC, and EC1EDIC bits which related to the ECC
function control, when the network RAM is not being accessed.

For the ECnEDIC control, the ECERVF must be enabled.

For details, refer to Section 5.6.3 “ECC Function Initial Setting”.

m=0-7,n=0-1
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5.6.3 ECC Function Initial Setting

The procedure for setting the ECC function of the network RAM is described below.

(1) Enabling interrupt function when ECC error is detected

After immediately a power-on reset or system reset, the ECC function (single-bit error correction) is enabled, but the
interrupt generation is disabled when an ECC error is detected.

Use the following procedure to enable the interrupt generation when an ECC error is detected.

(1) Network RAM ECC control register setting (NRAM_CTL 0, NRAM_CTL 1)
Set ECERVF to 1 to enable error detection.
Set EC2EDIC to 1 to enable the interrupt generation when an ECC 2-bit error is detected.
Set EC1EDIC to 1 to enable the interrupt generation when an ECC single-bit error is detected.

(2) Disabling ECC

The ECC function is enabled immediately after a power-on reset or system reset.

Use the following procedure to disable the ECC function.

(2) Release the protection using the system protection command register (SYSPCMD).
(3) Sets the ECCEN bit of the ECC function control register to 0, and disables the ECC function.
(4) Enable the protection using the system protection command register (SYSPCMD).

Note 1. Change the ECC function control register, immediately after the boot or system reset release

and before the access to the network RAM.
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0. Bus Architecture

R-IN32M4-CL3 has two types of internal buses: the AHB and AXI buses. The AHB and AXI internal buses connected
by bus conversion bridges, and mutually accessible.

6.1

AHB Internal Bus

A multi-layered configuration is used for the internal AHB buses of an R-IN32M4-CL3, and a bus layer is provided for

every seven bus masters. For this reason, except when two or more masters request access to the same slave, queuing for

buses does not occur, making for efficient bus usage. In cases of contention for access by two or more masters to the

same slave, arbitration proceeds according to the default priority and priority decision system.

Table 6.1 AHB internal bus of an R-IN32M4-CL3

Master High « (Default Priority) — Low Priorit
DMAC for Cortex-M4 | Cortex-M4 General Cortex-M4 DE:'C?:ign
Slave Real-time | Host CPU CPU CPU System| Purpose |AXI Master® | CPU | Code System
Ports D Code Bus Bus DMAC Bus
Round Robin
Data RAM o o — o o O - (alternate)?
Instruction RAM o) o) o — o — o) Fixed Priority
Round Robin
Buffer RAM — — o — o - - (fair)
Round Robin
External Memory © — o o o - e (alternate)™®
Serial Flash ROM — — o o o - © i
(fair)
Ethernet MAC P . . o o i . Round Robin
(CC-Link IE Field) (alternate)™
APB Internal Round Robi
: ound Robin
i © © - ° ° - - (alternate)®
_ Round Robin
Real-time Ports © o — o o - - (alternate)™®
Round Robin
I P — - - )
General Ports © o o o (alternate)™®
HW-RTOS™2 — — — o — _ _ _
DMAC for
Real-time Ports™ B B _ ° - _ _ _
General Purpose
DMAC™ - — — ° _ _ _ _
Synchronous
Burst Access
—_— —_— —_— O —_— —_— —_— —_—
Memory
Controller
: Round Robin
CC-Link IE TSN © — — o o - - (alternate)™®
5 Round Robin
AXI Slave ©) — — o o - - (alternate)™

Remark ©: Fixed top priority when round robin (alternate) is specified
o: Accessible

—: Not accessible
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Note 1. This refers to the internal timer, serial interface, system registers, etc. However, the only area
accessible by the host CPU is that of the system registers.
Hardware read-time OS.
RR (alternate): Round robin with fixed priority.
A particular master and slave can be specified as having the fixed-top priority;
otherwise, the round-robin system is used for arbitration.
4. The registers areas of the respective DMA controllers
5. The network RAM and network RAM control register connected on the AXI internal bus are the
subjects of access.
6. The CC-Link IE TSN (transmitter) and CC-Link IE TSN (receiver) are masters on the AXIl internal
bus.

6.2 AXI Internal Bus

Three bus masters are connected to the AXI internal bus of an R-IN32M4-CL3. In cases of contention for access by two

or more masters to the same slave, arbitration proceeds according to the default priority and priority decision system.

Table 6.2 AXI internal bus of an R-IN32M4-CL3

Master High « (Default Priority) — Low Priority Decision
Slave CC-Link IE TSN (transmitter) | CC-Link IE TSN (receiver) AHB Master™ System
Network RAM o le) o Round Robin (fair)
Network RAM Control Register — — e) Round Robin (fair)
AHB Slave (Data RAM) o o — Round Robin (fair)

Remark ©: Accessible

—: Not accessible

Note 1. The real-time port DMAC, Cortex-M4 CPU system bus, and general-purpose DMAC are bus

masters on the AHB internal bus.
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6.3 Bus Bridges

In R-IN32M4-CL3, the AXI and AHB buses are interconnected via bus bridges. The bus bridges have a bufferable
function during the write access.

The error response from the slave changes according to the bufferable attribute of the write access issued by the master.

AHB_SYS
(32bit/100MHz)

| DMARTM ® ®

| HOST ® ®

| HMNGN

BUS BRIDGE
(HSNGNREG)

BUS BRIDGE
(HSNGN)

BUS BRIDGE
(XSNGN)

AXI_SYS
(64bit/125MHz)

| XMNGN \

| XM3a ) \

|XM3b ® \

Figure 6.1 AHB—AXI Bus Configuration Diagram

Table 6.3 Error Response of Bus Bridge

Bus Bridge Mode Response from Slave Response to Master
Bufferable operation Normal response Normal response
Error response Normal response
+ Error interrupt (INTHSNGNREGBE, INTHSNGNBE, INTXSNGNBE)
Non-bufferable operation Normal response Normal response
Error response Error response
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7. Booting Procedure

R-IN32M4-CL3 allows four locations from which to boot the CPU, which can be selected by using external pins BOOTO0
and BOOT1: the external memory, the external serial flash ROM, the external MCU, and the instruction RAM. The reset
vector and interrupt vector can also be switched by register settings. This section describes booting from the external
memory, the external serial flash ROM, and the external MCU, copying the program to the instruction RAM, and then
specifying exception vectors to the instruction RAM.

71 Selecting the Boot Mode

One of four boot modes, external memory boot, serial flash ROM boot, external MCU boot, and instruction RAM boot

can be selected.

Table 7.1 Selecting the Boot Mode

BOOT1 |BOOTO |Boot Mode Boot Area
0 0 External memory boot Memory connected to CSZ0 area of external memory interface
0 1 External serial flash ROM boot External serial flash ROM
1 0 External MCU boot Instruction RAM
1 1 Instruction RAM boot Instruction RAM
(for debugging only)

(1) External memory boot

The CPU is booted from the external memory connected to the CSZ0 area of the external memory interface.

However, in the case of the 17 mm square package, the initial state of the address pins A27-A21 (external pins:
RP27-RP21) are input ports with pull-up resistors, so High level propagates to the address bus of the connected external
memory device. Therefore, note that the boot code must be placed in the upper space of the memory device address when
booting from the external memory with a capacity of 1 MBytes or more in the 17 mm square package.

(2) External serial flash ROM boot
The CPU is booted from the serial flash ROM.

(3) External MCU boot

The program is downloaded to the instruction RAM via the external MCU interface and then the CPU in R-IN32M4-CL3
is booted from the instruction RAM. After the program is downloaded to the instruction RAM, fetching the program
from the instruction RAM starts after the CPU reset is released by using the CPURESET register.

(4) Instruction RAM boot (for debugging only)

This mode is for directly downloading a program from a debugger to the instruction RAM to run during software
development.

7.2 Initializing the Internal RAM

R-IN32M4-CL3 incorporates large-capacity instruction RAM, data RAM, buffer RAM, and network RAM. When the
power-on reset input signal (PONRZ) is de-asserted, all the bits in these RAM areas are initialized to 0 by hardware

within the internal circuit reset period. This significantly reduces the time required by the program to initialize the
internal RAM.
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7.3

Memory Map in Each Boot Mode

In R-IN32M4-CL3, the memory map from addresses 0000 _0000H to 000F FFFFH differs depending on the selected

boot mode.
13FF FFFFH 13FF FFFFH 13FF FFFFH
External memory area External memory area External memory area
(Cs20) (cszo) A (cszo)
1010 0000H _____(Eél_l\illlyie_s)_____ (64 Mbytes) (64 Mbytes)
100F FFFFH ] Mirroring
1000 0000H 1000 0000H 1000 0000H
040F FFFFH e 040F FFFFH PR 040F FFFFH ResanE)
040C 0000H 040C 0000H 040C 0000H
040B FFFFH 040B FFFFH 040B FFFFH o
Instruction RAM area Instruction RAM area Instruction RAM area Mirroring
(768 Kbytes) (768 Kbytes) (768 Kbytes)
0400 0000H 0400 0000H 0400 0000H
O3FF FFFFH 03FF FFFFH 03FF FFFFH
Serial flash ROM area Serial flash ROM area Serial flash ROM area
(32 Mbytes) (32 Mbytes) (32 Mbytes)
020FFFFFH[ ———————~—~— 77T Mirroring
0200 0000H 0200 0000H 0200 0000H
000F FFFFH 000F FFFFH 00OF FFFFH
External CSZO Serial flash ROM Reserved
memory mirror area mirror area 000B FFFFH i
Instruction RAM
(1 Mbyte) (1 Mbyte) mirror area
(768 Kbytes)
0000 0000H 0000 0000H 0000 0000H
External memory boot External serial flash ROM boot External MCU boot
BOOT1=0, BOOTO0=0 BOOT1=0, BOOTO=1 BOOT1=1, BOOT0=0
Figure 7.1 Memory Map in Each Boot Mode
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7.4 Booting Sequence

The following describes the procedures up to specifying exception vectors to the instruction RAM.

7.4.1 When Booting from the External Memory

(1) Fetching the program from the external CSZ0 memory mirror area after release from the reset
state

When external memory boot mode is selected by using the BOOTO0 and BOOT]1 pins, the lower 1 MB space in the
external CSZ0 memory area is allocated to the area starting from address 0000 0000H, as a mirror area. After release
from the reset state, the CPU is booted by the program allocated to address 0000 0000H. After the CPU is booted, make
the settings for the memory controller registers, which affect the external bus access performance.

(2) Transferring the program code to the internal instruction RAM

Transfer the program code to the internal instruction RAM by using program processing or a DMA transfer.

(3) Masking interrupts

Mask all interrupt operations before switch vector addresses. Software exceptions and exception traps must also not be

executed.

(4) Switching the vector address

Specify the instruction RAM area (0400 0000H) in the VTOR register, and then unmask the interrupts.

(5) Branching to main routine (regular operation)

Fetching the program from the instruction RAM starts.

7.4.2 When Booting from the External Serial Flash ROM

(1) Fetching the program from the serial flash ROM mirror area after release from the reset state

When external serial flash ROM boot mode is selected by using the BOOTO0 and BOOT]1 pins, the lower 1 MB space in
the external serial flash ROM area is allocated to the area starting from address 0000 0000H, as a mirror area. After
release from the reset state, the CPU is booted by the program allocated to address 0000 0000H. After the CPU is booted,
make the settings for the memory controller registers, which affect the external bus access performance.

(2) Transferring the program code to the internal instruction RAM

Transfer the program code to the internal instruction RAM by using program processing or a DMA transfer.

(3) Masking interrupts

Mask all interrupt operations before switching the vector address. Software exceptions and exception traps must also not

be executed.

(4) Switching the vector address

Specify the instruction RAM area (0400 0000H) in the VTOR register, and then unmask the interrupts.
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(5) Branching to main routine (regular operation)

Fetching the program from the instruction RAM starts.

7.4.3 When Downloading the Program from the External MCU and Booting the CPU

When external MCU boot mode is selected by using the BOOTO0 and BOOT]1 pins, the instruction RAM area is allocated
to the area starting from address 0000 0000H, as a mirror area. Even after releasing R-IN32M4-CL3 from the reset state,
the CPU maintains the reset state. Release the CPU from the reset state by using the CPURESET register after the

program has been downloaded to the internal instruction RAM.

(1) Transferring the program code to the internal instruction RAM after release from the reset state
Transfer the program code from the external host microcontroller connected to R-IN32M4-CL3 to the internal instruction
RAM.

(2) Releasing the CPU from the reset state

After the program code is downloaded to the internal instruction RAM, write 0001H to the CPURESET register to

release the CPU from the reset state.
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8. Exception Handling
R-IN32M4-CL3 uses the interrupt controller of Cortex-M4.

For Cortex-M4 exception handling operations, visit the following Arm Limited website.

http://infocenter.arm.com/help/topic/com.arm.doc.set.cortexm/index.html

8.1

Exception List

Exception numbers 1-15 are the system exceptions for the Cortex-M4 CPU. Interrupts from the R-IN32M4-CL3 internal

hardware and external pins are assigned to exception number 16 and higher numbers.

specific interrupt

Exception

Number Exception Type Priority Description

1 Reset -3 (highest) * Input on the reset pins (RESETZ, PONRZ, and HOTRESETZ)
* Reset by the window watchdog timer A
* Setting the SYSRESETREQ bit in NVIC of the Cortex-M4 CPU to 1
* Reset by the SYSRESET register

2 NMI -2 * Input on the NMI pin
» Generation of NMI by the window watchdog timer A

3 Hard fault -1 Used to promote the exception faults for all classes that cannot be
handled by other exceptions

4 Memory Programmable Exception from the MPU

management
fault

5 Bus fault Programmable Bus error in access through the bus to the area outside the scope of
management by the MPU

6 Usage fault Programmable Error in instruction execution, including the execution of an undefined
instruction

7-10 Reserved — —

11 Svcall Programmable System service call by an SVC instruction

12 Debug monitor Programmable Debug monitor

13 Reserved — —

14 PendSV Programmable Request for system service that can be kept pending

15 SysTick Programmable Notification from the system timer

16— R-IN32M4-CL3 Programmable Interrupt from the R-IN32M4-CL3 internal hardware or external pins
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8.2 Interrupt List

The following table lists exceptions (interrupts) with exception numbers 16 and higher assigned to the NVIC of the
Cortex-M4 CPU.

In R-IN32M4-CL3, interrupts from the internal hardware and external pins are connected not only to the NVIC of the
Cortex-M4 but also to the internal hardware real-time OS (HW-RTOS)), trigger for starting the internal DMA controllers
(common to both the general DMAC and real-time port DMAC), and timers.

R-IN32M4-CL3 supports the following interrupts.

Table 8.1 Interrupt List

(1/6)
Connected to
Real- | Timer
Exception HW- time TAUJ2
Number Name Cause NVIC |RTOS |[DMAC | Port /TAUD
16 INTTAUJ2I0 TAUJ2 channel 0 interrupt O O O O O
17 INTTAUJ2I1 TAUJ2 channel 1 interrupt O O O O O
18 INTTAUJ2I2 TAUJ2 channel 2 interrupt O @) O O O
19 INTTAUJ2I3 TAUJ2 channel 3 interrupt O O O O O
20 INTUAJOTIT UARTJO send interrupt O O O O O
21 INTUAJOTIR UARTJO receive interrupt O O O O O
22 INTUAJITIT UARTJ1 send interrupt O O O O O
23 INTUAJ1TIR UARTJ1 receive interrupt O O O O O
24 INTCSIHOIC CSIHO communication status interrupt O O O O O
25 INTCSIHOIR CSIHO receive status interrupt O @) O O O
26 INTCSIHOIJC CSIHO job completion interrupt O O O O O
27 INTCSIH1IC CSIH1 communication status interrupt O O O O O
28 INTCSIH1IR CSIH1 receive status interrupt O O O O O
29 INTCSIH1IJC CSIH1 job completion interrupt O O O O O
30 INTIICBOTIA IICBO data send/receive interrupt O @) O O O
31 INTIICB1TIA IICB1 data send/receive interrupt O O O O O
32 INTFCNOREC FCNO receive completion interrupt O O O O O
33 INTFCNOTRX FCNO send completion interrupt O O O O O
34 INTFCNOWUP FCNO sleep and wakeup/send O @) O O O
suspension interrupt
35 INTFCN1REC FCN1 receive completion interrupt O O O O O
36 INTFCN1TRX FCN1 send completion interrupt O O O O O
37 INTFCN1WUP FCN1 sleep and wakeup/send O O O O O
suspension interrupt
38 INTDMAOQO General-purpose DMAC channel 0 O @) O O O
transfer completion interrupt
39 INTDMAO1 General-purpose DMAC channel 1 O O O O O
transfer completion interrupt
Remarks. O-...Connectable —... Not used
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(2/6)
Connected to
Real- |Timer
Exception HW- time TAUJ2
Number Name Cause NVIC |RTOS |DMAC |Port [TAUD
40 INTDMAOQ2 General-purpose DMAC channel 2 O O O O O
transfer completion interrupt
41 INTDMAO3 General-purpose DMAC channel 3 O O O @) O
transfer completion interrupt
42 INTRTDMA Real-time port DMAC transfer completion O O O O O
interrupt
43 INTTAUDIO TAUD channel 0 interrupt O @) O O O
44 INTTAUDI1 TAUD channel 1 interrupt O O O O O
45 INTTAUDI2 TAUD channel 2 interrupt O O O O O
46 INTTAUDI3 TAUD channel 3 interrupt O O O O O
47 INTTAUDI4 TAUD channel 4 interrupt O O O O O
48 INTBUFDMA Inter-Buffer DMA transfer completion O @) O O O
interrupt
49 INTETHPHYO Gigabit Ethernet PHY Port0 interrupt O O O O O
50 INTETHPHY1 Gigabit Ethernet PHY Port1 interrupt O O O O O
51 INTETHMIICMP Ethernet MIl management access O O O O O
completion interrupt
52 INTETHPAUSECMP | Ethernet pause packet send completion O O O O O
interrupt
53 INTETHTXCMP Ethernet send completion interrupt O @) O O O
54 INTETHSW Ethernet SWITCH interrupt O O O O O
55 INTETHSWDLR Ethernet SWITCH DLR interrupt O @) O O O
56 INTETHSWSYNC Ethernet SWITCH SYNC interrupt O O O O O
57 INTETHRXFIFO RX FIFO overflow interrupt O O — — —
58 INTETHTXFIFO TX FIFO underflow interrupt O O — — —
59 INTETHRXDMA Ethernet MAC DMA receive completion O O O O O
interrupt
60 INTETHTXDMA Ethernet MAC DMA send completion O O O O O
interrupt
61 INTMACDMARXFRM | Receive frame successful interrupt O @) O O O
62 — Reserved — — — — —
63 INTPZ0 INTPZO input O @) O O O
64 INTPZ1 INTPZ1 input O O O O O
65 INTPZ2 INTPZ2 input O O O O O
66 INTPZ3 INTPZ3 input O O O O O
67 INTPZ4 INTPZ4 input O O O O O
68 INTPZ5 INTPZ5 input O @) O O O
69 INTPZ6 INTPZ6 input O O O O O
70 INTPZ7 INTPZ7 input O O O O O
Remarks. O-..Connectable —... Not used
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(3/6)
Connected to
Real- |Timer
Exception HW- time TAUJ2
Number Name Cause NVIC |RTOS |[DMAC |Port [TAUD
71 INTPZ8 INTPZS input O O O O O
72 INTPZ9 INTPZ9 input O O O O O
73 INTPZ10 INTPZ10 input O O O O O
74 INTPZ11 INTPZ11 input/TAUD channel 5 interrupt* | O O O O O
75 INTPZ12 INTPZ12 input/TAUD channel 6 interrupt* | O O O O O
76 INTPZ13 INTPZ13 input/TAUD channel 7 interrupt* | O O O O O
77 INTPZ14 INTPZ14 input/TAUD channel 8 interrupt* | O O O O O
78 INTPZ15 INTPZ15 input/TAUD channel 9 interrupt* | O O O O O
79 INTPZ16 INTPZ16 input/TAUD channel 10 @) O O O O
interrupt*
80 INTPZ17 INTPZ17 input/TAUD channel 11 O O O O O
interrupt*
81 INTPZ18 INTPZ18 input/TAUD channel 12 O O O O O
interrupt™
82 INTPZ19 INTPZ19 input/TAUD channel 13 O O O O O
interrupt*
83 INTPZ20 INTPZ20 input/TAUD channel 14 @) O O O O
interrupt*
84 INTPZ21 INTPZ21 input/TAUD channel 15 O O O O O
interrupt*
85 INTPZ22 INTPZ22 input O O O O O
86 INTPZ23 INTPZ23 input O O O O O
87 INTPZ24 INTPZ24 input O O O O O
88 INTPZ25 INTPZ25 input O O O O O
89 INTPZ26 INTPZ26 input O O O O O
90 INTPZ27 INTPZ27 input O O O O O
91 INTPZ28 INTPZ28 input O O O O O
92 INTHWRTOS HW-RTOS interrupt O — — — —
93 INTBRAMERR Buffer RAM area access error interrupt O O — — —
94 INTIICBOTIS [ICBO status interrupt O O — — —
95 INTICB1TIS [ICB1 status interrupt O O — — —
Remarks. O-..-Connectable —... Not used
Note. INTPZ/TAUD interrupts are selected using the INTSEL register.
For details, refer to Section 28.18 “INTPZ/Timer Interrupt Select Register (INTSEL)”.
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(4/6)
Connected to
Real- |Timer
Exception HW- time TAUJ2
Number Name Cause NVIC |RTOS |DMAC |Port [TAUD
96 INTWDTA WDT alarm interrupt (including the 75% O O — — —
of timeout interrupt)
97 INTSFLASH Serial flash ROM controller error O O — — —
interrupt
98 INTUAJOTIS UARTJO status interrupt O ©) — — —
99 INTUAJITIS UARTJ1 status interrupt O O — — —
100 INTCSIHOIRE CSIHO communication error interrupt O O — — —
101 INTCSIH1IRE CSIH1 communication error interrupt O O — — —
102 INTFCNOERR FCNO error detection interrupt O O — — —
103 INTFCN1ERR FCN1 error detection interrupt O O — — —
104 INTDERRO General-purpose DMAC error response O O — — —
interrupt
105 INTDERR1 Real-time port DMAC error response O O — — —
interrupt
106 INTETHTXFIFOERR | TX-FIFO error interrupt O ©) — — —
107 INTETHRXERR Ethernet receive frame error interrupt O O — — —
108 INTETHRXDERR MAC DMA receive error interrupt O O — — —
109 INTETHTXDERR MAC DMA send error interrupt O O — — —
110 INTBUFDMAERR Internal buffer DMA error interrupt O O — — —
111 INTLEDOPHYO Gigabit Ethernet PHY LEDO_PHYO input | O O O O O
interrupt
112 INTLEDOPHY1 Gigabit Ethernet PHY LEDO_PHY1 input O O O O O
interrupt
113 — Reserved — — — — —
114 — Reserved — — — — —
115 IRAMECCSEC Internal instruction RAM 1-bit ECC error O — — — —
correction interrupt
116 DRAMECCSEC Data RAM 1-bit ECC error correction O — — — —
interrupt
117 BRAMECCSEC Buffer RAM 1-bit ECC error correction O — — — —
interrupt
118 IRAMECCDED Internal instruction RAM 2-bit ECC error O — — — —
detection interrupt
119 DRAMECCDED Data RAM 2-bit ECC error detection O — — — —
interrupt
120 BRAMECCDED Buffer RAM 2-bit ECC error detection O — — — —
interrupt
121 — Reserved — — — — —
122 — Reserved — — — — —
Remarks. O-..-Connectable —... Not used
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(5/6)
Connected to
Real- | Timer
Exception HW- time TAUJ2
Number Name Cause NVIC |RTOS |DMAC |Port [TAUD
123 INTCCINMIZ CC-Link IE Field NMIZ interrupt O O O O O
124 INTCCIWDTZ CC-Link IE Field WDTZ interrupt O O O O O
125 INTCCIINTZ CC-Link IE Field INTZ interrupt O @) O O O
126 INTCCICLKLOSSZ CC-Link IE Field CLKLOSSZ interrupt O O O O O
127 — Reserved — — — — —
128 — Reserved — — — — —
129 — Reserved — — — — —
130 — Reserved — — — — —
131 — Reserved — — — — —
132 — Reserved — — — — —
133 — Reserved — — — — —
134 — Reserved — — — — —
135 — Reserved — — — — —
136 — Reserved — — — — —
137 INTGBEPHYFLF Gigabit Ethernet PHY FASTLINK_FAIL O @) — — —
interrupt
138 INTLED1PHYO Gigabit Ethernet PHY LED1_PHYO input O @) O O O
interrupt
139 INTLED1PHY1 Gigabit Ethernet PHY LED1_PHY1 input O O O O O
interrupt
140 INTLED2PHYO Gigabit Ethernet PHY LED2_PHYO input O O — — —
interrupt
141 INTLED2PHY1 Gigabit Ethernet PHY LED2_PHY1 input O O — — —
interrupt
142 INTFPU FPU interrupt O O — — —
143 INTPZ29 INTPZ29 input O O O O O
144 — Reserved — — — — —
145 NRAMECCSEC Network RAM 1-bit ECC error detection — — — —
interrupt
146 NRAMECCDED Network RAM 2-bit ECC error detection — — — —
interrupt
147 — Reserved — — — — —
Remarks. O-...Connectable —... Not used
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(6/6)
Connected to
Real- | Timer
Exception HW- time TAUJ2
Number Name Cause NVIC |RTOS |DMAC |Port [TAUD
148 INTHSNGNREGBE Bus error response interrupt O — O O O
(HSNGNREG)
149 INTHSNGNBE Bus error response interrupt (HSNGN) O — O O O
150 INTXSNGNBE Bus error response interrupt (XSNGN) O — O O O
151 — Reserved — — — — —
152 INTMCINTWDTERR External CPU WDT error interrupt O — O O O
153 — Reserved — — — — —
154 — Reserved — — — — —
155 — Reserved — — — — —
156 — Reserved — — — — —
157 — Reserved — — — — —
158 — Reserved — — — — —
159 — Reserved — — — — —
160 — Reserved — — — — —
161 — Reserved — — — — —
162 — Reserved — — — — —
163 — Reserved — — — — —
164 — Reserved — — — — —
165 — Reserved — — — — —
166 — Reserved — — — — —
167 — Reserved — — — — —
168 INTROK Built-in regulator interrupt O — O O O
169 — Reserved — — — — —
255 — Reserved — — — — —
Remarks. O...Connectable —... Not used
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9. Debugging

The Cortex-M4 of an R-IN32M4-CL3 has a range of on-chip debugging features. These features include downloading,
running, and breaking programs, as well as a trace feature to output program execution logs.

An R-IN32M4-CL3 provides JTAG and SWD interfaces that can be used as general debugging interfaces, as well as
trace port and SWYV interfaces for tracing. For details of the Cortex-M4 of an R-IN32M4-CL3, see Section 5 “CPU and

Internal RAMSs”.

9.1 JTAG Interface

The JTAG interface handles transfer to and from the host computer via the ICE by using five signals (TCK, TMS, TDO,

TDI, and TRSTZ).

RESETZ
HOTRESETZ

TRSTZ
TCK
TMS

TDI
TDO

3.3V

Reset
circuit

ICE Connector (20-pin half pitch)

JTAGSEL

Low level

Figure 9.1 JTAG Interface Connection Example (20-Pin Half Pitch without Trace)

Caution: The input of the nRESET signal to HOTRESETZ is not required if it is connected to RESETZ.

RESETZ resets the entire LSI chip, but only HOTRESETZ does not reset the internal PLL.
Connect the JTAG interface in a way that suits the application.

Also, do not connect the nRESET signal with the PONRZ signal.
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R-IN32M4-CL3

RESETZ
HOTRESETZ

TCK

4.7 kQ to 10 kQ

33V

Reset circuit

ICE Connector (20-pin half pitch)

T™MS
TDI

TDO

TRACECLK
TRACEDATAO
TRACEDATA1
TRACEDATA2

JTAGSEL

22Qt033Q
The wiring should be of equal length
and 50mm to 100mm.

Low level

nRESET

TCK
T™MS
TDI

TDO

TRACECLK

TRACEDATAO
TRACEDATA1
TRACEDATA2
TRACEDATA3

Figure 9.2

Caution:

JTAG Interface Connection Example (20-Pin Half Pitch with Trace)

The input of the nRESET signal to HOTRESETZ is not required if it is connected to RESETZ.

RESETZ resets the entire LSI chip, but only HOTRESETZ does not reset the internal PLL.
Connect the JTAG interface in a way that suits the application.

Also, do not connect the nRESET signal with the PONRZ signal.
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3.3V

R-IN32M4-CL3 4.7 kQ to 10 kQ

RESETZ
HOTRESETZ

TRSTZ ©

Reset
circuit

Wired OR Connection with Open Drain

ICE Connector (20-pin full pitch)

TCK o=

TMS 0=

TDI 0=
TDO ©

JTAGSEL ©

Low level

Figure 9.3

Caution:

JTAG Interface Connection Example (20-Pin Full Pitch)

The input of the nRESET signal to HOTRESETZ is not required if it is connected to RESETZ.

RESETZ resets the entire LSI chip, but only HOTRESETZ does not reset the internal PLL.
Connect the JTAG interface in a way that suits the application.

Also, do not connect the nRESET signal with the PONRZ signal.
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9.2 SWD Interface

The SWD (Serial Wire Debug) interface handles transfer to and from the host computer via the ICE by using two signals

(SWCLK (TCK) and SWDIO (TMS)).

R-IN32M4-CL3
TRSTZ ©

TCK (SWCLK) ©

© TCK (SWCLK)

© TMS (SWDIO)

TMS (SWDIO) ©

Figure 9.4  SWD Interface Connection Example

9.3 Trace Port Interface

The trace port interface outputs trace information by using five signals (TRACECLK and TRACEDATA[3:0]). The trace
port interface outputs information obtained by the ETM trace feature concerning the branch instructions executed in the
program. This information is supplemented by the debugger, making it possible to check the branch source and

destinations. For details about trace information, see the user's manual of the ICE you are using.

R-IN32M4-CL3

ICE

TRACECLK zo[ AMAN-
©

:ji TRACECLK
© TRACEDATA[3:0]

TRACEDATA[3:0] MN

Figure 9.5

Trace Port Interface Connection Example
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94 SWYV Interface

The SWV (Serial Wire Viewer) interface outputs trace information by using one signal (TDO (SWV) or TRACEDATAO
(SWV)). Note that TDO (SWYV) cannot be used when using the JTAG interface. SWV tracing involves sampling the
specified data at a specific sampling interval. For details about trace information, see the user's manual of the ICE you are

using.

R-IN32M4-CL3 ICE

'

R-IN32M4-CL3 ICE

TDO/SWV @=————P»0© TDO/SWO

Figure 9.6 ~ SWV Interface Connection Example
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10. Hardware Real-Time OS (HW-RTOS)

The hardware Real-Time Operating System (HW-RTOS) supports 30 types of system calls, such as events, semaphores,
and mailboxes.

10.1  Outline of Features
» WITRON:-like system calls

- 30 system calls for elements such as events, semaphores, and mailboxes

» Task Scheduler (Ver. 4.2)
- Hardware ISR: 32 routines selectable from 128 interrupt sources
- Number of context elements: 64
- Number of semaphore identifiers: 128
- Number of event identifiers: 64
- Number of mailbox identifiers: 64
- Number of mailbox elements: 192

- Number of context priority levels: 16

* Hardware function manager

Remark: The hardware real-time OS can be controlled by using the pITRON system calls provided by
the sample driver. For how to use the driver, see the R-IN32M4-CL3 Programming Manual: OS.

10.2 Semaphores

The semaphores handled by HW-RTOS in an R-IN32M4-CL3 are 5-bit counting semaphores. For semaphores, whether
to use wait queues for each context priority or use wait queues regardless of the context priority can be programmed for
individual semaphore identifiers. 125 semaphore identifiers can be handled.

10.3 Events

The event flags handled by HW-RTOS in an R-IN32M4-CL3 are 16-bit event flags. For events, whether to use wait
queues for each context priority or use wait queues regardless of the context priority can be programmed for individual
event identifiers. 64 event identifiers can be handled.

10.4 Mailboxes

The mailboxes handled by HW-RTOS in an R-IN32M4-CL3 are used for transmitting and receiving 32-bit messages.
There are eight message priority levels. For mailboxes, whether to use wait queues for each context priority or use wait
queues regardless of the context priority can be specified for individual mailbox identifiers. 64 mailbox identifiers can be
handled.
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10.5 Operation of HW-RTOS

Handshaking between the CPU and HW-RTOS is performed by using OS interrupts and commands. The relationship
between the CPU and the task scheduler is as follows:

» The CPU executes software based on the context scheduled by the task scheduler. Therefore, the CPU does not execute
any software other than the target context.
* When an interrupt occurs or a system call is issued, a conventional typical OS performs the following:

- saves the contents of CPU registers such as general-purpose registers, the program counter, and flag registers to the
context management area, and

- loads the register data for the context to run to the CPU registers, dispatches the task, and then executes software
based on the program counter value.

When an interrupt occurs or a system call is issued, HW-RTOS in an R-IN32M4-CL3 performs the following:

+ saves the contents of CPU registers such as general-purpose registers, the program counter, and flag registers to the
stack area allocated in the data RAM during the OS interrupt exception routine,

« performs processing of system calls and other processing,
* selects the context to be dispatched, and

* loads the values of the CPU register corresponding to the context from the HW-RTOS context control memory,
writes them to the CPU registers, and then returns from the OS interrupt exception routine.
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MT BUS >
Cortex™-M4 AHE.S BUS — GP BUS
Bridge I/F | —System call control
Context Cotrol Register Mail Box
[ CNTX Type 0 [1:0] | [ CNTX Type 0 [1:0] |
[ PRTY 0 [1:0] | [ PRTY 0 [1:0] |
SEMAPHORE
[ CNTX_STAT_0 [2:0] | [ CNTX_STAT_n [2:0] |
Table
[ INIT_ADD_0 [31:0] | [ INIT_ADD_n [31:0] |
[ WT_RSN_0 | [ WT_RSN_n |
[ SM_ID_0 [7:0] | [ SM_ID_n [7:0] | EVENT
— — Table
[ EVENTIDO[7:0] | weervrrenee [ EVENTID.n[7:0] |
[ EVENT_FLG_0 [15:0] | [ EVENT_FLG_n [15:0] |
[ FLG_CND_O | [ FLG_CND_n |
| WT_TIMOUT_O | | WT_TIMOUT_n | SELECT
| AT CLR O | [ AT CLR_n | q Controller > Scheduler
[ RSDN_TIM_0 | [ RSDN_TIM_n |
[ HWFUNC_ID_O | [ HWFUNC_ID_n |
[ CLL_TYP_O | [ CLL_TYP_n |
[ RSLT_RG_0 | [ RSLT_RG_n |
CONTX_O CONTX_n
n = max 63
HW
HW :E Function €=
Function Manager
Interrupts Interrupt
> Manager
RTOS Core
Figure 10.1 Overall Structure of Hardware Real-Time OS (HW-RTOS)
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11.  Gigabit Ethernet PHY

R-IN32M4-CL3 incorporates a Gigabit Ethernet PHY.
This section explains the peripheral circuit of Gigabit Ethernet PHY and the regulator for the Gigabit Ethernet PHY.
For details on the Gigabit Ethernet PHY, refer to the “R-IN32M4-CL3 User's Manual: Gigabit Ethernet PHY edition”.

11.1 Features

IEEE 802.3 (10BASE-T, 100BASE-TX, 1000BASE-T) compliant
* Number of ports: 2

 Power saving (ActiPHY™)

* Autonegotiation

* Autocrossover

11.2  PHY Peripheral Circuit Control Register
11.2.1 List of PHY Peripheral Circuit Control Registers

(1) PHY Control Register

Register Name Abbreviation Address
PHY Address Setting Register PHYADD BASE + 2020H

(2) Built-in Regulator Control Registers

Register Name Abbreviation Address

Built-in Regulator Monitoring Register 0 DCDCMONO BASE + 2030H

Built-in Regulator Monitoring Register 1 DCDCMON1 BASE + 2034H
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11.2.2 PHY Address Setting Register (PHYADD)

This register controls the PHYADDI1, PHYADD2, PHYADD3, and PHY ADD4 pins of the built-in Gigabit Ethernet
PHY.

e This register can be read and written in 32- or 16-bit units.

Caution 1. This register is writable only when a protection release sequence is performed using the
system protection command register (SYSPCMD). For the protection release sequence, refer
to Section 28.7 "System Protect Command Register (SYSPCMD)". No special sequence is
required for reading the register.

2. When changing the value of this register, do so while the Gigabit Ethernet PHY is reset.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address

BASE + 2020H
Initial value
PHYADD OOOOOOOOOOOOOOOOOOOOO00000005885 Refer to the
g g g g table below
alalala
R/W 000O0O0OOOOOO OO OO OO OODOO OO OO OO OO OO OUO0O OO0 0 ORWRWRWRW
Bit Bit Name Description
3-0 PHYADD Sets to 0 or 1 to the PHYADD1-PHYADDA4 pins of the built-in Gigabit Ethernet
PHY.
The initial value depends on the package.
Package Initial value
23 mm Square 4-bit captured data from the external pins
PBGA (PHYADD4, PHYADD3, PHYADD2, and PHYADD1)
17 mm Square 4’b0000
FBGA
In the 17 mm square package, the initial value is 4'b0000 since the
PHYADD1-PHYADDA4 pins do not exist as external pins and clamped to
Low-level in the package.

This register is initialized only by the reset signal from the external PONRZ pin.
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11.2.3

Built-in Regulator Monitoring Register 0 (DCDCMONO)

This register indicates the state of the built-in regulator.

e This register can be read in 32- or 16-bit units.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 0 Address
BASE + 2030H
Initial value
DCDCMONO| 0 0(0|0 o|ojo|o|0|0O|0OfO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O
Pin setting
z
L
R/W 0 000O0OOOOOOOOO®OOOOOO®OOOOOOGOOTO0O0R
Bit Bit Name Description
0 EN This bit is used to read the level of the REG_EN pin.
0: Built-in regulator is disabled.
1: Built-in regulator is enabled
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11.2.4 Built-in Regulator Monitoring Register 1 (DCDCMON1)

This register is used to monitor the state of the built-in regulator.

Table 11.1 Built-in Regulator 2.5 V Output Voltage Signal Specifications (ROK)

ROK value Description 2.5V output voltage state Unit
MIN TYP MAX
0 The 2.5 V output voltage is off or the — — 2.5V x 93% \%
output voltage has not reached 2.5 V.
1 The 2.5V output voltage is supplied 2.5V x 84% — — \%
normally.
2.5V L I

2.5V x93% ]

2.5V x90%
2.5V x87%

2.5V x 84%
REG_OUT

ROK

Figure 11.1 Built-in Regulator 2.5 V Output Voltage Signal ROK Operation Waveform

o This register can be read in 32- or 16-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13 121110 9 8 7 6 5 4 3 2 1 0 Address

BASE + 2034H

Initial value
DCDCMON1|(O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OfO|O|O|O|O|O|O|lO|O|O|lO|O|O|O]|O

X

o

14
R/W 000O0OO0OOOOOO0OOOO0OOOOOODOOOOOOOOOO0O0O0O0O0R
Bit Bit Name Description
0 ROK This bit is used to monitor the state of the built-in regulator.

0: The 2.5 V output voltage is off, or the output voltage has not reached 2.5 V.
1: The 2.5 V output voltage is supplied normally.
ROK is connected as INTROK of the interrupt signal.
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11. Gigabit Ethernet PHY

11.3 Initialization Sequence

The Gigabit Ethernet PHY installed on the R-IN32M4-CL3 must be initialized after reset is released. In this initialization,

a firmware provided by RENESAS can be used for register setting. After initialization is complete, select the

management interface according to the application.

Gigabit Ethernet PHY
Start setting

Select the Gigabit Ethernet MAC
by using the MDIOSEL register.

Y

Release the PHY reset
using the PHYRST register.

Gigabit Ethernet PH
The value of the register read
AddressO # FFFFh

NO

Run the initialization binary file of
Gigabit Ethernet PHY.

Y

Set the Gigabit Ethernet PHY.*

Y

Select the management interface
according to the application by
using the MDIOSEL register.

v

Gigabit Ethernet PHY

End of setting

Figure 11.2 Gigabit Ethernet PHY Initialization Procedure

Note. For the PHY settings, refer to the "R-IN32M4-CL3 User's Manual: Gigabit Ethernet PHY edition"

and firmware (Gigabit Ethernet PHY initial setting file) provided by Renesas Electronics.
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12.  Gigabit Ethernet MAC

This section describes the Ethernet MAC function with accelerator installed in the R-IN32M4-CL3.
For detail on the Ethernet Switch function, refer to Section 13, Ethernet Switch.

12.1  Overview
R-IN32M4-CL3 can also be used for a general Gigabit Ethernet interface as well as for an Ethernet interface compliant

with the industrial Ethernet protocol (CC-Link IE Field).
Switching of the Ethernet interface and mode settings are controlled by using a register.
12.1.1 Ethernet Interface Architecture

The control registers for selecting the Ethernet interface and the architecture of the control target are shown below.

The control registers in the figure are described later.

R-IN32M4-CL3 MDC
MDIO MDC
voc | 5| Moo
MDIO | 8
[
(]
ETHSWMTC
ETHSWMD | | SWTM* ] MDIOSEL
MACSEL —
S
CC-Link IE o
: S >
Switch GMIMIL [pori Porto_GMIIMII T
Timer GMIMIL_[Port3 Port1|_GMIIMII v | B
MDCCFG Port0 8
] - - —p D
- 2 GMII/MII il
Ethernet Switch % 5 Port1 i;%
GMIMIL| @ E
Gigabit Ethernet GMuI Portd GMI/MII %
MAC GMI/MII | & Port | GMIIMII 3
3 GMI/MII
Q
()
GMIIMIL GMIMII
MACSEL
Figure 12.1 Ethernet Interface Peripheral Architecture
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12.1.2

PHY Interface Selection

In R-IN32M4-CL3, the Ethernet interface and management interface are selectable by controlling the registers
(MACSEL, MDIOSEL). Table 12.1 lists a selection of PHY interfaces.

Table 12.1 PHY Interface Selection
MACSEL |MDIOSEL | Ethernet PortO0 Ethernet Port1 Management I/F
0000B X*1 General-purpose Ethernet port 0 | General-purpose Ethernet port 1 | Gigabit Ethernet MAC
(with an Ethernet switch) (with an Ethernet switch)
0001B 0B CC-Link IE port 0 General-purpose Ethernet port 1 | Gigabit Ethernet MAC
1B (with an Ethernet switch) CC-Link IE
0010B 0B General-purpose Ethernet port 0 | CC-Link IE port 1 Gigabit Ethernet MAC
1B (with an Ethernet switch) CC-Link IE
0011B X*1 — (Not used) General-purpose Ethernet port 1 | Gigabit Ethernet MAC
(without an Ethernet switch)
0100B X*2 CC-Link IE port 0 CC-Link IE port 1 CC-Link IE
0101B 0B CC-Link IE port 0 General-purpose Ethernet port 1 | Gigabit Ethernet MAC
1B (without an Ethernet switch) CC-Link IE
0110B 0B General-purpose Ethernet port 0 | CC-Link IE port 1 Gigabit Ethernet MAC
1B (without an Ethernet switch) CC-Link IE
0111B 0B — — —
1B
1000B 0B General-purpose Ethernet port 0 | General-purpose Ethernet port 1 | Gigabit Ethernet MAC
(with an Ethernet switch) (with an Ethernet switch)
1B CC-Link |E port 0 via CC-Link IE | CC-Link IE port 1 via CC-Link IE | CC-Link IE
port 2 port 3
1001B 0B CC-Link IE port 0 General-purpose Ethernet port 1 | Gigabit Ethernet MAC
1B (without an Ethernet switch) CC-Link IE
CC-Link IE port 1 via CC-Link IE
port 3
1010B- | 0B — — —
1111B 1B
Note 1. A don’t care value. The Gigabit Ethernet MAC is selected as the management interface

regardless of the setting of MDIOSEL.
A don’t care value. The CC-Link IE Field is selected as the management interface regardless of
the setting of MDIOSEL.
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12.2 Features

The functions of the Ethernet interface of the R-IN32M4-CL3 (when the Ethernet switch is not in use) are given below.

o 1 Port (two-port switching)

e Support for EEE802.3

e 10BASE-T, 100BASE-TX, 1000BASE-T

o Full duplex and half duplex communications

e Automatic pause packet transmission

¢ Auto broadcast suspension in response to reception of a pause packet

o Support for MII/GMII interfaces

R18UZ0073EJ0200 Rev.2.00 RENESAS Page 12-3
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12.3  Control Registers
12.3.1 List of Registers

(1) Ethernet interface select registers

Register Name Abbreviation Address
MAC select register MACSEL BASE + 0600H
GMII/MII management I/F select register MDIOSEL BASE + OEOOH

(2) Ethernet interface mode register

Register Name

Abbreviation

Address

MDC clock select register

MDCCFG

BASE + 0604H

(3) Gigabit Ethernet MAC control registers

(172)
Register Name Abbreviation Address
MIIM register GMAC_MIIM 4009 00AOH
TX ID register GMAC_TXID 4009 000CH
TX result register GMAC_TXRESULT 4009 0010H
Mode register GMAC_MODE 4009 0020H
RX mode register GMAC_RXMODE 4009 0024H
TX mode register GMAC_TXMODE 4009 0028H
Reset register GMAC_RESET 4009 0030H
Pause packet data register 1 GMAC_PAUSE1 4009 0080H
Pause packet data register 2 GMAC_PAUSE2 4009 0084H
Pause packet data register 3 GMAC_PAUSE3 4009 0088H
Pause packet data register 4 GMAC_PAUSE4 4009 008CH
Pause packet data register 5 GMAC_PAUSES 4009 0090H
RX flow control register GMAC_FLWCTL 4009 0098H
Pause packet register GMAC_PAUSPKT 4009 009CH
MAC address register 0A GMAC_ADROA 4009 0100H
MAC address register 0B GMAC_ADROB 4009 0104H
MAC address register 1A GMAC_ADR1A 4009 0108H
MAC address register 1B GMAC_ADR1B 4009 010CH
MAC address register 2A GMAC_ADR2A 4009 0110H
MAC address register 2B GMAC_ADR2B 4009 0114H
MAC address register 3A GMAC_ADR3A 4009 0118H
MAC address register 3B GMAC_ADR3B 4009 011CH
MAC address register 4A GMAC_ADR4A 4009 0120H
MAC address register 4B GMAC_ADR4B 4009 0124H
MAC address register 5A GMAC_ADR5A 4009 0128H
MAC address register 5B GMAC_ADR5B 4009 012CH
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(212)
Register Name Abbreviation Address
MAC address register 6A GMAC_ADRGA 4009 0130H
MAC address register 6B GMAC_ADRG6B 4009 0134H
MAC address register 7A GMAC_ADR7A 4009 0138H
MAC address register 7B GMAC_ADR7B 4009 013CH
MAC address register 8A GMAC_ADRS8A 4009 0140H
MAC address register 8B GMAC_ADRSB 4009 0144H
MAC address register 9A GMAC_ADR9A 4009 0148H
MAC address register 9B GMAC_ADR9B 4009 014CH
MAC address register 10A GMAC_ADR10A 4009 0150H
MAC address register 10B GMAC_ADR10B 4009 0154H
MAC address register 11A GMAC_ADR11A 4009 0158H
MAC address register 11B GMAC_ADR11B 4009 015CH
MAC address register 12A GMAC_ADR12A 4009 0160H
MAC address register 12B GMAC_ADR12B 4009 0164H
MAC address register 13A GMAC_ADR13A 4009 0168H
MAC address register 13B GMAC_ADR13B 4009 016CH
MAC address register 14A GMAC_ADR14A 4009 0170H
MAC address register 14B GMAC_ADR14B 4009 0174H
MAC address register 15A GMAC_ADR15A 4009 0178H
MAC address register 15B GMAC_ADR15B 4009 017CH
RX FIFO status register GMAC_RXFIFO 4009 0200H
TX FIFO status register GMAC_TXFIFO 4009 0204H
TCP/IPACC register GMAC_ACC 4009 0208H
RX MAC enable register GMAC_RXMAC_ENA 4009 0220H
LPI mode control register GMAC_LPI_MODE 4009 0224H
LPI client timing control register GMAC_LPI_TIMING 4009 0228H
Receive buffer information register BUFID 4009 1100H
(4) Hardware function call registers
Register Name Abbreviation Address
Hardware function system call register SYSC 4008 FOOOH
Hardware function argument register 4 R4 4008 FO04H
Hardware function argument register 5 R5 4008 FOO8H
Hardware function argument register 6 R6 4008 FOOCH
Hardware function argument register 7 R7 4008 FO10H
Hardware function operating mode control register CMD 4008 FO14H
Hardware function return value register 0 RO 4008 FO20H
Hardware function return value register 1 R1 4008 F024H
Hardware function type register CNTX_TYPEO 4008 0000H
Hardware function state register CNTX_STATO 4008 0008H
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12.3.2 Ethernet Interface Select Register

12.3.21 MAC Select Register (MACSEL)

This register is used to select the Ethernet interface. After setting this register, reset the PHY and then set the Ethernet
MAC.

o This register can be read and written in 32- or 16-bit units.

Cautions 1. This register is writable only when a protection release sequence is performed using the
system protection command register (SYSPCMD). For the protection release sequence,
refer to Section 28.7 "System Protect Command Register (SYSPCMD)". No special
sequence is required for reading the register.

2. When changing the value of this register, do so while the Gigabit Ethernet PHY is reset.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 O Address
BASE + 0600H
Initial value
MACSEL |0|0O|O|O|O|O|O|O|O|OfO|O|O|O|O|O|O|O|OfO|O|O|O|O|O|O|O]|O
ow|o|—|o| 0000 0008H
Q|O|0|0Q
< < <<
=S| =| ==
R/W 00 O0O0OOOOOOO OO OO OO OOTOOO OO OOT OO OO OOTO OO 0 O RWRWRWRW
Bit Bit Name Description
3-0 MAC3-MACO | Select the function of the MAC interface to be used.*
MAC3-MACO Ethernet Port 0 Ethernet Port 1
0000 General-purpose Ethernet General-purpose Ethernet
port 0 (with Ethernet switch) port 1 (with Ethernet switch)
0001 CC-Link IE port 0 General-purpose Ethernet
port 1 (with Ethernet switch)
0010 General-purpose Ethernet CC-Link IE port 1
port 0 (with Ethernet switch)
0011 — (Not used) General-purpose Ethernet
port 1 (without Ethernet
switch)
0100 CC-Link IE port 0 CC-Link IE port 1
0101 CC-Link IE port 0 General-purpose Ethernet
port 1 (without Ethernet
switch)
0110 General-purpose Ethernet CC-Link IE port 1
port 0
(without Ethernet switch)
1000 General-purpose Ethernet General-purpose Ethernet
port O (with Ethernet switch) port 1 (with Ethernet switch)
CC-Link IE port 0 via CC-Link IE port 1 via
CC-Link IE port 2 CC-Link IE port 3
1001 CC-Link IE port 0 General-purpose Ethernet
Port 1 (without Ethernet
switch)
CC-Link IE port 1 via
CC-Link IE port 3
Settings other than the above are prohibited (If set, the setting is 1000).
This register is initialized only by the reset signal from the external PONRZ pin.
Note. For available combinations, refer to Table 12.1 “PHY Interface Selection”.
R18UZ0073EJ0200 Rev.2.00 RENESAS Page 12-6

May 31, 2024



R-IN32M4-CL3 Hardware edition 12. Gigabit Ethernet MAC

12.3.2.2

GMII/MIl Management I/F Select Register (MDIOSEL)

This register is used to select the management interface when only one channel is selected for CC-Link IE.

o This register can be read and written in 32- or 16-bit units.

Cautions 1.

This register is writable only when a protection release sequence is performed using the
system protection command register (SYSPCMD). For the protection release sequence,
refer to Section 28.7 "System Protect Command Register (SYSPCMD)". No special
sequence is required for reading the register.

When changing the value of this register, do so while the Gigabit Ethernet PHY is reset.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1561413 121110 9 8 7 6 5 4 3 2 1 0 Address

BASE + OEOOH
| Initial value
MDIOSEL |0 ofjojo0|0j0(0|0|O0O|0O|O|O|O|O|O|lO|O|O|O|O|O|O|O|O|O|0O|0O|O|0]|O0 |
8 0000 0001H
a
=
R/W 0 000O0OOOOOOOOOOOOOOOOO OO OO OOOO 0 O0ORW
Bit Bit Name Description
0 MDIOSEL Selects the MAC that manages the PHY layer.
MDIOSEL Management Pin
0 Gigabit Ethernet MAC
1 CC-Link IE

The desired management pin is specifiable, while one channel of CC-Link IE is
selected (MACSEL = 0000 0001H, 0000 0002H, 0000 0005H, 0000 0006H,
0000 0008H, 0000 0009H). Otherwise, select the Gigabit Ethernet MAC or
CC-Link IE Field regardless of the setting of this register.

This register is initialized only by the reset signal from the external PONRZ pin.
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12.3.3 Ethernet Interface Mode Register

12.3.3.1 MDC Clock Select Register (MDCCFG)

This register selects the frequency of the management clock (MDC).

o This register can be read and written in 32- or 16-bit units.

Cautions 1. This register is writable only when a protection release sequence is performed using the
system protection command register (SYSPCMD). For the protection release sequence,
refer to Section 28.7 "System Protect Command Register (SYSPCMD)". No special
sequence is required for reading the register.

2. The setting of this register is only effective while the Gigabit Ethernet MAC is selected as
the management interface. When CC-Link IE Field is selected, MDC is controlled according
to the function of the CC-Link IE Field.

[When the setting of this register is effective]

e MACSEL = 0000 0000H

e MACSEL = 0000 0001H and MDIOSEL = 0000 0000H
e MACSEL = 0000 0002H and MDIOSEL = 0000 0000H
e MACSEL = 0000 0003H

e MACSEL = 0000 0005H and MDIOSEL = 0000 0000H
e MACSEL = 0000 0006H and MDIOSEL = 0000 0000H
e MACSEL = 0000 0008H and MDIOSEL = 0000 0000H
e MACSEL = 0000 0009H and MDIOSEL = 0000 0000H

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 O Address
BASE + 0604H
—|o| Initial value
MDCCFG |0|0|0|0|0|0O|0|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|0|%|%
O|O| 0000 0000H
Q|0
ala
S| =
R/W 00O0O0OOOTOOOO OO OO OOOOOOOOTOOOOOOO OO OGO 0RWRW
Bit Bit Name Description
1-0 MDCCNF Select the frequency of the management clock (MDC).
00: 12.5000 MHz
01: 6.2500 MHz
10: 3.1250 MHz
11: 1.5625 MHz
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12.3.4 Gigabit Ethernet MAC Control Register

12.3.4.1 MIIM Register (GMAC_MIIM)

This register is used to access registers of the given Ethernet PHY. Follow the procedure below for access to the
registers.

For writing:

1. Start write operation: Set 1 to RWDV bit, PHY address to PHYADDRA4 to 0 bits, PHY register address to
REGADDRA4 to 0 bits, and write data to DATA15 to 0 bits.

Wait for the completion of the operation: Wait until 1 is read from the RWDYV bit.

Completion of the operation: Read 1 from RWDYV bit and write operation is complete.

2.
3.

For reading:

1. Start read operation: Set 0 to RWDV bit, PHY address to PHYADDR4 to 0 bits, and PHY register address to
REGADDRA4 to 0 bits.
Wait for the completion of the operation: Wait until 1 is read from the RWDV bit.

3.  Completion of the operation: Read 1 from the RWDYV bit, valid data from the DATAL1S to 0 bits, and read operation
is complete.

Caution: The setting of this register is only effective when the general-purpose Ethernet port is
selected by the MAC select register (MACSEL). In other cases, writing to this register has no

effect and the value read is undefined.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 00AOH
[ m|N|[—|Oo|T(NR|N[= |
qhdlidhqirdangqiqya Initial value
GMAC_MIM [0 [0|0|0|0| |2]2|28|2|2|8|8|8(8|8|w||=|~|c=|2
D<<<<<<<<<<<<<<<<<<<<<<<<<<
>(>|> (> >|9|0|0|0|0|=|E|ElE|IE|IEIEIEIEIEIEIEIEIEIEIE
SiZ|ZiZ|ziz|Inju|nju|di<|<|<|g|<| g << < | <] < | <] < | <] < | <
rjojao|o|a|a|r|p|d|d|e|laja|lala|a|ala|la|ala|a|alala|lala
R/W 000 0O ORWWWWWWWWW W W RWRWRWRW R/WR/W RW RW RW RW RW RW RW RW RW RIW
Bit Bit Name Description
26 RWDV Read/write operation starts by writing the following value to this bit. Set other associated
bits at the same time.
1: Write operation starts.
0: Read operation starts.
The state of the operation can be confirmed by reading the following value from this bit.*
1: Operation is completed (bits 25 to 0 are valid).
0: Operation is running.
25-21 PHYADDR4-0 |These bits specify the destination PHY address.
Since these bits are write-only, the value read is undefined.
20-16 REGADDRA4-0 | These bits specify the destination PHY register address.
Since these bits are write-only, the value read is undefined.
15-0 DATA15-0 These bits indicate write data or read data

Note: The RWDV bit becomes 1 after release from the reset state, but the settings of the DATA 15-0
bits are not effective at this time. When the RWDV bit is used to check the state of operation,
start operation to read the correct state.
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12.3.4.2

TX ID Register (GMAC_TXID)

This register indicates the ID of the transmission frame corresponding to the setting of the GMAC TXRESULT register.

To check the transmission frame result, be sure to read this register before reading the GMAC TXRESULT register. If
the GMAC TXRESULT register is read first, the transmission frame result is updated and the updated transmission
frame ID is read from this register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 000CH
Initial value
ola|lalalalad|a|dN|NSlc ool o |o|o|n|o|w|s|o|oa|=|o| 0000 0000H
Qig|gjgjg|g|g|g|ie|g|Iggggigigigigigig|g|a|g|ig|g|g|g|igogg
XK XXX XX X XXX XX XX XX X XX XXX X XX XX XX X XX XXX X X XXX XX
il I T T I
R/W R RR RRRRRRRRRRRRRRRRRRRRRRRRRRRRR
Bit Bit Name Description
31-0 TXID31-0 These bits indicate the ID of the transmission frame corresponding to the setting of the TX
result register.
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12.3.4.3 TX Result Register (GMAC_TXRESULT)

This register indicates the transmission frame result. It is only available while GMAC TXMODE.TRBMODE]1-0 bits are
00 or O1.

The transmission frame result is stored in the transmission result buffer when the Ethernet transmission complete
interrupt (INTETHTXCMP) occurs. The transmission result buffer can hold 4 frames of information. Reading this
register leads to the frame information being removed from the transmission result buffer. The number of frames stored
in this buffer can be obtained from the GMAC_TXFIFO.TRBFR bit.

If transmission starts while the transmission result buffer has 4 frames, transmission is invalid and the TX-FIFO error
interrupt (INTETHTXFIFOERR) occurs. While this register is enabled, read it appropriately so that no error occurs.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 156 14 13121110 9 8 7 6 5 4 3 2 1 0 Address
4009 0010H
= .
GMAC = olal<|o|O] Initial value
~_lolofjojofjo|0|0fjO|0O|O|O|O|O|OfO|O|O|O Q%D:E&g)zzzzi
TXRESULT ol-|ol3|2|ele|u|3|Z|Z|2|Z|2] 0oooooooH
312|21918|4/%|2|8|5 |55 |m|2
Fﬁ&mEOODBn:n:n:n:E
R/W 0 0O0O0OOOOOOOOOOOOOOORRRRRRRRRRRRRR R
Bit Bit Name Description
13 ITCMP Transmission was completed.
12 TABT Transmission was aborted.
11 TFAIL Transmission failed because of excessive collision.
10 SCOLLIS One collision occurred.
9 MCOLLIS Multi collisions occurred.
8 CSERR The carrier sense has disappeared during a transmission.
7 OVERFW A frame longer than 1,518 octets was written to the transmission FIFO.
6 UNDERFW A frame shorter than the minimum frame length was written to the transmission FIFO.
5 LCOLLIS Late collision was detected.
4-1 RETRYN3-0 |Number of retry times
0 FIFOUFLOW | The FIFO buffer underflowed during a transmission.
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12.3.4.4 Mode Register (GMAC_MODE)

This register is used to control the operating mode of the Gigabit Ethernet MAC.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13 121110 9 8 7 6 5 4 3 2 1 0 Address

4009 0020H
L g Initial value
GMAC_MODESOO00000000000000000000000000000
S| 0000 0000H
T
=D
wla
R/W RWRWO 0 0O O OOO O OOOO OO OO OOOOOOOTOOODOOODO0ODO0ODO
Bit Bit Name Description
31 ETHMODE Ethernet Mode

1: Operation is in Gigabit Ethernet mode.
Use this mode when the Gigabit Ethernet MAC is connected the Ethernet switch.

0: Operation is in 10/100 Ethernet mode.

30 DUPMODE Duplex Mode

1: Operation is in Full duplex mode.
Use this mode when the Gigabit Ethernet MAC is connected the Ethernet switch.

0: Operation is in Half duplex mode.

12.34.5  RX Mode Register (GMAC_RXMODE)

This register is used to control operation for reception of frames. The RX FIFO treats a word as 64-bits, and the FIFO
size is 4 KB.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 0024H
Z|Z >
omac_ | ||o|@ <lo|z|2 Initial value
mE&%OOOOOOOOOOOOEEFFN‘—OO00000000
RXMODE |K |5k < ala|d 2 EIEIE 2000 0000H
2= = Z|D[D|E|ElE
Liliw|< Wiwh|lwlX x|
<|=|n|xX ¥ oo oo
R/W RWRWRWRW O 0 0 0 0 0 0O 0 0 0 O O RWRWRWRWRWRWRWO 0 0 O 0 0 0O O O
Bit Bit Name Description
31 AFILLTEREN |Address Filtering Enable

1: Enable address filtering.*
0: Acquire all frames with addresses.

30 MFILLTEREN |Multicast Filtering Enable

1: Discard frames with multicast addresses other than those registered in the MAC
address registers (GMAC_ADRNnA, GMAC_ADRnNB). (n =0 to 15)

0: Acquire all frames with multicast addresses.

29 SFRXFIFO Store & Forward For RX FIFO

1: Store & Forward mode
The reception DMA controller starts to operate after data up to the end of the frame is
written to the RX FIFO buffer.

0: Cut through mode
The reception DMA controller starts to operate after the number of words set in the
RRTTH2-0 bits is written to the RX FIFO buffer.
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Bit Bit Name Description

28 RAMASKEN RX Address Mask Enable

1: Enable the function that can be set by the BITMSK[7:0] bits of the GMAC_ADRNB
register (masking of matching in the comparison of Destination MAC Address[7:0]).
(n=0to 15)

0: Disable the above function

15-14 REMPTH1-0 |Receive Almost Empty Threshold
When the number of data words in the FIFO buffer is below this value, the REMP bit of the
GMAC_RXFIFO register is set to ‘1°.

00: 4 words

01: 8 words

10: 16 words

11: 32 words

13-12 RFULLTH1-0 |Receive Almost Full Threshold

When the empty space in the FIFO buffer is below this value, the RFULL bit in the
GMAC_RXFIFO register becomes ‘1'.

00: 4 words
01: 8 words
10: 16 words
11: 32 words

11-9 RRTTH2-0 RX FIFO Read Trigger Threshold

If the number of data words in the FIFO buffer exceeds this value, the RRT bit of the
GMAC_RXFIFO register is set to ‘1".

000: 4 words
001: 8 words
010: 16 words
011: 32 words
100: 64 words
101: 128 words
110: 256 words
111: 512 words

Note: Even though Address filtering is enabled, MAC Control Frames (ex. Pause Packet) are always
received regardless contents of MAC Address Register. MAC Control Frame is the frame that
the destination address is 01-80-C2-00-00-01.
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12.3.4.6 TX Mode Register (GMAC_TXMODE)

This register is used to control operation for transmission of frames. The TX FIFO treats a word as 64-bits, and the FIFO

size is 4 KB.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 156 1413121110 9 8 7 6 5 4 3 2 1 0 Address
~ 4009 0028H
GMAC % (_,) ~l=lol=|2 W |o Initial value
— |2|z| |z|2|o|o|o|ojofofoj0|0|0]|00 |0 |TITIT|E|E|0|Q|8(0(0[0[0]0|0
TXMODE 2 wl Yz alola|didl (2|2 0000 0000H
[ —|0 =(=2(=2[(DD oo
Elo|jw|o|E IR TR AT AT x|
rijounlunx FlFlF[F|F [l
R/W RWRWRWRWRW O 0 0 0 0 0 0 0 0 0 00 O RWRWRWRWRW ORWRWO O O O O O
Bit Bit Name Description
31 RTRANSDEN |No Retransmission
1: When a collision occurs, data will not be retransmitted.
0: When a collision occurs, data will be retransmitted according to the standard.
30 LPTXEN Long Packet TX Enable
1: Transmission of frames which exceed the length specified by the IEEE802.3 standard
is enabled.*!
0: Transmission of frames which exceed the length specified by the IEEE802.3 standard
is disabled.
29 SF Store & Forward
1: Transmission starts after the end of a frame is written to the TX FIFO buffer.
If you are using a TCP/IP accelerator, this must be selected.
0: Setting prohibited.*?
28 SPTXEN Short Packet TX Enable
1: Transmission of frames shorter than the length specified by the IEEE802.3 standard is
enabled.
0: Transmission of frames shorter than the length specified by the IEEE802.3 standard is
disabled.
27 RTRANSLC Retransmission at Late Collision
1: When a late collision occurs, data will be retransmitted.
0: When a late collision occurs, transmission will be aborted.
15-14 — Reserved.
The write value should be 0. Reading these bits returns 0.

Notes 1. LPTXEN must be set to 1 since the frame size may exceed the maximum size of 1518 bytes
while management tag insertion of the Ethernet switch is enabled (the SWTAGEN bit in the
ETHSWMTC register is 1).

2. Setting the SF bit to 0 is prohibited. Always start operation after setting this bit to 1.

For details, see section 12.5.5, Transmitting Data in Cut-Through Mode.
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Bit Bit Name Description

13-11 TEMPTH2-0 |Transmit AlImost Empty Threshold
If fewer words of data are in the TX FIFO buffer than the value specified by these bits, the
TEMP bit in the GMAC_TXFIFO register becomes 1.

000: 4 words
001: 8 words
010: 16 words
011: 32 words
100: 64 words
101: 128 words
110: 256 words
111: 512 words

10-9 TFULLTH1-0 |Transmit Almost Full Threshold

If the empty space in the TX FIFO buffer is below the value specified by these bits, the
TFULL bit in the GMAC_TXFIFO becomes 1.

00: 4 words

01: 8 words

10: 16 words

11: 32 words

7-6 TRBMODE1-0 |Transmission Result Buffer Mode

Control how to write the transmission result to the GMAC_TXRESULT register.
00: Always writing

01: Writing only proceeds when an error occurs.
10: Writing does not proceed
11: Setting prohibited
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12. Gigabit Ethernet MAC

12.3.4.7 Reset Register (GMAC_RESET)

This register is a trigger register for resetting the Gigabit Ethernet MAC by software.

The modules can be reset by setting the corresponding bit to 1.

The waiting time for the completion of a reset depends on the operating mode of the MAC as listed below.

Operation at 1 Gbps (125 MHz): 60 ns
Operation at 100 Mbps (25 MHz): 200 ns
Operation at 10 Mbps (2.5 MHz): 2000 ns

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 0030H
Initial value
GMAC_RESET[—|0O|0O|0O|O|O|0O|0O|O|0O|0O|O|O|0O|O|O |_00000000000000
@ Sl 0000 0000H
= 1%
< [
R/W wWoOGOOSGOSOSOSOoOSOoOSOoOSOoOOoOSOoOOoOOoOwwoOSOoOSaOoOSoSoQoSoOSomowoowo0wo0o0o0
Bit Bit Name Description
31 ALLRST All Ethernet MAC modules are reset. This bit is write-only.
0: No operation
1: Reset the modules.
15 TXRST The TX MAC, TX FIFO, and TX DMA modules are reset. This bit is write-only.
0: No operation
1: Reset the modules.
14 RXRST The RX MAC, RX FIFO, and RX DMA modules are reset. This bit is write-only.
0: No operation
1: Reset the modules.
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12.3.4.8 Pause Packet Data Register (GMAC_PAUSERN)

This register is used to specify a pause packet for transmission.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 0080H

GMAC_ "
i R N A DA I N D F L R N R R R N A R =) Initial value
NOIN|IN|IN|IN|IN|IN|IN|IN|IN|N || oo oo QO|N QOIS MMN|— | O

PAUSE! |||« ||| ||| ||| ||| |g ||| ||« || g|<L| <<
ElElEEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE] 0000 0000H
SRR dEdEdEdEdE dEdE AR dEdE AR dEdEdEdEdEdEdEdEdEdEdEdEdEdE 4R 4R 4 Y
a|ljg|aja|a|ajala|a|ala|ajala|la|ajla|la|ala|la|ala|la|ajala|ajala|lga|a
olajajlaja|a|aja|a|aja|a|a|a|a|a|a|a|a|a|ja|a|aja|a|a|a|a|a|a|a
olojajajalaja|ala|ja|ala|ja|ajalja|ajalja|a|alja|ja|ala|ja|a]ja|a|a]a|a

R/W R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W

Bit Bit Name Description

31-0 PPDATA31-0 |The 4th to 1st bytes of a pause packet for transmission are designated. Data are

transmitted in order from the LSB.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 0 Address
4009 0084H

GMAC_ "
52 XNT|EICQIJ|QYSIQS |2 (=22 2YS |2 a|a|~|olv|<|m|x|<|a| Initalvalue

PAUSE?2 |||« ||| ||| ||| ||| ||| |g ||| ||| ||| <<
ElElEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE] 0000 0000H
SRR dEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEaEdEaiY
alo|lala|la|ajala|a|ala|alala|la|ala|la|ala|la|ala|la|ajala|lalala|la|a
glajaja|a|ajala|jaja|a|aja|a|aja|ja|a|aja|a|aja|a|a|ja|a|a|jo|a|a|a
ajlojajajajajajajajajajajajajajajajajajajajajajajajajaja|ja|aja|ja

R/W R/WR/WR/W R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W

Bit Bit Name Description

31-0 PPDATA31-0 |The 8th to 5th bytes of a pause packet for transmission are designated. Data are

transmitted in order from the LSB.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 0 Address

4009 0088H

GMAC_ "
Sk I N A A A R N D F R e S R A K s Rl R =) Initial value
NMOIN|IN|IN|IN|IN|IN|N|N|IN|N |~ ||| ||| -0 N OO MM|N|— | O

PAUSE3 ||| €€ || || ||| ||| q| <
ElElEEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE] 0000 0000H
e dEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEdEaE-dEa Y
a|ljo|ojo|la|ajala|la|ja|la|alala|la|ala|la|ala|la|ala|a|aja|la|la|ala|a|a
gflajaja|a|ajala|aja|a|aja|a|aja|ja|a|aja|a|aja|a|aja|a|a|a|a|a|a
ajlojajajajaja|ajaja|aljajajajajajajaljafajaljajajalja|ja|aja|ja|aja|a

R/W R/WR/WR/W R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W

Bit Bit Name Description

31-0 PPDATA31-0 |The 12th to 9th bytes of a pause packet for transmission are designated. Data are

transmitted in order from the LSB.
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31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 008CH

GMAC_ "
k= R N A A DA I N D F L A N R s R R N A R =) Initial value
DOIN|IN[NNN|IN[N N NN oo oo (hN QIO E(R|N (O

PAUSE4 €| €L ||| €|« <
ElElEEIEIEIEIEIEIEIEIEIEIE|IEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE] 0000 0000H
SRR dEdEdEdE AR dEdE AR dEdE AR dEdEdEdEdEdEdEdEdEdEdEdEdE a4 AR 4R 4 kY
[alialialiallallalfallalla}alla]lla}alialla}allia]la}alia]la}alla]la]fajia]la]fa}la] a}fa}la]
glaojaoja|ao|aja|a|aja|a|aja|a|aja|a|aja|a|a|a|a|a|a|a|a|a|o|a|a|a
alajojajajajajajajajajajajajajajajajajajajajajajajaja|a|ja|o|a|a

R/W R/WR/WR/W R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W

Bit Bit Name Description

31-0 PPDATA31-0 |The 16th to 13th bytes of a pause packet for transmission are designated. Data are

transmitted in order from the LSB.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 0090H

GMAC_ .
S22 EIRISICIITQINSR2|2=LI2TI2¥ 22| alw|~wo|lv|<x|m|a|<=|a| Intalvalue

PAUSES |<|<|q|<|< ||| ||| || |glglglg|g|g ||| L ||| <L | gL |<L|<|<
ElElEEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE] 0000 0000H
SRR dEdEdEdEdE dEdE AR dEdE AR dEdEdEdEdEdEdEdEdEdEdEdEdE dE 4R a4 Y
alajaja|a|lala|a|aja|a|ala|a|ala|a|ala|a|ala|a|ala|a|ala|a|alala
olojajojaja|a|aja|ac|a|ja|a|a|ja|a|a|a|a|a|a|a|a|ja|a|a|a|o|o|a|a
alajajajajajajajajajajajajajajajajajajajajajajajajaja|a|ja|a|a|a

R/W R/WR/WR/W R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W

Bit Bit Name Description

31-0 PPDATA31-0 |The 20th to 17th bytes of a pause packet for transmission are designated. Data are

transmitted in order from the LSB.

12.3.4.9 RX Flow Control Register (GMAC_FLWCTL)

This register is used to control operation after reception of a pause packet.

If a pause packet is received while this function is enabled, transmission is suspended for the time specified by the pause

packet.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 0098H
GMAC_ "
Initial value
FLWCTL EOO00000000000000000000000000000
4 0000 0000H
14
o
[an
R/W RWO O 0O 0O 0OOOOOOOUOTOO OO OO OO OOTOOOOOSOOOOOOOO0ODDO0OTO
Bit Bit Name Description
31 PPRXEN 1: Enable auto broadcast suspension in response to reception of a pause packet.
0: Disable auto broadcast suspension in response to reception of a pause packet.

R18UZ0073EJ0200 Rev.2.00
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12.3.4.10  Pause Packet Register (GMAC_PAUSPKT)

This register is used to control transmission of a pause packet.

When 1 is written to the PPR bit, transmission of a pause packet specified by GMAC_PAUSEn registers starts. The bit is
automatically set to 0 following the completion of the transmission.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1561413121110 9 8 7 6 5 4 3 2 1 0 Address
4009 009CH
GMAC_ Initial value
ojojo0|0(0(0|0|0O|O|0O|O|jO|O|O|O|O|OfjO|O|O|O|O|O|O|O|O|O|O|O|0O]|O
PAUSPKT 0000 0000H
o
[N
o
R/W RWO O 0 0 OOOOOOOU OOUOO O OOOOOOOOOTOOOSOTGO0OTQO0ODO
Bit Bit Name Description
31 PPR This bit controls transmission of a pause packet.
0: Nothing is to be done.
1: Start pause packet transmission.
The transmission packet format is shown below.
31 16 15 0
GMAC_PAUSE1 Destination Address
GMAC_PAUSE2 Source Address Destination Address
GMAC_PAUSE3 Source Address
GMAC_PAUSE4 Opcode Type/Length
GMAC_PAUSES (Notused) Time
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12.3.4.11

MAC Address Registers (GMAC_ADRNA, GMAC_ADRnNB)

These registers are used to configure the MAC addresses.

A total of 16 MAC addresses can be registered. Multiple addresses can be filtered by using the BITMSK?7 to 0 bits of the
GMAC_ADRnB register (n =0, 1, ..., 15).

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 0100H
+8H*n
N0 D000 oddddaoondondddadonononononodooo/o|al nialvalue
T TNV NIN|NINNIN|IN[N = ===
el qianhahdhdi'aiiahdhdhaianahdhdhaiidhdhdhdnhandahdhdhqaiahdhdiaiding
a|lo|laja|la|ajala|la|ala|la|lala|la|ala|la|ajala|lalala|la|ala|a|ala|la|a| 0000 0000H
I EIEIEIEEEIEEEIEEEIE R EIE R EIE R EE R EE R EE R EE
< ||| €€ €| ||| €|l || |||l €€ €| €| <
S|ISSSSSS SIS S EIEEEEEEIEE EIEEEIEEEIEES
R/W R/WR/WR/W R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W
Bit Bit Name Description
31-24 MADDRA4B7-0 |Indicate the 4th byte from the beginning of the MAC address to be acquired.
23-16 MADDRS3B7-0 |Indicate the 3rd byte from the beginning of the MAC address to be acquired.
15-8 MADDR2B7-0 |Indicate the 2nd byte from the beginning of the MAC address to be acquired.
7-0 MADDR1B7-0 |Indicate the 1st byte of the MAC address to be acquired.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
4009 0104H
+8H*n
GMAC_ADRnB ~Nlolo|t|2a|c|o|lno|lvlt|ola|=|o -
L L gL gL L |ajlala|la|laja|la|lajala|alala|lalala] 00FF 0000H
=(=|2|=22|2|2|=2|a|ala|la|aja|la|ajala|a|ala|a|ala
ElElElEIEIEIEIE|IC| ||| | | K| <K (<)<
nooooooo(2S 222|222 (=2 (2222|222
R/W 0 0 00O 0O 0 0 O RWRWRWRWRWRWRWR/WRWRWRWR/WR/WRWR/WR/WR/WR/WRWR/WR/WR/WR/WR/W
Bit Bit Name Description
23-16 BITMSK7-0 These bits mask given bits for matching in the comparison of the destination MAC address
[7:0] bits. Bits [23:16] of this register correspond to the destination MAC address [7:0] bits,
respectively, and those for which the BITMSK setting is 0 are excluded from comparison
for matching.
For example, if mask register bits BITMSK2-0 are all Os, the destination MAC address
[2:0] bits are excluded from comparison for matching. In other words, if the destination
MAC address [47:3] bits match, the given frame is acquired.
15-8 MADDRG6B7-0 |Indicate the 1st byte to 6th byte of the MAC address to be acquired.
7-0 MADDRS5B7-0 |Indicate the 1st byte to 5th byte of the MAC address to be acquired.
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12.3.4.12 RXFIFO Status Register (GMAC_RXFIFO)

This register is a status register which indicates the state of the reception FIFO.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 0200H
GMAC_ Initial value
e “lo o|0|j0|j0|0O|O|O|O|O|O|O|OfO|O|O|O]|O
o —|o|o|ono|v|[t|o|a|=|o 4000 0000H
SIE L 2121212(2(2(2(2(2(2(2|2
Llul|ln|o| oo o oo nln|ln
rlrlrlr|l|e|d|l@|d|d|le|ed|d||e
R/W RRRRRRRRRRRRRRROOOOOOO O OUOUOOT OO OUOOOTDO
Bit Bit Name Description
31 RFULL RX FIFO Almost Full
1: Indicate that the data in the RX FIFO buffer is over the Receive Almost Full Threshold.
(This threshold is configured by the GMAC_RXMODE register.)
30 REMP RX FIFO Almost Empty
1: Indicate that the data in the RX FIFO buffer is below the Receive Almost Empty
Threshold.
(This threshold is configured by the GMAC_RXMODE register.)
29 RRT RX FIFO Read Trigger
1: Indicate that the data in the RX FIFO buffer is over the RX FIFO Read Threshold.
(This threshold is configured by the GMAC_RXMODE register.)
28-17 RSW11-0 Stored Words in RX FIFO
Indicate the number of words of the data in the RX FIFO buffer.
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12.3.4.13 TX FIFO Status Register (GMAC_TXFIFO)

This register is a status register which indicates the state of the transmission FIFO.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13 121110 9 8 7 6 5 4 3 2 1 0 Address

4009 0204H
alelo Initial value
GMAC_TXFIFO n|wla|la|c|e|0|0f0|j0|0f0|0|0(0|0O|0f0|0O|O0|0O|O|Of0O|O|O|O|O|O|O
“la| 2|22 E|E|E 6000 0000H
SZ2|=|E|=|Qloa
LiwonlnlnlccMoc
Il Il el el el el
R/W RRRRRRRROOOOOOOOOOOO OOOOOOOOOOTOTO
Bit Bit Name Description
31 TFULL TX FIFO Almost Full

1: Indicate that the empty space in the TX FIFO buffer is below the threshold set by the
TFULLTH1-0 bits of the GMAC_TXMODE register.
30 TEMP TX FIFO Almost Empty

1: Indicate that the number of data words in the TX FIFO buffer is below the threshold
set by the TEMPTH2-0 bits of the GMAC_TXMODE register.

29-27 TSTATUS2-0 |TX FIFO Status
These bits indicate the state of the TX FIFO buffer. The meaning of the bits is as follows.
100: ACC NEW FR:
The TX FIFO buffer is ready to receive a new frame.

101: WRITE ENABLE:
The TX FIFO buffer is ready to receive frame data continuously.

110: CMPLT:

Indicates the completion of the acquisition of one frame.
111: FULL:

The TX FIFO buffer is full.

Oxx: STOP:
The TX FIFO buffer is stopped (or being initialized).

26-24 TRBFR2-0 The number of frames in the transmission result buffer.
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12.3.4.14

TCPIPACC Register (GMAC_ACC)

This register is used to control operation of the TCPIP accelerator.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 0208H
Q "
Q|z|Z]| Initial value
GMAC_ACC 0|(0jo0|0|0 000000000000000000000&'&'{&
o |z |a| 0000 0003H
S
o '|: o
R/W 00 0O0OOOOOOOOOOOOOOOOO®OOO OO O0 0 0RWRWRW
Bit Bit Name Description
2 RTCPIPACC |1: RX TCPIPACC Off
Disable the checksum support for the RX TCPIP accelerator.
Padding in the MAC header section is inserted.
0: The checksum support for the RX TCPIP accelerator remains enabled.
1 TTCPIPEN 1: TX TCPIP Enable
Enable the TX TCPIP accelerator.
0: TX TCPIP Disable
Disable the TX TCPIP accelerator completely.
Padding in the MAC header section is also disabled.
0 RTCPIPEN 1: RX TCPIP Enable
Enable the RX TCPIP accelerator
0: RX TCPIP Disable
Disable the RX TCPIP accelerator completely.
Padding in the MAC header section is not inserted.
12.3.4.15 RX MAC Enable Register (GMAC_RXMAC_ENA)
This register is used to control operation of the reception MAC.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 0220H
GMAC
Initial value
_RXMAC_ENA 0(0j(0|0|0 000000000000000000000005
Q| 0000 0001H
<
=
4
R/W 0 00OOOOOOOOOOOOOOOOOOOTOOOOOTO0O 0RW
Bit Bit Name Description
0 RMACEN RX MAC ENABLE
1: Enables reception.
0: Disables reception.
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12.3.4.16

LPI Mode Control Register (GMAC_LPI_MODE)

This register is used to control LPI (Low Power Idle) mode. When the LPMEN bit is set to 1, an LPI request is
automatically sent to the link partner in the case there is no transmission request over the time specified by the LPRDEF
bit of the GMAC_LPI TIMING register. If a transmission request is generated during the LPI state, the MAC finishes
this state and waits for the time specified by the LPWTIME bit of the GMAC_LPI_TIMING register, and then transmits
a frame. If the Gigabit Ethernet MAC is connected via the Ethernet switch, do not use this register to set LPI mode.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 0224H
GMAC_LPI Initial value
- ~|0j0j0|0j0|0O|0|0O|0|O0O|0O|O|O(O|O(O|O(O|OfO|OfO|O|0|O|0|O|0|O|0|O
_MODE |5 0000 0000H
=
o
—
R/W RWO O 0O 0O 0OOOOOOOUOOOOOOOTOOOOOTOOOOSOOO0ODDO0OO
Bit Bit Name Description
31 LPMEN Low Power |dle Mode
1: The Gigabit Ethernet MAC operates in LPI mode.
0: The Gigabit Ethernet MAC does not operate in LPI mode.
12.3.4.17  LPI Client Timing Control Register (GMAC_LPI_TIMING)
This register is used to control the signal timing in LPI mode.
Do not use this register if the Gigabit Ethernet MAC is connected via the Ethernet switch.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4009 0228H
VT M|N|—|O WIT|IMV|N[(— O .
GVAC |||k |x|x|x|@|@|y| 2|2 |2|d|e x| @ |u|un|o|s|u|® 8L E8|D 0|0 G5|g| mnitalvalue
ol ol e e v el v v i g il 08 SR SR S S R B A R B A R B A A
JLPLTIMING |4 AL A (B8] alalal|alalalalalalala|E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|E| 0000 080FH
Al alral Al il L LA A RS E E B P E E B e P E e P P 4 S
dlajajajajajajajajaljaljaljaljalja|jalalja|ja|ja|ja|ja|ja|ja|a|jala|a|ala|a|n
RSN [ PSS | U [ N [ U [ U [ [ [ [ [ [ [ [N [ [ [ SN [ U [ U [ SN [ S S [ [ S SN [y [N SN [y S U [y U [y U |y U [y U | S e e e |
R/W R/WR/WR/W R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W
Bit Bit Name Description
31-16 LPRDEF15-0 |Low Power Idle Request Deferral
These bits set a delay time until an LPI request is transmitted to a link partner.
Setting is in units of 8 nanoseconds in Gigabit mode, and in units of 40 nanoseconds in
100 Mbps mode.
15-0 LPWTIME15-0 |Low Power Idle Wake time
These bits set a time until a frame can be transmitted to a link partner after an IDLE signal
has been transmitted to a link partner when LPI is finished.
Setting is in units of 8 nanoseconds in Gigabit mode, and in units of 40 nanoseconds in
100 Mbps mode.

Caution: The settings of the GMAC_LPI_MODE and GMAC_LPI_TIMING registers are only effective
while the MACSEL register value is 0000 0003H, 0000 0005H, or 0000 0006H (without an
Ethernet switch).
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12.3.4.18

Receive Buffer Information Register (BUFID)

This register indicates information of the receive buffer (whether or not data exists, the address of the buffer holding
received data, and the number of words of data). If the reception MACDMAC has completed data transfer, the receive
buffer information is written to this register and held up to 32 pieces of information. If the receive buffer has data, the
Ethernet MACDMA reception complete interrupt (INTETHRXDMA) occurs. This interrupt stays active until the receive

buffer becomes empty (i.e. the receive buffer information is read and the NOEMP bit becomes 0).

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 0 Address
4009 1100H
5 Initial value
= ol2|g|g|g|g|g|g|9|8|9|0|0 ||k |x|x|x|x || 2 |2|& || s || &|x|2| 00000000H
w = AR A AR EEEEEEEEEEEEEEE
O < alalalalalalalalalalalalalalala
b SIS SIS SIS s elqlgla|a|x|<|]<
R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRR RTR R
Bit Bit Name Description
31 NOEMP 1: The receive buffer has data.
0: The receive buffer has no data.
28 VALID 1: The data in the receive buffer is valid.
0: The data in the receive buffer is not valid.
27-16 WORD11-0 Number of words of received data (including the received MAC information)
A word unit is 32 bits.
15-0 ADDR15-0 Address of the receive buffer (26 to 11 bits)

Note: Since this register indicates the information of the next received data every time it is read, the

value of this register changes every time it is read.

The ADDR bits cannot indicate a 32-bit address space. Therefore, access to the memory-mapped buffer requires an offset

of 0x08000000.

[Method of calculating the receive buffer address]
Obtain the value of the ADDR bit.
Shift the value by 11 bits to the left.

1.
2.
3.

Add the offset of 0x08000000.

The number of words indicated by the WORD bits also includes the received frame information. The start address of the

received frame information is calculated by following the procedure below.

[Method of calculating the start address of the received frame information]
Obtain the value of the WORD bits.
Shift the value by 16 bits to the right.

1
2
3.
4

Add the number of words shifted in step 2 to the receive buffer address as an offset.

Offset by subtracting the size of the received frame information (2 words).
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12.3.5 Hardware Function Call Register

The hardware function call registers are used to acquire buffers and start transmission or reception (hardware function).

The hardware function is executed by writing the given command to the system call register (SYSC) after configuring the
argument registers (R4-R7). For how to configure the hardware function call registers, see section 12.4.1, Hardware

Functions.

Note: The hardware function related registers are also used for controlling the hardware real-time OS.

12.3.5.1 Hardware Function System Call Register (SYSC)

By writing the given command to this register, the corresponding function is executed.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4008 FOOOH
Initial value
SYSC ofojofofofofofofOfOfOfO|O Oﬁigﬁigmwnom¢mwro
3|3|3|5|3|3|3|3|3|3|3|3|3|3|5|5 N
26|60 6|6|66|6 66|66 6|6 6|6
R/W 000 O0OOOUOOOTOTOO O 0 0 0 RWRWRWRWRWRWRWRWRWRWRWRWRWRWRWRW
Bit Bit Name Description
15-0 SYSC15-0 Select the hardware function. The following functions are available.
SYSC15-0 Function
0x5000 Acquires a long buffer.
0x5006 Acquires a short buffer.
0x5001 Releases the whole area of the buffer.
0x5002 Releases the part of the buffer.
0x5101 Enables DMA for the reception MAC.
0x5102 Disables DMA for the reception MAC.
0x510B Controls interrupts for the reception MACDMAC.
0x510D Obtains error sources for the reception MACDMAC.
0x5100 Starts transfer by the transmission MACDMAC.
0x510C Obtains error sources in the transmission MACDMAC.
0x5211 Starts DMA transfer between the buffer RAM and data RAM.
0x5212 Starts replacing data in the buffer RAM or data RAM.
0x5104 Starts DMA transfer between the buffer RAMs.
0x5114 Starts DMA transfer between the buffer RAMs (descriptor
method).
Others Setting prohibited
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12.3.5.2 Hardware Function Argument Registers (R4 to R7)

These registers are for writing arguments transferred to a hardware function. Which register is used differs with the
hardware function. For details, see section 12.4, Functions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4008 FO04H
Initial value
R4
| OID|O|INIOIV|IFTINVIN|—|QO|D|O|INOIVIT M|N|—|O J—
ODMOIN|N[NN|N|N[N|N| NN~ |~~~ ||[O([NO|O[FT(M|N|— O
NN ooooooooooooooododooolo(d
SIS EISSEIZSSEISSEIESEISESEESSE SRS <
yoovovovoelo|ovoeoooeooeooeooeeleoelooeeooeoo
R/W RIWR/WR/W R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W
Bit Bit Name Description
31-0 R4B31-0 Specify the argument for transfer to the hardware function.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4008 FOO8H
Initial value
R5
| OID|O|INIOIV|IFTINVIN|—|QO|D|O|INOIVIT M|N|—|O J—
ODMOIN|N[NN|N|N[NN|N|N[— ||~~~ ||[O([NO|IO[FT(M|N|— O
NN oo0oonoooodoonoooooonoododododon ool old
VIVLIVLIVIVLIVLIVLIVLIVLIVLIVLIVLILILILIVLILILILILILIVLILILLIODIODIODIWO WO W W0 N
¥oo ool ol ldedoeocdoldldedldedlldledd

R/W RIWR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W

Bit Bit Name Description

31-0 R5B31-0 Specify the argument for transfer to the hardware function.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address

4008 FOOCH
Initial value
R6
(O |0V~ O|IV|IFT(O|IN|—|O(D|O|NO(OT|M|N|(—|O J—
DOIN N[NNI N N[N N NN ||| D[O(NO|IO (T (DN~ [O
NOONONO00Q000000ooon@nononononononoodonononlo|d
QOO QOO | OC|IO(Q| O VIOV C|ICIO(O|C|IVC|Q(IO| V|||V (©|V|Y|©
Yoo oo oo oo oo oo el reodon
R/W R/WR/WR/W R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W
Bit Bit Name Description
31-0 R6B31-0 Specify the argument for transfer to the hardware function.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
4008 FO10H
Initial value
R7
(OO~ OIV|IFT(OVIN| ||V NO(OTFT|M|N|(—|O J—
ODMOIN|N[NNNN[NN NN oo TS S S| D[O(NO|IO (T (DN~ [O
NN o0oooooooononoononooooonnononodonnond
SRS DS IS RS IS IS IS RS IS IS IS NSNS N INININININININININININININININN
Yoo oy oo oo oo oo oo oo
R/W RIWR/WR/W R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W
Bit Bit Name Description
31-0 R7B31-0 Specify the argument for transfer to the hardware function.
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12.3.5.3

Hardware Function Operating Mode Control Register (CMD)

This register controls the operating mode of the hardware functions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4008 FO14H
Initial value
CMD —|o|lo|o(~NoOolv(tT|0|N|[-|O||(oNO|V|F| M| N[~ (O
ODMOIN N[NNI N N[N N NN || T[T D[O(NOIO(FT(MD| N |~ (O
NONO00o0oooooodononooonooonoonddonddononnonld —
= E R E E R E E R E E EE EE E EEEEEEETE
SIS ZZ|Z|ZIZ|Z|ZZ|Z|Z(Z|=2|Z(Z|=2|=2(2|=2|=2(2|=2|=2(Z2|2|=2(2|=2|=2|=2|=2
OO0 |O|O[O|O0|O|O|O0|O0[O0|0|O0[0]|0|0|0]|0|0|0|0|0|0]|0|0|0|0|0|0|0]|0
R/W R/WR/WR/W R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W
Bit Bit Name Description
31-0 CMDB31-0 |These bits control the operating mode of the hardware functions.
0x0000 8004: Start the hardware function and hardware real-time OS.
12.3.54 Hardware Function Return Value Registers (RO, R1)

These registers hold the value returned from a hardware function. The value returned depends on the hardware function.
For details, see section 12.4, Functions.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 0 Address
4008 FO20H
Initial value
RO
| OID|O|INOIV|IFT|ININ|—|OQO|D|O|NOIOVLIFT M|N|—|O J—
DO N|IN|IN|IN|IN|IN|IN|IN|IN|IN || || T | ||| TN OIVIT M| N|— | O
NN 00o0o00oionanonoonooooddoddoudunnld
O|IO(O|IQC|0|C|CIC|C|C|(O|IQC|C|C|C(Q|C|C|OC|(Q|0C|C(OC|OC|C|C|OC(QC|QC|C|OC|O
yrerirlrlr|l|X|X|l|l|¥||K| ||| ||| ||| K| K| K|
R/W RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR R
Bit Bit Name Description
31-0 R0B31-0 Store the returned value from the hardware function.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 0 Address
4008 F024H
Initial value
R1
| O[O INMNOIVIF|IV|IN[—(Q|O|ONO|IO|TFT(M|(N|—|O J—
NDOIN|N|N|IN|N|N|N|N|N|N |~ |||~ ||| ||~ || OD|O| N OO O|N|— | O
NN oonoonooooonononononononoooddonddonononld
vl || o | o
R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR
Bit Bit Name Description
31-0 R1B31-0 Store the returned value from the hardware function.
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12.3.5.5 Hardware Function Type Register (CNTX_TYPEOQ)

This register is for setting the type of hardware function.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 0 Address
SI2RNENLEIQNSKRN2I2IEL21T2Y¥E 2 o w|~|o|w|<|ola|=|o| 4008 0000H
(e} jeo) ol o) o) o) jo) o} fo} fo} fo} o} fo )l fo ) jo} jlo ] o} o) jel Jlol lol ol ol ol el o] ol o} fo} Jo) o) o)
Pl g o o o o o o o o o o o o o o o e e e e e e e e
olojajajajo|a|aja|a|aja|a|oja|a|a|ja|a|o|ja|alo|a|a|o|a|a|a|a|a|{a] |nitial value
S>> > [ > [ > > [>[>[>[>[>>>>>>> > > > > > > > > > > > >>
CNTX_TYPEO o L L L L Lt e e L L Lt L L L L L K K e e L L e L L L L L K K e
XK X X[ X X X[ X X X X X X[ | XK X[ | K| X[ | X X[ | KT X[ X XX X[ X| X X[ | X -
ElE|IE|EIEIE|IEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE
zlz|lz|z|z|z|z|z|z|z|z|z|z|z|z|Zz|Z2|Z2|2|2|2|2|2|2|2|2|2|2|2|2|2|2
ojo|lojojojojojojolojojololojojololololololololololololololo|o|O
R/W RIWR/WR/W R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/W
Bit Bit Name Description
31-0 CNTX_TYPEO031-0 These bits set the type of hardware function.
12.3.5.6 Hardware Function State Register (CNTX_STATO)
This register is for setting the state of the hardware functions.
313029 28 27 26 2524 23 222120191817 16 151413121110 9 8 7 6 5 4 3 2 1 0 Address
SISINRNENIQILIQRNN SRS =L T LY =2 olo|~o|lv|x|o|al=|o]| 4008 0008H
(ol el ol o] o] o} o] o] jo} fo} Jo} jo} (o} jo}l jlo} jlo} jo} jo} jo ) jo} jo} jlol flol lol ol el o} o) o} Jo i fo ) o)
EIE|IE|EIEIEIEIEIEIEIEIEIEIEIEIE|IEIEIEIEIEIEIEIE|IEIE|IEIEIEIEIE|E
<<« << ||| gl g« ||| < | < < < | < | < | < | < | <|<|<|<| nitial value
ElE|IEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE|E
CNTX_STATO cnl c/)I c/)I c/)I c/)I (nl (nl (nl (nl (nl (nl cnl cnl cnl cnl cnl cnl ml ml ml ml ml ml c/)I c/)I c/)I c/)I c/)I c/)I (nl (nl ml
XX XX XXX XXX XX XXX XX XL XL XL X[ || | | | | || | X[ X[ X -
EIE|E|E|E|E|IE|IE|IE|IEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIEIE
ziz|lz|z|z|z|z|z|z|z|z|z|z|z|z|z|z|Zz|Zz|Zz|Z2|Z2|Z2|Z2|Z2|Z2|Z2|2Z2|2Z2|Z|Z|Z
ojo|lojojojololololololololojo|ololololololololololololololo|o|o
R/W RIWR/W R/W R/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WR/WRWRWRWR/WRWR/WRWRWRWRWRWRWR/W
Bit Bit Name Description
31-0 CNTX_STAT031-0 These bits set the state of the hardware functions.
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12.4 Functions

12.4.1 Hardware Functions

A hardware function (HWF) is defined as a function for reducing the load on the CPU, such as a DMAC or Ethernet
communications accelerator.

A hardware function consists of a combination of hardware modules which are divided by function, and an overall
function is defined for the set of individual hardware modules.
The following three functions are defined as hardware functions.

e Buffer Allocator

e MAC DMA Controller

o Buffer RAM DMA Controller

The figure below is a schematic block diagram of these hardware functions in context. Solid lines in the figure indicate
the flow of data, while broken lines indicate a command interface with the hardware function.

Data
RAM CPU
A A
A y
AHB
I A
A
AHB2DMA SYSC/R4/R5/R6/R7/R0O/R1
(Bus Bridge) RegiAster
Y Y Y
Buffer Buffer | MAC Ethernet
RAM Allocator DMAC MAC
DMAC Buffer 1
RAM
A

A. . A.
< Communication Bus >

Figure 12.2 Schematic Block Diagram of the Hardware Functions

Caution: Calling the hardware function while the hardware real-time OS is prohibited from dispatching
does not successfully execute the call. Be sure to call the hardware function while

dispatching is allowed.
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12.4.1.1 Initial Settings

Execute the commands listed below to set up the hardware functions.

Procedure for setting up the hardware functions

<1> Set 0x0000 0003 in the CNTX TYPEO register.
<2> Set 0x0000 0003 in the CNTX STATO register.
<3> Set 0x0000 8004 in the CMD register.

<4> Wait until 0x8000 0000 is read from the RO register. Afterwards, dummy-read the R1 register.

<5> Set 0x8000 0000 in the GMAC RESET register to initialize the Gigabit Ethernet MAC.

Caution: When the hardware real-time OS is used, these settings are not required since it is
controlled by setting up the hardware real-time OS functions.

After the completion of setup, make initial settings in the registers below.
e MAC address register (— 12.3.4.11)
o TX MODE register (— 12.3.4.6)
o RX MODE register (— 12.3.4.5)

12.41.2 Flow of Processing for Issuing the Hardware Function Call

If you are using a hardware function, follow the flowchart below to issue the hardware function call.

START
v

Disable HW-RTOS interrupts (INT_HWRTOS)*

Set parameters for the hardware function call
(Hardware function argument registers: R4-7)

Issue the hardware function call
(Hardware function system call register: SYSC)

Read the RO register

Yes

Read the R1 register

!

Enable HW-RTOS interrupts (INT_HWRTOS)*

END

Figure 12.3 Flow of Processing for Issuing the Hardware Function

Note: This processing is required only when the hardware real-time OS is used.
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1241.3 Buffer Allocator

(1) Functional Overview
The buffer allocator is a module for controlling the buffer RAM.

The buffer RAM is a communications buffer to improve throughput in Ethernet transfer. Although the buffer RAM has
64 Kbytes, an area of 128 Mbytes is used as the logical space for the dynamic securing and releasing of memory space by
the buffer allocator.

To use the buffer RAM, secure the required area (hereafter "buffer") beforehand, and then issue the hardware function
calls provided for the buffer allocator. When writing to an area which has not been secured, access by the CPU or MAC
DMA controller generates an interrupt, whereas access to such area by the buffer RAM DMA controller generates an
interrupt or returns an exception to the return value register RO depending on the type of hardware function calls.

To reuse a buffer after having secured it, the buffer must be released after it has been used.

The outline of the functions is as follows:
¢ A long buffer of up to 2048 bytes and short buffer of up to 512 bytes are available.
e When securing a buffer, the size is specified in bytes.

e When releasing a buffer, the size can be specified for the whole area or as the location of a byte (the part of the
buffer from that address is released).

The segments which constitute a buffer are of 128 bytes each. The buffer allocator controls each of these 128-byte
segments, and connect these segments in response to hardware function calls to provide these as buffers. Addresses are
seen as continuous across contiguous segments.

Address where the buffer starts >
Segment 0
Segment 1
Segment 2
Address where the buffer ends > < If an unused area is accessed,
an exception will occur.
Figure 12.4 Method of Controlling a Buffer
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(2) Buffer Control Operation

In this section, short and long buffers are collectively referred to as "buffers". A short buffer has up to four segments and
a long buffer has up to 16 segments.

Short Buffer Long Buffer
Segment Segment
Segment Segment

- Up to 4 segments -
Segment

Up to 16 segments

Segment

Figure 12.5 Buffer Structure

(a) Acquisition of buffers (HWFNC_ShortBuffer_Get, HWFNC_LongBuffer_Get)

Buffers can be acquired by issuing an HWFNC_ShortBuffer Get or HWFNC LongBuffer Get hardware function call.
The size of the buffer is specified in bytes when calling these hardware functions. The number of bytes does not have to
reach a segment boundary. The value returned is the address where the buffer starts.

The maximum numbers of short and long buffers that can be acquired are as listed in Table 12.2. Even if fewer short and
long buffers are acquired than the maximum, acquisition will fail if the total size of buffers of both sizes exceeds the
maximum size imposed by the 64 Kbytes of buffer RAM.

Table 12.2 Number of Buffers that can be Acquired

Buffer Type Maximum Number of Buffers that can be Acquired Remarks
Short buffer 64 Up to 256 segments (= 32 KB)
Long buffer 32 Up to 512 segments (= 64 KB)

The address structure of buffers is shown below. When a buffer is acquired, the function returns the address range from
0x0C00 0000 to 0xOFFF FFFF and 0x0800 0000 to 0xOBFF FFFF for a long buffer and short buffer, respectively.

[31] 5 [24] (e (17 11 ol 8] 0]
Long buffer 0000 110 0 LLID 0000000 Offset
9 (7 bits) (6 bits) (7 bits) (11 bits)
0000 100 SBID 000000000 Offset
Short buffer (7 bits) (7 bits) (9 bits) (9 bits)

Figure 12.6 Address Structure of Buffers
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If a short buffer is acquired, bits [24:18] are given an SBID (short buffer ID), which is used as an identifier for the buffer.
The buffer area is allocated with the offset field as 0 to indicate the address where the buffer starts.

If a long buffer is acquired, bits [23:18] are given an LLID (linked long buffer ID), which is used as an identifier for the
buffer. The buffer area is allocated with the offset field as 0 to indicate the address where the buffer starts.

(b) Releasing a buffer (HWFNC_Buffer_Release)

The whole area of an acquired buffer can be released by calling the HWFNC_Buffer Release hardware function. When
calling the hardware function, specify the address where the acquired buffer to be released starts.

(c) Releasing part of a buffer (HWFNC_Buffer_Return)

By calling the HWFNC Buffer Return hardware function, desired bytes can be released, starting from the location of a
byte within the acquired buffer. This is provided for efficiency in using the space; for example, when a frame is received,
another resource can use the area obtained by releasing the area following the end of the received frame data. When
executing this system call, the addresses where the buffer and the space to be released start must be given as arguments.

(d) Testing memory and initializing buffers

Since it is not allocated at the time of a reset, buffer RAM is neither writable nor readable in that situation. Accordingly,
to test the memory, execute the HWFNC LongBuffer Get system call, etc., to secure the full capacity of the buffer RAM
and make that memory available for access. This enables subsequent checking of the memory and initializing its
contents.
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(e) List of hardware function calls
The table below lists the hardware function calls.
If an argument of a hardware function call is invalid, an invalid system call error code is returned in the return value

register, RO.

Table 12.3 HWFNC_LongBuffer_Get

Name HWFNC_LongBuffer_Get

Function Acquires a long buffer for use in the transmission and reception of frames. A buffer can be
acquired with any size in bytes between 1 and 2048. Long buffers are mainly used to hold the
data sections of frames. The address where the acquired buffer starts is returned in R1 as the
value returned.

Command register

| sYsc[15:0] | 0x5000
Argument registers
R4[15:0] Buffer Length Required buffer length. Unit: bytes. 1 to 2048
R4[23:16] Reserved Always 0
R4[31:24] Unused
R5[31:0] Unused
R6[31:0] Unused
R7[31:0] Unused
Return value registers
RO[1:0] Result 2’b0x and RO[29] = 1: Success
2'b10: Invalid system call
2’b11: The buffer is insufficient.
R0[28:2] Unused All Os
RO[29] Complete 0: Hardware function call not completed
1: Hardware function call completed
RO[31:30] Unused All Os
R1[31:0] First logical address of the | [31:27] 5’b00001
buffer [26:24] 3'b100
[23:18] LLID
[17:0] O

Caution: Issuing of this command while the hardware real-time OS is prohibited from dispatching
does not successfully execute the hardware function call.
In this case, bits [15:0] of return value register RO indicates FFE7h.
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Table 12.4 HWFNC_ShortBuffer_Get

Name

HWFNC_ShortBuffer_Get

Function

Acquires a short buffer for use in the transmission and reception of frames. A buffer can be
acquired with any size in bytes between 1 and 512. Short buffers are mainly used to hold the
header sections of frames, the data sections of ICMP and MAC management frames, etc. The
address where the acquired buffer starts is returned in R1 as the value returned.

Command register

| sYsC[15:0] 0x5006
Argument registers
R4[15:0] Buffer Length Required buffer length. Unit: bytes. 1 to 512
R4[31:16] Unused
R5[31:0] Unused
R6[31:0] Unused
R7[31:0] Unused
Return value registers
RO[1:0] Result 2'b0x: Success
2'b10: Invalid system call
2'b11: The buffer is insufficient.
RO[28:2] Unused All Os
RO[29] Complete 0: Hardware function call not completed
1: Hardware function call completed
RO[31:30] Unused All Os
R1[31:0] First logical address of the [31:27] 5’b00001
buffer [26:25] 2'b00
[24:18] SBID
[17:0] O
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Table 12.5 HWFNC_Buffer Release

Name

HWFNC_Buffer_Release

Function

Releases an acquired long or short buffer.

Command register

SYSC[15:0]

0x5001

Argument registers

R4[31:0] First logical address of | First logical address of the buffer to be released
the buffer The value is returned in R1 following a call of
HWFNC_LongBuffer_Get or HWFNC_ShortBuffer_Get.
R5[31:0] Unused
R6[31:0] Unused
R7[31:0] Unused
Return value registers
RO[1:0] Result 2'b0x: Success
2'b10: Invalid system call
2'b11: A buffer is not definable at the given address.
R0[28:2] Unused All Os
RO[29] Complete 0: Hardware function call not completed
1: Hardware function call completed
RO0[31:30] Unused All Os
R1[31:0] Unused All Os
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Table 12.6  HWFNC_Buffer_Return

Name

HWFNC_Buffer_Return

Function

Releases some of the latter half of an acquired short or long buffer. Specifying the location where
the address range to be released starts leads to the release of the part of the buffer beginning at

that address. The address can be set as any byte. This HWF is for the efficient use of buffer
resources, for example when a received frame is short.

Command register

SYSC[15:0]

0x5002

Argument registers

R4[31:0]

First logical address of the
buffer

First logical address of the buffer to be released

The value is returned in R1 following a call of
HWFNC_LongBuffer_Get or HWFNC_ShortBuffer_Get.

R5[31:0] First logical address of the | First address of the part for release (the part of the buffer at
part for release addresses beginning from this address is released)

R6[31:0] Unused

R7[31:0] Unused

Return value registers

RO[2:0] Result 3’b00x: Success
3'b010: Invalid system call
3'b011: A buffer is not definable at the address specified by R4.
3'b100: The part of the buffer at the address specified by R5 has

already been released.

R0[28:3] Unused All Os

RO[29] Complete 0: Hardware function call not completed
1: Hardware function call completed

RO[31:30] Unused All Os

R1[31:0] Unused All Os
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12414 MAC DMA Controller

(1) Functional Overview

The MAC DMA controller is used to transfer data between the buffer RAM and Ethernet MAC. In transmission, the
DMAC transfers data to be transmitted from the buffer RAM to the Ethernet MAC; in reception, the DMAC transfers
data received by the Ethernet MAC to the buffer RAM. This allows improved throughput for communications.

Figure 12.7 is a block diagram of the MACDMAC in context and the respective interrupt signals.

RXFIFO Status
Register
[——— » Rx FIFO overflow
Rx [——® Rx MACDMA error
FIFO Rx | RxMACDMA completed

MAC | » RxFrame vaiid
DMA |—— » RxFrame error

H— Rx >
@ MAC

BUFID L Buffer
Register RAM
Tx

MAC ——® Tx MACDMA completed

<! DVA P Tx MACDMA error
Tx Tx
©) = -
MAC FIFO ——————— ¥ Tx MAC completed
——————————————————» Tx FIFO underflow
TXFIFO_ Status TXID/TXRESULT » Tx FIFO efror
Register Register

Figure 12.7 Block Diagram of the MACDMAC in Context and Interrupt Signals
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(2) DMA for the Reception MAC

Figure 12.8 shows an outline of processing by the reception MACDMAC. A hardware function call
(HWFNC MACDMA RX Enable) must be issued to enable operation of the reception MACDMAC. The reception
MACDMAC remains active until HWFNC MACDMAC RX Disable is issued.

While active, the reception MACDMAC constantly monitors the state of the MAC RX FIFO. When the FIFO holds a
received frame, the reception MACDMAC sends a request for the acquisition of a long (2048-byte) buffer to the buffer
allocator. Once the long buffer has been acquired, the reception MACDMAC reads data from the MAC RX FIFO and
writes the data sequentially from the start of the acquired long buffer.

After the completion of the full transfer of one frame, the reception MACDMAC writes the number of received words
(one word: 32 bits) and the first logical address of the buffer to the BUFID register as information on reception. The
information written to the BUFID is described in section 12.3.4.18, Receive Buffer Information Register (BUFID). The
BUFID can be read by the CPU and is capable of holding up to 32 pieces of information.

HWFNC_MACDMA_RX_Enable
HWFNC_MACDMA_RX_Disable SYSC

Reg.

Long buffer request ERROR ?nterrupt
Buffer Buffer address R)é;VEI_ng :::::Ez: Interru pt
Allocator - Comp_letion interrupt Controller
Reception > RXINFO [ rormation
MAC FIFO on reception >| BUFID
DMAC
Address Status
Buffer [ Read Reception
Memory < Received data < Received data FIFO
MAC
Figure 12.8 Outline of Processing by the Reception MACDMAC
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(a) Description of the individual functions of the MAC DMA controller

¢ Partial release of buffer space

The reception MACDMAC automatically releases an unused area that has no received data in the last buffer to have
been acquired (buffer return function call). However, if the unused area is no larger than 128 bytes (one segment),
buffer return does not proceed. Buffer return is a function call to release part of the secured buffer area and differs
from the buffer release function call that releases the whole area of a secured buffer.

e Full release of the buffer
If the following conditions are satisfied, the reception MACDMAC automatically releases the acquired buffer (calls
the buffer release function).
(1) The result of executing the function call for the buffer acquisition request was failure (the buffer has no unused
area).
(2) The result of analyzing the RX frame information is that the received frame is invalidated by
HWFNC_MACDMA RX_Control.
(3) HWFNC_MACDMA RX Disable is executed under the following condition:
- The number of received words is not greater than 4092 words

In the above cases 1) and 2), all received frames are discarded and the buffer is released. In case 3), the received
frames are not discarded (data resides in the MAC RX FIFO) but only the release of the buffer is executed, after which
the reception MACDMAC is immediately disabled. In any of cases 1), 2), and 3), the result of reception is not written
to the BUFID.

e Generation of an error interrupt

An error interrupt is issued in response to detection of the reception MACDMAC having failed to continue operation
for reception for some reason or data not having been received correctly. The source of an error interrupt can be
checked by executing the hardware function call HWFNC MACDMA RX Errstat.

For details, see section 12.4.1.4(2)(c), List of hardware function calls.

¢ Generation of reception completed interrupts
If the BUFID has information on the reception of one or more frames, the reception completed interrupt goes to its
active level. The reception completed interrupt remains active as long as the BUFID register is not empty; that is, it has
information on the reception of one or more frames.
The reception completed interrupt is de-asserted when the BUFID is read and becomes empty.

e Judging whether a received frame is valid or invalid.
Judgment of whether a received frame is valid or invalid leads to an RX VALID (received frame normal) or RX ERR
(Ethernet reception frame error) interrupt being issued.
Each interrupt has more than one source and the generation of interrupts is enabled for all sources in the initial state.
A specified source can be disabled by executing HWFNC_MACDMA RX_ Control. The frame which corresponds to
the disabled source is discarded by full release of the buffer.
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RX Frame Information
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Figure 12.9 Conceptual Diagram of Judging Whether a Received Frame is Valid or Invalid
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(b) Usage

e Procedure for reading and releasing buffers
A buffer which has received data must always be released after use. An example of the procedure is given below.
[Example of reading and releasing a buffer]
(1) Read the BUFID register
(2) Shift the bits [27:16] read from BUFID 16 bits to the right to obtain the number of received words.
(3) The bits [15:0] read from the BUFID are bits [26:11] of the address where the acquired buffer starts.
The individual bits of the address where the acquired buffer starts are configured as follows.
[31:27]: 00001b
[26:18]: Equivalent to the bits [15:7] in the BUFID
[17:11]: Equivalent to the bits [6:0] in the BUFID
[10: 0]: Always 0
(4) After using the buffer, specify the start address as an argument and issue the buffer release function call to
release the buffer.

e Procedure for processing in response to an error interrupt

An example of the recommended procedure for processing in response to an error interrupt is given below. The value
of RO[7:0] obtained by the HWFNC _MACDMA_ RX Errstat function call is hereafter called bits [7:0] of the result of
reading the error state.

(1) Bit [3] of the result of reading the error state = 1 (a function call to forcibly end MACDMA RX has been executed)
a) If bit [0] of the result of reading the error state = 1, proceed to step (3).

b) If bits [2:0] of the result of reading the error state have the value 4 or 0, the interrupt source is the forced termination
of reception while it was in progress and this does not represent a problem. Since the received frames are all
discarded and the information is not written to the BUFID, nothing is done, so simply return to normal processing.
The reception MAC FIFO may still have frame data that was received, but in such cases, the hardware automatically
discards that data before the next round of reception starts.

(2) Bit [2] of the result of reading the error state = 1 (the size of the frame is at least 4096 words)
a) If bit [0] of the result of reading the error state = 1, proceed to step (3).
b) Received data are all stored. The start address is obtained by reading the BUFID.

c) Buffers that are no longer required are released according to the method described in "Procedure for reading and
releasing buffers".

d) Return to normal processing.

(3) Bit [0] of the result of reading the error state = 1 (the remaining capacity of the buffer is insufficient)

a) If bit [2] of the result of reading the error state = 1 (the size of the received frame is at least 4096 words) is satisfied
at the same time, the buffer capacity is considered temporarily insufficient, so nothing is done.

b) If the remaining capacity of the buffer is considered insufficient, the buffer is released to provide space.

c¢) Return to normal processing. Note that received frames may have been lost during this period.
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(c) List of hardware function calls

The table below lists the hardware function calls.

If an argument of a hardware function call is invalid, an invalid system call error code is returned in the return value

register, RO.

If an error occurs while the hardware function call is running, an interrupt is generated.

Table 12.7 HWFNC_MACDMA_RX_Enable

Name

HWFNC_MACDMA_RX_Enable

Function

Enables DMA for the reception MAC, that is, the transfer of data to the buffer memory from the
MAC. As long as the reception DMAC is enabled, transfer starts automatically whenever the
FIFO buffer within the MAC collects received frames. Since the DMAC executes Get Buffer at
this time, the buffer memory is automatically acquired.

Command register

| sysc[15:0] | 0x5101

Argument registers

R4[31:0] Unused

R5[31:0] Unused

R6[31:0] Unused

R7[31:0] Reserved Always 0

Return value registers

RO[0] Result 0: Success
1: Invalid system call*

RO[28:1] Unused All Os

RO[29] Complete 0: Hardware function call not completed
1: Hardware function call completed

RO[31:30] Unused All Os

R1[31:0] Unused All Os

Note: If this hardware function is called while it is not disabled (this function call is already being
executed) or this hardware function is called while a buffer return or release operation is in
progress after reception has been suspended, the result is an invalid system call.

Caution: The number of bytes to be transferred at a time is from 4 to 2048 bytes. Exceeding this
range leads to the generation of an exception.
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Table 12.8 HWFNC_MACDMA_RX_Disable

Name

HWFNC_MACDMA_RX_Disable

Function

Disables DMA for the reception MAC.

When forced reset is enabled, the data being received are discarded and information on
reception is not stored in the BUFID register. At this time, the buffer is automatically released.

When forced reset is disabled, the buffer is not automatically released.

Command register

SYSC[15:0]

0x5102

Argument registers

R4[0]

Forced reset

0: This function is disabled while reception is in progress.

1: If the reception DMAC is enabled, it is disabled even if reception is
in progress (the reception DMAC is forcibly reset). Nothing is done

if the reception DMAC is already disabled.

R4[31:1] Unused
R5[31:0] Unused
R6[31:0] Unused
R7[31:0] Unused
Return value registers
RO[0] Result when R4[0] =0 2'b00: Success
2’b01: Invalid system call (the buffer is in use or reception is
suspended)
2'b10: The function cannot be disabled since reception is in progress.
2'b11: The function has already been disabled.
Result when R4[0] = 1 2'b00: Success
2’b01: Invalid system call (the buffer is in use or reception is
suspended)
RO[28:1] Unused All Os
RO[29] Complete 0: Hardware function call not completed
1: Hardware function call completed
RO[31:30] Unused All Os
R1[31:0] Unused All Os
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Table 12.9 HWFNC_MACDMA_RX_Control

Name

HWFNC_MACDMA_RX_Control

Function

Controls enabling or disabling of the interrupt source corresponding to bits [8:0] of the received
frame information.

Command register

SYSC[15:0] 0x510b
Argument registers
R4[8:0] Interrupt Controls enabling or disabling of the interrupt source corresponding to each bit.
source 0: Interrupts disabled
1: Interrupts enabled (initial value)
R4[31:9] Unused
R5[31:0] Unused
R6[31:0] Unused
R7[31:0] Unused
Return value registers
RO[0] Result 0: Success
1: Invalid system call
RO[28:1] Unused All Os
RO[29] Complete 0: Hardware function call not completed
1: Hardware function call completed
RO[31:30] Unused All Os
R1[31:0] Unused All Os

Table 12.10 HWFNC_MACDMA _RX_Errstat

Name

HWFNC_MACDMA_RX_Errstat

Function

Obtains error interrupt sources for the reception MACDMAC.

Command register

| sYsC[15:0] 0x510d
Argument registers
R4[31:0] Unused
R5[31:0] Unused
R6[31:0] Unused
R7[31:0] Unused

Return value registers

RO[3:0] Result [0]: Buffer Get fails
[1]: Always O
[2]: The RX data size is over 4096 words (16 KB).
[3]: HWFNC_MACDMA_RX_Disable is issued when forced reset is enabled.
R0O[28:4] Unused All Os
RO[29] Complete 0: Hardware function call not completed
1: Hardware function call completed
RO[31:30] Unused All Os
R1[31:0] Unused All Os
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(3) DMA for the transmission MAC

(a) Usage

The transmission MACDMAC uses descriptors. The descriptors are located in the buffer memory. That is, the software
must acquire a buffer for the descriptor by issuing a hardware function call before DMA can be set up. This buffer can be
long or short. One buffer can hold multiple descriptors.

A transmission descriptor is shown in detail in Figure 12.10. Note that a descriptor must start on a 64-bit boundary. If it is
not on a 64-bit boundary, the result of trying to use it is in an invalid system call.

A descriptor is formed in a succession of a 32-bit address and a 32-bit transfer byte count. Address OXFFFF FFFF
indicates the end of a descriptor. The address field of a descriptor indicates the transmission start address, and the byte
count indicates the number of bytes to be transmitted from that address. The DMAC reads the first pair of address and
byte count in a descriptor, and then writes the specified data to the transmission MAC FIFO. After that, the DMAC reads
the next pair of address and byte count, and then writes the specified data to the transmission MAC FIFO. The DMAC
continues this processing until it reads the end of the descriptor (0OXFFFF FFFF).

Source start addresses in the descriptor can be specified in units of bytes. The size of data to be transmitted can be
specified in units of bytes. If the data writing point in the transmission FIFO is not at a word boundary, the DMAC
automatically inserts padding.

The transmission MACDMAC starts when a function call HWFNC _MACDMA_ TX_Start is issued. When this function
call is issued, the start address of the transmit descriptor must be specified in the argument register R4.

Note that if the address field is not OXFFFF FFFF and 0 is specified in the descriptor byte count field, the DMAC ignores
the address field and does not perform transmission. In this case, the DMAC reads the next descriptor.

If the value of an address field is incorrect (for example, the address is outside the buffer area) or the number of transfer
bytes is incorrect (for example, continued access causes a buffer area overflow), a MACDMA transmission error
interrupt occurs.

A

Address 64-bit boundary

(" Address

Release bit

OxFFFF FFFF

Figure 12.10 Transmission Descriptor

(b) Automatic release of the buffer

If the release bit of the transmission descriptor is 0, no buffer is released. If the release bit is 1, the transmission
MACDMAC uses a buffer release function call to automatically release a buffer from the buffer area whose start address
is indicated by the relevant descriptor after the completion of transmission.
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(c) Example of operation
Figure 12.11 shows an example of operation for transmission by combining multiple buffers for use by the transmission
MACDMAC.

Two independent buffers of buffer 1 and buffer 2 are combined for transmission by the transmission MACDMAC by
allocating transmission descriptors at the consecutive 64-bit boundary addresses. The area labelled "Unused" means that
the data end before the end of the segment (that is, it does not end at the 128-byte boundary). In transfer, the address
where the data in a buffer start need not necessarily be the start of the buffer.

Buffer 1 Buffer 2
- Single buffer > < Single buffer -
Seg 32 Seg 33 Seg 34 Seg 35
c c
=} 3
Data Data G Data Data S
g 3

A

_ Combined by the transmission MACDMAC

Figure 12.11 Example of Transmission as One Frame by Combining Multiple Buffers
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(d) List of hardware function calls

The table below lists the hardware function calls.

If an argument of a hardware function call is invalid, an invalid system call error code is returned in the return value

register, RO.

If an error occurs while the hardware function call is running, an interrupt is generated.

Table 12.11 HWFNC_MACDMA_TX_Start

Name

HWFNC_MACDMA_TX_Start

Function

Transfers data from the buffer memory to the Ethernet MAC. The address where the
transmission descriptor starts is set in R4. When transfer ends, an interrupt is generated.
The number of bytes to be transferred at a time is from 1 to 2048 bytes.

Command register

| sysc[15:0] | 0x5100
Argument registers
R4[31:0] Address of the descriptor Address of the transmission descriptor
R5[31:0] Unused
R6[31:0] Unused
R7[6:0] Reserved Always 0
R7[31:7] Unused
Return value registers
RO[1:0] Result 0: Success
1: Invalid system call
R0O[28:2] Unused All Os
RO[29] Complete 0: Hardware function call not completed
1: Hardware function call completed
RO[31:30] Unused All Os
R1[31:0] Unused All Os
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Table 12.12 HWFNC_MACDMA_TX_Errstat

Name

HWFNC_MACDMA_TX_Errstat

Function

Obtains error interrupt sources for the transmission MACDMAC.

Command register

| sysc[15:0] | ox510C
Argument registers
R4[31:0] Unused
R5[31:0] Unused
R6[31:0] Unused
R7[31:0] Unused
Return value registers
RO[1:0] Result [0]: Memory Access Violation
¢ Access to the buffer that is not acquired
e The number of transfer bytes is not correct
e The start address of the descriptor is not on a 64-bit boundary.
[1]: Memory Access Timeout
e The start address of a transmission descriptor turns to be an end value
(FFFF FFFFh)
¢ Releasing the buffer automatically is failed
RO[28:2] Unused All Os
RO[29] Complete 0: Hardware function call not completed
1: Hardware function call completed
RO[31:30] Unused All Os
R1[31:0] Unused All Os
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124.1.5 Buffer RAM DMA Controller

(1) Functional overview

The buffer RAM DMA controller transfers data between the buffer RAM and data RAM or the buffer RAM and buffer
RAM. It is used to transfer data for transmission by the MAC DMAC to the buffer RAM and to transfer data received by
the MAC DMAC to the data RAM.

(2) DMA transfer

Control of the buffer RAM DMA controller for each form of transfer is described below.

(a) Transfer between the buffer RAM and the data RAM

Calling the HWFNC Direct Memory Transfer hardware function starts transfer between the buffer RAM and data
RAM. After calling the function, confirm its completion by reading bit 29 of the RO register. At this time, DMA transfer
has been completed.

(b) Replacing data in the buffer RAM or data RAM

By executing the hardware function HWFNC Direct Memory Replace, an area in the buffer RAM or data RAM can be
overwritten by a desired 32-bit data pattern.

The start and end of the area to be written must be on 128-bit boundaries so the amount of data written must be a multiple
of 128 bits. After calling the function, confirm its completion by reading bit 29 of the RO register. At this time, writing of
the data pattern has been completed.

(c) Transfer between the buffer RAMs

By executing the hardware function HWFNC INTBUFF DMA_Start or HWFNC INTBUFF DMA Start (descriptor),
data can be transferred from the buffer RAM to the buffer RAM. After calling the function, confirm its completion by
reading bit 29 of the RO register. However, DMA transfer has not been completed at this time. Check the completion of
DMA transfer by means of the InterBuffer DMA transfer complete interrupt.
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(d) List of hardware function calls
The table below lists the hardware function calls.

If an argument of a hardware function call is invalid, an invalid system call error code is returned in the return value
register, RO.

Access to an access-prohibited area (an area other than the buffer RAM, etc.) while the hardware function call is running
leads HWFNC Direct Memory Transfer and HWFNC Direct Memory Replace to return an exception to the return
value register RO, whereas it leads HWFNC _INTBUFF DMA Start and HWFNC INTBUFF DMA_Start (Descriptor)
to generate an interrupt.

Table 12.13 HWFNC_Direct_Memory_Transfer

Name HWFNC_Direct_Memory_Transfer
Function Transfers data from the data RAM to the buffer RAM or from the buffer RAM to the data RAM.

Data cannot be transferred from the buffer RAM to the buffer RAM. For transfer from the buffer
RAM to the buffer RAM, use HWFNC_INTBUFF_DMA_Start (data transfer between the data
RAMs is possible).

Command register
| sysc[15:0] | ox5211 |

Argument registers

R4[31:0] Address where the source | Specifies the address where the source area for transfer starts.
area for transfer starts

R5[31:0] Address where the Specifies the address where the destination area for transfer starts.
destination area for
transfer starts

R6[31:0] Number of bytes for Specifies the number of bytes for transfer.
transfer

R7[31:0] Unused

Return value registers

RO[1:0] Result 2’b00: Success

2’b01: Invalid system call (transfer between the buffer RAMs has
been specified)

2’b10: An exception has occurred.
R0O[28:2] Unused All Os
RO[29] Complete 0: Hardware function call not completed

1: Hardware function call completed

RO[31:30] Unused All Os
R1[31:0] Address where the When an exception occurred, this is the address where it occurred.
exception occurred In other cases, all Os.
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Table 12.14 HWFNC_Direct_ Memory_Replace

Name

HWFNC_Direct_Memory_Replace

Function

Replaces the specified memory area in the data RAM or buffer RAM with a defined data pattern. The number
of words to be written must be at least four. (A word unit is 32 bits)

Command register

| sYsC[15:0] 0x5212
Argument registers
R4[31:0] Pattern Specifies the data pattern for writing.
R5[31:0] Start address Specifies the address where the destination area for writing starts.
R6[31:0] Number of words Specifies the number of words to be written.
R7[31:0] Unused
Return value registers
RO[1:0] Result 2’b00: Success
2'b01: Invalid system call
The set address was specified in byte units or the setting for
the number of words to be transferred is three or fewer.
2’b10: An exception has occurred.
R0[28:2] Unused All Os
RO[29] Complete 0: Hardware function call not completed
1: Hardware function call completed
RO[31:30] Unused All Os
R1[31:0] Address where the When an exception has occurred, this is the address where it
exception occurred occurred. In other cases, all Os.
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Table 12.15 HWFNC_INTBUFF_DMA_Start

Name

HWFNC_INTBUFF_DMA_Start

Function

Transfers data in the buffer memory. The address where the source area for transfer starts is set
in R4, the address where the destination area for transfer starts is set in R5, and the number of
bytes for transfer is set in R6. When transfer ends, an interrupt is generated.

Command register

SYSC[15:0]

0x5104

Argument registers

R4[31:0]

Address where the source
area for transfer starts

Specifies the address where the source area for transfer starts.

R5[31:0] Address where the Specifies the address where the destination area for transfer starts.
destination area for
transfer starts
R6[15:0] Number of bytes for Specifies the number of bytes for transfer.
transfer
R6[31:16] Unused
R7[6:0] Reserved Always 0
R7[31:8] Unused
Return value registers
RO[0] Result 0: Success
1: Invalid system call
RO[28:1] Unused All Os
RO[29] Complete 0: Hardware function call not completed
1: Hardware function call completed
RO[31:30] Unused All Os
R1[31:0] Unused All Os
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Table 12.16 HWFNC_INTBUFF_DMA_Start (Descriptor)

Name

HWFNC_INTBUFF_DMA_Start (descriptor)

Function

Transfers data in the buffer memory.

When transfer ends, an interrupt is generated. This function gives a descriptor instead of an

address and size as an argument.

Command register

| sysc15:0]

| 0x5114

Argument registers

R4[31:0]

Address where the transfer source
descriptor starts

Specifies the address where the transfer source
descriptor starts.

R5[31:0] Address where the transfer destination | Specifies the address where the transfer destination
descriptor starts descriptor starts.
R6[31:0] Unused
R7[6:0] Reserved Always 0
R7[31:8] Unused
Return value registers
RO[0] Result 0: Success
1: Invalid system call
RO[28:1] Unused All Os
RO[29] Complete 0: Hardware function call not completed
1: Hardware function call completed
RO[31:30] Unused All Os
R1[31:0] Unused All Os
Cautions 1. The structure of the descriptor is the same as for the MACDMAC, but the function does
not automatically release the buffer.

2. When specifying the size in the descriptor, the transfer source descriptor is given
priority. When the sizes specified for the source and destination differ, the operation is
as follows.

Specification of the size of the transfer source descriptor < Specification of the size of
the transfer destination descriptor -> No problem
Specification of the size of the transfer source descriptor > Specification of the size of
the transfer destination descriptor -> An exception may occur.
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12.4.2

Interrupts

The interrupts that the Gigabit Ethernet MAC generates are described below.

Table 12.17

Interrupts Related to Operations for Transmission

Interrupt Name

Symbol

Conditions for Asserting and De-asserting Interrupts

TX FIFO underflow
interrupt

INTETHTXFIFO

This interrupt is generated when the transmission size specified in
the descriptor and transmission frame control information differ. At
this time, transmission does not proceed. Modify the settings of the
descriptor or the transmission frame information for
retransmission.

Since this interrupt is generated as a pulse, de-asserting the
interrupt source is not required.

TX-FIFO error interrupt

INTETHTXFIFOERR

This interrupt is generated when information is further updated
while the GMAC_TXID/GMAC_TXRESULT register is holding the
maximum number of items of information (four). Take care, since
the oldest of the retained information will have been overwritten
when this error occurs.

Reading the GMAC_TXID/GMAC_TXRESULT register until the
value of the GMAC_TXFIFO.TRBFR bit becomes 0 leads to
clearing of the retained information and restoring normal operation.

MACDMA transmission
error interrupt

INTETHTXDERR

This interrupt is generated, when an error occurs while the
transmission MAC DMA is operating. As there are several error
sources, HWFNC_MACDMA_TX_Errstat is used to obtain the
error source.

Modify the settings of the transmission descriptor for
retransmission.

Since this interrupt is generated as a pulse, de-asserting the
interrupt source is not required.

Ethernet MACDMA
transmission complete
interrupt

INTETHTXDMA

This interrupt is generated when DMA transfer from the buffer
RAM to the transmission MAC FIFO is completed. At this time,
DMA transfer has been completed but operations for
communications by the MAC are not.

Since this interrupt is generated as a pulse, de-asserting the
interrupt source is not required.

Ethernet transmission
complete interrupt

INTETHTXCMP

This interrupt occurs when operations for communications by the
transmission MAC are completed.

Since this interrupt is generated as a pulse, de-asserting the
interrupt source is not required.
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Table 12.18 Interrupts Related to Operations for Reception

Interrupt Name Symbol Conditions for Asserting and De-asserting Interrupts
Ethernet MACDMA INTETHRXDMA This interrupt is generated when operations by the reception
reception complete interrupt MACDMAC end normally.

It remains active until the BUFID register becomes empty of
information on reception. The interrupt source is de-asserted
when the BUFID is read and becomes empty.

MACDMA reception error INTETHRXDERR This interrupt indicates that an error has occurred while the
interrupt reception MACDMAC was operating.

There is more than one source for this error, and the precise
source is obtained by issuing HWFNC_MACDMA_RX_Errstat.
Since this interrupt is generated as a pulse, de-asserting the
interrupt source is not required.

Received frame normal INTMACDMARXFRM | This interrupt is generated when operations by the reception
interrupt MACDMAC end normally and the received frame is normal. The
interrupt source can be specified by referring to information on
the received frame.

It remains active until the BUFID register becomes empty of
information on reception. The interrupt source is de-asserted
when the BUFID is read and becomes empty.

Ethernet reception frame INTETHRXERR This interrupt is generated when operations by the reception
error interrupt MACDMAC end normally and the received frame has an error.
The interrupt source can be specified by referring to information
on the received frame.

It remains active until the BUFID register becomes empty of

information on reception. The interrupt source is de-asserted
when the BUFID is read and becomes empty.

RX FIFO overflow interrupt | INTETHRXFIFO This interrupt is generated when data are received while the
buffer does not have enough space, so the RX FIFO overflows.
When this error occurs, received data may already have been
discarded. Restore the system to the state where reception is
possible by releasing the buffer, etc.

Since this interrupt is generated as a pulse, de-asserting the
interrupt source is not required.
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Table 12.19 Interrupts Related to Other Operations

Interrupt Name Symbol Conditions for Asserting and De-asserting Interrupts
Ethernet MIl management access INTETHMII This interrupt is generated when reading from or
complete interrupt writing to the MII management bus is completed.

Since this interrupt is generated as a pulse,
de-asserting the interrupt source is not required.

Ethernet pause packet transmission INTETHPAUSE This interrupt is generated when the transmission of a
complete interrupt pause packet is completed. Since this interrupt is
generated as a pulse, de-asserting the interrupt
source is not required.

InterBuffer DMA transfer complete INTBUFDMA This interrupt is generated if DMA transfer between
interrupt buffer RAMs is completed.

Since this interrupt is generated as a pulse,
de-asserting the interrupt source is not required.
InterBuffer DMA transfer error interrupt | INTBUFDMAERR This interrupt is generated if DMA access reaches to
unassigned buffer area during transfer between buffer
RAMs.

Since this interrupt is generated as a pulse,
de-asserting the interrupt source is not required.

Buffer RAM area access error INTBRAMERR This interrupt is generated, if the buffer that is not

acquired by the CPU is accessed. Since this interrupt
is generated as a pulse, de-asserting the interrupt

source is not required.
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12.4.3 Transmitting Ethernet Frames

This section explains processing for transmission of Ethernet frames. The Gigabit Ethernet MAC handles transmission
according to the following flow.

1. Make initial settings (— 12.4.1.1).

2. Acquire a TX buffer (— 12.4.3.1).

3. Create TX frame control information (— 12.4.3.2(1)).

4. Create Ethernet transmit frame data (— 12.4.3.2(2)).

5. Create TX descriptors (— 12.4.3.3).

6. Execute the DMAC activation command (— 12.4.3.4).

7. The DMAC transfers data to the FIFO buffer in the MAC according to TX descriptors.

8. The MAC starts transmitting Ethernet frames according to the TX frame control information included in the transfer
data.

9. The TX-completed interrupt occurs.

10. Processing for checking the status, etc. after the completion of the transmission (— 12.4.3.5).

11. Release the TX buffer (optional)

The details of the above steps are described below.

12.4.3.1 Acquiring a Transmit Buffer

Set the hardware function call register as follows to acquire a transmit buffer.

Register Value

SYSC 0x5000

R4 Size of the memory block to be secured (1 to 2048 bytes)
R5 0 (Unused)

R6 0 (Unused)

R7 0 (Unused)

In addition, the hardware function returns the value returned as follows.

Register Value

RO 2'b0x and RO[29] = 1: Success
2'b10: Invalid system call
2'b11: The buffer is insufficient.

R1 Address where the secured memory block starts
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12.4.3.2 Creating TX Data

Figure 12.12 shows the TX data format. A transmission descriptor points the start address of this frame.

In the Gigabit Ethernet MAC, the size of transmission frames and various controls are directed by appending 64-bit TX
frame control information before the normal Ethernet frame data.

8 octets

Tx frame control information

Address l

High

64..1520 octets

Ethemet frame data

Figure 12.12 TX Data Format

Caution: Make sure that the TX data conforms to this format.
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(1) TXframe control information

The table below describes each field of TX frame control information.
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Figure 12.13 Example of TX Frame Control Information

Field Name

Description

TX_WORD[12:0]

The number of words of the Ethernet frame for transmission (a word unit is 32 bits).The
number of valid bytes in the last word is directed by using TX_EOBJ[1:0].

TX_EOB[1:0]

Octet up to which the last word in this frame is valid.
00: 1 byte is valid.

01: 2 bytes are valid.

10: 3 bytes are valid.

11: 4 bytes are valid.

Port 1*1

Port 1 is used to enable forced forwarding of the Ethernet switch.

Port 0*

Port 0 is used to enable forced forwarding of the Ethernet switch.

Forced Forwarding*"

Enables forced forwarding of the Ethernet switch

When this function is enabled, a frame is output from the specified port regardless of the
setting of the switch filter.

Transmit Timestamp*'

Enables timestamping of transmission frames when the Ethernet switch is in use.

TCPIP ACC OFF*2

1: Disables the TCPIP accelerator.
0: Enables the TCPIP accelerator

ITAG Indicates that this frame has a VLAN Tag.
ICRC Indicates that this frame already has a CRC attached to it.
The APAD field is ignored if this bit is set.
APAD Indicates that the frame is automatically padded if its length is shorter than 64 octets.

Frame ID[31:0]

An optional frame identifier is designated.

Note 1: These function are only available when insertion of a management tag is permitted by the
Ethernet switch management TAG control register (ETHSWMTC). If insertion of a management
tag is disabled, these fields are not valid.

2: Disable the TCPIP accelerator if the following frames are sent;
e IPv6 frames without UDP or TCP packet
e IEEE802.3 + IEEE802.2 (LLC) frames
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In cases where TX WORD [12:0] and TX EOB [1:0] are combined into TX LENGH [14:0] (15 bits), TX LENGH
[14:0] can be calculated from the following formula based on the Ethernet frame size (in bytes):

TCPIPACC Pad Size is 2 when TX TCPIPACC is enabled (GMAC_ACC.TTCPIPEN = 1) and 0 when it is disabled.

TX_LENGH [14:0] = (TX frame size — TCPIPACC Pad Size + 3) (bytes)

(2) Ethernet frame

The transmission Ethernet frame data format and the description of the fields are given below.

Field name

Description

Destination MAC Address

MAC address of the destination

Source MAC Address

MAC address of the source

Type / Length

Ethernet Type or length

VLAN Tag Tag Protocol Identifier. This field is available if VLAN Tag is included.
VLAN Info Tag Control Information. This field is available if VLAN Tag is included.
Frame Payload Payload
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(@) When TX TCPIP accelerator is enabled
If the TX TCPIP accelerator function is enabled (GMAC_ACC.TTCPIPEN = 1), Ethernet frame data requires 2-byte

padding between the Type/Length field and Payload.

31 30

18 17 16 15 10 9

8 7 6 5 4

3

2 1 0

Destination MAC Address (6 bytes)

Source MAC Address (6 bytes)

Padding (2 bytes)

Type / Length (2 bytes)

Ethernet frame data

Frame Payload (Max. 1500 bytes)

Figure 12.14 TX Ethernet Frame Data Format — TCPIPACC is enabled, without VLAN Tag

31 30

18 17 16 15 10 9

8 7 6 5 4

3

Destination MAC Address (6 bytes)

Source MAC Address (6 bytes)

Padding (2 bytes)

VLAN Tag (2 bytes)

Type / Length (2 bytes)

VLAN Info (2 bytes)

Ethernet frame data

Frame Payload (Max. 1500 bytes)

Figure 12.15 TX Ethernet Frame Data Format — TCPIPACC is enabled, with VLAN Tag

Caution: Padding (2 bytes) can be by any value.
Padding (2 bytes) is not included in the specified size of Ethernet frames
(TX_WORDI[12:0], TX_EOB[1:0]).
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(b) When TX TCPIP accelerator is disabled
The Ethernet frame data formats when the TX TCPIP accelerator function is disabled (GMAC_ACC.TTCPIPEN = 0) are

shown below.

31 30 18 17 16 15 0 9 8 7 6 5 4 3 2 1 0
Destination MAC Address (6 bytes)
Source MAC Address (6 bytes)
Type / Length (2 bytes)
s
©
(0]
IS
o
£
w Frame Payload (Max. 1500 bytes)
Figure 12.16 TX Ethernet Frame Data Format — TCPIPACC is disabled, without VLAN Tag
31 30 18 17 16 15 0 9 8 7 6 5 4 3 2 1 0
Destination MAC Address (6 bytes)
Source MAC Address (6 bytes)
VLAN Info (2 bytes) VLAN Tag (2 bytes)
g Type / Length (2 bytes)
°
IS
o
£
L
Frame Payload (Max. 1500 bytes)
Figure 12.17 TX Ethernet Frame Data Format — TCPIPACC is disabled, with VLAN Tag
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12.4.3.3 Creating TX Descriptors

The transmission MAC DMA controller uses the following descriptors.
After creating descriptors, activate the DMAC to start processing for transmission.

[31] [0]
<—— 64-bit boundary
Address
T Unssed | Number of bytes (14 bis) |
Address
A Unssed | Number of bytes (14 bits) |
Release bit
Address
S Unsed | Numberof bytes (14 i) |
OxFFFF FFFF

Figure 12.18 Structure of the TX Descriptor

A descriptor must start on a 64-bit boundary ([2:0] = 0). If it is not on a 64-bit boundary, an error code is returned in the
return value register RO.

In the descriptor, the addresses and number of bytes for transfer are written to consecutive 32-bit segments. The address
OxFFFF FFFF indicates the end of the descriptors. The address field of a descriptor indicates the start address for
transmission, and the number of bytes indicates how many bytes to forward from its address. The DMAC reads the
address at the start of the descriptor and reads the number of bytes, which follows the address, and writes the designated
data to the transmission MAC FIFO. Next, the DMAC reads the address written in the next descriptor and the number of
bytes, which follows the address, and writes the designated data to the transmission MAC FIFO. This is repeated until
OxFFFF FFFF is read (indicating the end of the descriptors).

Addresses in descriptors (addresses where the source areas for transfer start) can be specified in byte units. The amount
of data for transfer can be specified in byte units per transfer. If an address written to the transmission FIFO is not on a
word boundary, the DMAC transfers data while aligning the data automatically.

The transmission MACDMA starts by issuing "start of transmission operation" as a hardware function call. The address
where the transmission descriptor is to start must be specified in the R4 register when this function call is issued.

Furthermore, when the address field is not OXFFFF FFFF and 0 is specified in the field for the number of bytes (14 bits)
in the descriptor, that address field is ignored and is not forwarded. After that, the next descriptor will be read.

If the address field is invalid (outside the buffer area, etc.) or the number of bytes for transfer is invalid (such as leading
to the buffer area overflowing during access), an error interrupt is generated.

When a release bit is 1, the buffer area which starts at the address indicated by the descriptor is automatically released
(Buffer Release Function Call) by the transmission MACDMA after the end of transmission. When a release bit is 0, the
buffer is not released.
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124.3.4 Starting Transmission

The transmission DMAC is activated and transmission starts by setting a hardware function call register as follows.

Register Value

SYSC 0x5100

R4 TX descriptor address
R5 0 (Unused)

R6 0 (Unused)

R7 Must be 0

In addition, the hardware function returns the value returned as follows.

Register Value
RO 0: Success
1: Error (invalid calling)
R1 Fixedto 0
12.4.3.5 Completion of Transmission

The Ethernet MACDMA transmission complete interrupt occurs when DMA transfer has been completed, and the

Ethernet transmission complete interrupt occurs when MAC transmission has been completed.

If the TX buffer which is already acquired is to be reused for the next transmission, acquisition of the TX buffer is not

required.
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12.4.4 Receiving Ethernet Frames

This section explains processing for reception of Ethernet frames. The Gigabit Ethernet MAC handles processing for
reception according to the following flow.

1. Initial settings (— 12.4.1.1)

Enabling the RX MAC (— 12.4.4.1)

Activating the RX DMAC (— 12.4.4.2)

Receiving a frame and acquiring the buffer (— 12.4.4.3)
The reception completed interrupt occurs.

Acquiring the RX buffer information (— 12.4.4.4)
Checking the status of frames (— 12.4.4.5(1))
Acquiring the Ethernet frame data (— 12.4.4.5(2))

o ® 2N 0 bk owbd

Releasing the RX buffer

12.4.41 Enabling the RX MAC
Set 1 to the reception enable register (GMAC RXMAC ENA — 12.3.4.15) to enable the reception MAC.

12.4.4.2 Activating the RX DMAC

The reception DMA controller is activated by setting the hardware function call registers as follows.

Register Value
SYSC 0x5101

R4 0 (Unused)
R5 0 (Unused)
R6 0 (Unused)
R7 Must be 0

In addition, the hardware function returns the value returned as follows.

Register Value
RO 0: Success

1: Error (Invalid call)
R1 Fixedto 0

12.4.4.3 Receiving a Frame and Acquiring the Buffer

When a frame was received, the RX buffer is automatically acquired by hardware.
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12444 Acquiring the RX Buffer Information

After the completion of reception has been detected in response to the reception-completed interrupt, etc, read the RX
buffer information register (BUFID) to acquire the address and size of the buffer which holds the received data.

After the address information has been acquired, read the buffer which holds data and acquire the RX frame information
and Ethernet frame data. Refer to section 12.4.4.5 for the format of received data.

124.4.5 RX Data Format

In the reception of frames by the Gigabit Ethernet MAC, 64 bits of received frame information will be appended after the
frame data. This information indicates the state of reception: size of the Ethernet frame, errors, and so on.

Since the received frame information starts on a 64-bit boundary, the amount of padding following the Ethernet frame
varies with the frame size.

64..1518 octets Etheret Frame Data
Address l 0..7 octets Padding
High 8 octets Rx Frame Infomation

Figure 12.19 RX Data Format

(1) RXframe information

The descriptions of the fields of the received frame information are given below.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

o o|o

5g 5 2| e

Al © Y T|®©

s N

z|2 = g |55 Sl |

=1 2 -1k —lB1215 eyl

Ak % T |33 g =EEHEHEIREE

6|2 = D ol2lz2 = al=|Z2Z(z|a|w|O|H|w

|3 ‘ J18l8 % |£1%%|%[3/8]2)E¢

Do Q| O L m

Tl [ ¥ |r|lo = §§§§|9}9u_zo

el

o ~ =~~~ =~

5 o gllolaliofal b

5 a HEIEIEIE = OO0 |a|a|w

© =l=l=|=|= —

: = Sls|s|s|s| = |2|Z2|3|4|E|2]9|2

k) Z o|lo|lo|o|o b 215> 19%<|alE

£ ©) ||| DO = al,! s >
hd R = F o

© %) <l <l <l < = < 5

£ @ A1212] 2|3 = O

& % QO O|O| D

o X |||

[

Figure 12.20 RX frame information
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Field Name Description
SESSION_ID[15:0] 1: Session ID of PPPoE session stage
MARSTAT[2:0] MARSTAT[2]: 1: Broadcast address

MARSTAT[1]: 1: Multicast address
MARSTATIO0]: 1: Individual address

IPNG*2 1: The checksum of the IPv4 Header does not match the calculation result of the TCPIP
accelerator.
TCPNG*2 1: The checksum of the TCP or UDP header does not match the calculation result of the TCPIP

accelerator.

IPVENG*? 1: The IPv6 expansion header is Routing, Hop-by-Hop, or Destination Opt, and also the header
length field is invalid.

OUT_OF_LIST*? 1: The protocol number not listed below was detected in the expansion header in case of IPv6.
0x06 (TCP header)

0x11 (UDP header)

0x00 (Hop-by-Hop)

0x3C (Destination Opt)

0x2C (Fragment)

0x2B (Routing)

0x3B (No next header)

0x32 (ESP header)

0x33 (AH header)

TYPEIP*2 1: IP packet

MAACL*? 1: 802.3 (LLC/SNAP) packet

PPPOE*? 1. PPPoE packet

VTAG*? 1: Packet with VLAN Tag

RX_WORDI[12:0] Number of words of Ethernet frame*"
RX_EOBJ1:0] Indicate valid bytes in the last word of this frame*"

00: 1 byte is valid

01: 2 bytes are valid
10: 3 bytes are valid
11: 4 bytes are valid

MARI[4:0] MAR[4:1]: Unused (Fixed 0)
MAR][O0]: Reception of the destination address of the pause packet

MARBR 1: The received frame is broadcast address

MARMLT 1: The received frame is multicast address

MARIND 1: The received frame consists of packets at the address registered in the MAC address
register.

MARNOTMT 1: The received frame is not the address for this station

TOOLONG 1: The received frame is a frame longer than the prescribed maximum frame length (1518
octets)

TOOSHORT 1: The received frame is a frame shorter than the prescribed minimum frame length (64 octets).

Packets for which TOOSHORT becomes 1 are never received since a TOOSHORT packet is
automatically discarded by this MAC.

FIFOOVF 1: The RX FIFO buffer overflows during frame reception. When this bit is set, received data
may be invalid.

NBLERR 1: A word in the received frame has a code error, etc.
CRCERR 1: The received frame has a CRC error
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Note1: The FCS of an Ethernet frame (4 bytes) and padding of the MAC header to be inserted by the
RX TCPIP accelerator function (2 bytes) are also included in the number of received bytes.

2: These fields are invalid if TCPIP accelerator is disabled.

In cases where RX WORDJ[12:0] is combined as the higher-order bits with RX EOBJ[1:0] as lower-order bits to form
RX_LENGTH][14:0], the number of bytes of the received frame is calculated from the following formula.

(Number of received bytes in the Ethernet frame) = RX_LENGTH [14:0] -3

Examples:

If RX data is 1 byte - RX WORD =0x1 RX EOB =0x0 — 4 -3 =1 (byte)

If RX data is 8 bytes — RX WORD = 0x2 RX _EOB =0x3 — 11 — 3 = 8 (bytes)
If RX data is 5 bytes - RX WORD = 0x2 RX_EOB = 0x0 — 8 — 3 = 5 (bytes)
If RX data is 9 bytes — RX_WORD = 0x3 RX EOB =0x0 — 12 — 3 =9 (bytes)

(2) RX Ethernet frame

The data format of the received Ethernet frame is listed below.

Field Name Description
Destination MAC Address MAC address of the destination

When insertion of a management tag is permitted by the Ethernet switch management
TAG control register (ETHSWMTC), the management tag information is stored.

Source MAC Address MAC address of the source

VLAN Tag Tag Protocol Identifier. This field is available if VLAN Tag is included.
VLAN Info Tag Control Information. This field is available if VLAN Tag is included.
Type / Length Ethernet type or length

Frame Payload Payload

FCS Frame check sequence

If the RX TCPIP accelerator function is enabled and the received packet has TCP/UDP,
the FCS field is overwritten by the TCP/UDP checksum. This checksum can be used to
calculate the total checksum of fragmented TCP/UDP packets.
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When insertion of a management tag is permitted by the Ethernet switch management TAG control register
(ETHSWMTC), a field of the destination MAC Address [47:0] is used as follows.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Time Stamp [31:0]

Ethernet frame

Source Address [15:0]
Destination Address
[7:0]

Port Number
Reserved (always 0)
MAC Add Entry [3:0]

Figure 12.21 Destination MAC Address Field (when insertion of management tag is permitted)

Field Name Description
Time Stamp [31:0] The timestamp when the received frame passed a port
MAC Add Entry [3:0] The index number of MAC address registers (GMAC_ADRNA, GMAC_ADRnNB)

matching the received frame.

Example: value =5
A destination address of the frame corresponds to the setting of GMAC_ADRS5A and

GMAC_ADRS5B.
Port Number Port with the received timestamp
Destination MAC Address MAC address of the destination
Source MAC Address MAC address of the source

Caution: If the AFILLTEREN bit of the GMAC_RXMODE register is set to 1, it is impossible to recover
the destination MAC address because the MAC Add Entry field is invalid.
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(@) When RX TCPIP accelerator is enabled and a frame has no TCP/UDP packet

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Destination MAC Address (6 bytes)

Source MAC Address (6 bytes)
Padding (2 bytes) ‘ Type / Length (2 bytes)

Payload (Max: 1500 bytes)
&

FCS (4 bytes)

Ethernet frame (word address: 0 to N)

Padding (0 to 7 bytes)

Figure 12.22 Format of Receive Ethernet Frame — TCPIPACC is enabled, without VLAN Tag,
no TCP/UDP packets

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Destination MAC Address (6 bytes)

Source MAC Address (6 bytes)

Padding (2 bytes) VLAN Tag (2 bytes)
Type / Length (2 bytes) VLAN Info (2 bytes)

Payload (Max: 1500 bytes)
&

FCS (4 bytes)

Ethernet frame (word address: 0 to N)

Padding (0 to 7 bytes)

Figure 12.23 Format of Receive Ethernet Frame — TCPIPACC is enabled, with VLAN Tag,
no TCP/UDP packets
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(b) When RX TCPIP accelerator is enabled and a frame has TCP/UDP packets

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Destination MAC Address (6 bytes)

Source MAC Address (6 bytes)

Padding (2 bytes) | Type / Length (2 bytes)

Payload (Max: 1500 bytes)

Ethernet frame (word address: 0 to N)

Padding (0 to 3 bytes) |

‘ TCP/UDP Check Sum (2 bytes)

Padding (2 or 6 bytes)

Figure 12.24 Format of Receive Ethernet Frame — TCPIPACC is enabled, without VLAN Tag,
with TCP/UDP packets

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Destination MAC Address (6 bytes)

Source MAC Address (6 bytes)
Padding (2 bytes) VLAN Tag (2 bytes)
Type / Length (2 bytes) VLAN Info (2 bytes)

Payload (Max: 1500 bytes)

Ethernet frame (word address: 0 to N)

Padding (0 to 3 bytes) ‘
| TCP/UDP Check Sum (2 bytes)
Padding (2 or 6 bytes)

Figure 12.25 Format of Receive Ethernet Frame — TCPIPACC is enabled, with VLAN Tag,
with TCP/UDP packets
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(c) When RX TCPIP accelerator is disabled

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 O

Destination MAC Address (6 bytes)

Source MAC Address (6 bytes)

‘ Type / Length (2 bytes)

Payload (Max: 1500 bytes)
&

FCS (4 bytes)

Ethernet frame (word address: 0 to N)

Padding (0 to 7 bytes)

Figure 12.26 Format of Receive Ethernet Frame — TCPIPACC is disabled, without VLAN Tag

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Destination MAC Address (6 bytes)

Source MAC Address (6 bytes)

VLAN Info (2 bytes) VLAN Tag (2 bytes)

Type / Length (2 bytes)

Payload (Max: 1500 bytes)
&

FCS (4 bytes)

Ethernet frame (word address: 0 to N)

Padding (0 to 7 bytes)

Figure 12.27 Format of Receive Ethernet Frame — TCPIPACC is disabled, with VLAN Tag
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12.4.5 TCPIP Accelerator Function

If the TCPIP accelerator function is enabled, hardware can calculate the checksum for transmission or reception of

packets. The following three protocols are targets for checksum calculation.

- IPv4 header checksum
- TCP checksum
- UDP checksum

This section explains how to use the TCPIP accelerator for transmission and reception.

12.4.5.1 Transmission Using the TCPIP Accelerator

When the TTCPIPEN bit of the GMAC_ ACC register is set to 1, the TCPIP accelerator for transmission is enabled. If a
packet including IPv4, TCP/IP, or UDP/IP is transmitted while the TCPIP accelerator is enabled, hardware automatically
calculates the checksum and writes it to the checksum field in the packet. The TCPIP accelerator requires 2-byte padding
in the MAC header.

In addition, if the TCPIP ACC OFF field of TX frame control information is set to 1, the TCPIP accelerator function is
switched off for each packet.

Hardware does not calculate the TCP/UDP checksum of fragmented packets. The checksum should be calculated by

software.
When the TTCPIPEN bit of the GMAC_ACC register is set to 0, the TCPIPP accelerator for transmission is disabled.

Table 12.20 GMAC_ACC Register Settings and Operation of the TX TCPIP Accelerator

TX Frame Control . .
i Checksum Calculation Padding for TCPIPACC
GMAC_ACC.TTCPIPEN Information
(TX) (TX)

TCPIP ACC OFF
0 0 Not available Not required
0 1 Not available Not required
1 0 Available Required
1 1 Not available Required

Remark: If the UDP checksum for transmission packets calculated by hardware is 0x0000, the
checksum field of the UDP header is changed to OxFFFF in this packet.

Caution: If the value of header length field in IPv4 header doesn’t match real length of the header,
transmission might not complete and the status might not be able to return to normal
operation. Be careful to set the correct value.
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12.4.5.2

If the RTCPIPEN bit of the GMAC_ACC register is set to 1, the RX TCPIP accelerator function for reception is enabled.
If a packet including IPv4, TCP/IP, or UDP/IP is received while the RX TCPIP accelerator is enabled, hardware
automatically calculates the checksum of the packet. If the result of calculation is not equal to the value of the checksum
field in the packet, error information is stored in the IPNG or TCPNG field of RX frame information.

While RX TCPIPACC is enabled, 2-byte padding for TCPIPACC is inserted in the MAC header of the received frame.
If the RX TCPIP accelerator function is enabled and the received packet has TCP/UDP, the FCS field is overwritten by
the TCP/UDP checksum. This checksum can be used to calculate the total checksum of fragmented TCP/UDP packets.

But calculate the checksum of pseudo header by software in case of fragmented packets since it is not included in the

Reception Using the TCPIP Accelerator

checksum calculated by hardware.
If any field of IPNG, IPVONG, or OUT_OF LIST of RX frame information shows 1, hardware does not calculate the
checksum for the received frame at that time. And also, if the IPv6 extension header includes the fragment, ESP, or AH

protocol, TCP/UDP checksum calculation does not proceed.

If the RTCPIPACC bit of the GMAC_ACC register is set to 1, checksum calculation does not proceed but padding for
TCPIPACC is inserted in the received frame.

If the RTCPIPEN bit of the GMAC_ACC register is set to 0, the RX the TCPIP accelerator function for reception is
disabled. If this is the case, padding for TCPIPACC is not inserted in the received frame.

Table 12.21 GMAC_ACC Register Settings and Operation of the RX TCPIP Accelerator

GMAC_ACC. GAMC_ACC. Checksum Padding for Checksum Calculated by Hardware
RTCPIPEN RTCPIPACC Calculation (RX) | TCPIPACC (RX) Overwrites the FCS Field
0 0 No No No
0 1 No No No
1 0 Yes Yes Yes
1 1 No Yes No

Remark: If the UDP checksum field in the received packet is 0x0000, hardware does not check
checksum validation. TCPNG field is 0.
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12.5 Notes

Note the following when using the Gigabit Ethernet MAC.

12.5.1 Appending Padding to the MAC Header Section within the TX Frame

In the Gigabit Ethernet MAC, a transmission frame is normally composed of the 14-byte MAC header plus 2 bytes of
padding so that the TCPIP accelerator handles the data.

However, the padding is not actually sent. Accordingly, note that it is not included in the data size of the frame for
transmission.

Refer to section 12.4.5.1, Transmission Using the TCPIP Accelerator, for detail.

12.5.2 Erroneous Judgment about Checksum Validation at Specific Packet Reception

(1) Ethernet Il frames and IEEE802.3 + IEEE802.2 (LLC + SNAP) frames
If frame with any of the following conditions is received, the IPNG and/or TCPNG field of RX frame information may
be set to 1 despite the received packet is valid. In that case, check the checksum by software.

e [Pv4 and checksum field value in the TCP header is 0x0000 or OxFFFF

o [Pv6, frame size is more than or equal to 60 bytes, payload size of TCP or UDP is 1 byte and the following date is
not 0

e [Pv6 and checksum of pseudo header used for TCP or UDP checksum calculation is more than or equal to 21 bits

(2) IEEE802.3 + IEEE802.2 (LLC) frames

If IEEE802.3 + IEEE802.2 (LLC) frame without SNAP is received, the TYPEIP and IPNG field or RX frame
information may be set to 1 despite IP packet is not included. In that case, check by software if SNAP is included or not.
If SNAP is not included, consider the received frame valid.
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12.5.3 Error of Rx Frame Information at RX FIFO Overflow

If Rx TCPIP accelerator is enabled and Rx FIFO is overflowed, Rx frame information might include error as below.

e Error information which is related to the previous error frame is included in frame information of normal reception
frame.

e Abnormal frame which caused Rx FIFO overflow is regarded as normal frame because of illegal value is included in
frame information

Apply any of the following methods to avoid the issue

(A) Disable Rx TCPIP accelerator without padding insertion to MAC header. Specifically, clear bit0 of GMAC_ACC
register.

(B) When Rx FIFO is overflowed, discard all frames left in Rx FIFO and Buffer RAM. Specifically, apply the
following procedure;

(1) Disable Rx MAC.

(2) Discard all frames inside Rx FIFO.

(3) Discard all frames inside Buffer RAM.
(4) Enable Rx MAC.

(5) Discard at least one frame with BUFID VALID bit = 1. This is because FIFO empty state can be read even
if the frame which caused FIFO overflow remains in the FIFO. Receive normal frame once and discard
remained abnormal frame with it.

Figure 12.28 to Figure 12.31 are the flowcharts of workaround (B) described above.

e In case the hardware real-time OS is used
Figure 12.28: Flowchart of RX FIFO overflow processing task

Figure 12.29: Flowchart of Reception processing task

e Create overflow processing task with higher priority than one of reception processing task
o Start overflow task by HWISR combined with FIFO overflow interrupt
e Discard the abnormal frame remained in the FIFO by HWISR combined with reception interrupt

e In case the hardware real-time OS is not used
Figure 12.30: Flowchart of RX FIFO overflow processing

Figure 12.31: Flowchart of Reception processing

e The abnormal frame remained in the FIFO is discarded in reception processing. Discard valid data once
when overflow return flag is set.

e Overflow return flag is a global variable.

e Overflow interrupt is disabled from reading BUFID till checking overflow return flag
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Rx FIFO Overflow
Processing Task Start

\4
Wait for Rx FIFO
Overflow INT (wai_flg)

!

Clear Rx FIFO Overflow
INT flag (clr_flg)

'

Disable Rx MAC | ] (1) Disable Rx MAC

| N

| Release Buffer |

f

v | ReadBUFD | (2) Empty FIFO
{%mm? No j
Yes -
v | X
| Read BUFID | | Release Buffer

A

?
BUFID Empty? (3) Empty Buffer

Clear Rx INT flag

(clr_flg) y.
Enable Rx MAC ] (4) Enable Rx MAC
Y \
Wait for Rx INT or Clear Rx INT flag
Rx FIFO Overflow INT (cIr_fig)
(wai_flg) N9

A

(5) Discard overflowed
flame inside FIFO

Rx FIFO Overflow
Processing Task End

Figure 12.28 Flowchart of RX FIFO overflow processing task (In case the hardware real-time OS is used)
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Frame Reception

(Processing Task StarD

Read ‘I;UFID
| |

No

BUFID Empty?

Frame Reception
Processing Task End

BUFID
VALID==17?

| Acquire Rx Frame Info |

Frame errors?

No

| Acquire Rx Frame Data |

'

| | Protocol processing | |
[

Release Buffer |

A

Figure 12.29 Flowchart of Reception processing task (In case the hardware real-time OS is used)

Rx FIFO Overflow INT
Processing Start

’ Release Buffer ‘

i

] Read BUFID \

}

] Disable Rx MAC ‘
|
\ /
FIFO Empty? No
Yes
l
] Read BUFID \

BUFID Empty? No

’ Release Buffer ‘
A

’ Enable Rx MAC ‘

!

’ Overflow return flag = 1 ‘

Rx FIFO Overflow INT
Processing End

J

(1) Disable Rx MAC

(2) Empty FIFO

(3) Empty Buffer

(4) Enable Rx MAC

Figure 12.30 Flowchart of RX FIFO overflow INT processing (In case the hardware real-time OS is not used)

R18UZ0073EJ0200 Rev.2.00
May 31, 2024

RENESAS

Page 12-80




R-IN32M4-CL3 Hardware edition

12. Gigabit Ethernet MAC

Frame Reception INT
Processing Start

’ Disable FIFO overflow INT ‘

'

] Read BUFID

BUFID
VALID==1?

Overflow return
flag == 1?

] Enable FIFO overflow INT ‘

¥

’ Acquire Rx Frame Info ‘

Release Buffer

Y

[
] Enable FIFO overflow INT ‘

’ Overflow return flag = 0 ‘

Frame errors?

’ Acquire Rx Frame Data ‘

v

’ ‘ Protocol processing ‘ ‘
[

(5) Discard overflowed
frame inside FIFO

Figure 12.31

Flowchart of Reception processing (In case the hardware real-time OS is not used)
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12.5.4 Error of Rx Frame Information at Reception of the Frame more than 64 Bytes

with Padding

If Rx TCPIP accelerator is enabled and the frame meets all the following condition, it is possible that reception word size
(RX_WORDJ[12:0]) in the frame information increases by 1 word (4 bytes) or decreases by 1 word compared with

correct size. In case of decrease by 1 word, it is possible that RX WORD indicates the size which causes lack of IP

packet. IP packet itself is NOT lacked.
e Frame size including FCS is more than 64 bytes.

o TCP/IP or UDP/IP packet is included.
¢ Padding (Trailer) is included between IP packet and FCS.

Apply any of the following methods to avoid the issue

(A) Disable Rx TCPIP accelerator. Specifically, clear bit0 or set bit2 of GMAC ACC register.

(B) To avoid lack of the IP packet, increase reception word size by 1 and transfer the size to protocol stack. In the
protocol stack, payload data should be extracted based on size of Total Length field in IP header and the rest data

should be discarded. Figure 12.32 is the flowchart of this workaround.

Frame Reception
Processing Start

‘ Read‘BUFID ‘

N
BUFID Empty? °

Frame Reception
Processing End

BUFID VALID==17?

Yes

‘ Acquire Rx Frame Info ‘

Frame errors?

No

IP packet?

Yes

‘ RX word +1 ‘

‘ Acquire Rx Frame Data ‘

v

‘ ‘ Protocol processing ‘ ‘
\

Release Buffer

Figure 12.32 Flowchart of Reception processing
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12.5.5 Transmitting Data in Cut-Through Mode

Setting the SF bit (b29) of the TX Mode register (GMAC_TXMODE) to 0 may lead to generation of an unexpected TX
FIFO underflow interrupt. To avoid this, always set this bit to 1 (Store & Forward mode).

12.5.6 Jumbo Frames

This product does not support transmission and reception of frames exceeding 1,518 bytes, i.e. jumbo frames.
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13. Ethernet Switch

This section describes the Ethernet switch of an R-IN32M4-CL3.

13.1  Overview

R-IN32M4-CL3 product incorporates an Ethernet switch, which enables building a linear or ring-type network topology
without using a switching hub outside the chips themselves. Use of the Ethernet switch and mode settings are controlled
by registers.

23
10/100/1000 K @ T
Port0 ] d > s T
oo = mac || | 2 g =
Management Port2 i DLR HUB =0
Tag (FIFO1/0) Switch i Module Moule E s
] . 10/100/1000 [+ | ] =3 3
k Engine Portl <> /MA/C X R T a %‘ =
| e < a5
i } i =0
v l | 1
|
Gigabit Address | Learning | Config L L Timer ______i 777777777 }
MAC Table interface Statistics Module
A A
\J \
System MAC Register
Interface Interface
(GMI)
Figure 13.1  Overview of the Ethernet Switch
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13.2 Features

The Ethernet switch of an R-IN32M4-CL3 has the following features:

Two-port PHY interface

For IEEE802.3

10 BASE-T, 100 BASE-TX

1000 BASE-T Nete

Full- and half-duplex communications N°'®

Hardware switching, address table, and filtering

Support for QoS, which allows classification of the priority of frames

Priority control based on VLAN Priority (IEEE802.1q), which enables priorities to be re-assigned

Classification and priority assignment based on Differentiated Services (DiffServ) Code Point Field of IP v. 4 and
Class of Service (CoS) in IP v. 6

Queue with four priority levels
Multicasting and broadcasting
VLAN frames

Cut-through and hub features
Device level ring (DLR)
IEEE1588 timer module
MII/GMII interface N

Generation of desired pulses for output by the timer counter of the switch

Note: Half-duplex communications are not supported for 1000 BASE-T.

Interrupt Signals of Ethernet Switch

13. Ethernet Switch

Connected to
Real- | Timer
Exception HW- Time | TAUJ2
No. Name Interrupt Source NVIC | RTOS |[DMAC | Port | /TAUD
54 INTETHSW Ethernet SWITCH Timer interrupt O O O O O
55 INTETHSWDLR Ethernet SWITCH DLR interrupt ©) O O O O
56 INTETHSWSYNC Ethernet SWITCH SYNC interrupt O O O O O

I/O Signals of Ethernet Switch

Pin Name 1/0 Function Shared Port Active
ETHSWSYNCOUT 0 Ethernet switch event output P24 High
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13.3 Control Registers

13.3.1 List of Registers

(1) Operating Mode Registers

Register Name Symbol Address
Ethernet switch management TAG control register ETHSWMTC BASE + 0680H
Ethernet switch operating mode setting register ETHSWMD BASE + 0684H
(2) Switch Configuration Registers
Register Name Symbol Address
o Configuration and Setting
Port enable register PORT_ENA 4007 0008H
Unicast default mask register UCAST_DEFAULT_MASK 4007 000CH
Broadcast default mask register BCAST_DEFAULT_MASK 4007 0014H
Multicast default mask register MCAST_DEFAULT_MASK 4007 0018H
Input learning blocking register INPUT_LEARN_BLOCK 4007 001CH
Management configuration register MGMT_CONFIG 4007 0020H
Mode configuration register MODE_CONFIG 4007 0024H
VLAN tag ID register VLAN_TAG_ID 4007 0034H
¢ Output Queue Management
Output queue management status register OQMGR_STATUS 4007 0080H
Output queue minimum memory register QMGR_MINCELLS 4007 0084H
Output queue minimum memory statistics register QMGR_ST_MINCELLS 4007 0088H
Output queue congestion status register QMGR_CGS_STAT 4007 008CH
Internal queue interface status register QMGR_IFACE_STAT 4007 0090H
Queue weight register QMGR_WEIGHTS 4007 0094H

o Per Port Configurations and Setting (n = 0 to 2)

VLAN priority register n

VLAN_PRIORITYn

4007 0100H + 0004H*n

IP priority register n

IP_PRIORITYn

4007 0140H + 0004H*n

Priority configuration register n

PRIORITY_CFGn

4007 0180H + 0004H*n

 HUB Module Setting

HUB control register

HUB_CONTROL

4007 01COH

HUB frame count register

HUB_STATS

4007 01C4H

* Hub Reception Filter MAC Address Setting (n = 0 to 6)

Hub input filter MAC address low register n

HUB_FLT_MACnlo

4007 01C8H + 0008H*n

Hub input filter MAC address high register n

HUB_FLT_MACnhi

4007 01CCH + 0008H*n

o Statistics registers

Switch statistics registers

See section 13.3.3.22

See section 13.3.3.22
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(3) Learning Interface Registers

Register Name Symbol Address
Learning record A register LRN_REC_A 4007 0500H
Learning record B register LRN_REC_B 4007 0504H
Learning data status register LRN_STATUS 4007 0508H
Address table ADR_TABLE 4007 4000H to 4007 47FCH
(4) MAC Port Registers
Register Name Symbol Address (n=0, 1)

o Configuration and Setting

Command configuration register n

COMMAND_CONFIGn

4007 8008H + 2000H"n

Maximum frame length register n (shared)

FRM_LENGTHnN

4007 8014H + 2000H*n

FIFO buffer threshold register n (shared)

See section 13.3.5.3

See section 13.3.5.3

MAC status register n (shared)

MAC_STATUSRn

4007 8058H + 2000H"n

Transmit IPG length register n (shared)

TX_IPG_LENGTHn

4007 805CH + 2000H*n

o Statistic Counters

MAC RX/TX statistic counters

See section 13.3.5.6

See section 13.3.5.6

(5) Timer Module Registers

(1/2)
Register Name Symbol Address
» Configuration and Setting
Timer module configuration register TSM_CONFIG 4007 C004H
Interrupt status/ACK register TSM_IRQ_STAT_ACK 4007 CO08H

e Transmit Timestamp (n =0, 1)

Port timestamp control/status register n PORTn_CTRL 4007 CO20H + 0008H*n
Port timestamp register n PORTn_TIME 4007 CO024H + 0008H*n
o Timer Settings
Timer control register ATIME_CTRL 4007 C120H
Timer nanosecond register ATIME 4007 C124H
Timer offset correction register ATIME_OFFSET 4007 C128H
Timer periodic event generation register ATIME_EVT_PERIOD 4007 C12CH
Timer drift correction register ATIME_CORR 4007 C130H
Timer increment register ATIME_INC 4007 C134H
Timer second register ATIME_SEC 4007 C138H
Timer offset correction count register ATIME_OFFS_CORR 4007 C13CH
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(2/2)
Register Name Symbol Address
Timer output enable register SWTMEN BASE + 1100H
Timer seconds start setting register L SWTMSTSECL BASE + 1110H
Timer seconds start setting register H SWTMSTSECH BASE + 1114H
Timer nanoseconds start setting register L SWTMSTNSL BASE + 1118H
Timer nanoseconds start setting register H SWTMSTNSH BASE + 111CH
Timer seconds period setting register L SWTMPSECL BASE + 1120H
Timer seconds period setting register H SWTMPSECH BASE + 1124H
Timer nanoseconds period setting register L SWTMPNSL BASE + 1128H
Timer nanoseconds period setting register H SWTMPNSH BASE + 112CH
Timer pulse width setting register SWTMWTH BASE + 1130H
Timer maximum counter value register L SWTMMAXPL BASE + 1134H
Timer maximum counter value register H SWTMMAXPH BASE + 1138H
Timer seconds time hold register SWTMLATSEC BASE + 1140H
Timer nanoseconds time hold register SWTMLATNS BASE + 1144H
(6) DLR Module Registers
Register Name Symbol Address
o Configuration and Setting
DLR control register DLR_CONTROL 4007 EOOOH
DLR status register DLR_STATUS 4007 E004H
DLR Ethernet type register DLR_ETH_TYP 4007 EOO8H
DLR interrupt control register DLR_IRQ_CTRL 4007 EOOCH
DLR interrupt status/ACK register DLR_IRQ_STAT_ACK 4007 EO10H
DLR local MAC address low register LOC_MACIo 4007 EO14H
DLR local MAC address high register LOC_MACHhi 4007 E0O18H
e Beacon Frame Parameters
DLR supervisor MAC address low register SUPR_MACIo 4007 EO20H
DLR supervisor MAC address high register SUPR_MACHi 4007 E024H
DLR ring status/VLAN register STATE_VLAN 4007 EO028H
DLR beacon timeout timer register BEC_TMOUT 4007 EO2CH
DLR beacon interval register BEC_INTRVL 4007 EO30H
DLR supervisor IP address register SUPR_IPADR 4007 E034H
DLR sub type/protocol version register ETH_STYP_VER 4007 EO38H
DLR beacon invalid timeout timer register INV_TMOUT 4007 EO3CH
DLR sequence ID register SEQ_ID 4007 E040H

e DLR statistics counters

DLR MAC statistics counters

See section 13.3.7.17

See section 13.3.7.17
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13.3.2 Operating Mode Setting Registers

13.3.2.1 Ethernet Switch Management TAG Control Register (ETHSWMTC)

This register is used to specify management tag information when Ethernet switching is used.

* Access This register can be read or written in 32-bit units.

Caution: This register is only writable after protection has been released by a special sequence of
writing to the system protection command register (SYSPCMD). For the protection release
sequence, refer to Section 28.7 "System Protect Command Register (SYSPCMD)". No special
sequence is required for reading the register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
w|s|lo|a|—|o BASE + 0680H
T[T | DO OIV|IFT|N|N|— | O
olojajajojaja|adja|d|d|a|d|a|a|a
z =IE 2RI 2R I 2 2 B2 R 2|2 || ital value
FITSTITE 9)010)101010101010)0101010101010191919/191919/9/9191919)919191912 4000 £oo1h
= ElE|lElE|E|IE|IE|E|IE|IE|IEIE|IE|E|IE|IE
= A A A e A e A A A A e e e
%) DD DD DD DD DD D DD DD
R/W RWO O O O O 0O O O O O 0 O O O O RWRWRWRMWRMWRWR/WRWRW RW RWR/WRW RW RW R/W
Bit Position Bit Name Description
31 SWTAGEN Inserting management tags into frames
0: Disabled
1: Enabled
15t00 SWTAGTYP15 to Specify the Ethernet type to be set for management tags.
SWTAGTYPO The initial value is EO01TH.
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13.3.2.2 Ethernet Switch Operating Mode Setting Register (ETHSWMD)

This register is used to specify the operating mode when Ethernet switching is used.

* Access This register can be read or written in 32-bit units.

Caution: This register is only writable after protection has been released by a special sequence of
writing to the system protection command register (SYSPCMD). For the protection release
sequence, refer to Section 28.7 "System Protect Command Register (SYSPCMD)". No special
sequence is required for reading the register.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 O Address
W W BASE + 0684H
o 8 g 8 Initial value
ETHSWMD [0 |0|0|0|0|0|0|0|0|0|0|0|0|0|0|0[0[0OfOfOfOfO|O|O|0(0(0|0|2|5|8|2
% g % % 0000 0000H
alal|2|
R/W 00O0O0OOOOOOOOOOOOOOOO® OO OO OO OO OO O 0 0 RWRWRWRW
Bit Position Bit Name Description
3 P1HDMODE Specifies the transfer mode of port 1.
0: Full-duplex
1: Half-duplex
2 P1GIGMODE |Specifies the transfer rate of port 1.
0: 10/100 Mbps
1: 1000 Mbps
1 POHDMODE Specifies the transfer mode of port 0.
0: Full-duplex
1: Half-duplex
0 POGIGMODE | Specifies the transfer rate of port 0.
0: 10/100 Mbps
1: 1000 Mbps
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13.3.3 Switch Configuration Registers

13.3.3.1 Port Enable Register (PORT_ENA)

This register enables or disables each port of the Ethernet switch. A disabled port does not transmit frames, but it can
receive frames.

* Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 O Address
4007 0008H
Initial value
PORT_ENA (REEERE) <|Z(Z| 0000 0000H
L || i
2lalg
R/W 00O0OOOOOOOOOOOO®OOOOOOOOOTOTOO O 0 RWRWRW
Bit Position Bit Name Description
31t03 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
2 P2ENA For enabling the internal interface (port 2)
0: Disabled
1: Enabled
1 P1ENA For enabling port 1
0: Disabled
1: Enabled
0 POENA For enabling port 0
0: Disabled
1: Enabled
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13.3.3.2

Unicast Default Mask Register (UCAST_DEFAULT_MASK)

This register is used to make settings for transfer of unicast frames for each port of the Ethernet switch. If the destination
addresses for frames are unicast, the frames are transferred to the port where masking is enabled even if the addresses are
not found in the address table.

» Access

This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1

Address

o

UCAST_
DEFAULT
MASK

4007 000CH
Initial value

0000 0007H

(RESERVED)

P2UCASTDM
P1UCASTDM
POUCASTDM

R/W 00O0OOOOOOOOOOOOOOOOOOOOOSOOO0OO0OTO

2
=
2
=
3
=

Bit Position

Bit Name

Description

31t03

(RESERVED)

Reserved. When writing to these bits, write 0. Ignore reading.

2

P2UCASTDM

For setting masking as the default in unicasting for the internal interface (port 2)

Masking is not required in many cases because the internal interface will generally not
need to receive unnecessary unicast traffic.

If masking is not to be set, either statically setting the local device’s unicast address in the
table of the switch or letting the switch learn dynamically from the past results of transfer
will be required.

0: Disabled
1: Enabled

P1UCASTDM

For setting masking as the default in unicasting for port 1
0: Disabled
1: Enabled

POUCASTDM

For setting masking as the default in unicasting for port 0
0: Disabled
1: Enabled

R18UZ0073EJ0200 Rev.2.00
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13.3.3.3

This register is used to make settings for transfer of broadcast frames for each port of the Ethernet switch. If the
destination addresses for frames are broadcast, the frames are transferred to the port where masking is enabled.

Broadcast Default Mask Register (BCAST_DEFAULT_MASK)

* Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
4007 0014H
S|=|=
BCAST_ Bl2|2[ Initial value
DEFAULT_ (RESERVED) 2 2 (g
MASK 3131|0000 0000H
m|m|o
AN|— | O
0o |a
R/W 00O0O0OOOOOOOOOOOOOOOO OO OO OO OO OUOUOO0 0 O RWRWRW
Bit Position Bit Name Description
31t03 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
2 P2BCASTDM | For setting masking as the default in broadcasting for the internal interface (port 2)
0: Disabled
1: Enabled
1 P1BCASTDM | For setting masking as the default in broadcasting for port 1
0: Disabled
1: Enabled
0 POBCASTDM | For setting masking as the default in broadcasting for port 0
0: Disabled
1: Enabled

R18UZ0073EJ0200 Rev.2.00
May 31, 2024

RENESAS Page 13-10



R-IN32M4-CL3 Hardware edition

13. Ethernet Switch

13.3.3.4

Multicast Default Mask Register (MCAST_DEFAULT_MASK)

This register is used to make settings for transfer of multicast frames for each port of the Ethernet switch. If the
destination addresses for frames are multicast, the frames are transferred to the port where masking is enabled.

* Access This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
s|=|s| 4007 0018H
alo|g

MCAST_ &|&|5| Initial value
DEFAULT_ (RESERVED) RIRIE
MASK =|2|Z| 0000 0000H
[
R/W 00O0O0OOOOOOOOOOOOOOOO OO OO OO OO OUOUOO0 0 O RWRWRW
Bit Position Bit Name Description
31t03 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
2 P2MCASTDM | For setting masking as the default in multicasting for the internal interface (port 2)
0: Disabled
1: Enabled
1 P1MCASTDM |For setting masking as the default in multicasting for port 1
0: Disabled
1: Enabled
0 POMCASTDM | For setting masking as the default in multicasting for port 0
0: Disabled
1: Enabled
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13.3.3.5

This register sets address learning and frame blocking for each port of the Ethernet switch.

Input Learning Blocking Register (INPUT_LEARN_BLOCK)

If address learning is disabled (by setting the corresponding bit to 1), only bridge protocol data unit (BPDU) frames are
subject to learning and learning does not apply to any other frames.

If frame blocking is enabled (by setting the corresponding bit to 1), only BPDU frames are received, but all other frames
are discarded at the port which received them, and are not transferred to another port.

» Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
ololo 2|zl 4007 001CH
LERAN (RESERVED) HHE (RESERVED) |¥|¥| it value
BLOCK JIES ©19[9]| 0000 0000H
o m|m|@
2lal 2lal
R/W 0 0O0O0OOOOO OO OOO OO O ORWRWRWO O OOUOOOU OO OO O O ORWRWRW
Bit Position Bit Name Description
31t0 19 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
18 P2LEARNDIS |For setting address learning for the internal interface (port 2)
0: Enabled
1: Disabled
17 P1LEARNDIS |For setting address learning for port 1
0: Enabled
1: Disabled
16 POLEARNDIS |For setting address learning for port 0
0: Enabled
1: Disabled
15to0 3 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
2 P2BLOCKEN | For setting input port blocking for the internal interface (port 2)
0: Disabled
1: Enabled
1 P1BLOCKEN |For setting input port blocking for port 1
0: Disabled
1: Enabled
0 POBLOCKEN | For setting input port blocking for port 0
0: Disabled
1: Enabled
R18UZ0073EJ0200 Rev.2.00 RENESAS Page 13-12
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13.3.3.6 Management Configuration Register (MGMT_CONFIG)

This register configures the bridge management port of the Ethernet switch. It makes settings for the management port
for transfer of BPDU frames and its operation. In this LSI chip, the internal interface port (port 2) must be set as a
management port.

* Access This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
¥ | X 4007 0020H
2 2 > 2} a
MGMT sS|is - pd w Initial value
CONFIG (RESERVED) ElE I (RESERVED) E w é E
1L o <|@|E| W ~ | 0000 0000H
- 228 £ |8
ala olin|s] X a
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW R/W R/W R/W R/W R/W R/W R/W R/W RIW R/IW R/W
Bit Position Bit Name Description
31t0 18 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
17 P1PORTMASK |Enables masking of the transfer of management frames to port 1 from the management
Note 1 port. When this bit is set to 1, only BPDU frames are forcibly transferred to port 1. This
setting has no effect on other frames.
0: Disabled
1: Enabled
16 POPORTMASK |Enables masking of the transfer of management frames to port 0 from the management
Note 1 port. When this bit is set to 1, only BPDU frames are forcibly transferred to port 0. This
setting has no effect on other frames.
0: Disabled
1: Enabled
151013 PRIORITY Sets the priority of the transfer of management frames. When you want to transmit

management frames earlier than normal frames, these bits can be used to raise their
priority in the output queue.

12t0 8 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
7 DISCARD Sets BPDU frames to be discarded. When this bit is set to 1, BPDU frames are always
discarded. If the setting of the ENABLE bit is 1, be sure to set this bit to 0.
0: Disabled
1: Enabled
6 ENABLE Sets the transfer of BPDU frames to the management port.

0: The frames are discarded If the setting of the DISCARD bit is 1.

1: All BPDU frames are exclusively transferred to the management port.

5 MSGTRANS |This bit is set to 1 when messages are transferred to another port from the management
port. Write O to this bit to reset it.

4t02 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.

1,0 PORT These bits set the port which operates as a management port. In this LSI chip, the internal
interface port (port 2) must be set as a management port, so be sure to set these bits to
2'b10.

Note 1. Transfer of BPDU frames is given priority over each frame to be forcibly transferred by the
management TAG. Accordingly, when the management TAG is used for forcible transfer, set
PORTMASK to 0.

R18UZ0073EJ0200 Rev.2.00 RENESAS Page 13-13
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13.3.3.7 Mode Configuration Register (MODE_CONFIG)

This register is used to reset the statistics counter in the Ethernet switch.

» Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
— 4007 0024H
&
MODE w Initial value
CONFIG |X (RESERVED)
i 0000 0000H
<
'_
%
R/W RIWR/W R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W R/IW RIW R/W R/W RIW R/W RIW
Bit Position Bit Name Description
31 STATSRESET |This bit is for resetting the statistics counter in the Ethernet switch (4007 0300H to 4007
0324H). When 1 is written to this bit, the statistics counter is reset. After that, this bit is
also cleared to 0.
30to 0 (RESERVED) Reserved. When writing to these bits, write 0. Ignore reading.

13.3.3.8  VLAN Tag ID Register (VLAN_TAG_ID)

This register sets the VLAN tag ID for the identification of VLAN tagged frames. IEEE802.1Q defines the VLAN tag ID
as 0x8100. Since the initial value of this register is 0x8100, do not write a new value.

» Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4007 0034H
VLAN Initial value
- (RESERVED) VLANTAGID
TAG_ID 0000 8100H
R/W RIW R/W RW R/W R/W R/W RIW RIW R/IW RIW R/W R/W R/W RIW R/IW R/IW RIW R/W R/W R/W R/W R/W RIW RIW RIW RIW R/W R/W R/W R/W R/W R/IW
Bit Position Bit Name Description
30to 16 (RESERVED) Reserved. When writing to these bits, write 0. Ignore reading.
15t00 VLANTAGID These bits define the VLAN tag ID for the identification of VLAN tagged frames. Since the
VLAN tag ID is defined as 0x8100 in IEEE8021.Q, leave the value at the initial value.
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13.3.3.9

Output Queue Management Status Register (OQMGR_STATUS)

This register indicates the state of the output queue of the Ethernet switch. The latched values of bits 1 and 3 can be
cleared by writing any value to the register.

* Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
E - 4007 0080H
58| Initial value
MGR | —
%‘QI'A‘I?‘US_ CELLAVILABLE (RESERVED) (La @ 33 ==
S| W L |>| 0020 004AH
e} ﬂ S|=S|O|wm
w y (Yoo
ol = [S[=|Z2|m
R/W RIWR/W RIW R/W R/W R/W RIW RIW RIW RIW R/W R/W R/W RIW R/IW R/IW R/IW R/W R/W R/W R/W R/W RIW RIW RIW RIW R/W R/W R/W R/W R/W R/IW
Bit Position Bit Name Description

3110 16 CELLAVILABLE |These bits indicate the number of the currently available memory cells in realtime.

15to 7 (RESERVED) Reserved. When writing to these bits, write 0. Ignore reading.

6 DEQUEGRANT | This bit indicates whether the input data are currently de-queued. This bit is usually set to
1 and it is cleared to 0 when the memory becomes full.

5to4 (RESERVED) Reserved. When writing to these bits, write 0. Ignore reading.

3 MEMFULL_LT |This bit indicates the latched value of the result of MEMFULL. Even if the MEMFULL bit
is returned to O from 1, this bit retains the value 1.

2 MEMFULL This bit indicates whether the memory is currently full. This bit is set to 1 if the number of
memory cells is fewer than the minimum memory size set in the output queue minimum
memory register (QMGR_MINCELLS).

Unlike the NOCELL bit, this does not indicate an error, and the memory controller
continues to operate normally. However, the switch stops operation of the input ports to
prevent overflowing of the memory.

1 NOCELL This bit is set to 1 when the remaining number of memory cells of the output queue
becomes 0. Since this bit is always set to 1 after a reset, write any value to the register
on completion of initialization (when the BUSYINIT bit becomes 0) to clear it.

This bit becoming 1 during operation indicates a fatal error. It does not become 1 as long
as the hardware is operating correctly. If this bit becomes 1 for some reason, apply a
reset. Also set the output queue minimum memory register (QMGR_MINCELLS) to a
greater value.

0 BUSYINIT This bit being set to 1 indicates the state that the memory controller in the Ethernet switch
has initialized the memory. This bit is set to 1 after a reset and cleared to 0 after
initialization by the memory controller has been completed.

Do not enable the Ethernet switch until initialization by the memory controller is
completed.

R18UZ0073EJ0200 Rev.2.00
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13. Ethernet Switch

13.3.3.10

Output Queue Minimum Memory Register (QMGR_MINCELLS)

This register sets the minimum amount of memory to be secured for the output queue of the Ethernet switch. The setting

must allow a sufficient margin to avoid underflows of the memory.

» Access

This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 0 Address
4007 0084H
Initial value
MIQNNCIZCI;ET[S (RESERVED) MINCELLS
0000 0009H

R/W RWR/W RW RIW RW RIW RW R/W RIW R/W RIW R/W RIW R/W RIW R/W R/IW R/W RIW R/W RIW R/W R/W R/W R/W RIW R/W RIW R/W RIW R/W RIW

Bit Position Bit Name Description

31to5 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.

4t00 MINCELLS These bits set the threshold number of vacant cells in the memory for the output queue. If
fewer vacant cells than this value are available, the switch stops operation of the input
ports and discards received frames.
Set the size for a margin allowing at least one full-sized frame to be secured. Note that a
memory underflow is a fatal error and requires a reset.
Each cell has 256 bytes and the initial setting is 9 (2.3 Kbytes).

13.3.3.11  Output Queue Minimum Memory Statistics Register (QMGR_ST_MINCELLS)

This register indicates the minimum number of vacant cells in the memory for the output queue of the Ethernet switch.

e Access

This register can be read or written in 32-bit units.

3130 29 28 27 26 25 24 23 22 21 20 1918 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 0 Address
4007 0088H
Initial value
?/Il\l/ll\?gE_LsLTS_ (RESERVED) STMINCELLS
0000 0000H

R/W RWR/W RW RIW RW RIW RW R/W RIW R/W RIW R/W RIW R/W RIW R/W RIW R/W RIW R/W RIW R/W R/W R/W R/W RIW R/W RIW R/W RIW R/W RIW

Bit Position Bit Name Description
31to5 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
4t00 STMINCELLS |This bit indicates the number of vacant cells when the number of vacant cells of the output

queue memory reaches the smallest number while the Ethernet switch is operating.

The value is reset when any value is written to the register.
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13.3.3.12

Output Queue Congestion Status Register (QMGR_CGS_STAT)

This register indicates the state of congestion of (concentration of access to) each port of the Ethernet switch.

e Access

This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 156 1413121110 9 8 7 6 5 4 3 2 1 0 Address
4007 008CH
Initial value
AMCR_CGS (RESERVED)
_STAT 21219| 0000 0000H
[OANGRIO]
010|0
AN|— | O
0|o|a
R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR
Bit Position Bit Name Description
31to 3 (RESERVED) |Reserved. Ignore reading.
2 P2CGS This bit indicates the congested state of the queue of the internal interface port (port 2).
0: Vacant
1: Congested
1 P1CGS This bit indicates the congested state of the queue of port 1.
0: Vacant
1: Congested
0 POCGS This bit indicates the congested state of the queue of port 0.
0: Vacant
1: Congested

R18UZ0073EJ0200 Rev.2.00
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13.3.3.13 Internal Queue Interface Status Register (QMGR_IFACE_STAT)

This register indicates the state of the Rx and Tx FIFO buffers for each port of the Ethernet switch. It represents the result
of the handshaking of signals within the switch.

* Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
<>,: <>,: <>,: el 4007 0090H
D DD o
|| BIE|E
£lalg olalg
R/W RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR R
Bit Position Bit Name Description
311019 (RESERVED) |Reserved. Ignore reading.
18 P2RXFIFOAV |Indicates whether RX FIFO data for the internal interface port (port 2) are available
0: Not available
1: Available
17 P1RXFIFOAV |Indicates whether RX FIFO data for port 1 are available
0: Not available
1: Available
16 PORXFIFOAYV |Indicates whether RX FIFO data for port O are available
0: Not available
1: Available
15t0 3 Reserved Ignore reading.
2 P2TXFIFOST |Indicates whether the TX FIFO buffer for the internal interface port (port 2) is ready.
0: Not ready
1: Ready
1 P1TXFIFOST |Indicates whether the TX FIFO buffer for port 1 is ready.
0: Not ready
1: Ready
0 POTXFIFOST |Indicates whether the TX FIFO buffer for port 0 is ready.
0: Not ready
1: Ready

R18UZ0073EJ0200 Rev.2.00
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13.3.3.14  Queue Weight Register (QMGR_WEIGHTS)

This register sets the weight (priority) for the output queue of the Ethernet switch. Each port has four queues and a
weight can be set for each queue. The set weights are common to all ports.

If the weight of all queues is set to 0, the priority takes the form of an absolute priority based on the queue number. That
is, queue 3 has the highest priority.

If you are not using this absolute priority, set the weights for queues 0, 1, 2, and 3 to 1, 2, 4, and 8 in general.

» Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
. . . . 4007 0094H
@ & @ @ Intial val
nitial value
QMGR > > = >
= 14 (4 UEUE2 14 4
WEIGHTS | & QUEUE3 i Q i QUEUEA fi QUEVED 1 5000 0000H
) %) ) (%)
| L | |
= = = o
R/W RIW RW RW R/W R/W R/W RIW RIW R/IW RIW R/W R/W R/W RIW R/IW R/IW R/IW R/W R/W R/W R/W R/W RIW RIW R/IW RIW R/W R/W R/W R/W R/W R/IW
Bit Position Bit Name Description
31 to 29 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
2810 24 QUEUE3 Set the weight for queue 3. Valid values per queue are between 0 and 12 (although 5 bits
are writable per queue, the full range of values cannot be used).
23to 21 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
20to 16 QUEUE2 Set the weight for queue 2. Valid values per queue are between 0 and 12 (although 5 bits
are writable per queue, the full range of values cannot be used).
15to 13 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
12t0 8 QUEUE1 Set the weight for queue1. Valid values per queue are between 0 and 12 (although 5 bits
are writable per queue, the full range of values cannot be used).
7t05 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
4t00 QUEUEOQ Set the weight for queue 0. Valid values per queue are between 0 and 12 (although 5 bits
are writable per queue, the full range of values cannot be used).
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13.3.3.15  VLAN Priority Register n (VLAN_PRIORITYn)

The Ethernet switch has a programmable priority lookup table with eight entries for each port of the switch. The priority
included in the three higher-order bits of the first octet of the VLAN tag is used as an index for the lookup table and the
priority can be re-mapped.

* Access This register can be read or written in 32-bit units.

Caution: The range of the values that can be set is 0 to 3 for the given priority. Always write 0 to the

third bit.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4007 0100H
N~ © 1e) NJ ™ N - o
VLAN_ e | E| E| E| E| E | E | E [ *0004n
PRIORITYn (RS ER) (02: DQ: DQ: DQ: DQ: 5 5 DQ: Initial value
14 14 14 o o o o o
o o o o o o o o 0000 0000H
R/W RIW R/W RW R/W R/W R/W RIW RIW R/IW RIW R/W R/W R/W RIW R/IW R/IW RIW R/W R/W R/W R/W R/W RIW RIW RIW RIW R/W R/W R/W R/W R/W R/IW
Bit Position Bit Name Description
31to 24 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
23to0 21 PRIORITY7 Set the priority to be set for priority 7 of the VLAN tag of an input frame.
20to 18 PRIORITY6 Set the priority to be set for priority 6 of the VLAN tag of an input frame.
17 to 15 PRIORITY5 Set the priority to be set for priority 5 of the VLAN tag of an input frame.
14 t0 12 PRIORITY4 Set the priority to be set for priority 4 of the VLAN tag of an input frame.
11109 PRIORITY3 Set the priority to be set for priority 3 of the VLAN tag of an input frame.
8to6 PRIORITY2 Set the priority to be set for priority 2 of the VLAN tag of an input frame.
5t03 PRIORITY1 Set the priority to be set for priority 1 of the VLAN tag of an input frame.
2t00 PRIORITYO Set the priority to be set for priority 0 of the VLAN tag of an input frame.
Remark: n=0to 2
n =0: Port 0, n = 1: Port 1, n = 2: Internal interface port (port 2)
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13.3.3.16  IP Priority Register (IP_PRIORITYn)

The Ethernet switch has a CoS (class of service) table of IPv4 and IPv6 for each port of the switch. On the IPv4 CoS
table, the 6-bit DiffServ field included in frames is used as an index for the lookup table and the 2-bit priority information
can be set. On the I[Pv6 CoS table, the 8-bit CoS field included in frames is used as an index and the 2-bit priority
information can be set. This register is used to set and refer to the CoS table. The CoS table can be set by writing to this
register and the table can be referenced by reading from the register.

» Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 O Address
4007 0140H
'_
IP |3 ADDRESS + 0004#n
51 (RESERVED) =4
PRIORITYn | o |$ Initial value
< 9 |g
d c a 0000 0000H
R/W RIWR/W R/W R/W R/W R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W R/IW RIW R/W R/W RIW R/W RIW
Bit Position Bit Name Description
31 READ This bit is for switching operations for reading from and writing to the CoS table.
When this register is written:
0: The priority information is written to the CoS table.
1: No priority information is written to the CoS table (no change).
When this register is read:
The priority information on the address to which writing most recently proceeded is always
read from the CoS table.
To read the priority information from the CoS table, follow the procedure below.
- Set this bit to 1 and set the IPV6SELECT and ADDRESS bits to desired values to
perform write operation (fix the address to be read).
- Perform read operation.
30 to 11 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
10t0 9 PRIORITY When writing, the priority information for writing to the CoS table is set.
When read, the priority information written to the CoS table can be read. The address
index for the CoS table to be read is the address to which writing most recently proceeded.
8 IPV6SELECT |This bit indicates that the CoS table of IPv6 is selected.
0: The CoS table of IPv4 is accessed. The valid range of the ADDRESS bits is from 0 to
63.
1: The CoS table of IPv6 is accessed. The valid range of the ADDRESS bits is from 0 to
255.
7to0 ADDRESS These bits indicate the address as an index for the CoS table. The IPv4 priority table has 6
bits (64 entries). The IPv6 table has 8 bits (256 entries).

Remark: n=0to 2
n =0: Port 0, n = 1: Port 1, n = 2: Internal interface port (port 2)
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13.3.3.17  PRIORITY Configuration Register (PRIORITY_CFGn)

This register sets which priority field in frames is used to reallocate received frames according to the priority of queues
for each port within the switch. When priority fields of multiple types are enabled, processing for reallocation of the
priority proceeds in order of IP priority (DiffServ or CoS), then VLAN priority, and then the default priority.

* Access This register can be read or written in 32-bit units.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 0 Address

_ 4007 0180H
x o
PRIORITY w +0004H*n
CFGn (RESERVED) 5 |2 |z
2 w W1 Initial value
N RE
A @ |a|s/| 0000 0000H
R/W RIWR/W R/W R/W R/W R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W R/IW R/W R/W R/W R/W R/W R/W RIW R/W R/W
Bit Position Bit Name Description
31to7 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
6to4 DEFAULTPRI |These bits set the default priority of frames to be received through port n.

This priority is used when neither IP priority nor VLAN priority is used. The range of
allowable settings is from O to 3. Always write O to the third bit.

3,2 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
1 IPEN This bit enables the IP priority for frames received through port n.
0: The IP priority is not used. The IP Diffserv/COS fields of frames is ignored

1: The IP DiffServ/COS field of frames is used to determine the priority within the switch.
The priority is determined in accord with the settings of the IP_PRIORITYn register for
the port through which frames were received.

0 VLANEN This bit enables the VLAN priority for frames received through port n.
0: The VLAN priority is not used. The VLAN tag priority field of frames is ignored.

1: The VLAN tag priority field of frames is used to determine the priority within the switch.
The priority is determined in accord with the settings of the VLAN_PRIORITYn register
for the port through which frames were received.

Remark: n=0to 2
n =0: Port 0, n =1: Port 1, n = 2: Internal interface port (port 2)
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13.3.3.18  HUB Control Register (HUB_CONTROL)

This register selects the hub operation. Enabling the hub allows cut-through transfer at high speed.

» Access This register can be read or written in 32-bit units.

Address
4007 01COH

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 156 14 13 121110 9 8 7 6 5 4

w
N
-
o

HUB Initial value

CONTROL (RESERVED) HUBIPG

0000 00AQH

BROCAFILEN
DIR1TOOEN
DIROTO1EN
HUBEN

R/W R/WR/W RW RIW R/W R/IW RIW R/W RIW R/W RIW R/W RIW R/W RIW R/W RIW R/W RIW RIW R/W RIW R/W RIW R/W RIW R/W R/W R/

=
2
=
2
=
2
=

Bit Position Bit Name Description
31to08 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.

7to4 HUBIPG These bits set the size (number of octets) of the inter-packet gaps (IPGs) to be inserted
between frames when the hub transmits consecutive frames.

Set the value of the gap to be actually inserted minus two.

In Ethernet transfer by default, the IPG is 12 octets, so set 10 in this register. The valid
settings are from 6 to 13.

Note: The hub must be disabled if any port is operating as half-duplex.

3 BROCAFILEN |This bit enables or disables the broadcast filter. When set, the hub will not transfer any
broadcast frames (usually the bit should be set).

0: Disabled
1: Enabled
2 DIR1TOOEN This bit enables or disables transfer from port 1 to port 0 through the hub.

When set, all traffics received by port 1 are transferred to port O through the hub while the
hub is active.

0: Disabled
1: Enabled
1 DIROTO1EN This bit enables or disables transfer from port 0 to port 1 through the hub.

When set, all traffics received by port 0 are transferred to port 1 through the hub while the
hub is active.

0: Disabled
1: Enabled
0 HUBEN This bit enables or disables the hub.
0: Disabled
1: Enabled

Note: When this bit is set to 0 and the FORCEFOW bit in the HUB_FLT_MACnhi register
is set to the disabled setting, the hub module is reset.

Note: Even if the hub is disabled, forcible transfer that can be enabled by using the
individual HUB_FLT_MACnhhi registers is not disabled.

Remark: The DIR1TOOEN and DIROTO1EN bits can be enabled at the same time. That is, bidirectional,
simultaneous transfer is possible.
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13.3.3.19  HUB status register (HUB_STATS)

This register indicates the number of frames transferred through the hub from one port to another port. When the setting
for transfer is disabled (i.e., the DIRITOOEN or DIROTO1EN bit of the HUB_CONTROL register is 0), the counter of

the corresponding channel is cleared.

* Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
4007 01C4H
Initial value
SHTL,JAI?I'_S NUM1TOO NUMOTO1
0000 0000H
R?W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRIR RTR R
Bit Position Bit Name Description
311016 NUM1TOO Number of frames transferred through the hub from port 1 to port 0
(when the DIR1TOOEN bit of the HUB_CONTROL register is 1).
15t00 NUMOTO1 Number of frames transferred through the hub from port 0 to port 1
(when the DIRT1TO1EN bit of the HUB_CONTROL register is 1).
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13.3.3.20

MAC Address Low Register for HUB Input Filter (HUB_FLT_MACnlo)

This register sets the MAC address to be filtered by the hub. The first four octets of the MAC address is set in the
HUB_FLT MACnlo register and the remaining two octets are set in the HUB_FLT MACnhi register. Up to seven octets
of the MAC address can be set. If any of the set MAC addresses matches the destination address of the received frame,
that frame is not transferred via the hub. The setting of the MAC address if this register is not to be used must be 0.

e Access

This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 121110 9 8 7 6 5 4 3 2

HUB_FLT_
MACnlo

MACADD4n

MACADD3n

MACADD2n

MACADD1n

R/W R/WR/W RW R/W R/W R/W RIW RIW R/W R'W R/W R/W R/W R/W R/W R/IW R/IW R/W R/W R/W R/W R/W RIW RIW RIW RIW R/W R/W R/W R/W R/W R/IW

Address
4007 01C8H+
0008H*n
Initial value

0000 0000H

Note 1

Bit Position Bit Name Description
31to 24 MACADD4n 4th byte of MAC address n
23to 16 MACADD3n 3rd byte of MAC address n
15t0 8 MACADD2n 2nd byte of MAC address n
7t00 MACADD1n 1stbyte of MAC address n

Remark: n=0to 6

Note. n = 0 to 5: The initial value is 0000 0000H.

n = 6: The initial value is 006C 2101H. The initial value means that the destination address of
the beacon frame is set. When the DLR function is used, this register must hold the destination
address of the beacon frame.
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13.3.3.21 MAC Address High Register for HUB Input Filter (HUB_FLT_MACnhi)

This register sets the MAC address to be filtered by the hub. The first four octets of the MAC address is set in the
HUB_FLT MACnlo register and the remaining two octets are set in the HUB_FLT MACnhi register. Up to seven octets
of the MAC address can be set. If any of the set MAC addresses matches the destination address of the received frame,
that frame is not transferred via the hub. The setting of the MAC address if this register is not to be used must be 0 and
the MASKCOMP bit must be set to OxFF.

» Access This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13 121110 9 8 7 6 5 4 3 2 1 0 Address

4007 01CCH+
R} 0008H*n
Hk’Ai—CFn'-hTi— (RESERVED) |G MASKCOMP MACADD6nN MACADD5n Initial value
L
8 0000 0000H
o Note
[T

R/W R/WR/W RW RIW R/W RIW R/W R/W RIW R/W RIW R/W RIW R/W RIW R/W RIW R/W RIW R/W RIW R/W R/W R/W R/W RIW R/W RIW R/W RIW R/W RIW

Bit Position Bit Name Description
31to 25 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
24 FORCEFOW | This bit enables or disables forcible transfer.
0: Disabled
1: Enabled

When forcible transfer is enabled, the frame with a matching MAC address is not filtered
and is transferred via the hub. On the other hand, this frame is not transferred to the
switch. That is, the switch does not receive this frame since it is forcibly transferred before
being processed by the MAC within the switch. However, the DLR module can receive this
module.

Note that forcible transfer is enabled even while the hub module is disabled (i.e., the
HUBEN bit of the HUB_CONTROL register is set to 0).

2310 16 MASKCOMP | These eight bits are masking bits for the last byte (sixth byte) of the MAC address
(MACADDG6N). Only those bits of the sixth byte for which the setting of the corresponding
bit of MASKCOMP is 1 are targets for comparison in filtering. Bits of MACADDG6n for which
the MASKCOMP setting is 0 are not compared.

In actual processing, the logical AND of the last byte of a received MAC address and
these bits is taken and the result is compared with the MACADDG6n bits. Accordingly, set
the MACADDGN bits corresponding to bits with the setting 0 in MASKCOMP to 0.

15t0 8 MACADDG6N These bits set the 6th byte of MAC address n.

When the MASKCOMP bit is set to a value other than 0xFF, these bits corresponding to
bits with the setting 0 must be set to 0.

7to0 MACADD5N These bits set the 5th byte of MAC address n.

Remark: n=0to 6

Note. n = 0 to 5: The initial value is 0000 0000H.

n = 6: The initial value is 01FF 0100H. The initial value means that forced transfer is enabled
and the destination address of the beacon frame is set. When the DLR function is used, this
register must hold the destination address of the beacon frame.

R18UZ0073EJ0200 Rev.2.00 RENESAS Page 13-26
May 31, 2024



R-IN32M4-CL3 Hardware edition

13. Ethernet Switch

13.3.3.22  Switch Statistics Registers

These registers hold the statistics of the frame processed by the Ethernet switch.

All registers are 32-bit, read-only and the initial value is 0000 0000H.

Address Symbol Description

4007 0300H TOTAL_BYT_FRM The total number of bytes of received frames which were processed
by the switch and have not been discarded (sum of bytes in the
frames counted by TOTAL_FRM)

4007 0304H TOTAL_BYT_DISC The total number of bytes of received frames which were processed
by the switch but have been discarded (sum of the bytes in the
frames counted by TOTAL_DISC)

4007 0308H TOTAL_FRM The number of received frames which were processed by the switch
and have not been discarded

4007 030CH TOTAL_DISC The number of received frames which were processed by the switch
but have been discarded

4007 0310H + 0008H*n ODISCn The number of frames for transmission which have been discarded

at port n due to congestion in the output queue.

4007 0314H + 0008H*n

IDISC_BLOCKEDnN

The number of received frames which have been discarded at port n
after learning since it is configured in blocking mode.

Remark: n=0to 2

n=0:Port0,n=1: Port1,n=2:

Internal interface port (port 2)
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13.3.4 Learning Interface Registers

The source address and port information which the Ethernet switch has learned can be obtained through the learning
interface. The information is used to construct a lookup table. The information can be obtained from the two registers,
but the LRN_REC_A register must be read before the LRN REC_B register.

If the next learning information is available after access to the LRN REC B register, that information is set in the
LRN REC A and LRN REC B registers from the FIFO buffer.

* Access These registers are readable in 32-bit units.

13.3.4.1 Learning Record A Register (LRN_REC_A)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address

4007 0500H

LRN Initial value
REC A SRCADD4n SRCADD3n SRCADD2n SRCADD1n

— 0000 0000H

R/W RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR RR

Bit Position Bit Name Description
31to 24 SRCADD4n 4th octet of the source MAC address
230 16 SRCADD3n 3rd octet of the source MAC address
15t0 8 SRCADD2n 2nd octet of the source MAC address
7t00 SRCADD1n 1st octet of the source MAC address

13.3.4.2 Learning Record B Register (LRN_REC_B)

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 0 Address
. 4007 0504H
)
LRN 4 Initial value
REC B & PORT HASH SRCADD6 SRCADD5
— (L})J 0000 0000H
w
3
R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR R
Bit Position Bit Name Description
31to 28 (RESERVED) |Reserved. Ignore reading.
27 to 24 PORT Port number
2310 16 HASH Hash code for the source MAC address
15t0 8 SRCADD6 6th octet of the source MAC address
7t00 SRCADD5 5th octet of the source MAC address
R18UZ0073EJ0200 Rev.2.00 RENESAS Page 13-28
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13.3.4.3 Learning Data Status Register (LRN_STATUS)

This register indicates whether the values of the LRN_REC_A and LRN_REC_B registers are valid.

» Access This register is readable in 32-bit units

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1561413 121110 9 8 7 6 5 4 3 2 1 0 Address

4007 0508H
Z| Initial value
orhtSe (RESERVED) <
<| 0000 0000H
o
w
—
R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR R
Bit Position Bit Name Description
31to1 (RESERVED) |Reserved. Ignore reading.
0 LERNAVAL Learning data valid status
0: Invalid
1: Valid

13.3.4.4 Address Table (ADR_TABLE)

The address table consists of blocks of 256 entries. Each block has eight records, each of which contains 64-bit
information. A 64-bit record contains the 48-bit MAC address, information required for transfer to proceed, priority
information, and a timestamp. The hash code calculated from the MAC address refers to the start address of a block of
eight entries. For details of the address table, see sections 13.4.1.4(3) and 13.5.3.
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13.3.5 Mac Port Registers

These registers are for the MACs of ports 0 and 1. Ports 0 and 1 share most of the registers (the exceptions being the
command configuration registers and statistics registers). These registers are mapped to address ranges set for each port
and are read and written at the addresses in those ranges. Shared registers are indicated by the word “shared” following
their names in the headings.

13.3.5.1 Command Configuration Register n (COMMAND_CONFIGn)

These registers are used to set and reset the MAC.

* Access These register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13 121110 9 8 7 6 5 4 3 2 1 0 Address
4007 8008H+

COMMAND | 2000H"n

GONEIGH (RESERVED)

Initial value

0000 0010H

zZ
w
m
o (RESERVED)
4
'—
Z
O

(RESERVED)
RXERRDISC

(RESERVED)
(RESERVED)
(RESERVED)
(RESERVED)

X
I
]
I
=
o
|
o
Z

SWRESET

'_
L
0 <

<
o4 Z\|Z
= L | w
z X | X
o o

R/W RWR/W RW RIW R/W RIW RW R/W RIW R/W RIW R'W RIW RW RW RWRW R RWRWRWRW R RWRWRW R R RWRMWRWRW

Bit Position Bit Name Description

31 CNTRESET Self-Clearing Counter Reset Command

When 1 is written to this bit, all the statistic counters are cleared to 0. After that, this bit is
automatically returned to 0.

Note: These registers are not shared by MACO and MAC1, but this bit is an exception:
Writing 1 to this bit in either the register for MACO or MAC1 leads to clearing of the
statistics counters of both MACs.

30 to 27 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
26 RXERRDISC |Receive Error Frame Discard Enable
0: Errored frames are transferred to another port with RX_ER asserted (for debugging).

1: Any frame received in error is discarded in the Core and not transferred to another
port.

Note: In this LSI chip, always write 1 to this bit.
25 (RESERVED) |Reserved. When writing to this bit, write 0. Ignore reading.
24 NOLGTHCHK |Payload Length Check Disable
0: Enabled (for debugging)
1: Disabled
Note: In this LSI chip, always write 1 to this bit.
23 CNTRLREMEN [MAC Control Frame Enable
0: MAC control frames with any opcode other than 0x0001 are discarded.

1: MAC control frames with any opcode other than 0x0001 are received and transferred
to another port.

22t0 14 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.

13 SWRESET Self-Clearing Software Reset Command

When 1 is written to this bit, transfer of the MAC is disabled and the receive FIFO buffer is

cleared. This bit is automatically returned to 0 on completion of the software reset

sequence.

Note: This bit is automatically returned to 0 only when the clock signal on the line side of
the both MACs is being supplied. If the clock signal on the line side is not supplied,
write 0 to this bit to clear it to 0.
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Bit Position Bit Name Description
12t0 5 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
4 (RESERVED) |Reserved. When writing to this bit, write 1. Ignore reading.
3to2 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
1 RXENA This bit enables or disables the MAC receive path.
0: Disabled
1: Enabled
This bit is cleared by a software reset.
0 TXENA Enables or disables the MAC transmit path.
0: Disabled
1: Enabled
This bit is cleared by a software reset.

Remark: n=0,1

n =0: MAC port 0, n =1: MAC port 1

13.3.5.2 Maximum Frame Length Register n (FRM_LENGTHnN) (Shared)

These registers set the maximum frame lengths. They are used to check the frame length in the MAC reception circuit.
The initial value is 1522, which allows the acceptance of frames with a single VLAN tag. To provide flexibility in
handling tags, the value can be changed to around 1536 in initialization. The maximum setting is 1700.

* Access These registers can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
4007 8014H+
FRM 2000H*n
LENGTHn (RESERVED) FRMLEN
Initial value
0000 05F2H
R/W RIW R/W RW R/W R/W R/W RIW RIW R/IW RIW R/W R/W R/W RIW R/IW R/IW R/W R/W R/W R/W R/W R/W RIW RIW RIW RIW R/W R/W R/W R/W R/W R/IW
Bit Position Bit Name Description
31to 14 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
13t0 0 FRMLEN Maximum Frame Length
Remark: n=0,1
n=0: MAC port 0, n =1: MAC port 1
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13.3.5.3

FIFO Buffer Threshold Register n (Shared)

These registers set the threshold of the FIFO buffer of the MAC and manage overflow and underflow. Basically, there is
no need to change the initial value.

Address Symbol Initial Value R/W Description

4007 801CH | RX_SECTION_EMPTYn | 0000 0000H | R This is the threshold to indicate that the receive FIFO

+ 2000H*n buffer is nearly full. This value is generally used to
control the transmission of pause frames, but they
are not generated if the setting is 0.
In this LSI chip, the value cannot be changed from 0.

4007 8020H RX_SECTION_FULLnN 0000 0000H | RW This is the threshold to indicate that there are enough

+ 2000H*n entries to read from the reception FIFO buffer. When
the setting is 0, store-and-forward is used.
In this LSI chip, the setting should always be 0.

4007 8024H | TX_SECTION_EMPTYn | 0000 0048H | RW This is the threshold to indicate that the transmit FIFO

+ 2000H*n buffer is nearly full.

4007 8028H | TX_SECTION_FULLN 0000 0014H | RW This is the threshold to indicate that there are enough

+ 2000H*n entries to start transmission of frames from the
transmission FIFO buffer.

4007 802CH | RX_ALMOST_EMPTYn | 0000 0008H |R This is the threshold for the number of entries yet to

+ 2000H*n be read before the reception FIFO buffer is empty.
The value is used to stop the FIFO buffer from
underflowing.
In this LSI chip, the value cannot be changed.

4007 8030H RX_ALMOST_FULLn 0000 0005H | R This is the threshold for the number of entries yet to

+ 2000H*n be written before the reception FIFO buffer is full. The
value is used to stop the FIFO buffer from
overflowing.
In this LSI chip, the value cannot be changed.

4007 8034H | TX ALMOST_EMPTYn | 0000 0004H |R This is the threshold for the number of entries yet to

+ 2000H*n be read before the transmission FIFO buffer is empty.
The value is used to stop the FIFO buffer from
underflowing.
In this LSI chip, the value cannot be changed.

4007 8038H | TX_ALMOST_FULLNn 0000 0010H | R This is the threshold for the number of entries yet to

+ 2000H*n be written before the transmission FIFO buffer is full.
The value is used to stop the FIFO buffer from
overflowing.
In this LSI chip, the value cannot be changed.

Remark: n=0,1
n =0: MAC port 0, n =1: MAC port 1
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13.3.5.4

These registers indicate the communications settings for the MAC.

MAC Status Register (MAC_STATUSN) (Shared)

» Access These registers can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
o - 4007 8058H
MAC 8 - 8 8 o 2000H*n
STATUSN (RESERVED) _ E & E S E o (RESERVED) o
& & m & & & ﬁ nitial value
HEEEEEE 0000 0000H
R/W RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR RR R
Bit Position Bit Name Description
31to 15 (RESERVED) |Reserved. Ignore reading.
14 HDPP1 Setting of Duplex for MAC port 1
0: Full duplex
1: Half duplex
13 (RESERVED) |Reserved. Ignore reading.
12 SPEEDP1 Setting of the link speed for MAC port 1.
0: 10 or 100 Mbps
1: 1 Gbps
11 (RESERVED) |Reserved. Ignore reading.
10 HDPPO Setting of Duplex for MAC port 0
0: Full duplex
1: Half duplex
(RESERVED) |Reserved. Ignore reading.
SPEEDPO Setting of the link speed for MAC port 0.
0: 10 or 100 Mbps
1: 1 Gbps
7t00 (RESERVED) |Reserved. Ignore reading.
Remark: n=0,1
n=0: MAC port 0, n =1: MAC port 1
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13.3.5.5 Transmit IPG Length Register n (TX_IPG_LENGTHnN) (Shared)

These registers set the inter-packet gap (IPG) in transmission.

* Access These registers can be read or written in 32-bit units.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13 121110 9 8 7 6 5 4 3 2 1

0 Address
4007 805CH+
2000H*n
I_TEXI\TéSPTGI-rn (RESERVED) TXIPGLEN
Initial value
0000 000CH
R/W R RRRRRRRRRRRRRRRRRRRRRRRR R RRWRWRWRWRW
Bit Position Bit Name Description
31to5 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
4100 TXIPGLEN These bits set a value of the inter-packet gap (IPG) (byte times) in transmission. The
range of allowable settings is from 8 to 27. If a value below 8 or above 27 is programmed,
it is set to 12.

Remark: n=0,1
n =0: MAC port 0, n =1: MAC port 1
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13.3.5.6

MAC RX/TX Statistic Counters

These registers hold the statistics of the frame processed by the Ethernet switch for each port.

All registers are 32-bit, read-only and the initial value is 0000 0000H.

* Access

(1) MAC RX Statistic Counters

These registers can be read or written in 32-bit units.

(1/2)

Address

Symbol

Description

4007 8100H + 2000H*n

etherStatsOctets_n

Total number of octets in frames which have been
received through port n (including normal and
abnormal frames)

4007 8104H + 2000H*n

OctetsOK_n

Total number of octets in normal frames which
have been received through port n. It is an
alternative to ifinOctets of the MIB counter.

4007 8108H + 2000H*n

aAlignmentErrors_n

Number of frames received through port n in
which a start-of-frame delimiter (SFD) was not
detected in the frame even though RX_DV has
been de-asserted.

4007 810CH + 2000H*n

aPAUSEMACCtrIFrames_n

Number of normal pause frames received through
portn

4007 8110H + 2000H*n

FramesOK n

Number of normal frames received through port n

4007 8114H + 2000H*n

CRCEtrrors_n

Number of frames received through port n which
have an abnormal CRC but are of normal length.

4007 8118H + 2000H*n VLANOK n Number of frames received through port n which
have a normal VLAN tag
4007 811cH + 2000H*n iflnErrors_n Number of frames which had any of the following

errors in reception through port n:
- FIFO overflow

- CRC error

- Payload length error

- Jabber or oversized error

- PHY errors (RX_ER asserted)

4007 8120H + 2000H*n

ifinUcastPkts_n

Number of normal unicast frames received
through port n

4007 8124H + 2000H*n

ifinMulticastPkts_n

Number of normal multicast frames received
through port n

4007 8128H + 2000H*n

ifinBroadcastPkts_n

Number of normal broadcast frames received
through port n

4007 812CH + 2000H*n

etherStatsDropEvents_n

Number of frames for which reception through
port n was impossible due to insufficient FIFO
capacity.

4007 8130H + 2000H*n

etherStatsPkts_n

All frames received through port n (including
normal and abnormal frames)

4007 8134H + 2000H*n

etherStatsUndersizePkts_n

Number of frames received through port n which
have 64 or fewer bytes and a normal CRC.
However, frames with 24 or fewer bytes are not
included.
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2

Address

Symbol

Description

4007 8138H + 2000H*n

etherStatsPkts64Octets_n

Number of frames received through port n which
have a length of 64 bytes

4007 813CH + 2000H*n

etherStatsPkts65t01270Octets_n

Number of frames received through port n which
have a length of at least 65 bytes and up to 127
bytes.

4007 8140H + 2000H*n

etherStatsPkts128t02550ctets n

Number of frames received through port n which
have a length of at least 128 bytes and up to 255
bytes

4007 8144H + 2000H*n

etherStatsPkts256t05110ctets_n

Number of frames received through port n which
have a length of at least 256 bytes and up to 511
bytes

4007 8148H + 2000H*n

etherStatsPkts512t010230ctets_n

Number of frames received through port n which
have a length of at least 512 bytes and up to 1023
bytes

4007 814CH + 2000H*n

etherStatsPkts1024t015180ctets_n

Number of frames received through port n which
have a length of at least 1024 bytes and up to
1518 bytes

4007 8150H + 2000H*n

etherStatsPkts1519toMax_n

Number of frames received through port n which
have a length of at least 1519 bytes and up to the
value of the maximum frame length register
(FRM_LENTGHN)

4007 8154H + 2000H*n

etherStatsOversizePkts_n

Number of frames received through port n which
have a length exceeding the value of the
maximum frame length register (FRM_LENGTHnN)
and a normal CRC

4007 8158H + 2000H*n

etherStatsJabbers_n

Number of frames received through port n which
have a length exceeding the value of the
maximum frame length register (FRM_LENGTHnN)
and an abnormal CRC

4007 815CH + 2000H*n

etherStatsFragments_n

Number of frames received through port n which
have 64 or fewer bytes and an abnormal CRC.

However, frames with 24 or fewer bytes are not
included. DLR beacon frames are also counted.

4007 8160H + 2000H*n

aMACControlFramesReceived_n

Number of normal frames received through port n
which have 0x8808 as type

4007 8164H + 2000H*n

aFrameToolLong_n

Number of frames received through port n which
have a length exceeding the value of the
maximum frame length register (FRM_LENGTHnN)
(including normal and abnormal frames)

4007 816CH + 2000H*n

StackedVLANOK n

Number of normal frames received through port n
which have a stacked VLAN tag
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(2) MAC TX Statistic Counters

(1/2)

Address

Symbol

Description

4007 8180H + 2000H*n

TXetherStatsOctets _n

Total number of octets in frames which have been
received through port n (including normal and
abnormal frames)

4007 8184H + 2000H*n

TxOctetsOK_n

Total number of octets in normal frames only
transmitted through port n

4007 818CH + 2000H*n

TXaPAUSEMACCtrIFrames_n

Number of normal pause frames transmitted
through port n

4007 8190H + 2000H*n

TxFramesOK_n

Number of normal frames transmitted through port
n

4007 8194H + 2000H*n

TxCRCErrors_n

Number of frames transmitted through port n
which have an abnormal CRC but are of normal
length

4007 8198H + 2000H*n

TXVLANOK _n

Number of frames transmitted through port n
which have a normal VLAN tag

4007 819CH + 2000H*n

ifOutErrors_n

Number of frames which had any of the following
errors in transmission through port n:

-TX_ER
- Frame length error

4007 81A0H + 2000H*n

ifUcastPkts_n

Number of normal unicast frames transmitted
through port n

4007 81A4H + 2000H*n

ifMulticastPkts_n

Number of normal multicast frames transmitted
through port n

4007 81A8H + 2000H*n

ifBroadcastPkts_n

Number of normal broadcast frames transmitted
through port n

4007 81ACH + 2000H*n

TXetherStatsDropEvents_n

Number of frames of insufficient size transmitted
through port n. Such frames are due to insufficient
FIFO capacity or collisions during half-duplex
communications.

4007 81BOH + 2000H*n

TXetherStatsPkts_n

Number of all frames transmitted through port n
(including normal and abnormal frames)

4007 81B4H + 2000H*n

TXetherStatsUndersizePkts_n

Number of frames transmitted through port n
which have 64 or fewer bytes and a normal CRC
(basically such frames are not generated)

4007 81B8H + 2000H*n

TXetherStatsPkis64Octets_n

Number of frames transmitted through port n
which have a length of 64 bytes

4007 81BCH + 2000H*n

TXetherStatsPkts65t01270ctets_n

Number of frames transmitted through port n
which have a length of at least 65 bytes and up to
127 bytes.

4007 81COH + 2000H*n

TXetherStatsPkts128t02550ctets_n

Number of frames transmitted through port n
which have a length of at least 128 bytes and up
to 255 bytes

4007 81C4H + 2000H*n

TXetherStatsPkits256t05110ctets_n

Number of frames transmitted through port n
which have a length of at least 256 bytes and up
to 511 bytes

4007 81C8H + 2000H*n

TXetherStatsPkts512to10230ctets_n

Number of frames transmitted through port n
which have a length of at least 512 bytes and up
to 1023 bytes
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2

Address

Symbol

Description

4007 81CCH + 2000H*n

TXetherStatsPkts1024t015180ctets_n

Number of frames transmitted through port n
which have a length of at least 1024 bytes and up
to 1518 bytes

4007 81DOH + 2000H*n

TXetherStatsPkts1519toMax_n

Number of frames transmitted through port n
which have a length of at least 1519 bytes and up
to the value of the maximum frame length register
(FRM_LENTGHN)

4007 81D4H + 2000H*n

TXetherStatsOversizePkts_n

Number of frames transmitted through port n
which have a length exceeding the value of the
maximum frame length register (FRM_LENGTHnN)
and a normal CRC

4007 81D8H + 2000H*n

TXetherStatsJabbers_n

Number of frames transmitted through port n
which have a length exceeding the value of the
maximum frame length register (FRM_LENGTHnR)
and an abnormal CRC

4007 81DCH + 2000H*n

TXetherStatsFragments_n

Number of frames transmitted through port n
which have 64 or fewer bytes and for which the
error signal was asserted.

4007 81EOH + 2000H*n

aMACControlFrames_n

Number of normal frames transmitted through port
n which have 0x8808 as type

4007 81E4H + 2000H*n

TXaFrameToolLong_n

Number of frames transmitted through port n
which have a length exceeding the value of the
maximum frame length register (FRM_LENGTHnN)
(including normal and abnormal frames)

4007 81ECH + 2000H*n

aMultipleCollisions_n

Number of frames which have been successfully
transmitted through port n after several collisions.
It is only valid in half-duplex communications.

4007 81FOH + 2000H*n

aSingleCollisions_n

Number of frames which have been successfully
transmitted through port n after a single collision.
It is only valid in half-duplex communications.

4007 81F4H + 2000H*n

alLateCollisions_n

Number of frames transmitted in error through
port n due to a late collision. It is only valid in
half-duplex communications.

4007 81F8H + 2000H*n

aExcessCollisions_n

Number of frames which were discarded from port
n due to excessive collisions (16 failures in
transmission). It is only valid in half-duplex
communications.

Remark: n=0,1

n=0: MAC port 0, n =1: MAC port 1
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13.3.6

Timer Module Registers

The switch incorporates a timer module for use in timestamping. The timer module registers indicate the settings and
states of the timer module.

13.3.6.1

Timer Module Configuration Register (TSM_CONFIG)

This register controls generation of interrupts in response to the event that was generated in timestamping.

e Access

This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 121110 9 8 7 6 5 4 2 10 Address
<o xla 4007 C004H
TSM %( & s 5 e Initial value
CONFIG (RESERVED) é é (RESERVED) |59 & g <1 000 00001
ce |||l w
2|2 2222 \2
R/W RIW R/W R/W R/W RIW R/W R/W R/W R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W R/IW R/W R/W RIW R/W R/W R/W R/W R/W R/IW R/W RIW R/W
Bit Position Bit Name Description
31to 14 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
13 IRQTXENAP1 |This bit enables or disables generation of interrupts in response to capturing a
transmission timestamp by port 1.
0: Disabled
1: Enabled (an interrupt is generated)
When this bit is set to 1, an interrupt is generated when a new timestamp is stored in the
transmission timestamp register for the port.
12 IRQTXENAPO |This bit enables or disables generation of interrupts in response to capturing a
transmission timestamp by port 0.
0: Disabled
1: Enabled (an interrupt is generated)
When this bit is set to 1, an interrupt is generated when a new timestamp is stored in the
transmission timestamp register for the port.
11to 5 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
4 IRQTEST This bit controls generation of interrupts for testing the software.
0: Normal operation
1: An interrupt is generated at the same time as writing.
3 IRQTIMOVER |This bit controls generation of interrupts when the timer overflows.
0: An interrupt is not generated.
1: An interrupt is generated.
2 IRQEVTPERD | This bit controls generation of interrupts when the ns timer reaches one second.
0: An interrupt is not generated.
1: An interrupt is generated.
1 IRQEVTOFF |This bit controls generation of interrupts when offset correction for the timer is completed.
0: An interrupt is not generated.
1: An interrupt is generated.
0 IRQENA This bit enables or disables timer interrupts. If this bit is not set to 1, interrupts are not

generated even if another bit is set to 1.
0: Disabled
1: Enabled
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13.3.6.2

Interrupt Status/ACK Register (TSM_IRQ_STAT_ACK)

This register is used for checking the state of interrupts from the timers and other sources and acknowledging the

interrupts.

The state is confirmed by reading the value of this register. A value of 1 means that the interrupt has been generated and
0 means that the interrupt has not been generated.

Writing 1 to this register leads to acknowledging and clearing of the interrupt. At the same time, the value of the
corresponding bit is cleared.

¢ Access

This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15 14 13 121110 9 8 7 6 5 4 2 10 Address
4007 CO08H
x|Q
I'I>J % e Initial value
TSM_IRQ -
STAT ACK (RESERVED) & § (RESERVED) ﬁ g & g <Z.:
- Sl HElalalg 0000 0000H
[elle] g|g|g|g|a
xx rlrxxx
R/W RIW RW RIW RIW RIW R/W RIW RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W R/W R/W RIW RIW R/W RIW R/W
Bit Position Bit Name Description
31to 14 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
13 IRQTXP1 Indicates that the transmission timestamp capture interrupt for port 1 has been generated.
12 IRQTXPO Indicates that the transmission timestamp capture interrupt for port 0 has been generated.
11to5 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
4 IRQTEST Indicates that the interrupt for testing the software has been generated.
3 IRQTIMOVER |Indicates that the timer overflow interrupt has been generated.
2 IRQEVTPERD |Indicates that an interrupt has been generated in response to the ns timer reaching one
second.
1 IRQEVTOFF Indicates that an interrupt has been generated when the correction by the addition of an
offset to the value of the timer.
0 IRQENA Indicates that an interrupt from the timer has been generated.
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13.3.6.3 Port Timestamp Control/Status Register (PORTn_CTRL)

This register sets the method of storing timestamps acquired by port n in the timestamp register and indicates the state of
the stored timestamp.

* Access This register can be read or written in 32-bit units.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 0 Address

4007 C020H+
PORT 0008H*n
8TRE— (RESERVED) al le
HIS|Z| Initial value
Az
= £ [E] 0000 0000H
R/W RIWR/W R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W R/IW RIW R/W R/IW RIW R/W RIW
Bit Position Bit Name Description
31t03 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
2 TSKEEP This bit sets which timestamp the timestamp register is to hold when new timestamps are
received.

0: A new timestamp is written.
1: The last timestamp is retained.

When this bit is set to 1, the stored timestamp is retained. The timestamp is processed by
software and new timestamps are ignored until the value of the TSVALID bit becomes 0.

1 TSOVR This bit indicates whether a new timestamp has been written over the last timestamp to
have been stored.

0: A new timestamp has not been written.
1: A new timestamp has been written.

When a valid timestamp is stored (TSVALID = 1), this bit is set to 1 if another timestamp is
received before the previous value has been read by software.

This bit is cleared by writing any value to it.

The TSKEEP bit being set to 1 indicates that a new stamp has been ignored even though
it was received while the TSVALID bit was 1.

0 TSVALID This bit indicates the state of the stored timestamp.
0: The timestamp is not valid.

1: The timestamp is valid.
This bit is cleared by writing any value to it.

Remark: n=0,1
n=0: MAC port 0, n =1: MAC port 1
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13.3.6.4 Port Timestamp Register (PORTn_TIME)

This register holds timestamps acquired by port n.

» Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 0 Address
4007 C024H+
0008H*n
POR— TSREG
Initial value
0000 0000H
RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO RO
Bit Position Bit Name Description
31t00 TSREG[31:0] |Timestamps acquired by port n
Remark: n=0,1
n =0: MAC port 0, n =1: MAC port 1
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13.3.6.5

Timer Control Register (ATIME_CTRL)

This register is used to set timer interrupt events and control timers.

* Access

This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 222120191817 16 151413121110 9 8 7 6 5 4 3 2 1 0 Address
. PR N <|~ . 4007 C120H
3 1818182|2(8218] | miava
ATIME oW ] nitial value
CTRL™ (RESERVED) v zl zlzlzlZlzlz e = <
- w L | || L W g w|=| 0000 0000H
Aol _|ololo|t|t|n|O|n
B A S N S S
alo|Elo|ElXEnmEunXE
R/W R/WR/W RW R/W RIW RIW RIW RIW RIW R/W R/W R/W R/W R/W RIW RIW RIW RIW R/W R/W R/W R/W R/W R/IW RIW RIW RIW RIW R/W R/W R/W RIW
Bit Position Bit Name Description
311013 (RESERVED) Reserved. When writing to these bits, write 0. Ignore reading.
12 PLUS1 Writing 1 to this bit increments the timer counter by 1.
When this is completed, this bit is cleared.
11 CAPTR When 1 is written to this bit, the current timer value is captured.
When this is completed, this bit is cleared and the current time can be read from the
ATIME and ATIME_SEC registers.
10 (RESERVED) Reserved. When writing to this bit, write 0. Ignore reading.
9 RST Writing 1 to this bit resets the timer to zero.
This does not affect the counter enable signal. When the counter is enabled, writing 1 to
this bit resets the timer to zero and counting continues from this value.
8106 (RESERVED) Reserved. When writing to this bit, write 0. Ignore reading.
5 EVTPERIRST This bit sets a reset for the periodic event timer.
0: The timer counts up until its value wraps around.
1: When the timer counter value reaches one second, the timer is reset to zero.
4 EVTPERIENA This bit enables or disables periodic events in one-second units.

0: Periodic events are not generated.

1: Periodic events in one-second units are generated. If generation of interrupts is set by
the TSM_CONFIG register, a periodic event interrupt is also generated in response to
the switch interrupt.

Note: The value of the timer period should be set beforehand.
& (RESERVED) Reserved. When writing to this bit, write 0. Ignore reading.
R18UZ0073EJ0200 Rev.2.00 RENESAS Page 13-43

May 31, 2024




R-IN32M4-CL3 Hardware edition 13. Ethernet Switch

Bit Position Bit Name Description

2 EVTOFFENA This bit enables or disables offset-correction events.
0: Offset correction does not proceed.

1: Offset correction proceeds.

When offset correction is completed, an offset-correction interrupt is generated and this bit
is cleared to O if generation of interrupts has been set by the TSM_CONFIG register. To
proceed with offset correction again, this bit must be set to 1 again.

Note: The timer offset value should be set beforehand.
1 (RESERVED) Reserved. When writing to this bit, write 0. Ignore reading.
0 TMENA 0: The timer stops at the current value.

1: The timer starts counting up

Cautions 1. Bits 12, 11, and 9 are for issuing commands and are used to start up the directly
corresponding events. When the command bits are set, retaining the values of the other
bits in the register is not necessary (that is, read-modify-write operations are not
required). When the command is completed, the corresponding bit is cleared to 0. If any
of the command bits is not set to 0, the values of the other bits will be ignored.

2. The timer value cannot be captured accurately while the timer is stopped. The captured
value is invalid.

13.3.6.6 Timer Nanoseconds Register (ATIME)

This register represents the value of the nanoseconds timer. The time setting of the nanoseconds timer and the captured
time can be acquired.

* Access This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address

4007 C124H
Initial value

0000 0000H

ATIME TMR

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Position Bit Name Description

31t00 TMR[31:0] These bits represent the setting of the nanoseconds timer and the value read.
When this register is written:

The time is set in the timer.
When this register is read:

The last captured value is returned. To read the current value, the capture command
(CAPTR bit) in the ATIME_CTRL register must be issued. The value is in units of
nanoseconds (ns).

Caution: The seconds value must be programmed into the ATIME_SEC register before writing to this
register.
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13.3.6.7 Timer Offset Correction Register (ATIME_OFFSET)

This register sets the value of an offset for use in timer correction. There are two methods of offset correction and the
value to be set in this register will differ with the method.

Since offset correction starts by writing to this register, set the value in the ATIME_OFFS_CORR register beforehand to
fix the method of offset correction.

* Access This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address

4007 C128H

Initial value
e

0000 0000H

RwW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Position Bit Name Description

31t00 OFFSET These are for setting the value of an offset for use in timer correction.

¢ If ATIME_OFFS_CORR is zero
Write a value for the offset. The value is in units of nanoseconds. When a value is written
to this register, the written value is immediately added to the current timer value. When
the value written is negative, the value is subtracted from that of the timer.

¢ If ATIME_OFFS_CORR is non-zero
Write a value for the number of times offset correction is to be applied.
When a value is written to this register, offset correction starts, but the written value is
not immediately added to the current timer value. Each time the timer value is corrected
by the offset, the value of this register is decremented by 1. Offset correction and
decrementing of the register value are repeated until the value becomes 0, and offset
correction ends when the value becomes 0 and the register is then reset to 0.
The offset interval and offset value are specified by the ATIME_OFFS_CORR and
ATIME_INC registers respectively.
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13.3.6.8 Generate Timer Periodic Event Register (ATIME_EVT_PERIOD)

This register sets the period for generating periodic events. Each time the nanoseconds timer has reached this time, the
period event occurs and the nanoseconds timer restarts. The value is in units of nanoseconds (nsec). The initial value is
10° [nsec] = 1 [sec].

* Access This register can be read or written in 32-bit units.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address

4007 C12CH
ATIME_ Initial value
EVT_ TIMPEREVET
PERIOD 3B9A CAOOH

RwW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit Position Bit Name Description

31t00 TIMPEREVET |Period for generating periodic events. Set 3B9A CAOOH (1 sec).

Caution: The value of periodic events is fixed to one second and cannot be changed. If changed, the
timer will not operate normally.

13.3.6.9 Timer Drift Correction Register (ATIME_CORR)

This register sets the correction period over which correction for drift is applied as a number of clock cycles. Use the
ATIME_INC register to specify the amount of correction.

* Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
E 4007 C130H
> Initial value
e & DRIFCORVAL
] 0000 0000H
e
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit Position Bit Name Description
31 (RESERVED) [Reserved. When writing to this bit, write 0. Ignore reading.
30to 0 DRIFCORVAL |Period over which correction for drift is applied. Set the value as a number of clock cycles
of 25 MHz (8 ns).

Caution: The correction value is the inverse of the difference between the frequencies (ppm) of the
master and slave oscillators. The value is in units of clock cycles, not in units of
nanoseconds.
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13.3.6.10 Timer Increme

nt Register (ATIME_INC)

This register sets the amount of correction for used in correction of the timer value by the offset and correction for drift.

* Access This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22212019 18 17 16 15614 13121110 9 8 7 6 56 4 3 2 1 0 Address

ATIME_

INC (RESERVED)

=~ = 4007 C134H

[m] ]

g g Initial value
OFFSCORRINC | CORRINC x CLKPERD

0 0 0000 0000H

1] ]

= =

R/W RW RW RW RW RW RW RW RW RW R/W RW R/W RIW R/W R/W RIW R/W RIW R/W RIW R/W RIW R/W R/IW R/W R/W RIW R/W RIW R/W RIW RIW

Bit Position Bit Name Description

31to 23 (RESERVED) Reserved. When writing to these bits, write 0. Ignore reading.

2210 16 OFFSCORRINC |These bits set the amount of correction for use in offset correction.
This value is added every clock cycle set in the ATIME_OFFS_CORR register.

15 (RESERVED) Reserved. When writing to this bit, write 0. Ignore reading.

14108 CORRINC These bits set the amount of correction of clock cycles for use in correction for drift.
This value is added every correction period set in the ATIME_CORR register. The value of
these bits being lower than the value of the CLKPERD bits makes counting by the timer
slower. This value being higher than the value of the CLKPERD bits makes counting by
the timer faster.

7 (RESERVED) Reserved. When writing to this bit, write 0. Ignore reading.

6t00 CLKPERD These bits set the period in nanoseconds of the clock signal that provides the timing for
acquiring timestamps. Be sure to set 8 ns (001000b). In this LSI chip, the timer operates at
125 MHz and the value cannot be changed to any other value.
The timer will be incremented by the time corresponding to the value of these bits every
clock cycle.
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13.3.6.11 Timer Seconds Register (ATIME_SEC)

This register represents the value of the seconds timer. The time settings of the seconds timer and the time captured by
the timer can be acquired. The seconds timer will be incremented when the nanoseconds timer reaches 10° [nsec].

* Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
4007 C138H
Initial value
A SECTIM
0000 0000H
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit Position Bit Name Description
31t00 SECTIM These bits represent the setting of the seconds timer and the value read.
When this register is written:
The time is set in the timer. However, this register is not updated when it is written, but the
value is stored in a local register. When the ATIME register is written, the value of the local
register is loaded to this register.
When this register is read:
The last captured value is returned. The capture command (CAPTR bit) of the
ATIME_CTRL register must be issued before reading the current value. The value is in
units of seconds.
13.3.6.12  Timer Offset Correction Count Register (ATIME_OFFS_CORR)

This register sets the interval at which offset correction is applied. It is used in combination with the ATIME _OFFSET
register, and dispersing the changes in time due to adding the offset over longer periods may avoid dramatic changes in
the time and suppress jitter.

* Access This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address

4007 C13CH
ATIME_

OFFS_
CORR

OFFCOR

RwW

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Initial value

0000 0000H

Bit Position

Bit Name

Description

31to0

OFFCOR

These bits set the interval at which offset correction is applied. The value is specified in

the number of 125 MHz clock cycles
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13.3.6.13

Timer Output Enable Register (SWTMEN)

This register is for enabling the time synchronization timer pulse output signal (ETHSWSYNCOUT signal).

Caution: Be sure to set the registers below before enabling the output with this register.
SWTMSTSECL, SWTMSTSECH, SWTMSTNSL, SWTMSTNSH,
SWTMPSECL, SWTMPSECH, SWTMPNSL, SWTMPNSH,

¢ Access

SWTMWTH

, SWTMMAXPL, SWTMMAXPH

This register can be read or written in 32- or 16-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
BASE + 1100H
SWTMEN |0o|0|0O|O|0O|O|O|O|O|O|O|O|O|O|O|OfO|O|O]O 0|{0j0|0]|O0 OOOEInitialvaIue
'_
>
o| 0000 0000H
R/W 0 0O0OOOOOOOOOOOOOOOOOOOOOOOOOOTO0O 0RW
Bit Position | Bit Name Description
0 OUTEN This bit enables the output of the ETHSWSYNCOUT signal.
0: Output disabled
1: Output enabled
13.3.6.14  Timer Seconds Start Setting Registers (SWTMSTSECL/H)
These registers set the start time for the output of the ETHSWSYNCOUT signal seconds.
* Access These registers can be read or written in 32- or 16-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 O Address
BASE + 1110H
SWTM Initial value
STSECLOOOOOOOOOOOOOOOO TMSTSEC15-0
0000 0000H
R/W 00 O0O0OOOOOOOOT® OO OGO OO RW
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
BASE + 1114H
SST\/SngH olojolojo|olojo|olofo|o|ofo]o]|o TMSTSEC31-16 Initial value
0000 0000H
R/W 00 O0O0OOOOOOOO OO OOTOTUOTO R/W
Bit Position Bit Name Description
15t0 0 TMSTSEC31-0 |These bits set the start time for the output of the ETHSWSYNCOUT signal in seconds.
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13.3.6.15  Timer Nanoseconds Start Setting Registers (SWTMSTNSL/H)

These registers set the start time for the output of the ETHSWSYNCOUT signal in nanoseconds.

* Access These registers can be read or written in 32- or 16-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1561413 121110 9 8 7 6 5 4 3 2 1 0 Address

BASE + 1118H
SWTM Initial value
STNSL o|ojo|0|0O|O|O|O|O|O|O|OfO|O|O|O TMSTNS15-0
0000 0000H
R/W 00 0 O0OOOOOO OO OO OO OO OO OTQ OTD O RIW

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address

BASE + 111CH

SWTM Initial value
STNSH o|ojofjo|O|O|lO|O|OfO|O|O|O|O|OfO TMSTNS31-16
0000 0000H
R/W 00 0O0OOOOOOOO OO OO OTOTUOTO R/W
Bit Position Bit Name Description

15t00 TMSTNS31-0 |These bits set the start time for the output of the ETHSWSYNCOUT signal in nanoseconds.

13.3.6.16  Timer Seconds Period Setting Register (SWTMPSECL/H)
These registers set the period of the ETHSWSYNCOUT signal output in seconds.

* Access These registers can be read or written in 32- or 16-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 0 Address

BASE + 1120H
SWTM Initial value
PSECL o|ojo|l0|O|O|O|O|O|O|O|OfO|O|OfO TMPSEC15-0
0000 0000H
R/W 00 0 O0OOOODOTOOO OO OO OO OO OTDO O RIW

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13 121110 9 8 7 6 5 4 3 2 1 0 Address
BASE + 1124H

SWTM _ Initial value
PSECH o|ojofjo0|0|O|lO|O|O|O|O|OfO|O|O|O TMPSEC31-16
0000 0000H
R/W 0O 0 0 O0OOOTODOO OO OOTU ODOTOTQOTO RW
Bit Position Bit Name Description

15t00 TMPSEC31-0 | These bits set the period of the ETHSWSYNCOUT signal output in seconds.
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13.3.6.17  Timer Nanoseconds Period Setting Registers (SWTMPNSL/H)

These registers set the period for the output of the ETHSWSYNCOUT signal in nanoseconds. These registers must be set
to a value corresponding to the division by the value for one second set in the ATIME _EVT PREIOD register.

Cautions 1. Be sure to set these registers before enabling the output of the ETHSWSYNCOUT signal.
2. The setting of these registers must be at least 16 ns (10H).

* Access These registers can be read or written in 32- or 16-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1561413121110 9 8 7 6 5 4 3 2 1 0 Address
BASE + 1128H
?;V,i,’yl\_" olofofofofololololo|o|o]o]0]0]0 TMPNS15-0 Initial value
0000 CAOOH
R/W 0O 0 0 O0OOOTODOUO OO OO OTU ODOTOOQOTO RW
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
BASE + 112CH
WTM
lspNSH ofofofofofofofOfOfO|O|O|O|O|O]|O TMPNS31-16 Initial value
0000 3B9AH
R/W 0O 0 0 O0OOOTODOUOOOTU ODOTOTQOTO RW
Bit Position | Bit Name Description
15t00 TMPNS31-0 | These bits set the period for the output of the ETHSWSYNCOUT signal in nanoseconds. The
value must be a multiple of 8 ns.

13.3.6.18  Timer Pulse Width Setting Register (SWTMWTH)
This register sets the pulse width for the output ETHSWSYNCOUT signal. When the ETHSWSYNCOUT signal is

connected as an interrupt signal, leave the value at the initial value. When the signal is used as an external signal, set an
appropriate width.
Caution: Be sure to set this register before enabling the output of the ETHSWSYNCOUT signal.

* Access These registers can be read or written in 32- or 16-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 0 Address

BASE + 1130H
St |ololo|olofo|oofo]ofo|ofo]o]a]o TMWTH15-0 Initial value
0000 0003H
R/W 0O 00 O 0O OOTU OO OOO OO OO OTG ODDO RW
Bit Position | Bit Name Description

15t00 TMWTH15-0 | These bits set the pulse width for the output ETHSWSYNCOUT signal. The value must be a
multiple of 8 ns. The ETHSWSYNCOUT signal is fixed to 0 while this register is set to OH.
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13.3.6.19  Timer Maximum Counter Value Registers (SWTMMAXPL/H)

These registers set the maximum value (1 second) of the counter. Set these registers to the same value as the
ATIME_EVT PERIOD register.

* Access These registers can be read or written in 32- or 16-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
BASE + 1134H
SWTM
MAxpL |0|0|0|O|O|O|O|0O|O0|0|0|0|0|0O|O]|O TMMAXP15-0 Initial value
0000 0000H
R/W 00 O0OOOOOOOO OO OO OTOTQOTO R/W
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
BASE + 1138H
SWTM L
MAXPH |0|0|0j0j0jOjOjOjO|OfOfOfOfOfO]O TMMAXP31-16 Initial value
0000 0000H
R/W 0O 0O0O0OOOOOOOO OO OOO OGO OO RW
Bit Position Bit Name Description
15t00 TMMAXP31-0 |These bits set the value of the ATIME_EVT_PERIOD register (3B9A CAO0H).
TMMAXP31-16: 3B9AH
TMMAXP15-0: CAOOH

13.3.6.20  Timer Seconds Time Hold Register (SWTMLATSEC)

This register holds the seconds counter value of the IEEE1588 timer of the switch on rising edges of the
ETHSWSYNCOUT signal. The value of this register is updated on every rising edge of the ETHSWSYNCOUT signal.

» Access This register is only readable in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1561413121110 9 8 7 6 5 4 3 2 1 0 Address

BASE + 1140H
LSAVTVSTE"C TMLATSEC31-0 Initial value
0000 0000H
RIW R
Bit Position Bit Name Description

31t00 TMLATSEC31-0 |These bits latch the seconds counter value on rising edges of the ETHSWSYNCOUT signal.
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13.3.6.21 Timer Nanoseconds Time Hold Register (SWTMLATNS)

This register holds the nanoseconds counter value of the IEEE1588 timer of the switch on rising edges of the
ETHSWSYNCOUT signal. The value of this register is updated on every rising edge of the ETHSWSYNCOUT signal.

* Access This register is only readable in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
BASE + 1144H
EXYrL'\é TMLATNS31-0 Initial value
0000 0000H
R/W R
Bit Position Bit Name Description
31t00 TMLATNS31-0 |[These bits latch the nanoseconds counter value on rising edges of the ETHSWSYNCOUT
signal.
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13.3.7 DLR Module Registers

13.3.7.1 DLR Control Register (DLR_CONTROL)

This register is used to make settings for the DLR operation.

* Access This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
. . 4007 EOOOH
8 5 a Initial val
DLR nitial value
CONTROL (RESERVED) CYCMCLK z |2 2 |s
wo|E| W Z| 0000 3200H
w R w5
 m| X |A
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW R/W R/W R/W R/W R/W R/W R/W R/W RIW RIW R/W R/W R/W R/W R/W R/W R/W R/W RIW R/IW R/W
Bit Position Bit Name Description
3110 16 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
15t0 8 CYCMCLK Number of cycles required per second.
Since the DLR module of this LSI chip operates at 100 MHz, always set these bits to 0x64.
Leave the value at the initial value.
7t05 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
4 BECTIMOUT | This bit is used to select ignoring beacon frames which have invalid timeout timer values.
The local device will ignore and not acquire the parameters in beacon frames having
values for the timeout timer that are not within the range from 200 microseconds to 500
milliseconds.
If the timeout timer value is invalid, the INV_TMOUT register always acquires that value
irrespective of the setting of this bit. Ignored frames will be transferred through the hub
normally.
0: Not ignored
1: Ignored
3to1 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
0 DLRENA This bit enables or disables the DLR module.
0: Disabled
1: Enabled
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13.3.7.2

DLR Status Register (DLR_STATUS)

This register indicates the state of the DLR ring node.

* Access

This register is only readable in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 O Address
4007 E004H
DLR ~|o «~|o| [Initial value
STATUS NETTOPGY (RESERVED) % % CURRSTA (RESERVED) ol
== || 0003 0000H
2|2 P
] o | o
R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR R
Bit Position Bit Name Description
31t024 NETTOPGY These bits indicate the current network topology.
0: Linear topology when the local node is in the idle state
1: Ring topology when local node is not in the idle state
231018 (RESERVED) |Reserved. Ignore reading.
17 LINSTAP1 Indicates the linked state of port 1.
0: Port 1 link is down
1: Port 1 link is up
16 LINSTAPO Indicates the linked state of port 0.
0: Port O link is down
1: Port O link is up
15t0 8 CURRSTA These bits indicate the current state of the local node.
0x0: IDLE_STATE
0x1: NORMAL_STATE
0x2: FAULT_STATE
Others: Not used
7to2 (RESERVED) |Reserved. Ignore reading.
1 BEAREV1 Indicates that a beacon frame has been received from the active supervisor through port 1.
0: No beacon frame has been received
1: A beacon frame has been received
0 BEAREV0 Indicates that a beacon frame has been received from the active supervisor through port 0.
0: No beacon frame has been received
1: A beacon frame has been received
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13.3.7.3 DLR Ethernet Type Register (DLR_ETH_TYP)

This register defines the Ethernet type for detecting DLR frames. This value is compared with the type field of received

frames for detection of DLR frames.

* Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
4007 EOO8H
Initial value
DLI?__YEPTH_ (RESERVED) ETHTYPDLR
0000 80E1H
R/W RIWR/W R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W R/IW RIW R/W R/IW RIW R/W RIW
Bit Position Bit Name Description
3110 16 (RESERVED) |Reserved. When writing to these bits, write 0. Ignore reading.
15t00 ETHTYPDLR |These bits set the Ethernet type for detection of DLR frames.
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13.3.7.4 DLR Interrupt Control Register (DLR_IRQ_CTRL)

This register controls the generation of interrupts by DLR.

* Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 O Address
Z|Z|<| < < | 4007 EOOCH
= — OO wlwl|Z =) — |
al _|a Oad|z|< LS| - |o|<|Z
DLR_ 12| & 8855%%%55555&&2% Initial value
Rt |212|E (RESERVED) HHEFEHEEEERIIEE
CTRL %%w u_u_mmZ&wjjwcamwwioOOOOOOOOH
2w gig|g|g|g|ag|T|T|T|C|C|3|T|C|T|T
<|<|® Olxoeexe) e x> Errx
R/W RIW R/W RW R/W R/W R/W RIW RIW RIW RIW R/W R/W R/W R/W RIW R/IW RIW R/W R/W R/'W R/W R/W R/W RIW RIW R/W R/W R/W R/W R/W RIW RIW
Bit Position Bit Name Description

31 ATOMICAND |When this register is written, the logical AND of the setting of this bit and the enable

setting bit of this register is taken and the result is written to it.
0: All bits are cleared to 0.
1: Normal write operation

30 ATOMICOR When this register is written, the logical OR of the setting of this bit and the enable setting

bit of this register is taken and the result is written to it.
0: Normal write operation
1: All bits are cleared to 1.

2910 16 (RESERVED) [Reserved. When writing to these bits, write 0. Ignore reading.

15 IRQFRMDSP1 |This bit controls the generation of interrupts when frames are discarded when the local
address matches the transmission source address at port 1.

0: No interrupt is generated.
1: An interrupt is generated.
14 IRQFRMDSPO | This bit controls the generation of interrupts when frames are discarded when the local
address matches the transmission source address at port 0.
0: No interrupt is generated.
1: An interrupt is generated.
13 IRQBECENA1 |This bit controls the generation of interrupts when beacon frames are detected at port 0.
0: No interrupt is generated.
1: An interrupt is generated.
12 IRQBECENAOQ |This bit controls the generation of interrupts when beacon frames are detected at port 1.
0: No interrupt is generated.
1: An interrupt is generated.

11 IRQINVTMREN | This bit controls the generation of interrupts when frames having values for the beacon

timeout timer that are not within the specified range are detected.
0: No interrupt is generated.
1: An interrupt is generated.

10 IRQIPADDREN | This bit controls the generation of interrupts when the IP address in beacon frames output

by the ring supervisor has been changed.
0: No interrupt is generated.
1: An interrupt is generated.

9 IRQSUPIGENA | This bit controls the generation of interrupts in response to the detection of beacon frames
having a MAC address associated with a priority equal to or less than that of the current
ring supervisor.

0: No interrupt is generated.
1: An interrupt is generated.
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Bit Position

Bit Name

Description

IRQLINKENA1

This bit controls the generation of interrupts in response to a change in the linked state of
port 1.

0: No interrupt is generated.
1: An interrupt is generated.

IRQLINKENAO

This bit controls the generation of interrupts in response to a change in the linked state of
port 0.

0: No interrupt is generated.
1: An interrupt is generated.

IRQSUPENA

This bit controls the generation of interrupts in response to the change of the ring
supervisor.

0: No interrupt is generated.

1: An interrupt is generated.

IRQBECENA1

This bit controls the generation of interrupts when the beacon timeout timer reaches the
timeout time on port 1.

0: No interrupt is generated.
1: An interrupt is generated.

IRQBECENAO

This bit controls the generation of interrupts when the beacon timeout timer reaches the
timeout time on port 0.

0: No interrupt is generated.

1: An interrupt is generated.

IRQSTOPP1

This bit controls the generation of interrupts when operation of the neighbor check timeout
timer must be stopped for port 1.

0: No interrupt is generated.
1: An interrupt is generated.

IRQSTOPPO

This bit controls the generation of interrupts when operation of the neighbor check timeout
timer must be stopped for port 0.

0: No interrupt is generated.

1: An interrupt is generated.

IRQFLUENA

This bit controls the generation of interrupts when the local MAC address must be erased
from the learning table.

0: No interrupt is generated.

1: An interrupt is generated.

IRQCHNGENA

This bit controls the generation of interrupts when the state of the local beacon based DLR
ring node has been changed.

0: No interrupt is generated.
1: An interrupt is generated.

Note: The interrupt service routine must reload the parameters of the beacon frame before
clearing the bit.
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13.3.7.5 DLR Interrupt Status/Acknowledge Register (DLR_IRQ_STAT_ACK)

This register is used for checking the state of DLR interrupts and acknowledging the interrupts.

13. Ethernet Switch

The state is confirmed by reading the value of this register. A value of 1 means that the event has been generated and 0
means that the event has not been generated.

Writing 1 to this register leads to acknowledging and clearing of the interrupt. At the same time, the value of the
corresponding bit is cleared.

» Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 0 Address
— - o 4007 EO10H
- > (W5 o Initial value
DLR_IRQ_ Tligl=le olBelz|<ai|z|O|o|Z|z
STAT_ACK (RESERVED) Glo|S 2 zzZESISIEE22 LS
- Qla|lu|w|2|<|Q|w|w|x|E|E | |a|m|s| 0000 0180H
2200';50.¥¥n.oooo:><
oo |wiw o I = P4 e I I T T e e
Cllao|Z|&n |5 5| |aa|nlnl|L|n
R/W RIWRW R/W R/W R/W R/W RIWR/W R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W R/IW R/W R/W RIW R/W R/W R/W R/W R/W R/IW R/W RIW R/W
Bit Position Bit Name Description
31to 16 (RESERVED) Reserved. When writing to these bits, write 0. Ignore reading.
15 FRMDISP1 This bit indicates that frames have been discarded when the local address matches the
transmission source address at port 1.
14 FRMDISPO This bit indicates that frames have been discarded when the local address matches the
transmission source address at port 0.
13 BECFRAP1 This bit indicates that beacon frames have been detected at port 1.
12 BECFRAPO This bit indicates that beacon frames have been detected at port 0.
11 INVTMR This bit indicates that frames having values for the beacon timeout timer that are not within
the specified range have been detected.
10 IPCHANEVET This bit indicates that the IP address in beacon frames output by the ring supervisor has
been changed.
9 SUPIGNBEC This bit indicates the detection of beacon frames having a MAC address associated with a
priority equal to or less than that of the current ring supervisor.
8 LINKSTAP1 This bit indicates that the linked state of port 1 has been changed.
7 LINKSTAPO This bit indicates that the linked state of port 0 has been changed.
6 SUPRCHAG This bit indicates that the ring supervisor has been changed.
5 BECTMRP1 This bit indicates that the beacon timeout timer has reached the timeout time on port 1.
4 BECTMRPO This bit indicates that the beacon timeout timer has reached the timeout time on port 0.
3 STOPNBCHK1 This bit indicates that operation of the neighbor check timeout timer must be stopped for
port 1.
2 STOPNBCHKO This bit indicates that operation of the neighbor check timeout timer must be stopped for
port 0.
1 FLUEVENT This bit indicates that the local MAC address must be erased from the learning table.
0 STACHANGE This bit indicates that the state of the local beacon based DLR ring node has been
changed.
Caution: When any event described in these bits occurs, the corresponding bit is latched to 1,

regardless of the DLR_IRQ_CONTROL register setting.
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13.3.7.6 DLR Local MAC Address Low Register (LOC_MACIo)

This register specifies the local MAC address for use in the loop filter. Set the first four octets of the MAC address in the

LOC_MACIo register and the remaining two octets in the LOC_MAChi register.

* Access This register can be read or written in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
4007 E014H
LOC Initial value
MACIo MACADD4 MACADD3 MACADD2 MACADD1
0000 0000H
R/W RIW R/W R/W R/W RIW R/W R/IW RIW R/W R/W R/W R/W R/W RIW RIW R/IW RIW R/W R/W R/W R/W R/W RIW R/IW RIW RIW R/W R/W R/W R/W RIW RIW
Bit Position Bit Name Description
31to24 MACADD4 Set the 4th byte of the local MAC address.
23t0 16 MACADD3 Set the 3rd byte of the local MAC address.
15t0 8 MACADD2 Set the 2nd byte of the local MAC address.
7t00 MACADD1 Set the first byte of the local MAC address.
13.3.7.7

DLR Local MAC Address High Register (LOC_MACHhi)

This register specifies the local MAC address for use in the loop filter. Set the first four octets of the MAC address in the
LOC_MACIo register and the remaining two octets in the LOC_MACHi register.

e Access

This register can be read or written in 32-bit units.

May 31, 2024

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 0 Address
4007 EO18H
LOC Initial value
MAChI (RESERVED) MACADD6 MACADD5
0000 0000H
R/W R/W RW R/W R/W RIW R/W R/W RIW R/W R/W RIW R/W R/W R/IW R/W R/W R/W R/W R/W R/W R/W R/W R/W RIW R/W RIW R/W R/W RIW R/W RIW R/W
Bit Position Bit Name Description
31to 16 (RESERVED) [Reserved. When writing to these bits, write 0. Ignore reading.
15t0 8 MACADD6 Set the 6th byte of the local MAC address.
7t00 MACADD5 Set the 5th byte of the local MAC address.
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13.3.7.8 DLR Supervisor MAC Address Low Register (SUPR_MACIo)

This register indicates the first four octets of the MAC addresses of the active ring supervisors extracted from the
destination address fields of beacon frames.

* Access This register is only readable in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 0 Address

4007 EO20H
SUPR Initial value
MAClo MACADD4 MACADD3 MACADD2 MACADD1

0000 0000H

R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR

Bit Position Bit Name Description
31t024 MACADD4 Indicate the 4th byte of the MAC address of the active ring supervisor.
23t0 16 MACADD3 Indicate the 3rd byte of the MAC address of the active ring supervisor.
15t0 8 MACADD2 Indicate the 2nd byte of the MAC address of the active ring supervisor.
7to0 MACADD1 Indicate the first byte of the MAC address of the active ring supervisor.

13.3.7.9 DLR Supervisor MAC Address High Register (SUPR_MACHhi)

This register indicates the last two octets of the MAC addresses of the active ring supervisors extracted from the
destination address fields of beacon frames. It also indicates the order of priority for the supervisors.

» Access This register is only readable in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4007 E024H
SUPR Initial value
MAChT (RESERVED) SUPRPRE MACADD6 MACADD5
0000 0000H
R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRR RR
Bit Position Bit Name Description
31to 16 (RESERVED) [Reserved. Ignore reading.
23to 16 SUPRPRE Indicate the order of priority for the ring supervisors.
15t0 8 MACADD6 Indicate the 6th byte of the MAC address of the active ring supervisor.
7t00 MACADDS5 Indicate the 5th byte of the MAC address of the active ring supervisor.
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13.3.7.10  DLR Ring Status/VLAN Register (STATE_VLAN)

This register indicates the state of the device level ring (DLR) and VLAN ID. These are extracted from the ring state field
and VLAN control information fields of beacon frames.

* Access This register is only readable in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4007 E028H
[a) "
= Initial value
S&E\ZE_ VLANCL (RESERVED) 3:' RINGSTATE
= 0000 0000H
<
—
>
R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR R RO
Bit Position Bit Name Description
31to 16 VLANCI Indicate the control field of the 802.1Q VLAN tag, which is the value of the VLAN control
information field of beacon frames. This bit contains a VLAN ID of the DLR.
15t0 9 (RESERVED) |Reserved. Ignore reading.
8 VLANVALID Indicates that VLAN is valid. In this case, the VLANCI bit contains a valid VLAN ID.
0: Invalid
1: Valid
7t00 RINGSTATE Indicate the state of the device level ring (DLR), which is the value of the ring state field of
beacon frames.
0x1: RING_NORMAL_STATE
0x2: RING_FAULT_STATE
Others: Not used

R18UZ0073EJ0200 Rev.2.00
May 31, 2024

RENESAS Page 13-62



R-IN32M4-CL3 Hardware edition 13. Ethernet Switch

13.3.7.11 DLR Beacon Timeout Register (BEC_TMOUT)

This register indicates the timeout timer value of beacon frames. This is extracted from the beacon timeout field of
beacon frames.

* Access This register is only readable in 32-bit units.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 151413121110 9 8 7 6 5 4 3 2 1 0 Address

4007 EO2CH
BEC Initial value
T™MOUT BECTIMOUT
0000 0000H
R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR R
Bit Position Bit Name Description
31t0 0 BECTIMOUT | These bits indicate the beacon timeout timer value. The value is in units of microseconds
(usec).

While bit 4 (BECTIMOUT bit) of the DLR_CONTROL register is set to 1, invalid timeout
timer values are not written to this register. State transition is not also taken into
consideration.

A normal expected value is within the range from 200 microseconds to 500 milliseconds.
A typical value is 1960 microseconds.

13.3.7.12 DLR Beacon Interval Register (BEC_INTRVL)

This register indicates the interval of beacon frames. This is extracted from the beacon interval field of beacon frames.

» Access This register is only readable in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 O Address
4007 EO30H
BEC Initial value
INTRVL BECINTVAL
0000 0000H
R/W RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR
Bit Position Bit Name Description
31t00 BECINTVAL These bits indicate the interval of beacon frames. The value is in units of microseconds
(usec).
An expected value is within the range from 100 microseconds to 100 milliseconds. A
typical value is 400 microseconds.
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13.3.7.13  DLR Supervisor IP Address Register (SUPR_IPADR)

This register indicates the IP address of the ring supervisor. This is extracted from the source IP address field of beacon
frames.

* Access This register is only readable in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13 121110 9 8 7 6 5 4 3 2 1 0 Address
4007 E034H
PR Initial value
ISIEADF€ SPVIP
0000 0000H
R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR R
Bit Position Bit Name Description
31t00 SPVIP These bits indicate the IP address of the ring supervisor.
A value of 0x0 is received when the supervisor has no IP address.
13.3.7.14  DLR Sub Type/Protocol Version Register (ETH_STYP_VER)

This register indicates information of DLR messages. This is extracted from the corresponding field in beacon frames.

* Access This register is only readable in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
4007 EO038H
ETH_ Initial value
STYP_ (RESERVED) SOURP DLRRINGVER DLRRINGTPY
VER 0000 0000H
R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR R
Bit Position Bit Name Description
311024 (RESERVED) |Reserved. Ignore reading.
2310 16 SOURP These bits indicate the transmission source port of DLR messages. The expected value is
0x00.
15t0 8 DLRRINGVER |These bits indicate the ring protocol version of DLR messages. The expected value is
0x01.
7t00 DLRRINGTPY |These bits indicate the ring subtype of DLR messages. The expected value is 0x02.

R18UZ0073EJ0200 Rev.2.00
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13.3.7.15  DLR Beacon Timeout Timer Register (INV_TMOUT)

This register indicates the timeout timer value beyond the specified range. When beacon frames having a value for the
timeout timer that is not within the specified range are received, that timeout timer value is extracted and stored in this
register.

* Access This register is only readable in 32-bit units.

3130 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address

4007 EO3CH
INV Initial value
TMOUT INVBECTMOUT
0000 0000H
R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR R
Bit Position Bit Name Description
31t00 INVBECTMOUT | These bits indicate the timeout timer value of frames having a value for the timeout timer

that is not within the specified range. The value is in units of microseconds (usec). The
scope of beacon timeout timer values to be indicated in this register is those beyond the
range from 200 microseconds to 500 milliseconds. Every time frames having a value for
the beacon timeout timer that is not within the specified range, this register is always
updated to a new value. While bit 11 of the IRQ_STAT_ACK register is set to 1, values
contained in this register are valid.

13.3.7.16  DLR Sequence ID Register (SEQ_ID)

This register indicates the sequence ID of beacon frames. This is extracted from the sequence ID field of beacon frames.

» Access This register is only readable in 32-bit units.
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 15614 13121110 9 8 7 6 5 4 3 2 1 O Address
4007 E040H
Initial value
SEQ_ID SEQID
0000 0000H
R/W R RRRRRRRRRRRRRRRRRRRRRRRRRRRRRRR R
Bit Position Bit Name Description
31t00 SEQID These bits indicate the sequence ID of the last beacon frame received through port 0 or
port 1. If the frame is ignored due to an invalid timeout timer value, that sequence ID is not
stored in this register.
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13.3.7.17 DLR MAC Statistics Counters

These registers hold statistics of beacon frames processed by the DLR module.

All registers are 32-bit, read only and the initial value is 0000 0000H.

Address

Symbol

Description

4007 EO60H + 0010H*n

RX_STATn

Number of beacon frames received through port n.

Beacon frames matching the destination address, Ether type, DLR
frame type, and CRC are counted. In the case of a mismatch,
frames are not counted.

The counters are cleared if the DLR module is disabled.

4007 E064H + 0010H*n

RX_ERR_STATn

Number of beacon frames with CRC error which have been received
through port n.

Beacon frames matching the destination address, Ether type, DLR
frame type but having a CRC error are counted.

The counters are cleared if the DLR module is disabled.

4007 EO68H + 0010H*n

TX_STATn

Number of beacon frames transferred from port n to port m through
the hub.

The counters are cleared if the DLR module is disabled.

Remark: n=0,1

n=0m=1;n=1:m=0
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13.4

13.4.1
13.4.1.1

Overview

Function details

Switching Engine

The Ethernet switch implements the following functions:

* Input frame parsing and priority extraction

* Output port(s) resolution

* Frame queuing

* Output queue scheduling

Input Parsing

Switch Engine

Port Output Queuing

I
I | |
|
Ly I |
Port 0 Ly I [
— > Priority L } > > | i >
- || Judgment | | | I 1 | =
@ | | )
§ | o b I3
< Port 1 I | 3
;i —l»{ Priority } : Sellje(::?ion } I ™ =
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| Judgment : | : I ‘ |
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| Switch :
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| | De-Queuing ||
| Control T |
I |
| Switch Input |
I Port Blocking |
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| Broadcast/VLAN/
| Addl_rggiUTaUe Mirroring |
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Figure 13.2  Switching Engine Overview
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13.4.1.2 Frame Classification and Priority Resolution

(1) Overview

When a frame is received at the input port, the type of frame is judged and several items of information such as the MAC
address, VLAN tag, and IP header are extracted from the frame.

Frames are classified with up to eight levels of priority (in the case of VLAN frames), and the priority can be remapped
as desired to determine the priority for output. Frames are stored in the corresponding queues at the output port. If a
frame has a higher priority than that of the output queue allocated to the port, the frame is stored in the highest priority
queue.

(2) VLAN Priority Look-Up

Each port has a programmable priority table with eight entries. The VLAN PRIORITYn register contains the mapping of
the priority for port n (n = 0 to 2) and the final priority can be mapped in the 3 bits of each VLAN priority field.

The index to the mapping field consists of the three-bit priority field of the of the VLAN tag, i.e. bits 7 to 5 of the first
octet. The LSB is bit 5 and MSB is bit 7. The destination for mapping has four levels, with the value 0 being the lowest
and 3 being the highest.

VLAN Priority ——— VEAEﬁJ[-l—n:&e ——— Priority Judgment

VLAN Table
Programming Interface

Figure 13.3  VLAN Periority Table Overview

(3) Ipv4 and Ipv6 Priority Look Up (Optional Function)

As an optional (synthesis) function, the switch can classify both Ipv4 and Ipv6 frames: A lookup table with 64 entries is
implemented per port to classify the IPv4 frames and a lookup table with 256 entries is implemented per port to classify
IPv6 frames. The IP_PRIORITYn is used to set up lookup tables.

The value of the 6-bit DiffServ field from the IPv4 CoS (Class of Service) table entry is input to the table, which returns
a 2-bit priority value.

The value of the 8-bit Class of Service field from the Ipv6 COS table entry is input to the table, which returns a 2-bit
priority value.
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IP Header Data

256 Entries
IPv6 COS Table

y
A

Priority Judgment

A

A 4

64 Entries
—[™ IPv4 COS Table

A

IP COS Table
Programming Interface

Figure 13.4 IP COS Tables Overview

(4) Determination of Priority

Programming the PRIORITY CFGn registers allows independent settings for how the levels of priority are determined
for packets arriving at each port. The PRIORITY CFGn registers are used to enable or disable the classification of
priority based on the VLAN or IP priority field or by the MAC address.

The priority is determined according to the following rules. The processing differs according to which classification is
enabled and which field is found within the frame.

* If determination of priority from the IP priority is enabled and an IP header is found, the priority is mapped by using
the IP_ PRIORITYn register.

« If the above is not applicable, determination of priority from the VLAN priority is enabled, and a VLAN tag is
found, the priority is mapped by using the VLAN PRIORITYn register.

» Furthermore, if none of the above is satisfied, the default priority as specified in the PRIORITY CFG register for
the port where the frame was received is used.

13.4.1.3 Input Port Selection

The port selection circuit constantly polls all input ports to check if they have available data. If one has data, that port is
selected and a frame is read from the port. After reading of a frame, another port is selected even if the port which was
read has further data.

In other words, applications running on a FIFO input interface like that of the MAC cannot consecutively transmit frames
to the switch. After one frame is transmitted, the sender must wait for the port to be selected again.

R18UZ0073EJ0200 Rev.2.00 RENESAS Page 13-69
May 31, 2024



R-IN32M4-CL3 Hardware edition 13. Ethernet Switch

13.4.1.4 Layer 2 Look Up Engine

(1) Overview

A hash code is calculated using the frame destination MAC address. It is used as an entry (address) to a table, which
contains MAC addresses with destination port number and validity information for each hash value.

As each hash code can represent more than one MAC address, space for up to eight MAC address entries (8-entry block)
is allocated in the memory from the location to which the hash code points, and the entries are searched linearly.

Miss

256 x 64 —Hlt> Destination Port

A 4

Destination Address ———p CRC-8

CRC Based 8-bit
Hash Code Linear Search
Calculation

Figure 13.5  Port Look-Up Overview

(2) Hash Code

For a MAC address table with 2048 entries, an 8-bit hash value is calculated from the least significant 24 bits (or all
48-bits) of the MAC address. The hash code is using a CRC-8: x® + x2 +x + 1 (0x07)

An 8-bit CRC is also used for smaller address tables with up to 256 entries. In this case, every hash code directly points
to one entry in the memory, and the blocks of 8 entries overlap each other.

Caution: The size of the address table is fixed at 256 entries.
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(3) Address Table

The address table consists of multiple blocks. Each block has eight records, which contain 64 bits of information each.
Each record contains a 48-bit MAC address, information required for transfer, and priority or time stamp information.
The address where the block of 8 entries starts is the hash value calculated from the MAC address. Two types of record
are defined.

* Dynamic Record:
A dynamic entry consists of a MAC address together with a 10-bit timestamp and destination port number. These
entries are created by a function for learning from received frames to enable the transfer of frames to particular
ports. Dynamic entries are deleted by an aging function if they are not updated.

« Static Multiport/Priority Record:
Switch management can also write static entries in the address table. Along with MAC addresses, these can include
priority levels as well as specifications of multiple destination ports for transfer (by using port bit masks). The
MAC addresses can be unicast or multicast. These records can be used to e.g. specify the ports to participate in a
specific multicast domain or to assign priority based on the MAC address to a frame. The aging and learning
functions are not applied to static records.

63 60 59 504948 47 0

4 bit - .
Port # 10bit Timestamp |0 MAC Address (48 bits)

Dynamic record

— 48: Record Valid
49: Record Type

63 5655545352 50 47 0

Static record Reserved S8 | MAC Address (48 bits)
Priority|

I— 53: Port 0 Mask
54: Port 1 Mask
55: Port 2 Mask

Figure 13.6  Record Types of Address Memory

Bit 49 of the records decides which type of record is found in the table:

* Ifthe value is 0, the entry is interpreted as dynamic, and this bit is followed by a 10-bit timestamp and 4-bit port
number.

 Ifthe value is 1, the entry is interpreted as static, and this bit is followed by a 3-bit priority field and a 3-bit port bit
mask. For the port bit mask, bits 53, 54, and 55 represent port 0, port 1, and the internal port (port 2) respectively.
Frames will be transferred to all ports that have a 1 in the port bit mask. Frames are not transferred again to the
source port for transmission, even if the port bit mask is 1.
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13.4.1.5 Learning Interface

The learning interface provides the software with the information required to construct a lookup table. The interface has a
FIFO buffer for storage of multiple entries.

De-Queuing Control

Read Status

v v
— J/
Learning Interface

Figure 13.7 Learning Interface Overview

Two 32-bit records (record A and record B) are written to the FIFO buffer for each frame received by the switch. Record
A is written first followed by record B.

Record A contains the source MAC address of the frame and record B contains the 8-bit hash code calculated from that
address, and the port number at the source. The first octet of the MAC address is bits 7 to 0 of record A and the sixth
octet is bits 15 to 8 of record B.

31 0
Frame Record A MAC Address (48 bits)

Frame Record B 4 Reserved Bits 4-bit Port Number 8-bit Hash Code

Figure 13.8  Record Formats

Software can read these records by using the LRN REC A and LRN_REC B registers.
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13.4.1.6 Frame Transfer Processing

(1) Overview

When a frame is processed, its 48-bit source and destination MAC addresses are extracted. The address table is searched
for the destination MAC address. The following rules apply in the order from top to bottom:

* If the destination address is found, the frame is transferred to the port(s) specified by the address table entry.

« If the above is not satisfied and the destination address is unicast, the frame is transferred to all ports specified by the
UCAST DEFAULT MASK register.

« If the above is not satisfied and the destination address is broadcast, the frame is transferred to all ports specified by
the BCAST DEFAULT MASK register.

 If the above is not satisfied and the destination address is multicast, the frame is transferred to all ports specified by
the MCAST DEFAULT MASK register.

* If none of the above conditions are satisfied, the frame is transferred to all ports specified by the
BCAST DEFAULT MASK register.

The address table can hold static entries. Registering multicast addresses in static entries is also possible. Accordingly,
the specified multicast addresses can also be transferred by using static entries instead of the setting of the
MCAST DEFAULT MASK register.

Destination MAC
Address Lookup

\ 4

Multicast / Broadcast

\ 4

. . discard
Congestion Handling e

\ 4
Address Table Update

\ 4

( Frame Forwardingj

Figure 13.9  Overview of Processing for Frame Transfer
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(2) Processing to Handle Congestion

(@) Overview

Processing to handle congestion is used whenever an output port is not available but sending of data to that port is
required. An output port is defined to be “available” if the port is enabled by register PORT ENA and the corresponding
output queue has enough room to store a full-sized frame.

This processing determines whether the frame should be processed further or discarded according to the following rules:

(b) Unique destination (one input to one output)

If the output port is enabled and can accept a frame, the frame will be transferred normally. In any other case, the frame
will be discarded.

(c) Multiple destinations (flooding)

After broadcast, multicast, or flooding processing, frames must be transferred to multiple output ports.

« If there are output disabled ports, all disabled ports are removed from the list of outputs.
» Ifany of the output ports cannot accept a frame due to output congestion (as indicated by the output queue
management for the port), that port is removed from the list of outputs.

If no output port is left in the list of outputs after the removal, the frame is read from the input and then discarded. The
frame discard counter (ODISCn) corresponding to that port is incremented.

(3) Bridge Protocol Frame Processing

To implement bridge control protocols like the Spanning Tree protocol, the following controls are performed by protocol
frame processing:

(a) Input port blocking

Input port blocking is used to avoid transfer of frames after address learning. This can be enabled or disabled by using the
INPUT LEARN BLOCK register. If a frame is received through the port which should be blocked and that frame is not
a bridge protocol frame, the frame will be discarded and will not be transferred to any output port.

(b) Disabling input port learning

To reduce the load of software processing, a port can be configured to be out of the scope of learning by using the
INPUT LEARN BLOCK register. When learning is disabled for a port, source addresses of received frames are not
extracted for that port, except for those of BPDU frames. The source addresses of BPDU frames are always extracted and
transferred to the learning interface.

(c) Transfer to management port (internal port)

If bit 6 of the MGMT_CONFIG register is enabled, bridge protocol frames are always transferred to the management
port, independent of any address lookup or other transfer processing.

Bridge protocol frames are identified by its destination address being any of the following:
* 01-80-c2-00-00-00 to 01-80-c2-00-00-0F (Spanning Tree, IEEE 802.1d)
* 01-80-c2-00-00-10 (Bridge Management Address, 802.1d)
* 01-80-c2-00-00-20 to 01-80-c2-00-00-2F (Generic Attribute Registration Protocol, 802.1d)
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(d) Transfer of management frames

If the management port (internal port) transmits frames, they are transferred according to the port mask settings of bits 17
and 16 of the MGMT_CONFIG register. A handshaking mechanism is implemented (bit 5 of the MGMT CONFIG
register) and the port mask settings can be changed for management frames in units of frames.

(4) Forcible Transfer

The switch is capable of forcibly transferring frames to specific ports by disabling the method of transfer determined by
transfer processing. This function is generally used for management frames. Multicast addresses are used for
management frames, but they need only be transferred to specific output ports.

Depending on the implementation of the switch application, either of the following is used.

* When a BPDU is transferred, the port mask defined in the MGMT_CONFIG register can be used. The application
must set the register before transferring the BPDU frame to the switch. After that, if bit 5 indicating the completion
of transmission of the BPDU frame is set, the port mask setting can be cleared.

» Forcible transfer can be set in units of frames by using a management tag that can be used between the internal port
and Ethernet switch. This method is preferred since it eliminates the need for any handshaking that requires use of
the MGMT _CONFIG register.

The difference between the above two transfer methods is that only BPDU frames are transferred in the former, while the
latter allows the forcible transfer of all frames.

Note: When the management tag is used for forcible transfer, bits 17 and 16 of the MGMT_CONFIG
register must always be set to 0. The setting of MGMT_CONFIG is given priority and the
management tag setting will be overwritten.
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13.4.1.7 Output Frame Queuing

(1) Overview

A shared memory architecture to store frames of desired size for multiple output ports is adopted for the
memory controller.

Each output port can have queues with up to four priority levels. The memory controller has a single input port
(write port) and multiple output ports (multiple read ports) which can handle the virtual duplication of frames.

The memory is divided into small cells for efficiently sharing of the available memory area among small and
large frames. Therefore, even the storage of small frames does not leave a large unused area.

Dual-Port
Memory
1:3 Port
Input port Output Ports
(write port) Memory (Multi read port)
Controller

Figure 13.10 Overview of Output Port Memory Controller

(2) Functions

* Memory controller with one write port and multiple read ports

+ Shared memory (8KB) partitioned into 256-byte cells

» When writing to memory from an input port, simultaneous writing to multiple destinations is possible (virtual frame
duplication).

* Multiple read ports (output ports) for time-divided multiple outputs from memory to achieve output to all output ports
in a rapid sequence.

* Queues with 4 priority levels for each output port

» Congestion information for backpressure and overflow protection available

* Memory status statistics available

(3) Implementation

The memory manager implements 8 Kbytes of shared memory for all queues on output ports 0 and 1. Port 2 (internal
port) has a single FIFO queue, which operates independently from the shared memory. Therefore, an internal port being
congested (the software is not reading fast enough) does not affect transfer between ports 0 and 1.
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13.4.2 Hub Module Supporting Cut-Through

The Ethernet switch has a hub module which supports cut-through. Use of this module allows high-speed transfer of
frames without using the switch engine between ports 0 and 1.

The hub module operates at the level of the MII between the MAC and Ethernet PHY. Operation of the hub module for
packets from both ports 0 and 1 and also for one port only is possible. If operation for one port is enabled, cut-through
transfer is used in one direction and store-and-forward transfer is used in the other direction. The settings for the direction
of operation of the hub module and the enabling or disabling of operation itself can be controlled by software.

If the hub module is enabled, transfer of all received frames to the opposite port is immediate and proceeds before they
are completely received (cut-through transfer). Filters can be configured to avoid cut-through transfer of certain specific
management frames that must be routed through the switch with normal store-and-forward behavior.

13.4.21 Operating in Normal Switch Mode

In normal switching mode, the MAC interfaces are directly connected to the Ethernet PHY interfaces and data are
directly transferred by the switch. The switch engine is responsible for transferring all frames in between the individual
ports.

Port0O Portl
X RX X RX
MAC-0 MAC-0
Switch
Engine
System
Interface

Management Port

Port2

Figure 13.11 Normal Switch Mode Operation
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13.4.2.2 Operation of the Hub in the Direction from Port O to Port 1

When operation of the hub in the direction from port 0 to port 1 is enabled, the data paths are changed at the PHY
interface level as follows.

» The reception PHY interface of port 0 is connected to the reception interfaces of both the switch and the hub. The
hub will send received frames to the transmission interface of port 1. A filtering mechanism is implemented to avoid
duplication of frames.

* The switch can transmit frames to port 0 normally and will continue to receive all traffics from port 0.
» The switch will receive frames from port 1 normally.
* When the switch transmits frames to port 1, frame duplication must be avoided. If a frame has already been

transferred through the hub or is waiting in the transmission queue, repetition of handling of the frame must be
avoided. The address filter table is also used for this purpose.

» IEEE 1588 frames must not pass through the hub to ensure proper operation of the protocol (to update the correction
field).

Even when the hub is enabled, received frames are sent to the switch and the method of transferring each frame is
decided within the switch. However, a frame that is also to be transferred by the switch to the same port as one to which
the hub has already sent it will be discarded. In other words, data transfer to the internal port (port 2) may occur. A FIFO
buffer is used for arbitration of frames both the switch and hub are attempting to transmit.

PortO Portl

TX= Mll- RX discard on
mafch

| R ——

——J - I. -
\VA : 1
> RX 1| Address Y : > RX
MAC-0 [i| fier E‘T MAC-1
1 able

forward on
match from

other port

Switch Engine

]

System
Interface

Management Port

Port 2

Figure 13.12 Operation of the Hub when Transfer from Port 0 to Port 1 is Enabled
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13.4.2.3 Operation of the Hub in the Direction from Port 1 to Port O

When operation of the hub in the direction from port 1 to port 0 is enabled, the data paths are changed at the PHY
interface level to receive data from port 1 and transmit it directly to port 0. Transmission from both the switch and hub is
arbitrated at port 1. Operation is the same as that in the direction from port 0 to port 1.

Each direction can be enabled separately and also both directions can be enabled at the same time.

13.4.2.4 Hub Reception Filtering

When the hub mode is enabled, the receive interface of the hub module must not transfer the following frames through
the hub:
* Frames having a unicast MAC destination address matching the local system's unicast MAC address.

« IEEE 1588 frames.

* Any local management frames (e.g. MAC pause frames) that are not expected to propagate through a switch

The hub receive filter operates on MAC destination addresses. Up to 7 MAC addresses can be registered for filtering.
Furthermore, it is used to handle masking of the last byte of addresses to expand the range of the addresses that can be
filtered, or in the opposite way, for forcible transfer instead of for filtering. (see the description of registers

HUB_FLT MACnlo and HUB_FLT MAChnhi).

Transfer operation differs between the hub and switch depending on the filter setting.

Table 13.1 Operation of the Hub and Switch by Filter Setting

Forcible Transfer Disable Enable Not
Address Match/Mismatch Match Mismatch Match Mismatch
Hub Hub Not transferred Cut-through Cut-through Filtering with forcible
enabled Switch Store and forward Nte 2 | Not transferred — Note 3 transfer disabled
Hub Hub Not transferred Not transferred Cut-through
disabled Switch Store and forward Nte 2 | Store and forward Note2 | — Note 3

Note 1: Use of beacon frames of DLR is assumed.

Note 2: This is a case when transfer proceeds between the PHY ports. Transfer may not proceed depending on the
address table and default mask settings.

Note 3: A frame will be discarded before entering the switch.

e When forcible transfer of frames is disabled
If the destination address of the received frame matches the address registered in the filter, the hub does not transfer
that frame to another port. However, it transfers that frame to another port if transfer proceeds between port 0 and port
1 within the switch.
If the destination address of the received frame does not match the address registered in the filter, the nub transfer the
frame to another port. On the other hand, the switch does not transfer the frame to another port. This prevents
duplication of frames.

e When forcible transfer of frames is enabled
If the destination address of the received frame matches the address registered in the filter, the hub always transfers the
frame to another port even while the hub is disabled. Forcible transfer is generally used for beacon frames. If the DLR
function is enabled, beacon frames can be processed by using the DLR module, but they are discarded before entering
the switch module. This is to prevent frame duplication.
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The management port (port 2) is not affected by any frame filtering and will always receive frames from both MAC
ports.
The filter addresses must include the local system unicast addresses as well as destination addresses (multicast addresses)

of IEEE 1588 frames and of frames that should not be transferred through the hub while forcible transfer is disabled. The
following tables give examples of relevant addresses. For details, see the respective specifications.

Table 13.2  PTPv2 Multicast Domains: Layer 2

Name MAC Address Mapping
Normal messages 01-1b-19-00-00-00

Peer delay messages 01-80-c2-00-00-0e

Table 13.3  PTP Multicast Domains: UDP/IP

Name IP Address MAC Address Mapping
Default PTP domain 224.0.1.129 01-00-5e-00-01-81
Alternate PTP domain1 224.0.1.130 01-00-5e-00-01-82
Alternate PTP domain2 224.0.1.131 01-00-5e-00-01-83
Alternate PTP domain3 224.0.1.132 01-00-5e-00-01-84

Table 13.4 Management Frame Domains

Name IP Address MAC Address Mapping
Generic Switch Management 224.0.0.0 01-00-5e-00-00-00
IGMP 224.0.0.1 01-00-5e-00-00-01

Table 13.5  Switch Management Frame Domains

Name MAC Address mapping
Spanning Tree, IEEE 802.1d 01-80-c2-00-00-00 to 01-80-c2-00-00-0F
Bridge Management Address, 802.1d 01-80-c2-00-00-10
GARP 01-80-c2-00-00-20 to 01-80-c2-00-00-2F
MAC Layer Control Frames (Pause) 01-80-c2-00-00-01

Table 13.6 DLR Multicast Domains

Name MAC Address mapping
Beacon Frame 01-21-6C-00-00-01
Neighbor Check Request, Neighbor Check Response, Sign ON 01-21-6C-00-00-02
Announce, Locate Fault 01-21-6C-00-00-03

Based on the above, initial settings must be made for the hub module to include at least the addresses listed in Table 13.7.
The address and mask values are programmed by using the HUB_FLT MACnlo/hi registers.

The first byte of the MAC address must be set in bits 7 to 0 of the HUB_FLT MACnlo register. The logical AND of the
mask value and the last byte of the address of the received frame is taken, and the result is compared with the set address.

The forcible transfer bit should only be set to 1 when frames must always be transferred via the hub. Forcible transfer
operates regardless of the enabled or disabled setting of the hub. That is, when the hub module is disabled, only specified
frames can be transferred in a cut-through fashion.
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If a request is not issued by the application, broadcast frames must not be transferred through the hub. There is no need to
input broadcast addresses to the filter table. Filtering can be enabled by using the corresponding control bit in the
HUB_CONTROL register.

Table 13.7  Typical Hub MAC Filter Setup

MAC Address Mask | Forcible Transfer Notes
01-80-c2-00-00-00 0xCO0 | 0 Filters all frames in range 01-80-c2-00-00-{00..3F}
The settings of the HUB_FLT_MACnlo/hi registers would be:
HUB_FLT_MACnlo = 00C2 8001H
HUB_FLT_MACnhhi = 00C0 0000H

01-1b-19-00-00-00 OxFF | O Filters only this address (PTPv2)

01-00-5e-00-01-80 OxF8 | 0 Filters 01-00-5e-00-01-{80..87}(224.0.1.{128..135})
01-00-5e-00-00-00 OxFC | O Filters 01-00-5e-00-00-{00..03} (224.0.0.{0..3})

<local node unicast OxFF |0 Should be entered to avoid unnecessary transfer of frames that
address> are directed to the node only.

01-21-6C-00-00-01 OxFF |1 Beacon frames should be forcibly transferred through the hub.

The settings of the HUB_FLT_MACS6lo/hi registers would be:
HUB_FLT_MACS6Ilo = 006C 2101H
HUB_FLT_MACG6hi = 01FF 0100H

13.4.2.5 Forcible Transfer by the Hub Module

The forcible transfer bit (bit 24 of the HUB_FLT MACnhi register) can be set for each entry of the filter. This bit
changes operation of the hub module to forcibly transferring frames instead of filtering them. If the addresses match and
the forced transfer bit for that address entry is set, frames are transferred via the hub in a cut-through fashion. On the
other hand, frames to be transferred to the MAC and switch are discarded before the MAC and switch. Forcible transfer
always proceeds independently of the hub enable control bit (bit 0 of the HUB_ COTNROL register).

Since frames are discarded before they are loaded to the switch in this operating mode, the forcibly transferred frame
cannot be processed by the switch. Accordingly, there is no address learning from such frames. Also, these frames cannot
be transferred to a local application via port 2. This is different from normal hub operation. In normal hub operation, all
frames are loaded to the switch but they are only discarded at the port through which they have been transferred to avoid
frame duplication on the line side of the port.

The DLR module, which is described in the next section, can receive forcibly transferred frames normally. This is
because this module is located before the MAC and switch and is not affected by frames being discarded. Accordingly,
forcible transfer is intended to be used for beacon frames of the DLR. The load on the application can be reduced by
using the DLR module to process beacon frames.

13.4.2.6 Loop Filtering

The hub module has a loop filter, which is used to discard frames with specific source addresses at the reception port.
This prevents such frames from passing through the hub or switch. This functionality is generally required by
applications where connection is in a ring. In this case, frames from the local node may reach the local node again after
they have passed through the ring, so if the loop filter discards a frame, that frame has no further processing by the hub or
switch, and can be completely removed from the network.

The MAC address of the local node to be processed by the loop filter can be configured with the LOC_MAC]lo/hi
registers of the DLR module.
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13.4.3 DLR Module

The device level ring (DLR) module offers beacon frame processing on the reception paths of ports 0 and 1 of the switch
core as a beacon node.

The DLR module is inserted between the HUB module and the switch module.

The DLR module detects beacon frames on the reception paths from both external ports and discards them before they
enter the switch module. The DLR module analyzes all beacon frame parameters and stores them in local registers to
allow access by software.

The DLR module can issue an interrupt to notify the CPU of any change in the state of the ring indicated by a beacon
node. This allows parameters in received beacon frames to be read at any time.

Statistics counters to count the number of transferred beacon frames are also implemented.

PortO Portl

TX-MII-RX TX-MII-RX
HUB Module
/\ ex R /\
™ DLR Module ™
Switch
MAC-0 Module MAC-1

Figure 13.13 Connection between the Hub Module and the DLR Module
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13.4.3.1

Beacon Frame Format

Within a DLR network, the active ring supervisor transmits a beacon frame through both of its Ethernet ports per beacon
interval (400 microseconds by default). DLR frames are using the frame format of 802.1Q. Frames are transmitted with
the highest priority (7). A beacon frame is 64 bytes of DLR frame, excluding the preamble and the SFD, and it consists of

the following fields:
([ 7 octets PREAMBLE

1 octet SFD

6 octets DESTINATION ADDRESS

6 octets SOURCE ADDRESS

2 octets VLAN Tag (0x8100) Common DLR

2 octets VLAN info (OXEQO + VLAN ID) Protocol Header

2 octets Ring Ether Type (Ox80E1)

1 octet Ring Sub Type (0x02)

1 octet Ring Protocol Version (0x01)
Frame 1 octet Frame Type (0x01)
Iength 1 octet Source Port (0x00)

4 octets Source IP Address

(0x00 if source has no IP address)

4 octets Sequence ID

1 octet Ring State

1 octet Supervisor precedence

4 octets Beacon Interval

4 octets Beacon Timeout in microseconds

20 octets Reserved

\ | 4 octets Frame Check Sequence

Figure 13.14 Beacon Frame Format

The DLR module processes beacon frames and stores beacon frame parameters in local registers to allow access by
software. The following table shows the beacon frame fields and relevant register names to store the values for the ring

node.
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Table 13.8  Definitions of Beacon Frame Fields
Term Description Register Name
Destination The destination MAC address of beacon frames is a fixed multicast —
address address of 01-21-6C-00-00-01. This is an exclusive MAC address

used only for beacon frames. Cut-through transfer proceeds based on
matching with this address.

Source address

Source MAC address of the supervisor. 48-bit addresses are stored in
the two registers.

SUPR_MACIo/hi

VLAN tag

DLR messages contain 2 octets of the VLAN tag (0x8100) after the
source MAC address according to 802.1Q.

VLAN information

16-bit information fields contain the priority field and the VLAN_ID. The
VLAN ID is configured by the ring supervisor and received by the ring
nodes. The default value of the VLAN ID is O when there is no VLAN
ID available. The default VLAN ID does not need to be changed unless
a commercially-available switch is used within the ring.

Bits 31 to 16 of
STATE_VLAN.

However, when bit 8 is set
to 1, the value is valid.

Ring Ether type

Ether type for DLR frames is Ox80E1.

Ring sub type

The value of ring sub type for the DLR messages is always 0x02.

Bits 7 to 0 of
ETH_STYP_VER

Ring protocol

Protocol version of DLR messages

Bits 15 to 8 of

version ETH_STYP_VER

Frame type The value of frame type of beacon frames is always 0x01. —

Source port The value of the source port for beacon frames is always 0x0. Bits 23 to 16 of

ETH_STYP_VER

Source IP IP address of the supervisor. The default value of the IP address is 0 if | SUPR_IPADR

address there is no IP address available.

Sequence ID Sequence identification number of frames SEQ_ID

Ring state State of the ring network transmitted by the ring supervisor. Bits 7 to 0 of STATE_VLAN

Supervisor The ring supervisor priority value contains the value of priority Bits 23 to 16 of

priority assigned to the ring supervisor. When multiple supervisors are SUPR_MACKHhI
enabled, a supervisor with the highest priority can be selected. The
ring supervisor’s priority value can be any value within the range from
0 to 255, with numerically higher values indicating higher precedence.

Beacon interval Interval at which the ring supervisor sends beacon frames. The setting | BEC_INTRVL
is in units of microseconds. Valid values are within the range from at
least 100 microseconds up to 100 milliseconds. A typical value is 400
microseconds.

Beacon timeout | When a timeout for beacon frames is detected, this indicates the time | BEC_TMOUT
over which to wait before performing appropriate processing in units of
microseconds has elapsed. Valid values are within the range from at
least 200 microseconds up to 500 milliseconds. A typical value is 1960
microseconds.

Frame check CRC value for frames —

sequence
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13.4.3.2 Functional Description of Ring Node

Beacon frames are detected and analyzed by the DLR module so that, if the CPU is for a ring node, it is not burdened
with the processing of beacon frames. If a beacon node indicates any change in the ring state (configuration), this is
conveyed to the CPU through an interrupt.

In addition, parameters in received beacon frames can be read at a desired time. Statistics counters are also implemented
to check the number of transferred beacon frames.

(1) Initial Settings
The procedure for setting up the DLR module is as follows:

* Set the lower-order 4 bytes of the beacon destination address (006C 2101H) in the HUB_FLT MACS®6lo register.
This value is the initial value of this register.

* Set the higher-order 2 bytes of the beacon destination address and the setting to enable forcible transfer (01FF
0100H) in the HUB_FLT MACG6hi register. This value is the initial value of this register. Note the setting of the
mask bit is OxFF.

* Set the lower-order 4 bytes of the unicast address of the local device in the LOC MACIo register of the DLR
module which is used by the loop filter.

* Set the higher-order 2 bytes of the unicast address of the local device in the LOC_MAChi register of the DLR
module which is used by the loop filter.

+ Set the DLR Ethernet frame type value of 0x80E1 in the DLR_ETH_TYP register. This value is the initial value of
this register.

* Enable the DLR module through the DLR_CONTROL register. Also set the number of clock cycles required for
counting one microsecond in this register. The DLR module of this LSI chip operates at 100 MHz, so always set
0x64 in this register. The setting must be changed from the initial value.

* Use the DLR IRQ_ CTRL register to enable or disable desired interrupt sources as required by the software.

(2) StartUp

At start-up, the ring node is placed in the idle state and assumes that the network is in a linear topology. The current state
of the local ring node and the values of the other status bits are stored in the DLR_STATUS register and can be accessed
by software.

When a beacon frame holding an invalid timer value is received while bit 4 of the DLR_CONTROL register is set for
ignoring invalid timer values, that frame will be ignored. On the other hand, invalid timer values are stored in the
INV_TMOUT register regardless of the setting of bit 4 of the DLR CONTROL register. Setting bit 11 of the

DLR _IRQ CTRL to 1 also allows generation of interrupts.

When a beacon frame is received through either port, the ring node is placed in the idle state and assumes that the
network is in a linear topology. When bit 1 of the DLR_TRQ_CTRL register is set to 1, an interrupt is generated and the
CPU is notified that the MAC address learning table requires flushing and that a state transition has occurred. All
parameters of the ring supervisor are stored in the register and can be accessed by software. However, the following
parameters are only stored during transitions from the idle state to the fault state.

* Supervisor's MAC address: Stored in register SUPR._MACIlo or SUPR_ MAChi.
 Supervisor's priority value: Stored in register SUPR_ MAChi

VLAN ID: Stored in register STATE _VLAN

* Beacon timeout timer value: Stored in register BEC_TMOUT
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The IP address of the supervisor is accepted to change at any time. The new IP address will always replace the old one.
An interrupt indicating a change of the IP address is generated by setting bit 10 of the DLR_IRQ_ CTRL register.

If a beacon frame is received from a supervisor which has a higher priority than the current supervisor or from another
supervisor with the same priority which has a higher MAC address, parameters of the new beacon frame will replace all
old values. An interrupt indicating the change of the supervisor is generated by setting bit 6 of the DLR_ IRQ_CTRL
register. The ring node will stay in the fault state.

If a beacon frame is received from a supervisor which has a lower priority than the current supervisor or from another
supervisor with the same priority which has a lower MAC address, that beacon frame will be ignored. An interrupt
indicating that the beacon frame has been ignored is generated by setting bit 9 of the DLR_IRQ_CTRL register. The ring
node will stay in the fault state.

The ring supervisor is not expected to change parameters in beacon frames. If parameters need to be changed, the
supervisor stops transmitting beacon frames for at least two beacon timeout periods before transmitting beacon frames
with new parameters.

If the local node returns to the idle state when the beacon timeout timer reaches the timeout time on both ports, an
interrupt is generated by setting bits 4 and 5 of the DLR _IRQ_CTRL register. The current interrupt state is accessible by
software. Since a beacon timeout has occurred on both ports, erasure of the MAC address learning table and changing the
state of the DLR_IRQ STAT ACK register are required.

If beacon frames are received through both ports and a beacon frame with the ring state field set to

RING STATE NORMAL is received from the active ring supervisor through either of the ports, the local node enters
the normal state. The interrupt status bit indicates the change of state. As a result, the unicast MAC address learning table
must be erased. In addition, if the software has set the neighbor check timeout timer running, it must be stopped.

Note: The neighbor check timeout timer for neighbor check processing (100 milliseconds) should be
implemented by the software. The software can use bit 3 or 2 of the DLR_IRQ_STAT_ACK
register to stop the timer.

(3) Fault Detection

Any of the following events shall cause a transition of the ring node from NORMAL STATE to another state.

* Reception of a beacon frame with the state parameter set to RING FAULT STATE.
The DLR_IRQ STAT ACK register indicates that bit O is set and the node state has been changed.
An interrupt is also generated if generation of interrupts is enabled.

» Reception of a beacon frame with a different MAC address from the currently active ring supervisor or from a
supervisor with a higher priority.
In addition to the change of the state, bit 6 of the DLR IRQ STAT ACK register is set, indicating the change of
the supervisor.

» A beacon frame could not be received through both ports during the period specified by the beacon timeout time
value.
The node enters the idle state. Furthermore, bits 5 and 4 of the DLR IRQ_STAT ACK register are set, indicating
that the beacon timeout timer has reached the timeout time on both ports.

* A beacon frame could not be received through either of the ports during the period specified by the beacon timeout
time value.
The node enters the fault state. Furthermore, bit 5 or 4 of the DLR IRQ STAT ACK register is set, indicating that
the beacon timeout timer has reached the timeout time on that port.
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(4) Error Handling

The DLR node module is capable of handling the following error conditions:

* A CRC error being detected in beacon frames
When a CRC error is detected in beacon frames, the DLR node does not process these frames but discard them
before they enter the switch. Parameters in beacon frames which have a CRC error are not stored in the registers.
On the other hand, since the CRC is not checked in the hub, the beacon frame will be transferred through the hub
even if it has a CRC error. Beacon frames which have a CRC error are counted by the statistics counters
RX ERR STATO/1.

» The timeout timer value of beacon frames being outside the valid range
The valid range of the timeout timer value of beacon frames is from 200 microseconds to 500 milliseconds. If
beacon frames from the supervisor have an invalid beacon timeout value, they will be ignored and discarded before
they enter the switch if bit 4 of the DLR_ CONTROL register is set. Regardless of this setting, frames which have
an invalid beacon timeout value are always detected and any invalid timeout value is stored in the INV_TMOUT
register. When bit 11 of the DLR IRQ CTRL register is set, an interrupt is also generated.

This document mainly describes the DLR module incorporated in this LSI chip. For details of the DLR module, refer to
the specification of ODVA.
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1344 IEEE 1588 Timer & Control Module

13.4.4.1 Overview

The timer & control module (TSM) has an adjustable timer for use with the Precision Time Protocol (PTP) defined by
the IEEE 1588 standard. This allows synchronization of the local time of the timer with a remote master clock. However,
this requires software compliant with the PTP or a similar protocol.

In addition, the module provides a reference time for timestamps of all frames acquired at the MAC/PHY interfaces of
the external ports. The timestamps enable use of a time synchronization protocol such as the PTP to synchronize
distributed clocks in the network with a common master clock.

13.4.4.2 IEEE 1588 Message Formats

(1) Transport Encapsulation

Datagrams for the Precision Time Protocol (PTP) are encapsulated in Ethernet frames by using the UDP/IP transport
mechanism. In PTP v2, as well as UDP/IP, the PTP data may be directly transported in layer 2 Ethernet frames.
Generally, multicast addresses are used for the efficient distribution of messages for synchronization.

« UDP/IP

The 1588 messages (v1 and v2) can be transported by using UDP/IP multicast messages. The following IP multicast
groups are defined for PTP. The table also shows MAC layer multicast address mapping according to RFC 1112.

Table 13.9  UDP/IP Multicast Domains

Name IP Address MAC Address Mapping
Default PTP domain 224.0.1.129 01-00-5e-00-01-81
Alternate PTP domain1 224.0.1.130 01-00-5e-00-01-82
Alternate PTP domain2 224.0.1.131 01-00-5e-00-01-83
Alternate PTP domain3 224.0.1.132 01-00-5e-00-01-84

Table 13.10 UDP Port Numbers

Message Type UDP Port Note
event 319 Used for SYNC and DELAY_REQUEST messages.
general 320 Used for the other messages (e.g. follow-up, delay-response)

» Native Ethernet (Layer 2)
As previously stated, in addition to the usage of UDP/IP frames, IEEE 1588 version 2 defines a native Ethernet frame
format. The frames are identified by the value 0x88F7 in the EtherType field. The payload of the Ethernet frame
immediately contains the PTP datagram, starting with the PTP v2 header.

Additions to PTP v2 include a peer delay mechanism. This allows measurement of delays between individual
point-to-point links along a path over multiple nodes. The following multicast domains are also defined in PTP v2.

Table 13.11 PTPv2 Multicast Domains

Name MAC Address
Normal messages 01-1b-19-00-00-00
Peer delay messages 01-80-c2-00-00-0e
R18UZ0073EJ0200 Rev.2.00 RENESAS Page 13-88

May 31, 2024



R-IN32M4-CL3 Hardware edition 13. Ethernet Switch

(2) PTP Header

All PTP frames contain a common header, which includes the protocol version number as well as the type of message.
The type of message further defines the contents of the message. All multi-octet fields are transmitted in big-endian
order. The last 4 bits of the version field are at the same position in both PTP v1 and PTP v2 headers. Accordingly, the
version can be correctly identified by checking the first 2 bytes of a message.

Note: Consult the IEEE 1588 standard for more details on the meanings of the contents of PTP
frames. This document only covers some of the relevant information that will be useful in
understanding the terminology. PTPv1 refers to version 1 of the IEEE 1588 standard while
PTPv2 refers to version 2 of this standard.

e PTPv1 Header

Table 13.12 Common PTPv1 Message Header

Bits Octets Offset
7 | e | s | 4 | 3 | 2 | 1 | o
versionPTP = 0x0001 2
versionNetwork 2
subdomain 16
messageType 1 20
sourceCommunicationTechnology 1 21
sourceUuid 6 22
sourcePortld 2 28
sequenceld 2 30
control 1 32
0x00 1 33
flags 2 34
reserved 4 36
The type of message is encoded in the messageType and control fields as listed in the table below:
Table 13.13 PTPv1 Message Type Identification
messageType control Message Name Message
0x01 0 SYNC event message
0x01 1 DELAY_REQ event message
0x02 2 FOLLOW_UP general message
0x02 3 DELAY_RESP general message
0x02 4 MANAGEMENT general message
other other reserved
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e PTPv2 Header

Table 13.14 Common PTPv2 Message Header

Bits Octets Offset
7 | e | 5 | 4 3 | 2 | 1 | o
ransportSpecific messageld 1 0
reserved versionPTP = 0x2 1 1
messagelength 2 2
domainNumber 1 4
reserved 1 5
flags 2 6
correctionField 8 8
reserved 4 16
sourcePortldentity 10 20
sequenceld 2 30
control 1 32
logMeanMessagelnterval 1 33
The type of message is encoded in the messageld field as listed in the table below:
Table 13.15 PTPv2 Message Type Ildentification
messageld Message Name Message
0x0 SYNC event message
0x1 DELAY_REQ event message
0x2 PATH_DELAY_REQ event message
0x3 PATH_DELAY_RESP event message
0x4 — 0x7 reserved
0x8 FOLLOW_UP general message
0x9 DELAY_RESP general message
Oxa PATH_DELAY_FOLLOW_UP general message
Oxb ANNOUNCE general message
Oxc SIGNALING general message
Oxd MANAGEMENT general message

The PTPv2 flags field contains the details on the type of message, especially if one-step or two-step implementations are

used. The flags field consists of two octets with the following meanings for the bits. Reserved bits are set to 0.
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Table 13.16 PTPv2 Message Flags Field Definitions

Octet Offset Bit Name Description
6 (first) 0 ALTERNATE_MASTER See IEEE 1588 Clause 17.4.
1 TWO_STEP 0: One-step clock
1: Two-step clock
2 UNICAST 0: Multicast Addresses

1: Unicast Addresses

3,4 | reserved

profile specific

profile specific

reserved

Note: Please refer to the IEEE 1588 specification for details on frame formats and fields.
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13.4.4.3 Adjustable Timer Module

(1) Overview

The adjustable timer module (TSM) has a free-running counter (FRC), which is used to generate timestamps for received
and transmitted frames. The FRC of this LSI chip runs at 125 MHz, for a time resolution of 8 ns.

A dedicated time correction circuit can be used to adjust the timer for synchronization with a remote master and provide
a time-synchronized reference to the local system.

The switch has two timers: a nanoseconds timer and a seconds timer. The nanoseconds timer reaching 10° leads to the
generation of an interrupt.

This LSI chip is capable of generating time-synchronized pulse signals with desired cycles based on the current time
values of the timers. It can also provide reference times to external systems.

(2) Timer Module Configuration

The adjustable timer consists of a programmable counter/accumulator and two correction counters. The periods of these
counters and the values of their increments can be freely set. This allows fine tuning of the timer.

Ci t ti i
Free-run counter urrent ime, Pulse generation [—» Time sync
pulses
ATIME_EVT_PERIOD »(mod
Inc by offset

Offset correction
correction -
counter

Drift correction _
counter Inc by normal or /

c drift correction A A )
ATIME_OFFS_CORR | | ATIME_CORR | | ATIME_INC[22:16] | | ATIME_INC[14:8] | | ATIME_INC[6:0] |
Offset correction Drift correction Offset correction Drift correction Normal
period period incrementation incrementation incrementation

Figure 13.15 Configuration of Adjustable Timer

(3) Normal Timer Operation

The free-running counter (timer) continues to produce the current time. The constant value defined in bits 6 to 0 of the
ATIME_INC register is added to the current time in each clock cycle. To achieve the correct time, do not set these bits to
a value other than 001000b, which represents 8 (ns).

The period set in the ATIME_EVT PERIOD register represents the modulus and is used in cycling the counter. Always
set the value to 10 . This allows the use of timestamps in nanoseconds.
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(4) Drift Correction

| Write to ATIME_INC | Set drift correction increment value

| Write to ATIME_CORR | Set drift correction cycle
T
v

| DRFT_CNT=0 | Initialize drift correction counter
|

[ v
Current Time += ATIME_INC[6:0] | | DRFT_CNT+=1 | Count up the drift correction counter

A

DRFT_CNT = ATIME_CORR

Yes

Judge drift correction cycle

{ Current Time += ATIME_INC[14:8] | Increment drift correction increment
value to current time

Figure 13.16 Drift Correction

The drift correction counter operates fully independently of the free-running counter (timer) and is incremented by 1 with
each clock cycle. When it reaches the value set in the ATIME CORR register, it is restarted and instructs the
free-running counter to be incremented once by the correcting value, instead of the normal value. The normal and
correction increments are set in the ATIME INC register. To speed up the timer, set the correcting increment to a greater
value than the normal increment. To slow down the timer, set the correcting increment to a smaller value than the normal
increment. The correction counter does not define the amount of correction, but the interval of how many clock cycles at
which correction proceeds. This allows very fine correction with a low jitter in units of 1 ns independently of the selected
clock frequency.

R18UZ0073EJ0200 Rev.2.00 RENESAS Page 13-93
May 31, 2024




R-IN32M4-CL3 Hardware edition 13. Ethernet Switch

(5) Offset Correction

| Write to ATIME_INC | Set offset correction increment value
[ write toATIME_OFFs_coRR | Set offset correction cycle
| Write to ATIME_OFFSET | Set the number of offset correction
|
| oFs_cNT=ATIME_OFFS_CORR | Set the offset correction cycle to the
| % offset correction counter

OFS_CNT-=1 | | OFS_CNT-=1 | Count down the offset correction counter

T o OFS_CD Judge the offset correction cycle

Yes |

| ATIME_OFFSET -=1 | Decrement the number of the offset
correction
| Current Time += ATIME_INC[22:16] | Add the offset increment value to

| current time
o ATIME_OFFSET =0 ? Judge if offset correction completed
Yes |

| Offset correction completed |

Figure 13.17 Offset Correction (when ATIME_OFFS_CORR is not zero)

The offset correction counter operates fully independently of the free-running counter (timer). When the offset correction
counter is loaded with a value, it is decremented by 1 with each clock cycle. The value written to the

ATIME OFFS CORR register is loaded to the counter. The timer does not start until an offset correction has been
written to the ATIME OFFSET register (i.e., a value must be written to the ATIME OFF CORR register before writing
to the ATIME_OFFSET register).

When a value is written to the ATIME OFFSET register, the offset correction counter is loaded with the value of the
ATIME OFFS CORR register and starts counting. When the value counted reaches zero, it decrements the

ATIME OFFSET value by 1 and increments the timer by the offset value defined in bits 22 to 16 of the ATIME INC
register. If this does not cause the ATIME OFFSET value to become zero, the counter reloads the value of the

ATIME OFFS CORR register and repeats the procedure until the ATIME OFFSET value does become zero. After the
value becomes 0, further correction does not proceed.

With this correction, it is possible to shift the timer to another time without causing sudden large changes in the time.
When the offset correction has been completed, the ATIME OFFSET register becomes zero and the offset event
interrupt can be triggered if this is required.

Alternatively, instead of applying offset correction over time by using the offset correction timer, it is possible to
immediately change the current time by the offset amount. This leads to the value of the timer jumping to the time
current-time + offset. This is achieved by setting the ATIME_OFFS_CORR register to zero and then writing the offset to
the ATIME OFFSET register. The timer offset value can be positive or negative.
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(6) Generation of Pulse Signals

This LSI chip is capable of generating pulse signals with desired cycles based on the output value of the current time of

the timers.

Table 13.17 Parameters for Generation of Pulse Signals

Parameter

Related Registers

Description

Enabling
operation for
pulse generation

SWTMEN

This register is for enabling or stopping the output of pulses.

Pulse output start
time

SWTMSTSECL/H
SWTMSTNSL/H

These registers are for specifying the time pulse output starts in units of
seconds and nanoseconds.

When the SWTMEN register is set to 1 to enable the generation of pulses
after specifying the time output starts, pulses start to be output when the
current time exceeds the specified time for output to start. Pulses are not
output if operation for pulse generation is enabled later than specified time.

Pulse cycle

SWTMPSECL/H
SWTMPNSL/H

These registers are for specifying the cycle for the output of pulses in units of
seconds and nanoseconds.

The SWTMPNSL and H registers must be set to a value corresponding to the
division by a positive integer of the value for one second set in the
ATIME_EVT_PERIOD register. In addition, specify a value that is a multiple
of 8. The value must be set before enabling operation for pulse generation.

Pulse width

SWTMWTH

This register is for specifying the width at high level in units of nanoseconds
of the pulse signal to be output.

Specify a multiple of 8 ns. If the specified pulse width is greater than the
pulse cycle, the output will be fixed to the high level.

If the pulse width is set to O, pulses are not generated and the output will be
fixed to the low level. The value must be set before enabling operation for
pulse generation.

Maximum
counter value

SWTMMAXPL/H

This register is for specifying the maximum value of the nanoseconds
counter.

Set the SWTMMAXPL and H registers to the same value as the
ATIME_EVT_PERIOD register (one second: SWTMMAXPH = 0000 3B9AH,
SWTMMAXPL = 0000 CA00H). The value must be set before enabling
operation for pulse generation.

Rise time
retention

SWTMLATSEC
SWTMLATNS

These registers hold the time when the pulse output signal last rose.

The registers are updated every time the pulse signal rises.
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(1) Enabling operation after the start time
Operati
v I I

Output

(2) Enabling operation before the start time

(a) Period setting > Width setting gf:brfetgon WIDTH
<>
Output
tPERIOD

(b) Period setting <= Width setting ~ OPSration

Output

tSTART : {SWTMSTSECH/L, SWTMSTNSH/L}

tPERIOD : {SWTMPSECH/L, SETMPNSH/L} ISTART
tWIDTH : {SWTMWTH}
Enable : {SWTMEN}
Figure 13.18 Timing Chart of Pulse Signal Generation
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13.4.4.4 Timestamp Processing

(1) Reception Timestamp Processing

When a frame is received through port 0 or port 1, the timestamp based on the current time from the timer is captured
when the start of frame delimiter (SFD) is detected at the PHY interface. The timestamp is transferred together with the
frame in the switching module and can be accessed by the internal port (management port) of the switch. Use of the
captured timestamp allows implementation of a protocol e.g. the Precision-Time-Protocol (PTP) in its application
software. The timestamp information is encapsulated in in the frames as the dedicated tag.

(2) Transmission Timestamp Processing

When a frame is transmitted to the PHY through port 0 or port 1, the timestamp is also captured. The outgoing timestamp
can be stored in the port specific timestamp register (PORTn_TIME) for each port. The internal port adds special control
information to each frame to limit frames for capturing the outgoing timestamp. Timestamps can only be captured for
specified event frames, not for all frames.

13.4.4.5 Support for Transparent Clocks

(1) Overview

The hardware implements the necessary functions to implement so-called transparent clocks (TC) for the end-to-end
variant.

(2) Implementation of Correction Field Update

The correction field within outgoing Layer 2 PTP frames (i.e. frames with type 0x88F7) can be updated automatically.
PTP messages within UDP/IP frames are not automatically updated.

The module for updating the correction field only processes event messages. To detect event messages, frames with the
message type field found within the PTP header (type < 4) are extracted. This means that follow-up frames which are not
event frames are not processed. Therefore, any correction field detected in the corresponding SYNC frame will be
updated automatically. This allows supporting correction field update by one-step as well as two-step master and slave
nodes.

For an end-to-end implementation, the correction field of SYNC and DELAY REQ messages is updated only with the
transient time (output time - input time).

Correction field updates occur only on frames that are exchanged between port 0 and port 1. Any frame transmitted from
and to the internal port will not be modified.
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13.4.5 Management Port (Internal Port) Specific Frame Tagging

Information related to frames such as control and timestamp information needs to be delivered between the Ethernet
switch and internal Ethernet MAC. Such information can be appended to frames as a management tag. The frames with
the tag can be transmitted between the Ethernet switch and internal Ethernet MAC. The frames with the tag are only used
for transfers between the Ethernet switch and internal Ethernet MAC and once accepted on the receiving side, the
information in the tag is acquired. Then the tag is removed.

13.4.5.1 Format of Management Tag

The additional control information and timestamp information are added into a frame right after the frame source address
field as a frame type tag (programmable with a given value). The tag is added to the position before any other tag (VLAN
tag), if exists. The tag includes the following information:

* ControlTag: Identifier indicating that the additional control data are present within the frame (defined by the
ETHSWMTC register). The size is 2 octets.
* ControlData: Control information of the frame. The size is 2 octets.

» ControlData2: Specifies timestamp information on reception and transmit port on transmission. The size is 4 octets.

The original frame follows the ControlData2. For example, any VLAN tags will be found after ControlData2.

7 octets PREAMBLE
1 octet SFD
6 octets DESTINATION ADDRESS
6 octets SOURCE ADDRESS
2 octets ControlTag
2 octets ControlData insert control
4 octets ControlData2 information
(timestamp, portmask)
2 octet type/length original frame
0..1500/9000 octets PAYLOAD DATA
contents
0..42 octets PAD
4 octets FRAME CHECK SEQUENCE

Figure 13.19 Format of Frame with Management Tag in Internal Port

Once a tag is added to a frame, the CRC is recalculated and a new CRC replaces the original CRC received with the
frame.

The first octet of ControlData is the more significant byte (bits 15:8) and the 2nd octet of ControlData is the less
significant byte (bits 7:0). The first octet of ControlData2 is the more significant byte (bits 31:24) and the 4th octet of
ControlData2 is the less significant byte (7:0).
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13.4.5.2

Processing for Transmission (from the switch to the internal Ethernet MAC)

When the switch transmits a frame to the internal Ethernet MAC, the following information is added into all frames if
tagging is enabled through bit 31 in register ETHSWMTC.

Table 13.18 Management Frame Tag (in transfer from the switch to the internal Ethernet MAC)

Field Bit Description
ControlData 0 Indicates the number of the external port through which the frame was received.
0: Port O
1: Port 1
15to1 | Reserved
ControlData2 31to 0 | Indicate the received timestamp of the frame.

The 32-bit nanoseconds value indicating the time when the frame start (SFD) was
detected on the port where the frame was received.

13.4.5.3

Processing for Reception (from the internal Ethernet MAC to the switch)

When the internal Ethernet MAC transfers a frame to the switch, the internal Ethernet MAC adds the management tag
which includes the following information to all frames if tagging is enabled through bit 31 in register ETHSWMTC.
Once the switch receives the frame with a management tag, it removes the tag from the frame after acquiring the tag

contents.

Table 13.19 Management Frame Tag (in transfer from the internal Ethernet MAC to the switch)

Field

Bit

Description

ControlData

Specifies forcible transfer.
0: Forcible transfer is disabled. Normal transfer processing proceeds.

1: Forcible transfer is enabled. Frames are transferred to all ports defined in bits 1 and 0
of ControlDataZ2.

Reserved

Specifies the frame for outgoing timestamping.

When set, the frame transmit timestamp will be latched into the corresponding port's
transmit timestamp register PORTn_TIME, when the frame is transmitted.

15to 4

Reserved

ControlData2

1,0

Set a destination port mask. Relevant only if ControlData forcible transfer bit (bit 0) is set.
Specify the port to which the frames are transferred. Simultaneous forcible transfer to
multiple ports is possible. Bit 0 is for port 0 and bit 1 is for port 1. Each bit can be set as
follows:

0: Frames are not forcibly transferred to the corresponding port.

1: Frames are forcibly transferred to the corresponding port.

31t02

Reserved
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13454 Management Tag Settings

Insertion and removal of the management tag to and from frames are enabled with the ETHSWMTC register. When
enabled, the tag will be automatically inserted to frames that are transferred to the internal Ethernet MAC from the
switch. The tag will also be inserted to frames that are transferred to the switch from the internal Ethernet MAC. If the
switch finds any tag, it acquires the tag information and removes the tag for normal transmission processing.

Cautions 1. The tag identifier must be configured to a value (e.g. initial value e001h) which is not
used in the network.

2. For handling management tags in the internal Ethernet MAC, see Section 12, Gigabit
Ethernet MAC.

R18UZ0073EJ0200 Rev.2.00 RENESAS Page 13-100
May 31, 2024



R-IN32M4-CL3 Hardware edition 13. Ethernet Switch

13.5 Overview of Control Software

13.5.1 Overview

The Ethernet switch is the hardware to forward frames between ports. During the forwarding processing, the MAC
destination address is searched and frames that requires special specific forwarding such as BPDU are filtered.

Software must initialize the switch and executes tasks to operate the switch. The minimum required task is management
of the learning table.

The software that operates the IEEE1588 timestamp and the DLR is necessary, when they are used. In addition, the
higher protocol such as spanning tree needs to be implemented as required.

This section describes the most basic procedures required for switch initialization and learning table management to
operate the switch.

13.5.2 Switch Initialization

Follow the procedure below to make initial settings for the Ethernet switch.

* Clear the address table.

» Configure the management (internal) port.
* Enable all switch ports.

* Enable the MACs on ports.

» Configure the hub module.

* Configure the timer module.

* Configure the DLR module.

The following table lists examples of initial settings at least required for the operation of the switch. As to the timer

module, correction is not performed, the DLR module is also disabled. For these, set appropriate values in higher-level
protocols such as PTP and DLR.

Table 13.20 Examples of Initial Settings of the Address Table

Address Register Example Setting Description
4007 4000H ADR_TABLE 0000 0000H Initialize all entries to O in the address table.
to 4007 47FC
(4-byte units)
4007 4000H + ADR_TABLE 0403 0201H Set a unicast address as a static entry.
Hash value of Unicast The example settings are when the MAC address is
MAC address x 8H 01-02-03-04-05-06. The priority level is 0 and only port
Address above +4H ADR_TABLE 0083 0605H 2 is masked.
These settings are not required when set dynamically.
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Table 13.21 Examples of Initial Settings of the Switch Engine
Example
Address Register Setting Description

4001 0680H ETHSWMTC 0000 EO01H Does not use a management tag. Set the register to
8000 EO01H to use it. Release the protection by using
the system protect command register when writing to
this register.

4001 0684H ETHSWMD 0000 0000H Set the mode of 10/100Mbps full-duplex. Release the
protection by using the system protect command
register when writing to this register.

4007 000CH UCAST_DEFAULT_MASK 0000 0007H Used to mask transfer of unknown unicast frames.
When an unknown unicast frame is received at any
port, it is transferred to all ports set by this mask. When
the address table has been initialized, the
management (internal) port can be removed from the
list. This prevents unnecessary transfer of unicast
frames to the local system. However, this requires the
local device's unicast address to have been set in the
address table (i.e. either set during initialization
statically, or change the mask setting after at least one
frame was sent from the local system and dynamically
activate the learning function).

4007 0014H BCAST_DEFAULT_MASK 0000 0007H Defines all ports where a broadcast frame will be
forwarded to.

4007 0018H MCAST_DEFAULT_MASK | 0000 0007H Defines all ports where a multicast frame will be
forwarded to, if the address is not found in the address
table.

4007 0020H MGMT_CONFIG 0000 0042H Enables reception of BPDU frames (bit 6 = 1) to
transfer them to the management port (port 2) If
management frames should be discarded, bit 7 should
be set to 1.

4007 0100H VLAN_PRIORITYO 006D B688H Map VLAN priority into the 4 queues available for each

4007 0104H VLAN PRIORITY1 port. In this setting, priorities 0 to 3 are mapped into

4007 0108H VLAN_PRIORITY2 queues 0 to 3 and priorities 4 to 7 all into queue 3.

4007 0180H PRIORITY_CFGO 0000 0001H Enable mapping of the output queue by VLAN priority

4007 0184H | PRIORITY CFG1 classification for each port and set default port priority

4007 0188H PRIORITY_CFG2 to0.

4007 0080H OQMGR_STATUS 0000 0000H Enables the output queue. Since bit 1 is set to 1 during
the initialization of the memory cell, if bit 1 becomes 0,
the register should be cleared to 0.

4007 0088H QMGR_ST_MINCELLS 0000 0000H Clearing of the minimum value for free memory space

4007 0094H QMGR_WEIGHTS 0804 0201H Sets the weight on the output queue.

4007 0008H PORT_ENA 0000 0007H Enables all ports of the switch.
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Table 13.22 Examples of Initial Settings of the MAC

Example
Address Register Setting Description

4007 801CH RX_SECTION_EMPTYO 0000 0000H The value cannot be changed.

4007 AO1CH | RX_SECTION_EMPTY1

4007 8020H RX_SECTION_FULLO 0000 0000H The value cannot be changed.

4007 AO20H RX_SECTION_FULLA1

4007 8024H TX_SECTION_EMPTYO 0000 0048H The MAC has 128-stage FIFO buffers. If an entry to

4007 A024H TX SECTION EMPTY1 the transmit FIFO buffer is above the threshold, the

- - transfer of data from internal to the transmit FIFO

buffer stops. This setting is a threshold to prevent TX
overflow. Set a value of at least 65.

4007 8028H TX_SECTION_FULLO 0000 0014H Set the number of entries required for the transmit

4007 AO28H TX SECTION FULLA FIFO buffer to start transmission. Set a value of at

- B least 17.

4007 802CH RX_ALMOST_EMPTYO 0000 0008H The value cannot be changed.

4007 AO2CH | RX_ALMOST_EMPTY1

4007 8030H RX_ALMOST_FULLO 0000 0005H The value cannot be changed.

4007 AO30H RX_ALMOST_FULLA1

4007 8034H TX_ALMOST_EMPTYO0 0000 0004H The value cannot be changed.

4007 A034H | TX_ALMOST_EMPTY1

4007 8038H TX_ALMOST_FULLO 0000 0010H The value cannot be changed.

4007 AO38H | TX_ALMOST_FULLA1

4007 8014H FRM_LENGTHO 0000 05F2H Set the maximum allowable value of the received

4007 AO14H FRM LENGTH1 frame size. The example setting is 1522, sufficient for

- 1 VLAN tagged frame. The value can also be set to

around 1536 to allow a margin.

4007 8008H COMMAND_CONFIGO 0580 0013H Enable the transmission and reception by the MAC.

4007 AOO8H COMMAND_CONFIG1
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Table 13.23 Initial Settings of the Hub
Example
Address Register Setting Description
4007 01C8H | HUB_FLT_MACOIlo 00C2 8001H | Example settings of switch management frames such
4007 01CCH | HUB ELT MACOhi 00CO 0000H as spanning tree. For filtering the MAC address of
- 01-80-c2-00-00-{00.3F}.
4007 01DOH HUB_FLT_MACH1lo 0019 1BO1H Example settings of normal messages of PTPv2.
4007 01D4H | HUB_FLT_MAC1hi 00FF 0000H For filtering the MAC address of 01-1b-19-00-00-00.
4007 01D8H HUB_FLT_MAC2lo 005E 0001H Example settings of UDP/IP messages of PTP.
4007 01DCH | HUB_FLT_MAC2hi 00F8 8001H For filtering the MAC address of
01-00-5e-00-01-{80..87}.
4007 O1EOH HUB_FLT_MAC3Io 005E 0001H Example settings of management frames.
4007 01E4H HUB_FLT_MAC3hi 00FC 0000H For filtering the MAC address of
01-00-5e-00-00-{00..03}.
4007 O1E8H HUB_FLT_MAC4lo 0403 0201H Set unicast addresses.
4007 01ECH | HUB_FLT_MACH4hi 00FF 0605H The example settings are for 01-02-03-04-05-06.
4007 O1FOH HUB_FLT_MACS5Io 0000 0000H Example settings when the hub is not used.
4007 01F4H HUB_FLT_MACShi OOFF 0000H
4007 01F8H HUB_FLT_MACS6lo 006C 2101H Example settings of beacon frames of the DLR.
4007 01FCH | HUB_FLT_MACS6hi 01FF 0100H For forcible transfer of frames of the MAC address of
01-21-6C-00-00-01.
4007 01COH | HUB_CONTROL 0000 00AFH Enables the hub. Set it to 0000 00AOH when not using
the hub.
Table 13.24 Examples of Initial Settings of the Timer Module
Example
Address Register Setting Description
4007 CO04H | TSM_CONFIG 0000 300BH Enables one second arrival interrupt (bit 2) of the
nanosecond-timer and interrupt generation except for
test interrupt (bit 4).
4007 CO08H | TSM_IRQ_STAT_ACK 0000 301FH Clears all interrupts.
4007 C138H | ATIM_SEC 0000 0000H Initializes the timer. This register should be set before
ATIME.
4007 C124H | ATIME 0000 0000H Initializes the timer.
4007 C12CH | ATIME_EVT_PERIOD 3B9A CAOOH | Sets 1 second.
4007 C134H | ATIME_INC 0000 0808H Sets the clock period. Correction is not applied.
4007 C130H | ATIME_CORR 0000 0000H Drift correction is not applied.
4007 C120H | ATIME_CTRL 0000 00A1H Starts the timer. Correction is not applied.
4007 CO20H PORTO_CTRL 0000 0000H Clear the timestamp control and status registers.
4007 C028H | PORT1_CTRL
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Table 13.25 Examples of Initial Settings of the DLR Module

Address Register Initial setting Description
4007 EOOOH DLR_CONTROL 0000 6400H Sets the clock period of the timeout timer. The DLR is
disabled.
4007 EO08H DLR_ETH_TYP 0000 80E1H Sets Ether type of DLR frames.
4007 EOOCH | DLR_IRQ_CTRL 0000 0000H Disables the generation of DLR interrupts.
4007 EO10H DLR_IRQ_STAT_ACK 0000 FFFFH Clears all interrupts.
4007 EO14H LOC_MACIo 0403 0201H Set unicast addresses.
4007 EO18H LOC_MACKHi 0000 0605H The example settings are for 01-02-03-04-05-06.
R18UZ0073EJ0200 Rev.2.00 REN ESANAS Page 13-105

May 31, 2024



R-IN32M4-CL3 Hardware edition 13. Ethernet Switch

13.5.3 Address Table Setting
13.5.3.1 Definition of Block Entry of Address Table

When the Ethernet switch receives frames, it searches the address table to find the destination port(s) the frame should be
forwarded to. Software is not involved in the forwarding process and all frame processing is performed in hardware.
Software, however, takes care of the address table initialization and management. This software task does not require a
high priority. However, during operations, a low priority software task is required to continually check for learning data
and add MAC addresses to the table or delete old entries when they are out of use for a longer time.

The hardware operates on hash values for an immediate search for the address table. A hash value is used directly as
starting address to the address table to search for entries. The next 8 entries starting address are targeted for a linear
search to find the MAC address. This is a system called “block entry”.

When the address table is small, the individual per-hash blocks of 8 entries do overlap. The hardware however does not
distinguish and will always search all 8 entries starting with the first entry that is pointed to by the hash value. This
allows efficient storage in a smaller table without the need to reduce the per hash entries available in a block.

The following figure shows the principle of the address table layout. The software designer needs to understand this
when writing the learning and aging functions.

Address Table with ?4—bit data per entry

Block of 8 en}ries per hash

Entry Entry |Entry O|Entry 1|Entry 2 |Entry 3| Entry 4 |Entry 5|Entry 6 | Entry 7| Entry Entry

Hardware searches all 8 entries to find MAC address

Hash value >
points to first /
entry’ s address

within the Block

Blocks are allowed to overlap.
The hardware always searches
all 8 entries beginning

with the hash defined first entry.

Figure 13.20 Entries of Address Table and Definition of Hash Block
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13.5.3.2 Address Learning

The address table is used to identify the ports through which frames must be transmitted. The hardware automatically
looks up the address table when it receives a frame to determine its destination. The software is responsible for keeping
the address table updated and inserting the forwarding information that is then used by the hardware.

Control of learning by software is a low-priority background task, which continually inspects the learning data (i.e.
retrieves source addresses and port numbers of received frames) and updates the address table whenever it finds a new
address.

Learning proceeds through the following steps.
* Read data from the learning interface (via registers LRN_REC A/B): The data records include a hash value, which
is used as the start address where the entries in the address table should be found.

» The 8 entries from the hash-generated start address are searched and the aging time is updated if the entry is already
in the table (or the port number is updated if it has been changed).

« If the entry is not found in any of the 8 entries in the address table, the entry is a new entry that must be added.
Adding a new entry is either done into an unused position of the 8 entries, or overwriting a current entry (e.g.
random, or the oldest).

The following figure shows the individual steps in learning and how an address table control function should be
implemented. Implement the address learning task with reference to this flowchart.

— ; - Remember that this entry is
Learning Begin Initialize address table first entry » empty and could be used fora
address from hash value new entry

Y y
Increment address pointer to
next entry (address + 8)

Read entry from address table

LRN_STATUS[0] = 1?

Read
LRN_RECORD_A/B
Beyond last
entry (9th) ?

no Did have an

unused entry?

ntry’ s MAC address
s same as current?

Nothing to learn

y

L Overwrite oldest entry, or a Write new entry data into table
Update entry’ s aging time random entry of the 8 entries into unused entry
with the new address
Refresh of entry occurred to avoid it New entry found but no spacein
will be removed by aging process table: Must delete one of the old

entries within the current 8 entries.

A\ 4

Learning End

Figure 13.21 Address Learning Flow
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14.  Asynchronous SRAM Memory Controller (ROM/RAM)

The asynchronous SRAM memory controller is connectable to external paged ROM, ROM, and SRAM through a 16- or
32-bit bus. It is also connectable to peripheral devices compliant with the SRAM interface.

The pin functions for the asynchronous SRAM memory controller are multiplexed with those for the synchronous burst
access memory controller and the external MCU interface, and the asynchronous controller can be used when the low
level is applied to both the MEMCSEL and MEMIFSEL pins.

When both the BOOTO0 and BOOTT1 pins are at the low level, booting is from the memory connected to CSZ0.

Caution: Do not change the setting of the operating mode setting pins such as the MEMIFSEL and
MEMCSEL pins during operation. Fix the setting before release from the reset state.

14.1  Overview

o 32- or 16-bit data bus

o Static memory control
* Four SRAM controller channels (channel 0 has a page ROM controller)
* SRAM and external I/O connection
* Page ROM connection (CSZ0 only)

* Programmable wait
- Address setup wait
- Data wait
- Write recovery wait
- Idle wait

o Write strobe and byte enable are multiplexed

Caution: The memory controllers of an R-IN32M4-CL3 do not support an 8-bit bus width.
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14.2 Features

(1) Static memory control

The memory controllers of an R-IN32M4-CL3 control the static memory (SRAM, I/O, or page ROM) connected to CSZ0
to CSZ3. Note that the page ROM can only be connected to CSZ0.

(@) SRAM and external I/0 connection
The main features of the SRAM and external I/O connection are as follows.

* Minimum read cycle pattern of 4 cycles of BUSCLK

* Minimum write cycle pattern of 5 cycles of BUSCLK

* An address setup wait of up to 15 BUSCLK cycles can be inserted by setting the relevant register.
* A data wait of up to 15 BUSCLK cycles can be inserted by setting the relevant register.

* A write recovery wait of up to 15 BUSCLK cycles can be inserted by setting the relevant register.
* Anidle wait of up to 16 BUSCLK cycles can be inserted by setting the relevant register.

* A data wait can be inserted by using external pin input.

(b) Page ROM connection
The main features of page ROM connection are as follows.

* The page ROM can only be connected to CSZ0.

* Minimum read cycle pattern of 3 cycles of BUSCLK

* On-page access judgment

* The address comparison bit width can be changed by setting the relevant register.

* An address setup wait of up to 15 BUSCLK cycles can be inserted by setting the relevant register.

» A data wait of up to 15 BUSCLK cycles can be inserted by setting the relevant register.

* An idle wait of up to 16 BUSCLK cycles can be inserted by setting the relevant register.

* A data wait can be inserted by using external pin input.

» Ifawrite cycle is requested for an area where the page ROM is allocated, an SRAM write cycle is started.
* A write recovery wait of up to 15 BUSCLK cycles can be inserted by setting the relevant register.

Caution: On-page access to paged ROM is judged for each fixed-length burst.
In a fixed-length burst transfer over the AHB, off-page access proceeds in the first read cycle
and on-page access proceeds in the second and subsequent read cycles.
In a single transfer or undefined length burst transfer over the AHB, on-page access does not
proceed. The minimum number of cycles for off-page access is 3 cycles of BUSCLK.

Remark: The frequency of the BUSCLK is the same as that of the HCLK.

(2) Endian

The memory controllers of an R-IN32M4-CL3 always operate in little endian mode.
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14.3 Bus Control

Operating an R-IN32M4-CL3 requires setting the bus control registers.

14.3.1 Overview of Registers

Table 14.1  Overview of Bus Control Registers

Register Name Symbol Address

Bus size control register BSC 400A 2004H

Static memory control registers 0 to 3 SMCO0 to SMC3 400A 2008H to 400A 2014H
Page ROM control register PRC 400A 2018H

Write enable switching register WREN BASE + 0100H

14.3.2 Bus Size Control Register (BSC)

The BSC register sets the data bus width for the memory to be accessed for each chip select signal.
The SBS3 to SBSO0 bits correspond to the chip select output pins (CSZ3 to CSZ0).
The initial value of the BSC register differs depending on the input level of the BUS32EN pin.

* Access This register can be read or written in 32-bit units.
Be sure to set 0 to bits 31 to 16, 15, 13, 11, and 9. Be sure to set 1 to bits 14, 12, 10, 8, 6, 4, 2,
and 0. Note 2
3130 29 28 27 26 2524 23 222120 19 1817 16 151413121110 9 8 7 6 5 4 3 2 1 0 Address
400A 2004H
BSC [o|o|ojo|ojojofofojojofofo|ofofofof1|0|1|0[1]0[1| 1| |1]||T]|c|?| 'nitialvalue
199] 9] %] 9]
m m m o Note 1
%) %) %) )
R/W 0o0O0O0OOOOOOOOOOOOOSOOMTOT1TOT11TO1TRW1TRWA1TRWI1TRWA1
Bit Position Bit Name Description
31t015,13,11,9 — Reserved. When writing to these bits, write 0. When read, 0 is returned.
14,12, 10, 8,6,4,2,0 — Reserved. When writing to these bits, write 1. When read, 1 is returned.
7,5,3,1 SBS3-SBS0 Sets the data bus width for each chip select output pin (CSZ3-CSZ0).
0: 16 bits
1: 32 bits

Notes 1. The external bus size changes as follows by the input of a signal to the BUS32EN pin.

External bus size BSC A1 D16-D31
BUS32EN at startup register pin operation pin operation
0 16 bits 0000 5555H A1 Not used
1 32 bits 0000 FFFFH Low level output D16-D31

2. Do not overwrite a bit fixed to 1 or 0 with any other value. If this is done, correct operation
is not guaranteed.
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14.3.3 Static Memory Control Registers 0 to 3 (SMCO0 to SMC3)

The SMCO to SMC3 registers set a specific wait for each chip select output pin (CSZ0 to CSZ3).
One wait is equivalent to one BUSCLK cycle. The frequency of the BUSCLK is the same as that of the internal system
bus (AHB) clock, HCLK.

* Access These registers can be read or written in 32-bit units.
Be sure to set 0 to bits 31 to 16.

n (n=0 to 3) in the bit names IWn, WWn, DWn, and ACn corresponds to the area numbers of channels 0 to 3.

Cautions 1. Do not set 0000 0000H in the SMCO0 to SMC3 registers. Make sure that the total of the IW
(idle wait), DW (data wait), and AC (address setup wait) times is at least 1.

2. Do not write to the SMCO0 to SMC3 registers for unused channels.

(1/3)
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 O Address
400A 2008H+
nx4H
SMCn o|jojofjo|jo|jo|l0O|O|jOf0O|O|OfO|O]|O Omwx—ocg(é‘E%?%“E%mN‘—O Initial value
c|S|5|51212(2(2|2(2|2(2|6|6|8|6
=|2|2|2|2|2(2|2|3|B|B|a|<|<|<|=g| 0000 FFFFH
R/W 0 00 O0OOOUO OO OTU OO OO OO O O O RWRWRWRWRWRWRWRWRWRWRWRWRW RW RW RW
Bit Position |Bit Name Description
31to 16 — Reserved. When writing to these bits, write 0. When read, 0 is returned.
15to0 12 IWn3—IWn0 |Sets an idle wait for each CSZn.
The settings of these bits apply only to an idle wait after read access.
An idle wait is the minimum cycle from de-assertion of CSZn (CSZn: L — H) to assertion of the
next bus cycle.
An idle wait is inserted in cases such as when a read cycle has a long data float time and a bus
fight occurs in the subsequent write cycle.
IWn3 1Wn2 IWn1 IWnO Number of idle wait cycles for CSZn (IWn+1)
0 1 cycle of BUSCLK
2 cycles of BUSCLK
0 3 cycles of BUSCLK
1 1 0 1 14 cycles of BUSCLK
1 1 1 0 15 cycles of BUSCLK
1 1 1 1 16 cycles of BUSCLK (initial value)
Caution: One idle wait is inserted immediately after read access or write access.
The setting of the IWn3 to IWnO0 bits reflects the number of idle wait
cycles after read access.
The number of idle wait cycles after write access is always 1.
Remarks 1. n=0to 3
2. BUSCLK=HCLK
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(2/3)
Bit Position |Bit Name Description
11to8 WWn3-WWnO | Set a write recovery wait for each CSZn.
A write recovery wait is the cycle from de-assertion of WRSTBZ and WRZn (WRZn: L — H) to
de-assertion of CSZn (CSZn: L — H).
A write recovery wait is inserted in cases such as when the chip is used for a low-speed device
that requires an interval between write operations
WWn3 | WWn2 | WWn1 | WWnO | Number of write recovery wait cycles for CSZn
0 0 0 0
1 cycle of BUSCLK
0 0 0 1
0 0 1 0 2 cycles of BUSCLK
0 0 1 1 3 cycles of BUSCLK
0 1 0 0 4 cycles of BUSCLK
1 1 0 1 13 cycles of BUSCLK
1 1 0 14 cycles of BUSCLK
1 1 1 15 cycles of BUSCLK (initial value)
Caution: The number of write recovery wait cycles cannot be set to 0 cycles of
BUSCLK.
A write recovery wait of 1 BUSCLK cycle is always inserted.
7to4 DWn3-DWnO0 |Set a data wait for each CSZn.
In the case of no wait, RDZ and WRZn having a width of 1 cycle of BUSCLK are extended by the
number of wait cycles set for the data wait.
DWn3 DWn2 Dwn1 DWnO Number of data wait cycles for CSZn
0 0 0 0 0 (Setting prohibited in case of Page ROM)
0 0 0 1 1 cycle of BUSCLK
0 0 1 0 2 cycles of BUSCLK
1 1 0 13 cycles of BUSCLK
1 1 0 14 cycles of BUSCLK
1 1 1 15 cycles of BUSCLK (initial value)
Caution: When the page ROM is used, set the DW03-DWO0O bits in the SMCO register
to at least 0001B (number of wait cycles = 1).
The DW03-DWO00 bits in the SMCO register are used for off-page access
when the page ROM is used.
Remarks 1. n=0to 3
2. BUSCLK = HCLK
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(3/3)

Bit Position |Bit Name Description

3to0 ACn3-ACn0 |Sets an address setup wait for each CSZn.
An address setup wait is the cycle from the time when CSZn is asserted (CSZn: H — L: the same
timing as the address change point) until RDZ, WRSTBZ, or WRZn is asserted (REZ/WEZ: H — L).
An address setup wait is inserted as necessary for access to a device that requires a setup time for
an address or chip select signal for a read/write strobe.

ACn3 ACn2 ACn1 ACn0O Number of address setup waits for CSZn
0 0 0 0 0 (for reading) or 1 cycle of BUSCLK (for
writing) Nete
0 1 1 cycle of BUSCLK
1 0 2 cycles of BUSCLK
1 1 0 1 13 cycles of BUSCLK
1 1 0 14 cycles of BUSCLK
1 1 1 1 15 cycles of BUSCLK (initial value)

Note: An address setup wait of one cycle of BUSCLK is always inserted for a write

operation.

Caution: The address setup wait set by this register is also inserted in on-page

access to the page ROM.

Remarks 1. n=0to 3

2. BUSCLK =HCLK

R18UZ0073EJ0200 Rev.2.00

May 31, 2024

RENESAS Page 14-6



R-IN32M4-CL3 Hardware edition

14. Asynchronous SRAM Memory Controller (ROM/RAM)

14.3.4 Page ROM Control Register (PRC)

The register specifies the type of memory connected to chip select output 0 (CSZ0) and sets the addresses to be masked
(not to be compared) out of the addresses (A3 to A6) and the number of wait cycles for BUSCLK according to the
configuration of the page ROM to be connected when page ROM is selected and the number of bits that can be read
consecutively. The frequency of BUSCLK is the same as that of the internal system bus (AHB) clock HCLK.

The static memory control register 0 (SMCO) is used to set wait cycles for off-page access. The number of wait cycles for

off-page access should be at least 1.

* Access This register can be read or written in 32-bit units.
Be sure to set 0 to bits 27 to 20 and 15 to 1.

Cautions 1. The page ROM can only be used in on-page ROM mode when it is connected to CSZ0.

2. Be sure to set the number of wait cycles for off-page access to at least 1.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1514 13121110 9 8 7 6 5 4 3 2 1 0 Address
400A 2018H
PRC o|o|=|(o|0|0[0|0|0[0]|0]|O0 o|ojofo|0O|OfO|O|OfO|O|OfO|O]|O Initial value
A S ©o|v|<|x
oo o SRR £| Fooo 0000H
R/W RWRWRWRW O 0 0 0O 0 0 O O RWRWRWRW O O 0 0 0 0O O 0 O O O O O O O RW
Bit Position |Bit Name Description

31to 28 PRW3-PRWO |Set the number of data wait cycles for on-page access to the page ROM of CSZ0.

PRW3 | PRW2 | PRW1 PRWO Number of wait cycles for on-page access of
CSZ0
0 0 0 0 Setting prohibited
0 0 0 1 1 cycle of BUSCLK
0 0 1 0 2 cycles of BUSCLK
0 0 1 1 3 cycles of BUSCLK
1 1 0 13 cycles of BUSCLK
1 1 0 14 cycles of BUSCLK
1 1 1 15 cycles of BUSCLK (initial value)

19to 16 MA6-MA3 Set the mask bits for comparison of addresses.

MAG6 | MAS

MA4

MA3

Page size of page ROM to be connected

32 bits x 2, 16 bits x 4 (initial value)

32 bits x 4, 16 bits x 8

32 bits x 8, 16 bits x 16

~|O|O|O

32 bits x 16, 16 bits x 32

~|O|lO|O|O

1

0
0
1
1
1

aAlalalalo

32 bits x 32, 16 bits x 64

Other than the above

Setting prohibited (If set, correct operation is not
guaranteed).

1:Page ROM

0 ST Specifies the type of memory connected to chip select output 0 (CSZ0).
0 : SRAM, /O device (initial value)

R18UZ0073EJ0200 Rev.2.00
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Sets the addresses to be masked (not to be compared) out of the addresses (A3 to A6) according to the configuration of
the page ROM to be connected and the number of bits that can be read consecutively by using the page ROM control
register (PRC).

The figure below shows an example of address mask control when the two page ROMs of 512 Kwords x 16 bits are
connected.

a7 ab ab a4 a3

Internal address latch a27
(last address)

a21

A
A

MA6 MA5 MA4 MA3 PRC register
0 0 0 0 settings

( Compare )

Note
\ Y Y \ \ \ \ < >
RANS2MA 1 007 | A21 | A7 | a6 | A5 | A4 | A3 | A2 | A1
output address
A / / /
Page ROM address A9 |e4—| A5 A4 A3 A2 A1 A0

On-page address Off-page address

Note: Not used when the data bus width is 32 bits.

Figure 14.1  Example of Control Using the MAG to MA3 Bits of the PRC Register

(1) On-page access judgment

On-page access is judged for transfer of the second or subsequent word during a fixed length burst transfer. Off-page
access is performed in transfer of a first word, single transfer, or burst transfer of an undefined length.

Caution: If an access request is made that requires a greater width for data transfer than the width of
the paged ROM data bus, the access to the page ROM is divided and on-page access is
judged separately for access to the low- and high-order parts. When access is divided,
on-page access is judged per transfer. In the case of a burst transfer of undefined length
which can be replaced by consecutive single transfers, on-page access is judged for the
low- and high-order parts on a word-by-word basis. On-page access is not judged between
words; access is always off-page.
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14.3.5 Write Enable Switching Register (WREN)

This register selects WRZ0 to WRZ3 or BENZ0 to BENZ3 for the BENZ0 to BENZ3 pin function.

The WREN register can be read or written in 32-bit units. The register is set to 0000 0001H by a reset and the BENZO to
BENZ3 pins operate as WRZ0 to WRZ3.

* Access This register can be read or written in 32-bit units.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16 1561413 121110 9 8 7 6 5 4 3 2 1 0 Address
BASE + 0100H

WREN ofofofofofofjofjofjofojojo|ofofofo|jojoj0|0|0|0|0|0O|0O|0O|O|0O|O|0O]|O Initial value

zZ
L
o
=| 0000 0001H
R/W 00O0OOOOOOOOOOOOOOOOOOOOOOOOUOOO O0RW

Bit Position |Bit Name Description
31to1 — Reserved. When writing to these bits, write 0. When read, 0 is returned.
0 WREN Selects the operation of the BENZ0 to BENZ3 pins of the external memory interface.

0: Operates as BENZO to BENZ3.
1: Operates as WRZ0 to WRZ3.

Caution: If 1 is written to an unused bit, correct operation is not guaranteed.

This register is only writable after protection has been released by a special sequence of
writing to the system protection command register (SYSPCMD). For the protection release
sequence, refer to Section 28.7 "System Protect Command Register (SYSPCMD)".

No special sequence is required for reading the register.
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14.4

14.4.1

Memory Connection Examples

SRAM Connection Example

An example of connection with SRAM is shown below.

R-IN32M4-CL3
A2-A19 ® P A0-A17
D16-D31 |« P 1/01-1/016
| SRAM
cen YI'SE (256 Kwords 16 bits)
(WRZ3) / BENZ3 »|/UB
(WRZ2) / BENZ2 »|/LB
WRSTBZ »|/WE
——1 A\0~A17
D0-D15 |« P 1/01-1/016
i SRAM
»|/OE (256 Kwords x 16 bits)
(WRZ1) / BENZA »|/UB
(WRZ0) / BENZO »|/LB
»{/WE
Remark:n=0t0 3
Figure 14.2  Example of Connection with 32-Bit SRAM
R-IN32M4-CL3
A1-A18 P AO-A17
D0-D15 |« P 1/01-1/016
_ SRAM
cszn s (256 Kwords x 16 bits)
(WRZ1) / BENZ1 > /UB
(WRZ0) / BENZO »|/LB
WRSTBZ »|/WE
Remark:n=01t0 3
Figure 14.3  Example of Connection with 16-Bit SRAM
R18UZ0073EJ0200 Rev.2.00 RENESAS Page 14-10
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14.4.2

Page ROM Connection Example

An example of connection with page ROM is shown below.

R-IN32M4-CL3
A2-A21 ® P A0-A19
D16-D31 |« P 00-015 Page ROM
CcSZ0 »!|/CE (1 Mword x 16 bits)
RDZ »/OE
WRSTBZ » /WE
—| A0-A19
DO0-D15 |« P 00-015 Page ROM
»{/CE (1 Mword x 16 bits)
»/OE
w1 WE
Figure 14.4  Example of Connection with 32-Bit Page ROM
R-IN32M4-CL3
A1-A20 P{A0-A19
DO0-D15 |« P 00-015 Page ROM
CSZ0 »|/CE (1 Mword x 16 bits)
RDZ »{/OE
WRSTBZ »{ /WE
Figure 14.5 Example of Connection with 16-Bit Page ROM
Caution: On-page mode of the page ROM is only available when it is connected to CSZ0.
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14. Asynchronous SRAM Memory Controller (ROM/RAM)

14.5 Procedure for Setting the Control Registers

The procedure for setting the control registers is described below using an example of connecting the page ROM and
SRAM to the CSZ0 and CSZ1 areas respectively.

Set wait values in the SMCO register.

Y

Set the ST bit of the PRC register to 1, and
set the MA6-MA3 and PR