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200/400 MHz, Arm® Cortex®-R52 on-chip FPU and NEON™, 1.5 MB of on-chip SRAM, Ethernet MAC, EtherCAT, USB 2.0
high-speed, CAN/CANFD, various communications interfaces such as an xSPI and AX interface, and security functions

Features

m On-chip 32-bit Arm Cortex-R52 processor
o High-speed realtime control with operating frequency of 200/400

z

® On-chip Single 32-bit Arm Cortex-R52 (revision r1p2)

o Tightly coupled memory (TCM) with ECC
— CPUO: 128 KB/128 KB

o Instruction cache/data cache with ECC
— CPUO: 16 KB per cache

e High-speed interrupt

e The FPU supports addition, subtraction, multiplication, division,
multiply-and-accumulate, and square-root operations at single-
precision and double-precision.

e The NEON, Advanced SIMD, supports integer or single precision
results.

e Harvard architecture with 8-stage pipeline

e Supports the memory protection unit (MPU)

o Arm CoreSight architecture, includes support for debugging
through JTAG and SWD interfaces.

m Low power consumption
o Standby mode and module stop function

m On-chip SRAM

e 1.5 MB of the on-chip SRAM with ECC
e 150/200 MHz

m Data transfer
e DMAC: 8 channels x 2 units

m Event link controller

o Module operations can be started by event signals rather than by
interrupt handlers.

o Linked operation of modules is available even while the CPU is in
the standby state.

m Reset and power supply voltage control
e Four reset sources including a pin reset

m Clock functions
e External clock/oscillator input frequency: 25 MHz
e CPU clock frequency: 200/400 MHz or 150/300 MHz
e System clock frequency: 200 MHz or 150 MHz
e Low-speed on-chip oscillator (LOCO): 240 kHz

m Safety functions

® Register write protection, input clock oscillation stop detection and

CRC
® Master Memory Protection Unit (MPU)

m Security functions (optional)

e Boot mode with security through encryption
® JTAG authentication

e Cryptologic accelerator

e TRNG

m Various communications interfaces

o Ethernet
— EtherCAT slave Controller: 3 ports
— Ethernet switch: 3 ports
— Ethernet MAC: 1 port
o USB 2.0 high-speed host/functions: 1 channel
o CAN/CANFD (compliant with ISO11898-1): 2 channels
o SCI with 16-byte transmission and reception FIFOs: 6 channels
o 12C bus interface: 3 channel for transfer at up to 400 kbps
o SPI: 4 channels
o xSPI: 2 channels

m External host interfaces

o Serial host interface (SHOSTIF)
o Parallel host interface (PHOSTIF)

m External address space

o Buses for high-speed data transfer at up to 100 MHz
e Support for up to 4 CS areas
e 8- or 16-bit bus space is selectable per area

m Up to 35 extended-function timers

® 16-bit x 8 + 32-bit MTU3 (9 channels), 32-bit GPT (18 channels):
Input capture, output compare, PWM waveform output
® 16-bit CMT (6 channels), 32-bit CMTW (2 channels)

m AZ interface
e Up to 6 AX modulators are connectable externally.

m Trigonometric function unit

e Simultaneous calculation of sine and cosine
e Simultaneous calculation of arctangent and hypot k

m 12-bit A/D converter

® 12 bits x 2 unit (4 channels for unit 0, 8 channels for unit 1)

m Temperature sensor for measuring temperature within the
chip

m General-purpose 1/O ports
o Input pull-up/pull-down
o The locations of input/output functions for peripheral modules are
selectable from among multiple pins.

m Operating temperature range
e Tj=-40to +125°C
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RZ/N2L Datasheet 1. Overview

1. Overview

1.1 Outline of Specifications

The MPU is a high-performance ASSP that has Arm Cortex®-R52 processor with Floating-Point Unit (FPU) and NEON™.
It incorporates integrated peripheral functions necessary for system configuration.

Table 1.1 CPU

Feature

Functional description

Arm® Cortex®-R52

e Single processor
Operating frequency

— 200 MHz/400 MHz (in case of 200 MHz system clock)

— 150 MHz/300 MHz (in case of 150 MHz system clock)
e 32-bit CPU Cortex-R52 designed by Arm (core revision r1p2)
e Address space: 4 GB
e Instruction cache

— 16 KB (with ECC)
e Data cache

— 16 KB (with ECC)
e Tightly coupled memory (TCM)

— ATCM: 128 KB (with ECC) 0 wait

— BTCM: 128 KB (with ECC) 0 wait

— CTCM: 0 KB (with ECC)
e Instruction set: Arm v8-R architecture, so support includes Thumb® and Thumb-2
e Data arrangement

— Instructions: Little endian

— Data: Little endian
e 2-stage memory protection unit (MPU)

FPU e Supports addition, subtraction, multiplication, division, multiply-and-accumulate, and

square-root operations at single- and double-precision.
e Registers

64-bit single-word registers: 64 bits x 32
(can be used as 16 double-word registers: 128 bits x 16)

NEON The Advanced SIMD supporting integer or single precision results

Table 1.2 Memory
Feature Functional description

On-chip system SRAM with ECC

e Capacity: Up to 1.5 MB (512 KB x 3 units) (with ECC)

e Operating frequency: 150 MHz/200 MHz

e SEC-DED (single error correction/double error detection)
Error injection supported

One-time programmable memory

e Overwrite protection
e Redundancy support
e Available information
— Unique ID
— Authentication settings
— Trimming data
— Boot mode setting
— Userarea

Table 1.3 System (1 of 2)

Feature

Functional description

Operating modes

The operating mode can be selected from the following eight boot modes:
e xSPIO0 boot mode (CSO x 1 boot Serial Flash)

xSPI0 boot mode (CS0 x 8 boot Serial Flash)

16-bit bus boot mode (CS0 NOR Flash)

SHOSTIF boot mode

PHOSTIF boot mode

xSPI1 boot mode (CS0 x 1 boot Serial Flash)

SCI boot mode

USB boot mode
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RZ/N2L Datasheet 1. Overview

Table 1.3 System (2 of 2)

Feature Functional description

Clock generation circuit e The input clock can be selected from an external clock or external resonator.
e Detection of input clock oscillation stopping
e The following clocks are generated:
— CPUO clock: System clock %1 or x2
— System clock: 150 or 200 MHz
— High-speed peripheral module clock: 150 or 200 MHz
— Middle-speed peripheral module clock: 75 or 100 MHz
— Low-speed peripheral module clock: 37.5 or 50 MHz
— ADC clock in the 12-bit A/D converter: 25 or 18.75 MHz
— External bus clock: 100 MHz (max.)
— Low-speed on-chip oscillator: 240 kHz (fixed)

Reset RES# pin reset, software reset, error reset, CPUO software reset

Low-power consumption function e Standby mode (Cortex-R52)
Module stop function

Interrupt controller (ICU) Peripheral function interrupts: 423 sources

External interrupts: 16 sources (IRQO to IRQ15 pins)
Software interrupts: 8 sources

Non-maskable interrupts: 1 sources

32 levels specifiable for the order of priority

Bus state controller (BSC) e The external address space is divided into four areas (CS0, CS2, CS3, and CS5) for
management.

e The following features are configurable for each area independently:
Bus size (8 or 16 bits): Available sizes depend on the area. Number of access wait cycles
(different wait cycles can be specified for read and write access cycles in some areas). Idle
wait cycle insertion (between same area access cycles or different area access cycles).
Specifying the memory to be connected to each area enables direct connection to SRAM,
SRAM with byte selection, SDRAM, and burst ROM (clocked synchronous or
asynchronous). The address/data multiplexed I/O (MPX) interface is also available.

e Outputs a chip select signal (CS0# to CS5#) according to the target area (CS assert or
negate timing can be selected by software).

e Connectable memory type for each area
CS0: SRAM, burst ROM
CS2: SRAM
CS2 + CS3: SRAM, SDRAM (CS2 only for SDRAM is not supported)
CS3: SRAM, SDRAM
CS5: SRAM, MPX-10

o SDRAM refresh
Auto refresh or self-refresh mode selectable

e SDRAM burst access

Table 1.4 Direct memory access

Feature Functional description
Direct memory access controller e 2 unit (8 channels each unit)
(DMAC) e Transfer modes: Single transfer mode and block transfer mode

e Transfer size
- Unit 0: 1/2/4/8/16/32/64 bytes
- Unit 1: 1/2/4/8/16/32 bytes

e Activation sources: Software trigger, external DMA requests (DREQ), external interrupts,
and interrupt requests from peripheral functions

Table 1.5 1/0 Ports

Feature Functional description
General-purpose I/O ports e 225-pin FBGA
— 1/O pins: 134
— Input pins: 1

— Pull-up/pull-down resistors: 135
e 121-pin FBGA
— /O pins: 71
— Input pins: 0
— Pull-up/pull-down resistors: 71
e The locations of input/output functions are selectable from among multiple pins.
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Table 1.6 Event link

Feature

Functional description

Event link controller (ELC)

Up to 217 event signals can be interlinked with the operation of modules.
In particular, the operation of timer modules can be started by input event signals.
Event-linked operation of signals of ports 16 and port 18 is to be possible.

Table 1.7 Timers (1 of 2)

Feature

Functional description

Multi-function timer pulse unit 3 (MTU3)

9 channels (16 bits x 8 channels, 32 bits x 1 channel)

Maximum of 28 pulse-input/output and 3 pulse-input possible

Select from among 10, 11, 12, or 14 counter-input clock signals for each channel (with
maximum operating frequency of 200 MHz)

Input capture function

39 output compare/input capture registers

Counter clear operation (synchronous clearing by compare match/input capture)
Simultaneous writing to multiple timer counters (TCNT)

Simultaneous register input/output by synchronous counter operation

Buffered operation

Support for cascade-connected operation

Automatic transfer of register data

Pulse output mode

Toggle/PWM/complementary PWM/reset-synchronized PWM

Complementary PWM output mode

- Outputs non-overlapping waveforms for controlling 3-phase inverters

- Automatic specification of dead times

- PWM duty cycle: Selectable as any value from 0% to 100%

- Delay can be applied to requests for A/D conversion.

- Non-generation of interrupt requests at peak or trough values of counters can be selected.
- Double buffer configuration

Reset synchronous PWM mode

Three phases of positive and negative PWM waveforms can be output with desired duty
cycles.

Phase-counting mode: 16-bit mode (channels 1 and 2), 32-bit mode (channels 1 and 2 in
cascade connection)

Counter functionality for dead-time compensation

Generation of triggers for A/D converter conversion

A/D converter start triggers can be skipped

Digital noise filter function for signals on the input capture and external counter clock pins
Event linking by the ELC

General PWM timer (GPT)

32 bits x 18 channels

Counting up or down (saw-wave), counting up and down (triangle-wave) selectable for all
channels

Select from among four counter-input clock signals for each channel (with maximum
operating frequency of 200 MHz)

2 input/output pins per channel

2 output compare/input capture registers per channel

For the 2 output compare/input capture registers of each channel, 4 registers are provided
as buffer registers and are capable of operating as comparison registers when buffering is
not in use.

In output compare operation, buffer switching can be at peaks or troughs, enabling the
generation of laterally asymmetrically PWM waveforms.

Registers for setting up frame intervals on each channel (with capability for generating
interrupts on overflow or underflow)

Synchronizable operation of the several counters

Modes of synchronized operation (synchronized, or displaced by desired times for phase
shifting)

Generation of dead times in PWM operation

Through combination of 3 counters, generation of automatic 3-phase PWM waveforms
incorporating dead times

Starting, clearing, stopping, switching, up/down counters, and input capture in response to
external or internal triggers

Starting, clearing, stopping, switching, up/down counters, and input capture in response to
input level comparison

Internal trigger sources: software and compare-match

Generation of triggers for A/D converter conversion

Digital noise filter function for signals on the input capture and external trigger pins

Event linking by the ELC
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Table 1.7 Timers (2 of 2)

Feature Functional description

Compare match timer (CMT) e (16 bits x 2 channels) x 3 units
e Select from among four counter-input clock signals for each channel (with maximum
operating frequency of 50 MHz)

Compare match timer W (CMTW) e (32 bits x 1 channel) x 2 units

e Compare-match, input-capture input, and output-comparison output are available.

e Select from among four counter-input clock signals for each channel (with maximum
operating frequency of 50 MHz)

e Interrupt requests can be output in response to compare-match, input-capture, and output-
comparison events.

Watchdog timer (WDT) e 14 bits x 1 channel
e Select from among six counter-input clock signals for each channel (with maximum
operating frequency of 50 MHz)

Port output enable 3 (POE3) e Control of the high-impedance state of the MTU3 waveform output pins

e 5 pins for input from signal sources: POEO#, POE4#, POE8#, POE10#, POE11#

e Initiation on detection of short-circuited outputs (detection of simultaneous PWM output to
the active level)

e |Initiation by input clock oscillation-stoppage detection, PLL oscillation anomaly detection,
DSMIF error detection, or software

e Additional programming of output control target pins is enabled

Port output enable for GPT (POEG) Controlling the output disable for GPT waveform output
Initiation by input level detection of GTETRG pins
Initiation by output disable request from GPT

Initiation by detection of oscillation stop, DSMIF error, or by software

A 100 year calendar from 2000 to 2099

BCD code display

Clock source is division of main oscillator or PLL.
Automatic adjustment function for leap years

Real time clock (RTC)

Table 1.8 Communication interfaces (1 of 3)

Feature Functional description

Ethernet MAC (GMAC) e 1 port

e |EEE802.3

e |EEE1588-2008

e |EEE802.3-az-2010 for EEE

e 10BASE, 100BASE, and 1000BASE supported

e Full duplex and half duplex are supported

e Programmable frame length to support both standard and jumbo frames up to 16 KB
e 17 MAC address registers for the address filter block

e Variety of flexible addresses filtering modes are supported

e Advanced IEEE 1588-2002 & 2008 Ethernet frame time-stamping supported
o MII/RMII/RGMII interface is supported
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Table 1.8 Communication interfaces (2 of 3)

Feature

Functional description

Ethernet switch (ETHSW)

3-port PHY interfaces

IEEE802.3

Support for 10/100/1000 Mbps data transfer

Full and half duplex (1000 Mbps supports full-duplex only)

Hardware switching, lookup, and filtering

QoS with frame prioritization

Priority control based on VLAN Priority (IEEE802.1q), which enables priority reassignment
Classification and priority assignment based on IPv4 DiffServ Code Point Field, IPv6 Class
of Service

Queue with eight priority levels

Multicasting and broadcasting

VLAN frame

IEEE 1588-2008 compatible

Programmable addition, removal and manipulation of ingress and egress VLAN tags,
supporting single and double-tagged VLAN frames on each port

Cut-through and hub features

Device level ring (DLR)

Programmable egress rate limit per port

Ingress Configurable Broadcast/multicast storm protection per port

IEEE802.1X source address authentication supported

IEEE802.1X guest VLAN supported

PRP functionality (IEC 62439-3 edition 2.0- 2012)

Configurable Time Multiplexed (TDMA) output queue scheduler supporting real-time
network infrastructures using time slots for bandwidth reservation enabling deterministic
delays

Pattern matchers 12 channels

Independent two timer module are available for timestamping and time for TDMA.
Remote monitoring through SNMP

Powerlink capable hub

Ingress filtering and frame header manipulation (active stream identification, flow metering)
with Enhanced Frame Parser

4 additional PTP timer pulse generators

MAC to MAC connection

e MII/RMII/RGMII interface is supported

EtherCAT slave controller (ESC)"!

e 1 channel (3 ports)
EtherCAT Slave Controller IP core (made by Beckhoff Automation GmbH) implemented
MII/RMII/RGMII interface is supported by external RGMII converter.

USB 2.0 HS host/function module

1 port
Compliance with the USB 2.0 specification
OTG support
Transfer rate
High speed (480 Mbps), full speed (12 Mbps), low speed (1.5 Mbps, host only)
e Communications buffer
— Incorporates 1 KB of RAM for host mode
— Incorporates 8 KB of RAM for function mode
e DMAC (2 channels) incorporated

Serial communication interface (SCI)

e 6 channels
e 5 communication mode
— Asynchronous interfaces
8-bit clock synchronous interface
— Simple 12C (master-only)
Simple SPI
— Smart card interface
Clock source is select from among four internal clock signals
Bit rate specifiable with the on-chip baud rate generator
Full-duplex and half-duplex communication
Data length: 7 to 9 bits (Asynchronous mode)
Bit rate modulation
Double speed mode
Loopback function to enable self-diagnosis (Asynchronous, Clock synchronous mode)

I2C bus interface (IIC)

3 channels

Communication formats: 12C bus format or SMBus format

Master or slave mode selectable

Supports the multi-master

Maximum transfer rate: 400 kbps (Standard mode and Fast mode)
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Table 1.8 Communication interfaces (3 of 3)

Feature

Functional description

CAN-FD module (CANFD)

2 channels
Comply with CAN-FD ISO 11898-1 (2015)
Communication speed
— Classical CAN mode: 1 Mbps
— CAN FD mode:
Nominal bit rate: max. 1 Mbps
Data bit rate: max. 8 Mbps
Total 192 message buffers (in case frame size is 76 bytes)
— Individual buffers: 64 for TX
— Shared buffers: 128 for TX and RX including FIFO
Selectable ID type with 11-bit Standard and 18-bit Extended
Selectable Frame type: Data Frame and Remote Frame
Up to 256 receive rules

Serial peripheral interface (SPI)

4 channels
SPI transfer facility
— Using the MOSI (master out slave in), MISO (master in slave out), SSL (slave select),
and RSPCK (SPI clock) signals enable serial transfer through SPI operation (four lines)
or clock-synchronous operation (three lines)
— Capable of handling serial transfer as a master or slave
Data formats
— Switching between MSB first and LSB first
— The number of bits in each transfer can be changed to any number of bits from 8 to 16,
or 20, 24, or 32 bits.
— 128-bit buffers for transmission and reception
— Up to four frames can be transmitted or received in a single transfer operation (with
each frame having up to 32 bits)
Buffered structure
— Double buffers for both transmission and reception
RSPCK can be stopped automatically with the reception buffer full for master reception

Expanded serial peripheral interface
(xSPI)

2 channels

Comply with JESD251

Multiple slave up to 2 slaves (channel 0 only)

Protocol mode: 1/4/8pin with SDR/DDR

1S-18-18S, 4S-4D-4D, 8D-8D-8D

Support OctaFlash, OctaRAM, HyperFlash and HyperRAM
Protocol mode: 2/4pin with SDR compatible with QSPI
18-2S-28, 28-28-2S

1S-4S-4S, 4S-45-4S

Configurable address length

Configurable initial access latency cycle

Support XiP mode

Support up to 64 MB address space each CS

Prefetch function for burst-read with low latency
Outstanding buffer for burst-write with high throughput
Manual command configurable up to 4 commands

Output clock/input strobe port timing shift

Automatic command after released reset: up to 4 commands

Note 1. EtherCAT is a registered trademark of Beckhoff Automation GmbH, Germany.
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Table 1.9 Analog

Feature

Functional description

12-bit A/D converter (ADC12)

e 12 bits x 2 units (unit 0: 4 channels, unit 1: 8 channels)
e 12-bit resolution
e Conversion time
0.84 us per channel
e Operating mode
Scan mode (single scan mode, continuous scan mode, or 3 group scan mode)
Group priority control
e Sample-and-hold function
Common sample-and-hold circuit included
In addition, channel-dedicated sample-and-hold function (3 channels: in unit O only)
included
e Sampling variable
Sampling time can be set up for each channel
e Double trigger mode (A/D conversion data duplicated)
e Three ways to start A/D conversion
Software trigger, timer (MTU3, GPT) trigger, external trigger
e Event linking by the ELC

Temperature sensor unit (TSU)

e 1 channel
Relative precision: £1°C (typ)

Table 1.10

Hardware accelerato

r for industrial interfaces

Feature

Functional description

AY interface (DSMIF)

3 channels x 2 units

Selectable 2 inputs (U/V) or 3 inputs (U/V/W)

Up to 6 AX modulators are externally connectable

Sinc filter can be selected as first, second or third order

Trigonometric function unit (TFU)

Calculation of sine, cosine, arctangent, hypot k ( \/x2 + yz/k )
e Simultaneous calculation of sine and cosine
e Simultaneous calculation of arctangent and hypot_k

Table 1.11 Safety (1 of 2)

Feature

Functional description

Memory protection unit (MPU)

e Cortex-R52 MPU
Two stages MPUs (EL2 and EL1)
24 regions each MPU
o Master MPU
Memory protection for masters except Cortex-R52 (DMAC, USB, Ethernet MAC, CoreSight,
SHOSTIF, PHOSTIF)

Register write protection function

Protects important registers from being overwritten for in case a program runs out of control.

CRC calculator (CRC)

e 2 channels
e CRC code generation for arbitrary amounts of data in 8-, 16-, or 32-bit units
e Select any of four generating polynomials:
— X324+ X26 + X23 4+ X22 + X164 X124+ X1+ X100+ X84+ X7+ X5+ X4+ X2+ X +1 (32-
Ethernet)
— X324 X28 + X27 4+ X26 + X25 + X23 + X22 + X20 4+ X19 + X18 + X14 + X13 + X1 + X10 +
X9 + X8 + X8 + 1 (CRC-32C)
— X164+ X5+ X2+ 1 (CRC-16)
— X164+ X124+ X5+ 1 (CRC-CCITT)
— X8+ X2+ X+1(CRC-8)

Clock monitor circuit (CLMA)

e Monitors the abnormal output clock frequency from the PLL circuit or low-speed on-chip
oscillator.
e Input clock oscillation stop detection: Available

Data operation circuit (DOC)

The function to compare, add, or subtract 16-bit data

R01DS0397EJ0120 Rev.1.20
Sep 30, 2022
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Table 1.11 Safety (2 of 2)

Feature Functional description

Isolated peripherals e Safety dedicated peripherals are available:
— GPT:4ch
— SCl:1ch
— lIC:1ch
— SPl:1ch
— CRC: 1 unit
— RTC: 1 unit
— GPIO: Sharable with normal GPIO
— On-chip system SRAM with ECC
e They are mapped independently from normal peripherals so that access protection can be
done by EL2 MPU.

Table 1.12 Security

Feature Functional description
Security"! e Secure boot
e JTAG authentication
e SCI/USB boot authentication
e Cryptographic accelerators

— Symmetric Cipher: AES 128/192/256 bits with CBC/ECB/CTR/GCM/XTS

— Asymmetric Cipher: ECC 256 bits, RSA 1024/2048/3072 bits, RSAES-OAEP

— Hash: SHA-1, SHA-2

— Message authentication: HMAC, CMAC, GMAC

— Signature algorithms: ECDSA with NIST P-256, RSASSA-PSS, RSASSA-PKCS1
e TRNG

Note 1. For details, contact our sales representative.

Table 1.13 Debug

Feature Functional description
Debugging interface e CoreSight architecture designed by Arm
e Debugging function by the JTAG/SWD interface, and trace function by the trace port
interface

Table 1.14 External host interface

Feature Functional description

Serial host interface (SHOSTIF) Serial communication is possible in slave mode.
Supported interface

— Motorola Serial Peripheral Interface (4-wire SPI)

— Enhanced SPI Modes with Dual, Quad, or Octal SPI
Serial clock polarity switching
Serial clock phase switching
Single Data Transfer
Data size is up to 32 bits x 64 burst

Parallel host interface (PHOSTIF) Synchronous/Asynchronous SRAM Interface Mode
Synchronous Burst SRAM Type Transfer Mode
Bus width: 8 or 16 bits
Synchronous relations

— HCKIO synchronous
Write buffer
Read buffer

e Multiplexing of addresses and data (Synchronous Burst SRAM Type only)

Mailbox and semaphore (MBXSEM) e Eight semaphores

e Four 32-bit mailboxes for both external host CPU to Cortex-R52 and Cortex-R52 to external
host CPU

e Interrupts can be generated and cleared from both external host CPU and Cortex-R52
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Sep 30, 2022



RZ/N2L Datasheet 1. Overview

Table 1.15 Others

Feature Functional description

Power supply voltage VDD =1.1V (Core)

VCC18 = 1.8V (PLL, USB, ADC, TSU)

VCC33=3.3V (l/0, USB)

VCC1833 = 1.8 V (RGMII, xSPI) or 3.3 V (RMII/MII, xSPI'1)

Operating temperature Tj=-40to +125°C

Packages 225 pin FBGA 13 x 13 mm, 0.8-mm pitch
121 pin FBGA 10 x 10 mm, 0.8-mm pitch

Note 1. Maximum xSPI clock frequency is 75 MHz at 3.3 V.
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1.2 Function Comparison

Table 1.16 Comparison of Functions for Different Packages

Module/Function 225-pin FBGA 121-pin FBGA
CPU ARM Cortex-R52 Single
External bus External bus width 8, 16 bits Not supported
Interrupt External interrupt NMI, IRQO to IRQ15 NMI, IRQO to IRQ3, IRQ5 to IRQS,
IRQ11 to IRQ13
DMA DMA controller (DMAC) 2 units (DMACO: 8 channels, DMAC1: 8 channels)
Timer Multi-function timer pulse unit 3 (MTU3) 9 channels 9 channels™
General PWM timer (GPT) 18 channels 18 channels™!
Compare match timer (CMT) 6 channels
Compare match timer W (CMTW) 2 channels 2 channels™?
Watchdog timer 1 channel
Port output enable 3 (POE3) Available Available™
Port output enable for GPT (POEG) Available Available™!
Real time clock (RTC) Available
Communication | Ethernet MAC (GMAC) 1 port
function Ethernet switch (ETHSW) 3 ports (PHY interface) 2 ports (PHY interface)
EtherCAT slave controller (ESC) 3 ports 2 ports
USB 2.0 HS host/function module (USB) 1 port Not supported
Serial communication interface (SCI) 6 channels 5 channels”™!
12C bus interface (IIC) 3 channels 3 channels
CANFD module (CANFD) 2 channels 2 channels™
Serial peripheral interface (SPI) 4 channels 2 channels™
Expanded serial peripheral interface (xSPI) |2 channels (1.8 V or 3.3 V) 1 channel™! (3.3V)
AY interface (DSMIF) 2 units (DSMIFO: 3 channels, 2 units (DSMIFO0: 2 channels,
DSMIF1: 3 channels) DSMIF1: 2 channels)
Trigonometric function unit (TFU) Available
12-bit A/D converter (ADC12) 2 units (ADC120: 4 channels, Not supported
ADC121: 8 channels)
Temperature sensor unit (TSU) Available
CRC calculator (CRC) 2 channels
Clock monitor circuit (CLMA) Available
Data operation circuit (DOC) Available
Security" Optional
One-time programmable memory (OTP) Available
External host Serial host interface (SHOSTIF) 1 channel 1 channel™?
interface
Parallel host interface (PHOSTIF) 1 channel Not supported
Mailbox and Semaphore (MBXSEM) Available
Event link controller (ELC) Available

Note 1. A part of external signals are not available.
Note 2. Up to quad connection
Note 3. For details, contact our sales representative.
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1.3 Product Lineup

Table 1.17 Product Lineup

Group Part Number Package Security

RZ/N2L R9A07G084M08GBG PLBG0225GB-A Available
R9A07G084M04GBG PLBG0225GB-A Not available
R9A07G084M08GBA PLBG0121GF-A Available
R9A07G084M04GBA PLBG0121GF-A Not available
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1.4

Block Diagram

Figure 1.1 shows a block diagram of the 225-pin device.
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GMAC : Ethernet MAC GPT : General PWM timer

ETHSW . Ethernet switch CMT : Compare match timer

ESC : EtherCAT slave controller CMTW : Compare match timer W

DMAC : DMA controller POE3 : Port output enable 3

BSC : Bus state controller POEG : Port output enable for GPT

xSPI : Expanded serial peripheral interface RTC : Real time clock

wDT : Watchdog timer c : I2C bus interface

SCI : Serial communication interface CANFD  : CANFD module

SPI : Serial peripheral interface DSMIF : AY interface

usB : USB 2.0 HS host/function module TFU : Trigonometric function unit

GIC : Generic interrupt controller CRC : CRC (cyclic redundancy check) calculator
MPU : Memory protection unit CLMA : Clock monitor circuit

ELC : Event link controller DOC : Data operation circuit

MTU3 : Multi-function timer pulse unit 3 TSU : Temperature sensor unit
SHOSTIF : Serial host interface PHOSTIF : Parallel host interface

MBXSEM : Mailbox and Semaphore oTP : One-time programmable memory

SPI x 1 channel
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Figure 1.1

Block diagram of a 225-pin device
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RZ/N2L Datasheet

1. Overview

1.5 Pin Functions

Table 1.18 lists the pin functions.

Table 1.18 Pin functions (1 of 7)
Classification Pin name 110 Description
Power supply VDD Input Power supply pin. Connect this pin to the system
power supply.

VSS Input Ground pin. Connect this pin to the system power
supply (0 V).

VCC1833_0 Input Power supply pin for each 1/O domains. (1.8 V or 3.3 V)

VCC1833_1 This pin is available for BGA package product only.

VCC1833_2

VCC1833_3

VCC1833_4

VCC33 Input Power supply pin for I/O pins.

VCC18_PLLO, VCC18_PLL1 Input Power supply pins for the on-chip PLL oscillator

AVCC18_TSU Input Power supply pin for the temperature sensor unit

Clock XTAL Output Connected to a crystal resonator. When external clock
signal is used, EXTAL pin should be driven low. XTAL

EXTAL Input pin should never be driven or loaded by anything other
than crystal oscillator. The voltage level of EXTAL must
not exceed core VDD (1.16 V).

EXTCLKIN Input Inputs the external clock. When a crystal resonator is
connected, it should be driven low.

CKIO Output Outputs the external bus clock for external devices.

ETHO_REFCLK Output Outputs 25 MHz clock for EtherPHY 0

ETH1_REFCLK Output Outputs 25 MHz clock for EtherPHY 1

ETH2_REFCLK Output Outputs 25 MHz clock for EtherPHY 2

RMII0O_REFCLK Output Outputs 50 MHz clock for RMII0

RMII1_REFCLK Output Outputs 50 MHz clock for RMII1

RMII2_REFCLK Output Outputs 50 MHz clock for RMII12

Operating mode control MDX Input This signal should be driven low.

MDO to MD2 Input Input the operating mode select signal. The signal level
on these pins must not be changed during operation
mode transition on release from the reset state.

MDVO to MDV4 Input Input the operating voltage select signal. The signal
level on these pins must not be changed during
operation mode transition on release from the reset
state.

MDD Input Input the enabling JTAG authentication by hash signal.
The signal level on this pin must not be changed during
operation mode transition on release from the reset
state.

System control RES# Input Inputs the reset signal. This MPU enters the reset state
when this signal goes low.

BSCANP Input Inputs the boundary scan enable signal. Boundary
scan is enabled when this pin goes high. When
boundary scan is not used, this pin should be driven
low.

RSTOUT# Output Outputs the reset signal externally
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RZ/N2L Datasheet

1. Overview

Table 1.18 Pin functions (2 of 7)
Classification Pin name 110 Description
Debugging interface TRST# Input Test reset pin for the on-chip emulator
TMS I/0 Test mode select pin for the on-chip emulator
Functions as the SWDIO pin in serial wire debug
(SWD) mode
TDI Input Test data input pin for the on-chip emulator
TDO Output Test data output pin for the on-chip emulator
TCK Input Test clock pin for the on-chip emulator
Functions as the SWCLK pin in serial wire debug
(SWD) mode
TRACECLK Output Outputs the clock for synchronization with trace data
TRACECTL Output Outputs the enable signal for trace control
TRACEDATAO to TRACEDATA7 Output Output trace data
Bus state controller (BSC) A25 to AO Output Output the address
D15 to DO 110 Input and output the data
CSO#, CS2#, CS3#, CS5# Output Output the chip select signal for the external memory
or device.
RD# Output Outputs the strobe signal which indicates a read is in
progress.
RD/WR# Output Outputs the strobe signal which indicates a read or
write access
BS# Output Outputs the status signal which indicates the start of
the bus cycle
AH# Output Outputs the address hold signal for the device that
uses the multiplexed 1/O interface
WAIT# Input Inputs the external wait control signal which inserts a
wait cycle into the bus cycle
WEO# Output Outputs the write strobe signal to D7 to DO
WE1# Output Outputs the write strobe signal to D15 to D8
DQMLL Output Outputs the data mask enable signal to D7 to DO when
SDRAM is connected
DQMLU Output Outputs the data mask enable signal to D15 to D8
when SDRAM is connected
RAS# Output Outputs the row-address strobe signal to the SDRAM.
This pin should be connected to the RAS# pin on the
SDRAM.
CAS# Output Outputs the column-address strobe signal to the
SDRAM. This pin should be connected to the CAS# pin
on the SDRAM.
CKE Output Outputs the clock enable signal to the SDRAM. This
pin should be connected to the CKE pin on the
SDRAM.
Direct memory access DREQ Input Inputs the DMA transfer request signal from the
controller (DMAC) external device
DACK Output Outputs the acknowledge signal which indicates
acceptance of the DMA transfer request from the
external device
TEND Output Outputs the DMA transfer end signal
Interrupt NMI Input Inputs the non-maskable interrupt request signal
IRQO to IRQ15 Input Input the external interrupt request signal
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RZ/N2L Datasheet

1. Overview

Table 1.18 Pin functions (3 of 7)
Classification Pin name 110 Description
Multi-function timer pulse MTIOCOA, MTIOCOB, MTIOCOC, 1/0 TGRAO to TGRDO input capture input, output compare
unit 3 (MTU3) MTIOCOD output, and PWM output pins
MTIOC1A, MTIOC1B I/0 TGRA1 and TGRB1 input capture input, output
compare output, and PWM output pins
MTIOC2A, MTIOC2B I/O TGRAZ2 and TGRB2 input capture input, output
compare output, and PWM output pins
MTIOC3A, MTIOC3B, MTIOC3C, I/0 TGRA3 to TGRD3 input capture input, output compare
MTIOC3D output, and PWM output pins
MTIOC4A, MTIOC4B, MTIOCA4C, I/0 TGRA4 to TGRD4 input capture input, output compare
MTIOC4D output, and PWM output pins
MTIC5U, MTIC5V, MTIC5W Input TGRUS5, TGRV5, and TGRWS input capture input and
dead time compensation input pins
MTIOC6A, MTIOC6B, MTIOC6C, I/O TGRAG to TGRD6 input capture input/output compare
MTIOC6D output/PWM output pins
MTIOC7A, MTIOC7B, MTIOC7C, 1/0 TGRAY to TGRD?7 input capture input/output compare
MTIOC7D output/PWM output pins
MTIOC8A, MTIOC8B, MTIOCS8C, I/0 TGRAS8 to TGRDS8 input capture input/output compare
MTIOC8D output/PWM output pins
MTCLKA, MTCLKB, MTCLKC, Input External clock input pins for MTU3
MTCLKD
Port output enable 3 (POE3) | POEO#, POE4#, POES8#, POE10#, Input Input the request signal to place the MTUS3 in the high-
POE11# impedance state
General PWM timer (GPT)/ | GTETRGA, GTETRGB, GTETRGC, | Input External trigger input and output-disable request input
Port output enable for GPT | GTETRGD pins
POEG
( ) GTETRGSA, GTETRGSB Input External trigger input and output-disable request input
pins (SAFETY)
GTIOCOA to GTIOC17A, GTIOCOB to | /O Input capture input/output compare output/PWM output
GTIOC17B pins
GTADSMLO, GTADSMLA1, Output Output pins for monitoring A/D conversion start
GTADSMPO, GTADSMP1 requests
Compare match timer W CMTWO_TICO, CMTWO_TICA1, Input CMTW input capture input pins
(CMTW) CMTW1_TICO, CMTW1_TICA1
CMTWO_TOCO0, CMTWO0_TOCA1, Output CMTW output compare output pins
CMTW1_TOCO0, CMTW1_TOC1
Real time clock (RTC) RTCAT1HZ Output RTC 1 Hz output pin
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RZ/N2L Datasheet 1. Overview

Table 1.18 Pin functions (4 of 7)

Classification Pin name 110 Description
Serial communication SCKO to SCK5 I/0 Clock 1/0 pins (clock synchronous mode/simple SPI
interface (SCI) mode/smart card mode)
RXDO0 to RXD5 Input Input the receive data (asynchronous mode/clock
synchronous mode/smart card mode)
TXDO to TXD5 Output Output the transmit data (asynchronous mode/clock
synchronous mode/smart card mode)
CTSO0# to CTS5# Input Input the start of transmission (asynchronous mode/
clock synchronous mode) active-low
RTS0# to RTS5# Output Output the reception (asynchronous mode/clock
synchronous mode) active-low
SCLO to SCL5 I/0 Input/output the 12C clocks (simple 12C mode)
SDAO to SDA5 I/O Input/output the 12C data (simple 12C mode)
MISOO0 to MISO5 I/0 Input/output the data for slave transmission (simple SPI
mode)
MOSIO to MOSI5 I/10 Input/output the data for master transmission (simple
SPI mode)
SSO0# to SS5# Input Chip-select input pins (simple SPI mode) active-low
DEO to DE5 Output Driver enable output pins (asynchronous mode)
I12C bus interface (IIC) IIC_SCLO to IIC_SCL2 I/0 Clock 1/O pins
1IC_SDAO to IIC_SDA2 lfe} Data I/O pins
Ethernet ETHO_TXCLK to ETH2_TXCLK I/O TX clock input pins (MIl mode)
TX clock output pins (RGMII mode)
ETHO_TXDO to ETH2_TXDO Output TX data 0 pins (RGMII, RMII, and MIl modes)
ETHO_TXD1 to ETH2_TXD1 Output TX data 1 pins (RGMII, RMII, and MIl modes)
ETHO_TXD2 to ETH2_TXD2 Output TX data 2 pins (RGMII and MIl modes)
ETHO_TXD3 to ETH2_TXD3 Output TX data 3 pins (RGMII and MIl modes)
ETHO_TXEN to ETH2_TXEN Output TX data enable pins (RMIl and MIl modes)
TX data enable/TX data error (TX_CTL) pins (RGMII
mode)
ETHO_TXER to ETH2_TXER Output TX data error pins (Ml mode)
ETHO_RXCLK to ETH2_RXCLK Input RX clock pins (RGMII, RMIl, and MIl modes)
ETHO_RXDO0 to ETH2_RXDO Input RX data 0 pins (RGMII, RMII, and MIl modes)
ETHO_RXD1 to ETH2_RXD1 Input RX data 1 pins (RGMII, RMIl, and MIl modes)
ETHO_RXD2 to ETH2_RXD2 Input RX data 2 pins (RGMII and MIl modes)
ETHO_RXD3 to ETH2_RXD3 Input RX data 3 pins (RGMII and MIl modes)
ETHO_RXDV to ETH2_RXDV Input RX data valid pins (MIl mode)
Carrier sense/RX data valid (CRS_DV) pins (RMII
mode)
RX data valid/RX error (RX_CTL) pins (RGMII mode)
ETHO_RXER to ETH2_RXER Input RX data error pins (RMIl and MIl modes)
ETHO_CRS to ETH2_CRS Input Carrier sense pins (MIl mode)
ETHO_COL to ETH2_COL Input Collision detection pins (MIl mode)
Ethernet MAC (GMAC) GMAC_PTPTRGO Input PTP timer trigger external input 0
GMAC_PTPTRG1 Input PTP timer trigger external input 1
GMAC_MDC Output Management data clock output pin
GMAC_MDIO I/0 Management data I/O pin
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RZ/N2L Datasheet

1. Overview

Table 1.18 Pin functions (5 of 7)
Classification Pin name 110 Description
Ethernet switch (ETHSW) ETHSW_LPIO Output Port 0 MAC status indicates that it is currently receiving
low-power-idle sequences from the PHY
ETHSW_LPI1 Output Port 1 MAC status indicates that it is currently receiving
low-power-idle sequences from the PHY
ETHSW_LPI2 Output Port 2 MAC status indicates that it is currently receiving
low-power-idle sequences from the PHY
ETHSW_PTPOUTO to Output Ethernet switch timer pulse output pins
ETHSW_PTPOUT3
ETHSW_TDMAOUTO to Output Ethernet switch TDMA timer output pins
ETHSW_TDMAOUT3
ETHSW_PHYLINKO to Input Ethernet switch PHY link status input pins
ETHSW_PHYLINK2
ETHSW_MDC Output Management data clock output pin
ETHSW_MDIO I/0 Management data I/O pin
EtherCAT slave controller ESC_LEDRUN Output Outputs the EtherCAT RUN LED signal
(ESC) ESC_IRQ Output Outputs the EtherCAT IRQ signal
ESC_LEDSTER Output Outputs the EtherCAT Dual-color state LED signal
ESC_LEDERR Output Outputs the EtherCAT error LED signal
ESC_LINKACTO to ESC_LINKACT2 | Output Output the EtherCAT link/activity LED signal
ESC_SYNCO0, ESC_SYNCH1 Output Output the EtherCAT SYNC signal
ESC_LATCHO, ESC_LATCH1 Input Input the EtherCAT LATCH signal
ESC_RESETOUT# Output Output the EtherCAT reset signal
ESC_I2CCLK Output Outputs the EtherCAT EEPROM I2C clock signal
ESC_I2CDATA I/0 Inputs and outputs the EtherCAT EEPROM I2C data
signal
ESC_PHYLINKO to ESC_PHYLINK2 | Input Inputs the EtherCAT PHY link status signal.
ESC_MDC Output Management data clock output pin
ESC_MDIO I/0 Management data I/O pin
USB 2.0 host/function VCC33_USB Input Power supply input pin for USB
module VCC18_USB Input Power supply input pin for USB
VSS_USB Input Ground input pins for USB
AVCC18_USB Input Analog power supply input pin for USB
USB_RREF Input Reference current input pin for USB. Connect this pin
to the VSS_USB pin with 1.8 kQ (x1%).
USB_DP 110 USB bus D+ data I/O pin
USB_DM I/0 USB bus D- data I/O pin
USB_VBUSEN Output Outputs the VBUS power enable signal for USB
USB_OVRCUR Input Inputs the overcurrent signal for USB
USB_VBUSIN Input USB cable connection/disconnection detection input
pin
USB_EXICEN Output OTG power supply IC control pin
USB_OTGID Input OTG ID pin
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RZ/N2L Datasheet

1. Overview

Table 1.18 Pin functions (6 of 7)

Classification Pin name 110 Description

CANFD module (CANFD) CANRXO0, CANRX1 Input Receive data input pins
CANTXO0, CANTX1 Output Transmit data output pins
CANRXDPO, CANRXDP1 Output Receive data phase output pins
CANTXDPO, CANTXDP1 Output Transmit data phase output pins

Serial peripheral interface SPI_RSPCKO to SPI_RSPCK3 I/0 Clock 1/O pins

(SPT) SPI_MOSIO to SPI_MOSI3 I/0 Master transmit data I/O pins
SPI_MISOO0 to SPI_MISO3 I/O Slave transmit data 1/0O pins
SPI_SSL00 to SPI_SSL30 I/0 Slave select signal 1/0 pins
SPI_SSLO01 to SPI_SSL31, Output Slave select signal output pins
SPI_SSL02 to SPI_SSL32,
SPI_SSL13 to SPI_SSL33

Expanded serial peripheral XSPI0_CKP, XSPI1_CKP, Output Clock output pins

interface (xSPI) XSPI0O_CKN
XSPI0_CS0#, XSPI1_CS0#, Output Chip select output pins
XSPIO_CS1#
XSPI0_DS, XSPI1_DS 1/0 Read data strobe/write data mask input/output pin
XSPI0_IO0 to XSPIO_IO7, I/10 Data0 to Data7 input/output pins
XSPI1_I00 to XSPI1_IO7
XSPI0_RESETO#, XSPIO_RESET1# | Output Master reset status output pins
XSPI0_RSTOO#, XSPI0_RSTO1# Input Slave reset status input pins
XSPIO_INTO#, XSPIO_INT1# Input Interrupt input pins
XSPI0_ECSO0#, XSPIO_ECS1# Input Error correction status input pins
XSPI0_WPO#, XSPIO_WP1# Output Write protect output pins

AY interface (DSMIF) MCLKO to MCLK5 110 Clock I/0O pins
MDATO to MDAT5 Input Data input pins

12-bit A/D converter ANO0O0O to ANO03, Input Analog input pins for the A/D converter

(ADC12) AN100 to AN107
ADTRGO#, ADTRG1# Input External trigger input pins for the start of A/D

conversion

Serial host interface HSPI_CK Input Clock input pin

(SHOSTIF) HSPI_CS# Input Chip select input pin
HSPI_IOO0 to HSPI_IO7 I/0 Data0 to Data7 input/output pins
HSPI_INT# Output Interrupt output pin
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RZ/N2L Datasheet

1. Overview

Table 1.18 Pin functions (7 of 7)

Classification Pin name 110 Description

Parallel host interface HCKIO Input Bus clock input pin

(PHOSTIF) ; ;

HAOQ to HA20 Input Address input pins

HDO to HD15 I/O Data I/O pins

HCSO0# Input Chip select input pin supporting burst transfer

HCS1# Input Chip select input pin supporting BSC ADMUX mode

HRD# Input Strobe input pin indicating a read access

HWAIT# Output Output pin indicating that the bus cycle is in wait state

HWRSTB# Input Strobe input pin indicating a write access

HWRO# Input Write strobe/byte enable input pin to HD7 to HDO

HWR1# Input Write strobe/byte enable input pin to HD15 to HD8

HERROUT# Output Outputs the bus access error interrupt signal

HBS# Input Bus cycle input pin

Mailbox and Semaphore MBX_HINT# Output Mailbox (Cortex-R52 to Host CPU) interrupt output pin

(MBXSEM)

Analog power supply VCC18_ADCO0, VCC18_ADC1 Input Analog power supply input pin for the 12-bit A/D
converter. Connect this pin to the 1.8 V power supply if
the 12-bit A/D converter is not to be used.

VREFHO, VREFH1 Input Reference voltage input pin for the 12-bit A/D
converter. Connect this pin to the 1.8 V power supply if
the 12-bit A/D converter is not to be used.

I/0 ports P00_0 to P24_2 110 General-purpose input/output pins
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RZ/N2L Datasheet

1. Overview

1.6

FBGA 225 Pin Assignments

A| Vvss P01_0 | PO0_2 | PO0_4 | P24 0 | P22_1 P22 0 | P21.3 | P20_4 Vss AN106 | AN104 | AN103 | AN101 Vss A
8| Po1_5 | Po1_2 | Poo_3 | Poos | P24_t | P22.3 | P21_7 | P21_1 | P20_1 | AN105 [ AN102 | AN100 | ANOOO | ANOO2 | P19.0 |B
C| PO1_7 | PO1_3 | PO0O_6 | POO_O | P24_2 | P22_2 P21_5 | P21_2 | AN107 |VREFH1|VREFHO| ANOO1 | ANOO3 AV](;SCJ57 P18_6 | C
p| Po2_1 | Po16 | Po1_1 | Poo_7 | Poo_1 | P23.7 | P21.6 | P20.2 | P20.3 | vss | vss | vss | P15 | P1s2 | Pis1|D
| Po2.3 | TRsT# | Po2.0 | PO1_4 1;/303‘:2 vceas | P14 | veess V/fgéff vss v/c\:[c):ég, P1g4 | P18.3 | P180 | P17.7 |E
F| Po2_7 