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Notice

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 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.

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.

(Note 1) “Renesas Electronics” as used in this document means Renesas Electronics Corporation and also includes its directly or indirectly

controlled subsidiaries.

(Note 2) “Renesas Electronics product(s)” means any product developed or manufactured by or for Renesas Electronics.

(Rev.4.0-1 November 2017)
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Notes for CMOS devices

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 VIL
(MAX) and VIH (MIN) due to noise, etc., 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 VIL (MAX) and VIH (MIN).

Unconnected CMOS device inputs can be cause of malfunction. If an input pin
is unconnected, it is possible that an internal input level may be generated due
to noise, etc., causing malfunction. CMOS devices behave differently than
Bipolar or NMOS devices. Input levels of CMOS devices must be fixed high or
low by using pull-up or pull-down circuitry. Each unused pin should be
connected to power supply or GND via a resistor if there is a possibility that it
will be an output pin. All handling related to unused pins must be judged
separately for each device and according to related specifications governing
the device.

A strong electric field, when exposed to a MOS device, can cause destruction
of the gate oxide and ultimately degrade the device operation. Steps must be
taken to stop generation of static electricity as much as possible, and quickly
dissipate it when it has occurred. Environmental control must be adequate.
When it is dry, a humidifier should be used. It is recommended to avoid using
insulators that 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 should be grounded. The operator should be grounded using a
wrist strap. Semiconductor devices must not be touched with bare hands.
Similar precautions need to be taken for PW boards with mounted
semiconductor devices.

Power-on does not necessarily define the initial status of a MOS device.
Immediately after the power source is turned ON, devices with reset functions
have not yet been initialized. Hence, power-on does not guarantee output pin
levels, 1/0 settings or contents of registers. A device is not initialized until the
reset signal is received. A reset operation must be executed immediately after
power-on for devices with reset functions.

In the case of a device that uses different power supplies for the internal
operation and external interface, as a rule, switch on the external power supply
after switching on the internal power supply. When switching the power supply
off, as a rule, switch off the external power supply and then the internal power
supply. Use of the reverse power on/off sequences may result in the
application of an overvoltage to the internal elements of the device, causing
malfunction and degradation of internal elements due to the passage of an
abnormal current. The correct power on/off sequence must be judged
separately for each device and according to related specifications governing
the device.

Do not input signals or an I/O pull-up power supply while the device is not
powered. The current injection that results from input of such a signal or 1/0
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.
Input of signals during the power off state must be judged separately for each
device and according to related specifications governing the device.
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RH850/E2x-FCCA1 Section 1 Overview

Section 1 Overview

The RH850/E2x-FCC1, RH850/E2M are products of the single-chip microcontroller RH850 series from Renesas
Electronics.

This section gives an overview of the RH850/E2x-FCC1 and RH850/E2M.

1.1 Outline

This product is a 32-bit single-chip microcontroller that incorporates multiple CPUs of the RH850 architecture, code
flash, data flash, RAM, DMA controllers, high-speed communication interfaces including RHSB (microsecond bus),
CAN, FlexRay, Ethernet, RHSIF, LIN, SENT, PSI5-S, three types (sequential conversion type, delta-sigma type and
cyclic type) of A/D converters, peripheral functions including digital filter processing, an Advance Timer Unit (ATU-
V) and GTM that are best suited for high-speed accurate power train control. This product also conforms to the
Automotive Safety Integrity Level (ASIL) that is currently in high demand in the automotive field.

(1) Includes multiple RH850 cores

This product contains multi RH850G4MH cores (each CPU is referred to as CPUO and CPU1 hereafter). CPUO and
CPUI support RISC-type instruction sets and have significantly improved the instruction execution speed with basic
instructions (one clock cycle per instruction) and optimized 10-stage pipeline configurations. Furthermore, this product
also supports multiplication instructions using a 32-bit hardware multiplier, saturated product-sum operation
instructions, and bit manipulation instructions as instructions best suited for various applications such as automobile

power train control.

Two-byte basic instructions and high-level language instructions improve object code efficiency for the C compiler and
reduce the program size. Furthermore, this product is suited for advanced real-time control applications by offering a
high-speed interrupt response time including the processing time of the on-chip interrupt controller.

(2) On-chip code flash and data flash

This product incorporates an 8-MB code flash allowing high-speed access, which enables each CPU to access this flash
memory efficiently. This memory can be reprogrammed while placed in an application system. This can shorten the
system development period and significantly improve serviceability after the system is delivered.

This product also has a 224-KB data flash that is available for storing EEPROM data.
(3) A variety of peripheral functions

This product incorporates timers, a Digital Filter Engine (DFE), three types of A/D converters (SAR-ADC, DS-ADC,
and Cyclic ADC) and other functions that are best suited for reducing hardware and software control loads in the
automobile power train control (e.g. engine, transmission). In addition, this product incorporates standard peripheral
functions (UART, CAN, and RHSB) for automotive applications. It also has the global standard on-chip NEXUS JTAG
as a debug interface. This allows construction of systems without the need to provide these functions externally, which

reduces cost, quantity of components and PCB footprint.
(4) Functional safety support

This product provides with several dedicated functionalities including a Lock-Step Dual Core configuration for the
CPU, memory protection with ECC, bus protection with ECC/EDC, peripheral module protection, and voltage/clock
monitors to support the functional safety standard (ISO26262) required in automotive applications.
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(5) Security support

This product provides various security features and utilizes the Intelligent Cryptographic Unit/Master (ICUMD) as an
on-chip Hardware Security Module (HSM).

RO1UHO0641EJ0130 Rev.1.30 RENESAS Page 87 of 4595
Dec 26, 2019



RH850/E2x-FCCA1 Section 1 Overview

1.2 Features

CPUO/1 core RH850G4MH: 2 units (for high-speed operation and control)
CPUO0/1 cache memory 16 KB

Minimum CPUO/1 instruction 2.5 ns (during internal 400 MHz operation)
execution time

General CPUO0/1 registers Thirty-two 32-bit registers

FP-SIMD CPUO and CPU1 have their own respective FP-SIMD units
32-bit x 1/2/4-way operations
Thirty-two 128-bit dedicated registers independent from CPU/FPU
Supports single-precision (32-bit) only
Supports IEEE754 compliant data types and exceptions
Exceptions can be enabled/disabled individually
Rounding modes: To nearest/Toward 0/Toward + oo/Toward — o
Handling of denormalized numbers: Truncation to zero / IEEE754 compliant exception

CPUO0/1 instruction sets Signed multiplication (32 bits x 32 bits — 64 bits): 1 to 2 CPU clocks
Saturated operation instructions (with overflow/underflow detection function)
32-bit arithmetic/logical shift instructions: 1 CPU clock
Bit manipulation instructions
Load/store instructions with long/short formats
Signed load instructions

Memory space 4-GB address space (common to program and data)

Code flash Two types of memory area
® User area: 8 MB (common to CPUO, CPU1, ICUMD)
® User boot area: 64 KB high-speed reading through cache enabled

Data flash 224 KB (common to CPUO, CPU1 and ICUMD)

RAM Local RAM: 32 KB (CPUO0/1)
Cluster RAM: 704 KB (common to CPUO and CPU1) (64 KB: Retention RAM)
Cluster Emulation RAM: 1 MB (E2x-FCC1 only)
Global Emulation RAM: 1.5 MB (E2x-FCC1 only)

Interrupts/exceptions 1 nonmaskable interrupt (NMI pin)
2 FE level interrupts
512 maskable interrupts (high-speed: 32, low-speed: 480)
Simultaneous distribution of interrupt sources to multiple cores (CPUO/CPU1)

® Applicable sources: non-maskable interrupt (NMI pin), FE level interrupts, 32 high-speed
maskable interrupts

External interrupt input function (IRQ pins)

Software interrupt function (SINT)

Inter-processor interrupt function (IPIR)

16-level priority specifiable for maskable interrupts

For RH850 G4MH exceptions, see Section 3, CPU system.

sDMAC controller 32 channels incorporated (16 channels x 2 units)
Transfer data length: 1 byte, 2 bytes, 4 bytes, 8 bytes, 16 bytes, 32 bytes, 64 bytes
Parallel reads and writes (fly-by)
Address mode: dual address mode
Transfer requests: auto request, peripheral hardware request
Bus modes: normal speed mode, slow speed mode
Arbitration modes: fixed priority mode, round-robin mode

Interrupt requests: termination of descriptor step, termination of data transfer, occurrence of address
error

Descriptor memory: 8 KB (shared among all channels)
Scatter-gather transfer
Transfer target: On-chip memory, on-chip peripheral modules (excluding the DTS and sDMAC)
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DTS controller 128 channels incorporated
Transfer unit: 8 bits/16 bits/32 bits/64 bits/128 bits
64-bit x 2-burst transfer
Dual-address transfer mode
Address reloading function
Chain transfer function

Three transfer modes: Single transfer, block transfer 1 (specified by number of transfer times), and
block transfer 2 (specified by address count)

Transfer target: On-chip memory, on-chip peripheral modules (excluding the DTS and sDMAC)
Transfer requests can be set by interrupt sources and software

110 Output driving ability of specific input/output pins is selectable
Inversion or non-inversion of output values of specific input/output pins is selectable
Pull-down or pull-down off of specific input/output pins is selectable
Safety functions Flash memory ECC error detection function
RAM ECC error detection function
Peripheral module RAM ECC error detection function (e.g. DTS, CAN, FlexRay, DFE)
Clock monitor
Error Control Module (ECM)
Duplexing of modules (e.g. CPUO/1, ECM, error output pins)
Automatic Power-on BIST execution after reset
Shut-down BIST execution selection after System Reset 2

Error Control Module (ECM) Collects information for each error check system and safety function and indicates error status
When an error is detected, an error signal can be output from the error pin to an outside
Interrupts and internal reset signals can be generated upon detection of an error
Provided with a function to generate a pseudo-error for debugging and self-diagnosis

Data CRC function B (DCRB) The data CRC (Cyclic Redundancy Check) function can verify or generate data streams protected
by a CRC with various lengths and different bit widths

Multi-Input Signature Monitors write access to specific addresses by the respective CPUs, and generate a 64-bit
Generator (MISG) signature using the write data

Window Watchdog Timer 2 units incorporated

(WDTB) Can generate a signal to the ECM when a counter overflows (timer expires)

Can generate an interrupt at 75% of the counter overflow value
An interrupt request can be generated at any function of the counter value
A window open period can be set to any function of the counter value

Advanced Timer Unit V (ATU- Timer A: 32-bit input capture x 8 channels

V) Timer B: Angle clock generating timer x 1 channel

Timer C: 32-bit input capture/output compare x 44 channels
(ATU and GTM cannot be Timer D: 32-bit one-shot pulse x 36 channels
used at the same time) 32-bit input capture x36 channels

32-bit output compare x36 channels
Timer E: 24-bit PWM x 36 channels
Timer F: 32-bit event counter x 16 channels
Timer G: 32-bit interval timer x 10 channels
OS Timer (OSTM) Three units incorporated
® A 32-bit timer assuming use by an OS
® [nterval timer mode or free-running timer mode selectable
® Synchronous start between units available

Peripheral Interconnection One unit incorporated
function (PIC1) ® Synchronous operation between the OSTM timer and other timer input/outputs can be connected
Peripheral Interconnection Two units incorporated
function (PIC2) ® Maps peripheral IP outputs to triggers
Serial Communication 4 channels incorporated
Interface 3 (SCI3) ® Clock synchronization or start-stop system selectable
® Full-duplex communication enabled
® Arbitrary bit rate selectable by the on-chip baud rate generator
® | SB first or MSB first selectable
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Clocked Serial Interface H 6 channels incorporated
(CSIH) ® Three-wire serial synchronous data transfer
® Master mode or slave mode selectable
® Six or four chip select output signals are selectable
® Arbitrary bit rate is selectable by the on-chip baud rate generator

CANFD interface 5 channels incorporated
(RS-CANFD) ® RS-CAN mode (RS-CAN software compatibility mode)
— Conforming to CAN 1SO-11898-1 (2003)
— Transfer speed up to 1 Mbps
— A total of 400 message buffers provided for 5 channels
— Reception filtering
® CAN-FD mode
— Conforming to CAN-FD ISO 11898-1 (2015)
— Transfer speed up to 8 Mbps
— A total of 400 message buffers provided for 5 channels
— Reception filtering

FlexRay 1 unit incorporated
(FLXA) ® Conforming to Protocol Specification v2.1

® Buffer size: A 8-KB space is divided into up to 128 sections (for transmission, reception, and
receive FIFO)

® Message filtering: ID filter, channel filter, cycle counter filter
® Bit rate: 10 Mbps

LIN/UART interface (RLIN3) 6 channels incorporated
® Conforming to LIN Protocol Spec versions 1.3, 2.0, 2.1, 2.2, and SAE J2602
® Three operating modes
— LIN Master mode
— LIN Slave mode
— UART mode (half-duplex, full-duplex)
® Arbitrary bit rate is selectable by the on-chip baud rate generator
® |IN Self-test mode with internal data loop back

Renesas High-Speed 2 channels incorporated

Bus (RHSB) Communication module supporting Micro-Second Bus channels
® Down-stream communication
® Up to two slaves selectable and configurable individually
® Functions for emergencies

Single Edge Nibble 17 channels incorporated

Transmission (RSENT) ® Conforming to the SENT (Single Edge Nibble Transmission) protocol specified in the SAE
J2716_201604 standard and the SPC (Short PWM Code) extension to the SENT specification

® Unidirectional or bidirectional transfer is possible through a single pin
® Bidirectional transfer is possible through two pins
® Data transfer protected by a CRC is possible

High Speed Serial Peripheral 1 channel incorporated

Interface (HS-SPI) ® Three-wire serial synchronous data transfer
® Master mode or Slave mode selectable
® Built in DMA for communication data transfer

Peripheral Sensor Interface 5 1 channel incorporated
serial communication module ® Support the UART based communication for PSI5 transceiver
(PSI15-S)

® Conformance with PSI5 protocol specification V2.2
® Generate a PSI5 message from the UART transfer data
® The bit rate of the UART can be set by the built-in baud rate generator

RHSIF 1 channel incorporated
® Asynchronous high speed LVDS interface based on IEEE 1596.3-1996 reduced range link

® Asynchronous high speed LVDS interface supporting maximum data rates of 80 Mbps and
160 Mbps

® Four channels, including one channel with data streaming capability
® Bus master interface which is used by a target node to access shared memory
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Ethernet Controller 1 channel incorporated
(ETNC) ® Conformance with the IEEE 802.3 MAC layer standard
® PHY interface: Mll (Media Independent Interface) and RMII (Reduced Media Independent
Interface)

® Supports 10 Mbps and 100 Mbps
® Supports full-duplex and half-duplex modes
® Built-in DMA transfer function

Analog to Digital Converter 80 channels incorporated
(ADCH) ® A/D conversion method: Successive approximation

® Configuration of analog input pins
ADCHO/ADCH1 dedicated inputs: 20/12
ADCHO/ADCH1 shared inputs: 8
ADCH2/ADCH3 dedicated inputs: 20/12
ADCH2/ADCH3 shared inputs: 8

Resolution: 12-bit/10-bit

Conversion speed: 1.0 pys

Scan groups for five systems for each converter

Two scan modes (multicycle scan mode and continuous scan mode)

ADCHO: Up to 40 virtual channels

ADCH2: Up to 40 virtual channels

ADCH1: Up to 40 virtual channels

ADCH3: Up to 40 virtual channels

Two types of A/D conversion and addition functions incorporated

Converts the converted results to floating-point format

Can enter data directly to the digital filter and the ADC summation function and the Generic Timer
Module

Safety functions

® Supports an upper/lower-limit-excess-notice-function for the ADC Voltage Monitor

Secondary Error Generator or ADC Boundary Flag Generator in

each virtual channel

Delta-Sigma Analog to Digital 26 channels incorporated
Converter ® A/D conversion method: Delta-Sigma modulation method
(DSADC) ® Configuration of analog input pins

DSADCOO: 8 single-ended inputs/4 differential inputs
DSADC10: 4 single-ended inputs/2 differential inputs
DSADC20: 2 single-ended inputs/1 differential inputs
DSADC12: 4 single-ended inputs/2 differential inputs
DSADC13: 4 single-ended inputs/2 differential inputs
DSADC11: 4 single-ended inputs/2 differential inputs

® |nput type: Single-end input and differential input
® |nput gain function (PGA): x1, x2, x4, or x8 selectable
® Calibration function
® Can enter data directly to the digital filter and the Generic Timer Module.
® Timestamp function
® Supporting a boundary flag generating signal to the ADC Boundary Flag Generator
® Safety functions
Cyclic Analog to Digital 8 channels incorporated
Converter ® A/D conversion method: Cyclic conversion method
(CADC) °

Configuration of analog input pins
CADCOO: 8 single-ended inputs /4 differential inputs

Input type: Single-ended input and differential input

Calibration function

Can enter data directly to the digital filter and the Generic Timer Module
Supporting a boundary flag generating signal to the ADC Boundary Flag Generator
Safety functions

Power supply E2x supports both the 5V and 3.3 V power supplies with the exception of the core supply.
The Power on/off sequence has no constraints
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Power supply voltage monitor

Digital Filter Engine
(DFE)

Secure Watchdog Timer
(SWDT)

Intelligent Cryptographic Unit
Master (ICUMD)

On-Chip Debugging unit
(OCD)

Boundary scan

Clock controller

Operating modes

Standby controller

® The power supply voltage monitor is used for monitoring power domains EOVCC, VCC and VDD

® The power supply voltage monitor has High-side (HDET) and Low-side (LDET) voltage detectors
that detect if the monitored voltage is higher or lower than the specified voltage

® Power supply voltage monitors have two types of detection functions: Primary detection and
Secondary detection

® The Primary detection function is performed by Voltage Monitor. The Secondary detection
function is performed by the SAR-ADC

® The Delay Monitor (DMON) assists the VMON, which detects the Low-side voltage of VDD

® The Primary power supply voltage monitor can control on or off for the VMON high level and low
level detection of VDD, and the high level detection of VCC and EOVCC

® The Primary detection voltage value is fixed, the secondary detection voltage value can be set by
the SAR-ADC

® |f the Secondary power supply voltage monitor detects voltage failures, it notifies the error to the
ECM. Based on the settings in the ECM, it is possible to generate an interrupt or reset
16-channel digital filtering (FIR/IIR) functions
® FIR with up to 64 taps selectable
® Up to a 6-order IIR is selectable
® Filter coefficients and data are stored in the RAM to be connected
® For filtered data:
Accumulation processing or decimation processing can be enabled
Peak-hold processing or comparison processing can be enabled
Directly inputs converted data from the SAR A/D converter or Delta-Sigma A/D converter or
cyclic A/D converter to perform automatic filtering

1 unit incorporated
Can generate an error signal for the Reset Controller in response to an error
Confirmation of matching with a specified Program Counter (PC) value of the CPUO

The ICUMD is an on-chip Hardware Security Module (HSM)

The ICUMD supports user-defined security services to the overall system based on cryptographic
primitives

NEXUS JTAG: One channel incorporated

LPD (4-pin): One channel incorporated

CAN Debug interface: One channel incorporated

Aurora Trace Interface: One channel incorporated (E2x-FCC1 only)

Supports boundary scan conforming to the IEEE1149.1 standard

The user is able to select the crystal resonance frequency (20 MHz or 40 MHz)

Incorporates a crystal resonation circuit (Main OSC), which is used as a reference clock for the PLL
Incorporates an internal oscillator, which is used as the start-up clock and backup clock
Incorporates a PLL circuit to generate high speed internal clocks by multiplying the Main OSC input
Generates clock pulses used inside the chip from the internal oscillator, main oscillator and PLL
Software configurable external clock output

Operating modes

® Normal Operating Mode

® User Boot Mode

® Serial Programming Mode

This product supports various power-down modes

The power consumption of the device can be reduced by selecting one of the following modes:
® Power off standby mode

® HALT Mode

® Emulation/Instrumentation RAM and Aurora retention Mode (E2x-FCC1 only)

Module standby
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Reset controller 6 reset functions
— Power Up Reset
— System Reset 1
System Reset 2
Application Reset
— Module Reset
— JTAG Reset
External reset output pin:m
Automatic RAM initialization after reset

Clock monitor ® Up to 7 clock monitors depending on the device configuration

® Detects clock disturbances that results in a frequency lower or higher than the target frequency,
and sends an error notification to the ECM

Supports the self-diagnosis function

Temperature sensor 1 sensor incorporated

® Out of range detection of temperature

® Operating modes
— Single measurement mode
— Continuous measurement mode

® |nterrupt generation
— Temperature Measurement End Interrupt (INTOTSOTI)
— Temperature Rise/Drop Interrupt (INTOTSOTULI)
— Temperature Alarm Error (INTOTSOTABE)
— Temperature Sensor Error (INTOTSOTE)

Generic Timer Module (GTM) GTM v3.1.5.1 is a modular timer unit and consists of the following submodules.
Advanced Routing Unit (ARU)

Broadcast Module (BRC)

Parameter Storage Module (PSM)

Clock Management Unit (CMU)

Cluster Configuration Module (CCM)

Time Base Unit (TBU)

Timer Input Module (TIM)

Timer Output Module (TOM)

ARU-connected Timer Output Module (ATOM)
Dead Time Module (DTM)

Multi Channel Sequencer (MCS)

Memory Configuration (MCFG) (E2x-FCC1 only)
TIMO Input Mapping Module (MAP)

Digital PLL (DPLL)

Sensor Pattern Evaluation (SPE)

Interrupt Concentrator Module (ICM)

Output Compare Unit (CMP)

Monitoring Unit (MON)

(ATU and GTM cannot be
used at the same time)

Encoder Timer (ENCA) Generation of the counter control signal from the encoder input signal, and count operation
Capture function for capturing the counter value with an external trigger signal

Compare function for compare match judgment with the count value

Two capture compare registers that can be set separately for capture operation and for compare
operation

® [nterrupt mask function for masking the interrupt request signal output as a result of the compare
match judgment during compare operation

® Function for loading the value of the capture compare register to the counter upon underflow
occurrence

® The Encoder input signal can be applied to the timer counter clear condition

® Edge or level can be selected for clearing the encoder input signal of the timer counter clear
condition

® Detection of counter overflow and underflow and output of error flags and error occurrence
interrupts

® Five interrupts: two capture compare interrupts, one counter clear interrupt, one overflow interrupt,
and one underflow interrupt
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Package

[E2x-FCC1]

373-pin plastic FBGA (0.8 mm ball pitch) (21mm x 21mm package size)
292-pin plastic FBGA (0.8 mm ball pitch) (17mm x 17mm package size)
[E2M]

373-pin plastic FBGA (0.8 mm ball pitch) (21mm x 21mm package size)
292-pin plastic FBGA (0.8 mm ball pitch) (17mm x 17mm package size)

RO1UH0641EJ0130 Rev.1.30 RENESAS

Dec 26, 2019

Page 94 of 4595



RH850/E2x-FCCA1 Section 1 Overview

1.3  Application Fields

® Automotive field (including engine control system and transmission control system)

1.4  Ordering Information

Table 1.1 Product Name List
On-Chip | Operating External Maximum Operating
Product Name Package ROM Temperature (Tj) | Oscillator Frequency
R7F702002AEABA (RH850/E2M) | Plastic FBGA-373 8 MB max. 150°C 20/40 MHz | 400 MHz

0.8-mm ball pitch
21 mm x 21 mm

R7F702002AEABG (RH850/E2M) | Plastic FBGA-292 8 MB max. 150°C 20/40 MHz | 400 MHz
0.8-mm ball pitch
17 mm x 17 mm

FBGA is hereafter referred to as BGA unless the complete abbreviation is required.

The RH850/E2x-FCC1 has 2 variants. Select the proper product according to the table below.

Table 1.2 RH850/E2x-FCC1 List

Package
Frequency FBGA-373 FBGA-292
400 MHz R7F702Z04CEDBA (for E2M) R7F702Z02CEDBG (for E2M)
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1.5 Differences in the Specifications of FCC Products

The table below lists the differences in the specifications of FCC products.

RH850/E2x-FCC1
Product For E2M RH850/E2M
CPU Frequency 400 400
Main Core 2 2
Lockstep 2 2
FPU 2 2
Cache instruction 16 KB 16 KB
(per Main core) (PBS 4w) (PBS 4w)
data 4 line 4 line
(256 bit/line) (256 bit/line)
FP-SIMD 2 2
MPU regions per core 24 24
RAM Total RAM 768 KB 768 KB
(Local RAM + Cluster RAM)
Local RAM per core 32 KB 32 KB
Cluster RAM Total Size 704 KB 704 KB
(CRAM) (Retention RAM included)
Retention RAM 64 KB 64 KB
(included in CRAM)
Cluster Emulation RAM 1 MB No
Global Emulation RAM 1.5 MB No
Instrumentation RAM 64 KB No
Trace RAM 64 KB No
Flash Code Flash 8 MB 8 MB
User boot Area 64 KB 64 KB
Data Flash Total Size 224 KB 224 KB
Dedicated ICUMD 32 KB 32 KB
DMA sDMAC/DTS 32/128 32/128
Timers ATU-V Timer A 8 8
Timer B 1 1
Timer C External: 40 External: 40
Internal: 4 Internal: 4
Timer D External: 36 External: 36
Internal: 0 Internal: 0
Timer E 36 36
Timer F 16 16
Timer G 10 10
ENCA 2 2
OSTM units 3 3
WDTB units 2 2
SWDT unit 1 1
GTM Yes Yes
GTM RAM Yes Yes
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RH850/E2x-FCC1
Product For E2M RH850/E2M
Comms SCI3 channels 4 4
HS-SPI channel 1 1
RLIN3 channels 6 6
CSIH channels 6 6
RHSIF channel 1 1
RHSB channels 2 2
RS-CANFD channels 5 5
total buffers 400 400
FlexRay unit 1 1
Ethernet channel 1 1
Mil Yes Yes
RMII Yes Yes
RSENT channels 17 17
PSI5-S channel 1 1
Safety ASIL level D D
ECM Yes Yes
CRC(DCRB) 3 3
MISG Yes Yes
Clock Monitor Yes Yes
Error injection for self-diagnosis of several Yes Yes
safety mechanisms
LBIST Yes Yes
MBIST Yes Yes
Bus ECC Yes Yes
DFE units 2 2
channels 12+4 12+4
ADC Delta Sigma ADC | units 6 6
units with 8 inputs each 1 1
units with 4 inputs each 4 4
units with 2 inputs each 1 1
total inputs 26 26
Cyclic ADC units 1 1
inputs per unit 8 8
total inputs 8 8
SAR ADC units 4 4
ADCHO0/1/2/3 20/12/20/12 20/12/20/12
(Dedicated inputs)
ADCHO0/1 8 8
(Shared inputs)
ADCH2/3 8 8
(Shared inputs)
total inputs 80 80
virtual channels per unit 40 40
ADC timers 2 2
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RH850/E2x-FCC1

Product For E2M RH850/E2M
Debug NEXUS-JTAG Yes Yes

AURORA Yes No

LDU Yes Yes

On-chip trace module Yes No

Boundary scan Yes Yes
Security BHP Yes Yes

ICUMD Yes Yes

Secure RAM 64 KB 64 KB
Syetem Temp Sensor Yes Yes
Control

Voltage Monitor Yes Yes

Power Sequence Free Yes Yes
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1.6  Pin Connection Diagram (Top View)

4 | 5 | 6 [ 7 [ 8 | o [ 10 11 ] 12 18] 14 15[ 16 [ 17 [ 18 [ 19 2]2 |22 | 2¢] 25
Pa0_1 | Pa2.s |Pa3t0| 337 | Paas | Paa_3 | Pa3_13 | AN100 | ANH1O | AN111 [ ANT20 | ANG2 | ANOS2 | ANG40 | AN043 | AN020 | ANoo1 | ANo23 | AN03O | ANot1 | ANotD A
Pa0_2 | Pa2.3 P33t | P20 | P33 | Pae1 | P34z | Pa3t | AN103 | AN113 [ ANT21 | ANOG3 | ANOS3 | AND#2 | ANO41 | AN021 [ AN0D3 | ANO1z | ANODO | ANoo2 | AN211 | ANziz | B
P300 | Pazs | P3z2 | Pzt | P33 | Paad | P3as | Paao | ANTOZ | ANIT2 AN123 | ANOGO | ANOSO ANogs | Anos2 | anozz | anors [APSYE! anzot | anzoo | G
D | P25 | p2ss | p2s2 pa2.4 |Pa3iz| P3as | P33 | P332 | P30 | ANIOY AN122 | ANOB1 | ANOS1 ANO31 A0 | D
E | post | p2ao| P22 a0 | E
F | P2at | p2ss | poes | Poas An203 | ANa2 | Anzet | Anzas | F
G | P230|paz | Paas | P2is Anz0z | Anz3 | anzzz | anzis | G
H | P2at | poa7 | p2s7 | poes Anzzt | Anat | anzao | Anzéo | H
J | P27 | P2as | P2as | P2sa Anzaz | anzas |
K |2zt p22a | p22s | p22s Anzso | Anzst | K

P22.3 | P22.1 AN21 [ ANz62 | L

P22.2 | P20 ANg21 [ ANS22 | M

P22 8 P22.13 AN311 | AN323 [ N

P | P214 [ P212 |P22. 11| P22 g ANa10 | AN313 | AN312 [ AN320 | P
R | P215 [ P213| Poas | ™S ANa0O | ANS03 | AN302 | ANSO1 [ R
T |P2212| P24s | P200 | TOK P00_8 | P00_7 | PO0_11|PO0_10 [ T
U [DRDY | P20_1 [ DI | TDO PO1_7 | P09 | POT 6 [ POO6 | U
V [ Mp1 | MDO | TRST |RESIN| PO14 | PO1_3 | PO15 | PO0_4 | V.
w P20_3 P00_5 | P02_11|Po2_10 | P00_2 [ W,
Y | P24 Po2.8 | P000 | P003 | PO27 | ¥
AA| P20 5 P00_1 | PO2.4 | P02.9 | AA
AB | P24_13 P15.5 | P15.6 | P14_12| P14.9 |P1411| P22 | P12.4 | P11 | P11.3 | P116 | P11.8 | P13.8 |P13_12| P13_10 | P10_11 Po2.2 | PO2.1 | P02.5 | AB,
P15.2 [ P15.3 [ P15.8 [ P147 [ P148 [P14.10( P12.0 | P12.1 | P12.3 | P11.0 | P11.2 | P11s | P11.7 | P13.9 [P1a13| P10 [ P108 |P10_13 P02.6 | AC

P24_10 | P151 | P15.7 | P14.1 [ P14.3 | P13.4 | P13.6 [ P13.0 | P13.2 | P14.5 | P12.8 | P12.7 | P11.4 |P11_10| P10_1 [ P10.3 | P1314| P10_7 | P105 |P10_12

P15.0 | P154 [ P1a6 | P10 | P142 | P135 | P137 | P131 [ P13.3 | P44 | P12.6 | P125 | P12.9 | P11.9 | P10.0 | P10.2 P13 11| P10_6 | P10_8 [P0 10

3 4 5 6 7 8 9 10 1 12 13 | 14 | 15 | 16 17 18 | 19 | 20 | 21 22

Figure 1.1 Pin Connection Diagram (FCC1-BGA373 E2M)
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3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
P325 | P3311 | P334 | P33 8 | P335 | P42 | P331 | ANOG3 | ANOS3 ANO4T | ANO31 | ANO22 | ANO12 | ANO3D
P32.4 | P3312 | P320 | P337 | P344 | P343 | P33_13 | ANOG2 | ANOS2 ANOA3 | ANO33 | ANO32 | ANO23 | ANOT3 [ ANO11

D [ P2sa | P23t P322 | P321 | P332 | P34t | P340 | ANOBO | ANOSO | ANO21 | ANO20 | ANOOT | ANOOO | ANOO2
E [ P21 | P33 P336 | P33.10 | P339 | P333 | P330 | ANOBT | ANOS1 | ANGAO | ANO42 | ANOO3 | AN201 | AN20D A1t [ AN212 | E
F | P23 | P20 P230 | P232 AN203 | AN202 AN210 [ AN232 | F
G | P28 | P22 P25 | P23 6 . AN222 | AN213 AN20 [ AN241 | G

P26 | P27 . AN221 | AN231

P22.13 | P22.4 . AN240 | AN230

P22.9 | P22.10 . AN243 | AN242
L | P14 | P212 P22 11 | P22.12 PO17 | AN253 AN251 [ AN252 | L
M | P21.5 | P21.3 "DRDY | TDI PO1_5 | PO16 Po0_7 | PO06 | M
N | P20 | P201 P00_5 | PO13 Po14 | POO4 | N
P ™s | Tk . P03 | PO2_11 Po2.10 | Po02 | P
R [ 70O | TRST P02.6 | POO_1 P027 | P00 | R
P155 [ P1a2 | P122 [ P12.3 | P111 | P113 | P11_10 | P116 | P105 P02.0 Po29 | P28 | T
U [ P03 | P24 P14t [ P124 | P120 [ P121 | P12 | P110 | P115 | P18 | P10_7 Po25 | P24 | U
V | P20s6 | P50 P022 | P21 | V

P157 | P156 | P147 [ P130 | P132 | P45 | P128 | P12.7 | P14 | P11.7 | P101 | P03
P158 | P140 | P143 | P13.1 [ P133 | P144 | P126 | P125 | P12.9 | P119 | P10.0 | P10.2
5 6 7 8 9 10 11 12 13 14 15 16

Figure 1.2

Pin Connection Diagram (FCC1-BGA292 E2M)
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4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 21 22 23
P01 | Pa25 | P33 10 | P37 | Pass | Pasa | P33 13 | AN100 | ANIMO | ANT11 | ANt20 | ANGe2 | AN0S2 | ANO4O | AN043 | AND20 | ANODT | AN023 [ Anoso | ANott
P32 [ P323 | P3311| P20 | P338 | P34t | P342 | P31 [ ANI3 | ANT3 | AN121 | ANOG3 [ ANOS3 | ANO42 | ANO41 | AN021 | ANOO3 | ANO12 | ANOOO [ ANz | AN211 | AN2i2 | B
P00 | P326 | Paz2 | Paz1 | Pase | Pasa | Pae3 | Paso | ANtO2 | ANII2 AN123 | ANGBO | ANOSO ANO33 | ANO32 | ANOZ2 P
D | P50 | 255 | P52 P24 [P3312| P336 | P34 | P332 | P33O | ANTOT AN122 [ Anost | ANost ANO3T AN210 | D
E | P25t | P2so | P2u2 20 | E
F | Pt | P2s3 | p2ea | P2as AN203 | ANZ32 | AN2at | AN233 | F
G | P20 | Pa2 | Pms | Pas 202 | ANZ23 | AN222 | AN213 | G
H | P2t | P24 | P27 | P2a3 221 | ANZ31 | ANz30 | Anzd0 | H
J | P27 | P2as | P233 | P23 4 AN242 | AN243 | J
K |P2210 | P24 | P26 | P22s AN250 | ANzst | K
L P23 | P21 An2s3 | anzeo | anzet | Anze2 | L
M P22 | P22.0 263 | ANG21 | ANaz2 [ M
N P22.8 | P22.13 AN3TY | AN323 [ N
P | P21a | P212 |P22.11 | P22o AN310 | ANG13 | ANa12 | AN20 | P
R [ P215 | P21.3 | P2as | TMS AN300 [ AN303 | AN302 | AN3OT [ R
T P22 | P2e9 | P00 | TEK P08 | P07 | Po0_11 | Po0t0 [ T
U | DROY | P20 | TOI | TDO P17 | PO0LS | POT6 | POOE [ U
v Pota | Pot13 | Po1s | Pooa | V
w P20.3 005 | Po2.11 | P02.10 | P02 | W
Y | P04 | P06 | P22 P28 | P000 | Po03 | Po27 [ Y
AA| P205 | P07 | P24_12 P01 [ P024 | PO29 | AA
AB | P24_13 | P24 15 P55 [ P156 | P12 | P19 [ P41t | P122 | Pi2a | P11 [ P113 | P16 | P118 | P138 | P1312 | P13.10 | P10_11 P22 [ Po21 | Po25 | AB
AC | P24_11 P152 | P153 | P15.8 | P147 [ P148 | P1410 | P12.0 | P12.1 | P123 [ P11.0 [ P112 | P115 | P17 | P13.9 | P13.13 | P10.4 | P108 | P10_13 P020 | P26 | AC
AD P10 | P51 | P157 [ P14t | P43 | P1a4 | P136 | P130 | P132 | P45 | Pi2s | P127 | P14 [P1110 | PI01 | P03 | P131e | P107 | P105 | Pl012 Po2.3 | AD
AE P2414 | P15.0 | P54 | P1as [ P1a0 | P1a2 [ P35 | P137 [ P34 | P133 [ P44 | Pi26 | P12s | P129 | P19 | P10.0 | P02 | P13.11 | Plo6 | P109 | P10t | P10 14 AE
1 2 3 4 5 6 7 8 9 10 " 12 13 14 15 16 17 18 19 20 21 22 23 24 25

Figure 1.3

Pin Connection Diagram (BGA373 E2M)
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3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18
P325 | P3311 | P334 | P33 8 | P335 | P34 2 | P33t | ANOG3 | ANOS3 ANO4T | ANO31 | ANO22 | ANO12 | ANO3D
P32.4 | P3312 | P320 | P337 | P344 | P343 | P33_13 | ANOG2 | ANOS2 ANOA3 | ANO33 | ANO32 | ANO23 | ANOT3 [ ANO11
D [ P2sa | P23t P322 | P321 | P332 | P34t | P340 | ANOBO | ANOSO | ANO21 | ANO20 | ANOOT | ANOOO | ANOO2
E [ P21 | P33 P336 | P33.10 | P339 | P333 | P330 | ANOBT | ANOS1 | ANGAO | ANO42 | ANOO3 | AN201 | AN20D A1t [ AN212 | E
F | P23 | P20 P230 | P232 AN203 | AN202 AN210 [ AN232 | F
G | P28 | P22 P25 | P23 6 AN222 | AN213 AN20 [ AN241 | G
P26 | P27 AN221 | AN231
P22.13 | P22.4 AN240 | AN230
P22.9 | P22.10 AN243 | AN242
L | P14 | P212 P22 11 | P22.12 PO17 | AN253 AN251 [ AN252 | L
M | P215 | P21.3 PO15 | PO16 P00_7 | P06 | M
N | P20 | P201 P00_5 | PO13 Po14 | POO4 | N
P ™s | Tk P03 | PO2_11 Po2.10 | Po02 | P
R [ 70O | TRST P02.6 | POO_1 P027 | P00 | R
P10_5 P02.0 Po29 | P28 | T
U [ P03 | P24 P10_7 Po25 | P24 | U
V | P20s6 | P50 P022 | P21 | V
P153 | P157 | P156 | P147 | P130 | P132 [ P145 | Pi2s | P127 | P114 | P117 | P101 | P10.3
P146 | P158 | P140 | P143 [ P131 | P133 | P144 | P126 | P125 | P129 | P11.9 | P10.0 | P02
4 5 6 7 8 9 10 11 12 13 14 15 16

Figure 1.4

Pin Connection Diagram (BGA292 E2M)

For detailed information on the pin names and locations, refer to Appendix file “E£02-01 List of Alternative Functions.

xlsx”.
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1.7  Functional Block Configuration

Internal Block Diagram

’ Global Emulation RAM

Global FLASH Bus

CRAM Bus

CPUO(PEO)

-FPU -IH iII

CPU1(PE1)

I Cluster #0

! Code Flash Cluster

| BANKA/BANKB Emulation RAM

I

i

| Locd FLASH B

! I 1 [ Chedk T

} 16P0- IR~ 7
Loca FP- |1 FP-

} w1 svp [[INTct svp [Nt }—

i

I

i

I

i

Inr-processor element Bus

Tnier-duster Bus(I-Bus)
CRar i Cae ] e (e
TPTM BARR IPIR MEV
e o
(HBusGroupd 1 Bus Graup2  -Bus Groupt | \Bus Group | J

| H-Bus Group2 |

| [~ Ethemet
I'l_Cortroller
=

| H-Bus Group1 | | H-Bus Group0 |
‘l HS-SPI m FlexRay “‘l RHSIF “

|
a

Figh speed Bus(H-Bus)

SystemBus

Peripheral Bus (P-Bus)

,,,,,,,,,,, | T T R T TN I S
{Peipheral Groips | [Péripheral Groupd | [Péripheral Group3 | T Peripheral Group2H/2L | [ Peripheral Graupt | | {Periphoral Gralpd i
I I I I I I I I
. I
| | DMA itroll
! DFE | Ul csivos RsCANFD | | ' e osM | I 1 | EEPROM oyl Controler !
| | | ! | ! ! | | (DataFLASH] | | 1 G ors
bommmmm= | b : } PSI5-S } } PIC WDT ! ! EEP ! } }
| | | | | (DCIB) } " |
.
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Figure 1.5 Internal Block Diagram (E2x-FCC1)
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Figure 1.6

Internal Block Diagram (E2M)

CPUO and CPU1 each have their own set of CPU peripherals. These CPU peripherals are assigned to the common
address: CPU peripheral (self), separately from their respective address. Access by CPUO to a register of a CPU
peripheral (self) is to the register in the CPU peripheral of CPUO; access by CPU1 to a register of a CPU peripheral
(self) is to the register in the CPU peripheral of CPU1.
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Section 2 Pin Function

This section contains a generic description of the Pin Function Controller (the unit name is defined as PORT in this
section). The first part of this section describes the features specific to RH850/E2x-FCC1 microcontrollers, including
register base addresses and input/output signals. The ensuing sections describe the functions and registers of PORT.

CAUTION

Some pin functions may be absent from other mass-produced products even if the PKG is the same shape as the FCC1.
For information regarding which pin functions are and are not present, see the user’'s manual for the product you are
using.
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2.1 Features of Pin Function
211 Port Group

This product has the following numbers of port groups.

Table 2.1 Indices
Index Description
n Throughout this section, each port group is identified by “n” (n = 00 to 57).

For example, PMCn indicates the port mode control register of the Pn port.

m Throughout this section, each port pin is identified by the index “m” (m = 0 to 15)
For example, POO_7 indicates pin 7 of port group 00.

Table 2.2 Port Groups in This Product

E2x-FCC1 E2M

Product Name BGA373 BGA292(E2M) BGA373 BGA292

Number of Port Groups 22 19 22 19

Port Group Name | PO0O_m m =0to 11 m=0to7 m =0to 11 m=0to7
P01_m m=3to7 m=3to7 m=3to7 m=3to7
P02_m m =0to 11 m =0to 11 m =0to 11 m =0to 11
P10_m m=0to 14 m=0to8 m=0to 14 m=0to8
P11_m m=0to 10 m=0to 10 m=0to 10 m=0to 10
P12_m m=0to9 m=0to9 m=0to9 m=0to9
P13 _m m=0to 14 m=0to3 m=0to 14 m=0to3
P14 _m m=0to 12 m=0to7 m=0to 12 m=0to7
P15 m m=0to8 m=0to8 m=0to8 m=0to8
P20_m m=0to7 m=0to7 m=0to7 m=0to7
P21 _m m=2to5 m=2to5 m=2to5 m=2to5
P22 m m=0to 13 m=0to 13 m=0to 13 m=0to 13
P23 m m=0to7 m=0to7 m=0to7 m=0to7
P24 m m=0to 15 — m=0to 15 —
P25 m m=0to6 — m=0to6 —
P27 m m = 0*' m = 0*' m = 0*' m = 0*'
P30_m m=0to3 — m=0to3 —
P32_m m=0to6 m=0to6 m=0to6 m=0to6
P33 m m=0to 13 m=0to 13 m=0to 13 m=0to 13
P34 _m m=0to4 m=0to4 m=0to4 m=0to4
P40 _m m=0to 15 m=0to 15 m=0to 15 m=0to 15
JPO_m m =0 to 3, 5*2 m =0 to 3, 5*? m =0to 3, 5*? m =0 to 3, 5*2

Note 1. The P27 port group does not have an input function and can only be used when the Option Byte PFC_RESO_CFG = 1 (See
Section 2.6.8, RES_OUT Function for details). In addition, this port can only be used for debugger handshaking.

Note 2. TCK does not support port output; it only has a port input function.
If TDI/JPO_O pin is used as debug interface, JPMO_0 and JPIBCO_0 must be set value after reset (JPMO_0 = 1, JPIBCO_0 =

1).
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Table 2.3 Virtual Port Groups in This Product

E2x-FCC1 E2M
Product Name BGA373 BGA292(E2M) BGA373 BGA292
Number of Port Groups 11 11 11 11
Port Group P41 _m m=0to 15 m=0to 15 m=0to 15 m =0to 15
Name P42 m m=0to 15 m=0to 15 m=0to 15 m=0to 15
P43 _m m=0to7 m=0to7 m=0to7 m=0to7
P50_m m=0to 15 m=0to 15 m=0to 15 m=0to 15
P51_m m=0to 15 m=0to 15 m=0to 15 m=0to 15
P52_m m=0to 15 m=0to 15 m=0to 15 m=0to 15
P53_m m=0to 15 m=0to 15 m=0to 15 m=0to 15
P54 _m m=0to 15 m=0to 15 m=0to 15 m=0to 15
P55_m m=0to 15 m=0to 15 m=0to 15 m=0to 15
P56_m m=0to 15 m=0to 15 m=0to 15 m=0to 15
P57_m m=0to 15 m=0to 15 m=0to 15 m=0to 15

Note: A virtual port is a port group that is not connected to an external pin; but is instead connected to an internal function. (See
Section 2.6.3, Virtual Port Function via RHSB (XBAR), Section 2.6.4, Virtual Port Function via HSSPI and Section 2.6.5,
Virtual Port Function via Analog for details.)
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21.2

Register Base Addresses

The PORT base addresses are shown in the following table. All port register addresses are expressed as offsets of the

base address.

Table 2.4 Register Base Addresses

Base Address Name Base Address Bus Group
<PORTO0_Base> FF61 00004 Peripheral Group 6
<JPORTO_Base> FF62 00004 Peripheral Group 6
<PORT1_Base> FFC1 00004 Peripheral Group 6
<JPORT1_Base> FFC2 00004 Peripheral Group 6

213

The PORT clock supplies are shown in the following table.

Clock Supplies

Table 2.5 Clock Supplies

Unit Name Unit Clock Name Supply Clock Name
PORTO PCLK CLK_LSB

JPORTO PCLK CLK_LSB

PORT1 PCLK CLK_LSB

JPORT1 PCLK CLK_LSB

Note: For details of port unit names refer to Section 2.4, Registers.

214

Interrupt Requests

The PORT interrupt requests from external pins are shown in the following table.

Table 2.6 Interrupt Requests

Interrupt Symbol Unit Interrupt Interrupt sDMA Trigger | DTS Trigger
Name Signal Outline Number Number Number
INTPOO IRQO External interrupt O 504 206 114
INTPO1 IRQ1 External interrupt 1 505 207 115
INTPO2 IRQ2 External interrupt 2 506 208 116
INTPO3 IRQ3 External interrupt 3 507 209 117
INTPO4 IRQ4 External interrupt 4 508 210 118
INTPO5 IRQ5 External interrupt 5 509 211 119
INTPO6 IRQ6 External interrupt 6 510 212 120
INTPO7 IRQ7 External interrupt 7 511 213 121
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215 Reset Sources

The PORT reset sources are shown below.

PORT is initialized by the following reset sources.

Table 2.7 Reset Sources
Reset Condition
Power Up System System Application

Unit Name Register Name Reset Reset 1 Reset 2 Reset Module Reset | JTAG Reset
PORTO All registers v v v v — —

JPORTO All registers v v v v — —

PORT1 All registers v v v v — —

JPORT1 All registers v v v v — —
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2.2 Overview

This product has various pins for input/output (I/O) functions, known as ports. The ports are organized into port groups.
This product also has several control registers to allocate functions other than general-purpose I/O functions to the
corresponding pins. See below for definitions of pin, port, and port group.

2.21 Functional Overview

2.211 Terms

The terms described in this section are defined as follows.
® Port group:

One port can have up to 16 pins, and the number of pins differs according to the port. All pins of a port share the
same control registers.

e Port mode/Port:
In port mode, a pin functions as a general-purpose 1/O pin.
e Alternative mode:

In alternative mode, a pin functions as an I/O pin of a peripheral function. Multiple peripheral functions may be
multiplexed on a single pin, and control registers select the peripheral function to be used.

2.2.1.2 Overview of Pin Functions

Pins can operate in the following four different modes:
¢ Port mode (PMCn.PMCn_m = 0)
The pin operates as a general purpose I/O port in port mode. PMn.PMn_m selects input or output.
e S/W 1/O control alternative mode (PMCn.PMCn_m = 1, PIPCn.PIPCn_m = 0)
The pin is operated by an alternative function in S/W I/O control alternative mode.
The selection between input and output is made by S/W via the PMn.PMn_m control bits.
e Direct I/O control alternative mode (PMCn.PMCn_m = 1, PIPCn.PIPCn_m = 1)
The pin is operated by an alternative function in direct I/O control alternative mode.

In contrast to S/W 1/O control alternative mode, input/output is directly controlled by the alternative function in this
mode.

® When the input buffer is disabled (PMCn.PMCn_m = 0, PMn.PMn_m = 1, PIBCn.PIBCn_m = 0)

A shoot-through current does not flow even if the pin level is in the Hi-Z state. Thus the pin does not need to be fixed
to a high or low level externally.

RO1UHO0641EJ0130 Rev.1.30 RENESAS Page 110 of 4595
Dec 26, 2019



RH850/E2x-FCCA1 Section 2 Pin Function

Table 2.8 Pin Function Configuration (Outline)
Bit
Unit Name PMC PM PIPC 1/0
Port mode 0 0 oM Output mode
1 0/1 Input mode*’
S/W 1/0O control alternative mode 1 0 0 Output mode
1 0 Input mode*?
Direct I/O control alternative mode 01 1 Controlled by alternative function*?

Note 1. The input buffer should be enabled (PIBCn_m = 1).
Note 2.  When used as an input pin in alternative mode, be sure to set PIBCn_m = 0.

When a pin is operated in alternative mode (PMCn.PMCn_m = 1), one of many different alternative functions (up to
16) can be selected by the PFCn, PFCEn, PFCAEn, and PFCEAEn registers as shown in the following table.

e S/W 1/O control alternative mode (PIPCn.PIPCn_m = 0):

Outputs (PMn_m = 0): ALT-OUT1 to ALT-OUT16
Inputs (PMn_m = 1): ALT-IN1 to ALT-IN16

e Direct I/O control alternative mode (PIPCn.PIPCn_m = 1):

Input/Output of ALT-OUT1 to ALT-IN16 is directly selected by the alternative function.
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Table 2.9 Outline of Alternative Mode Selection (PMCn.PMCn_m = 1)

Bit
PFCEAE*?> | PFCAE*?> | PFCE*? PFC*2 PM*! Function
0 0 0 0 0 Alternative output mode 1 (ALT-OUT1)
1 Alternative input mode 1 (ALT-IN1)
0 Alternative output mode 2 (ALT-OUT2)
1 Alternative input mode 2 (ALT-IN2)
0 Alternative output mode 3 (ALT-OUT3)
1 Alternative input mode 3 (ALT-IN3)
0 Alternative output mode 4 (ALT-OUT4)
1 Alternative input mode 4 (ALT-IN4)
0 Alternative output mode 5 (ALT-OUT5)
1 Alternative input mode 5 (ALT-IN5)
0 Alternative output mode 6 (ALT-OUT6)
1 Alternative input mode 6 (ALT-ING)
0 Alternative output mode 7 (ALT-OUT7)
1 Alternative input mode 7 (ALT-IN7)
0 Alternative output mode 8 (ALT-OUT8)
1 Alternative input mode 8 (ALT-IN8)
0
1
0
1
0
1
0
1
0
1
0
1
0
1
0
1

Alternative output mode 9 (ALT-OUT9)
Alternative input mode 9 (ALT-IN9)
Alternative output mode 10 (ALT-OUT10)
Alternative input mode 10 (ALT-IN10)
Alternative output mode 11 (ALT-OUT11)
Alternative input mode 11 (ALT-IN11)
Alternative output mode 12 (ALT-OUT12)
Alternative input mode 12 (ALT-IN12)
Alternative output mode 13 (ALT-OUT13)
Alternative input mode 13 (ALT-IN13)
Alternative output mode 14 (ALT-OUT14)
Alternative input mode 14 (ALT-IN14)
Alternative output mode 15 (ALT-OUT15)
Alternative input mode 15 (ALT-IN15)
Alternative output mode 16 (ALT-OUT16)
Alternative input mode 16 (ALT-IN16)

Note 1.  When PIPCn.PIPCn_m = 1, the I/O direction is directly controlled by the peripheral (alternative) function and PM is ignored
Note 2.  When the bit is a reserved bit, it is defined as 0 in the above table.
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2213

(1) Output Data

In port mode (PMCn.PMCn_m = 0), the value of Pn.Pn_m is output from the Pn_m pin.

(2) Input Data

Pin Data Input/Output

Reading the PPRn register returns either the value of the Pn_m pin, the associated bit of port register Pn.Pn_m, or the

data output by an alternative function.

The source of the data read via PPRn depends on the pin mode and the setting of several control bits as shown in the

following table.

Table 2.10

Mode Description and PPRn_m Read Values for Each Mode

Bit

PM
n_m

PIBC
n_m

PIPC
n_m

PMC
n_m

PODCE
n_m

PODC
n_m

Mode

PPR Read Value

0 1 0 X
1
0 X

X

X

Port input, input buffer disabled

Pn.Pn_m bit

X

Port input, input buffer enabled

Pn_m pin

0

Port push-pull output

Port N-ch open drain output

Port push-pull output

Port P-ch open drain output

Pn.Pn_m bit*'

S/W I/O control alternative input

Pn_m pin

o|lx|=|o|l=|o|x

S/W 1/O control alternative push-pull
output

S/W I/O control alternative N-ch open
drain output

S/W 1/O control alternative push-pull
output

S/W I/O control alternative P-ch open
drain output

Alternative function internal output
signal*'

Direct I/O control alternative push-pull
enable

Direct I/O control alternative N-ch
open drain enable

Direct I/O control alternative push-pull
enable

Direct I/O control alternative P-ch
open drain enable

1/0O port in alternative mode

® |nput: Pn_m pin

® Qutput: Alternative function
Internal output signal*!

Note 1.

¢ PMCn.PMCn_m

When PBDCn_m = 1, the Pn_m pin level is read via the PPRn_m bit.

This bit selects either port mode (PMCn_m = 0) or alternative function mode (PMCn_m = 1).

¢ PMn.PMn m

This bit selects input (PMn_m = 1) or output (PMn_m = 0) in port mode (PMCn_m = 0) and S/W 1/O control
alternative mode (PMCn_m = 1, PIPCn_m = 0).
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¢ PIBCn.PIBCn m

This bit disables (PIBCn_m = 0) or enables (PIBCn_m = 1) the input buffer in input port mode (PMCn_m = 0 and
PMn_m = 1). When the input buffer is disabled, PPRn_m reads the Pn.Pn_m bit; otherwise the Pn_m pin level is
returned.

e PIPCn.PIPCn_m
This bit selects either the S/W or direct I/O control alternative mode.
e PBDCn.PBDCn_m

Setting this bit to 1 in output mode enables bidirectional mode for the pin. In bidirectional mode, the level on pin
Pn_m can be read from PPPn.PPRn_m.

¢ PODCn.PODCn_m, PODCEn.PODCEn_m

This bit selects either push-pull output (PODCn_m = 0), N-ch open drain output (PODCn_m = 1, PODCEn_m = 0)
or P-ch open drain output (PODCn_m = 1, PODCEn_m = 1).

(3) Writing to the Pn Register

The data to be output in port Pn_m in port mode (PMCn.PMCn_m = 0) is held in port register Pn.
Pn data can be rewritten in the following two different ways:
e Direct write to the Pn register
New data can be directly written to the Pn register.
¢ Indirect operation on the Pn bit (SET/RESET/NOT)
An indirect operation on Pn is possible by using the following two registers:

— Port set/reset register: PSRn
When PSRn.PSRn_(m + 16) = 1, the value of PSRn.PSRn_m determines the value
of Pn.Pn_m. Thus Pn_m can be set/reset without a direct write to Pn.

— Port NOT register: PNOTn
Setting PNOTn.PNOTn_m = 1 inverts the Pn.Pn_m bit without a direct write to Pn.

The indirect Pn SET/RESET/NOT operation provides access to single bits (not limited to one bit) of the Pn register
while leaving all other Pn bits untouched.
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2.3 Port Types
2.31 Pin Configuration

The following figure shows the overall configuration of the pins.

f Port \
10 buffer
4 N\ |
Alternative Output Data »l -
Functions > Control g P Eﬂ
. J
Output Enable
Control
L
1 4 N\
[ Edge < Input Selection |
Detection DNF *2 h A
J L Control y \]
4 I
Input Enable
Control
L
r ~
Pullup/Pulldown PU/PD
Control register
. J
( N\
Port safe state \ /
Control *3
J
( 3
ICUM
( Control *4 )
Note 1. The pins of ports P40_m have multiplexed analog input functions and, because these pins are only for input, they do not
incorporate output-related functions. These port groups also do not incorporate pull-up and pull-down resistors.
Note 2.  For details of the edge-detection DNF function and the relevant pins, see Section 2.6.1, Digital Noise Filter.
Note 3.  For details of the port state control function, see Section 2.6.2, Port Safe State Mode.
Note 4.  For details of the ICUM function, see Section 2.6.7, ICUM Select Function.

Figure 2.1 Block Diagram of Pin Configuration

RO1UHO0641EJ0130 Rev.1.30 RENESAS Page 115 of 4595
Dec 26, 2019



RH850/E2x-FCCA1 Section 2 Pin Function

2.3.2 Port Control Logic

The following figure shows the logical circuitry of the port control functions. The diagram is only a logical reference

and does not show the real circuitry.

Connected to common 10 buffer
e ("o ) (s, Losi0 e s
LVDS output enable
m\[ control signal > J. R
mmmaim | Lv?ilfﬁ“s‘;";b‘e IL_’ y I =D— Ouputdaadl | ‘
alternative function *1 o
[roocenm | fromonm <
men s ~ ingb VB fimaion ]
(* outputenable M)
control block PIC_ECM
) Dot TPl —
9) | 0 3 ommn IO buffer
precn D* D P HT— vt
- o) * o
> 1 "2 ©
. e e @] » 1 Outputdata
& E;f‘:fﬂ = sg‘esm:: ock | ~— 7 [ V
R QA
Input data of altemative - 1 4
function *1 « o
*@ \nTwemw ;7‘ <
— — fingh N
Input enable Pullup/down
control block ‘control block:
Inputenable @
[P} ) D e
Sterne fion 1 | PUPD dse nd
N J
Note 1. Alternative function signal selected by PFCn_m, PFCEn_m, PFCAEn_m and PFCEAEn_m
Note 2. The output drive strength can be set by PDSCn_m and PUCCn_m.
Note 3. The input buffer type can be set by PISn_m and PISAn_m.
Note 4.  There is no LVDS IO buffer and LVDS control logic in pins not assigned LVDS function.
Figure 2.2 Block Diagram of Port Control Logic
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24
241

Registers

List of Registers

The PORT registers are listed in the following table.

For details of the PORT base addresses, see Section 2.1.2, Register Base Addresses.

Table 2.11 List of Registers (1/2)
Access Protection*!
Module Register Excluding |P21, 27
Name Register Name Symbol Access Unit  [Address Access (P21, 27 only*?*3
PORTO | Port register Pn Port Group <PORTOQ_base> + 0000+ + n x 404 16 — PWE
Port set/reset register PSRn Port Group <PORTOQ_base> + 0004+ + n x 404 32 — PWE
Port NOT register PNOTn Port Group <PORTOQ_base> + 0008+ + n x 401 16 — PWE
Port pin read register PPRn Port Group <PORTO_base> + 000CH + n x 404 16 — —
Port mode register PMn Port Group <PORTO_base> + 00104 + n x 404 16 — PWE
Port mode control register PMCn Port Group <PORTO_base> + 0014H + n x 404 16 — PWE
Port function control register PFCn Port Group <PORTO_base> + 00184 + n x 404 16 — PWE
Port function control expansion register PFCEn Port Group <PORTO_base> + 001C + n x 404 16 — PWE
Port mode set/reset register PMSRn Port Group <PORTO_base> + 00204 + n x 40y 32 — PWE
Port mode control set/reset register PMCSRn Port Group <PORTOQ_base> + 0024+ + n x 404 32 — PWE
Port function control additional expansion register PFCAEN Port Group <PORTOQ_base> + 00284 + n x 404 16 — PWE
Port function control extra additional expansion register | PFCEAEn Port Group <PORTOQ_base> + 002C + n x 404 16 — PWE
Port output level inversion register PINVn Port Group <PORTOQ_base> + 0030x + n x 404 16 PWE PWE
Port safe state control register PSFSCn Port Group <PORTOQ_base> + 0034+ + n x 404 16 PWE PWE
Port safe state data register PSFSDn Port Group <PORTOQ_base> + 0038k + n x 401 16 PWE PWE
Port safe state output enable register PSFSOEN Port Group <PORTO_base> + 003CH + n x 404 16 PWE PWE
PORT1 | Port input buffer control register PIBCn Port Group <PORT1_base> + 40004 + n x 404 16 — PWE
Port bidirectional control register PBDCn Port Group <PORT1_base> + 4004H + n x 404 16 — PWE
Port IP control register PIPCn Port Group <PORT1_base> + 40084 + n x 404 16 — PWE
Pull-up option register PUn Port Group <PORT1_base> +400CH + n x 404 16 — PWE
Pull-down option register PDn Port Group <PORT1_base> + 40104 + n x 404 16 — PWE
Port open drain control register PODCn Port Group <PORT1_base> + 40141 + n x 404 16 PWE PWE
Port open drain control expansion register PODCEnN Port Group <PORT1_base> + 40384 + n x 40n 16 PWE PWE
Port drive strength control register PDSCn Port Group <PORT1_base> + 40184 + n x 404 16 PWE PWE
Port Input buffer selection register PISn Port Group <PORT1_base> +401Cy + n x 404 16 — PWE
Port input buffer selection advanced register PISAn Port Group <PORT1_base> + 40241 + n x 40n 16 — PWE
Port universal control register PUCCnh Port Group <PORT1_base> + 40284 + n x 40n 16 PWE PWE
PORTO | Port control register PCRn_m Pin <PORTO_base> + 20004 + n x 404 + m x 4y 32 PWE PWE
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Table 2.11 List of Registers (2/2)

Access Protection*!

Module Register Excluding |P21, 27

Name Register Name Symbol Access Unit  |Address Access |P21, 27 only*2*3

JPORTO | Port register JPn Port Group <JPORTO_base> + 00004 + n x 404 8 — —

Port set/reset register JPSRn Port Group <JPORTO_base> + 0004 + n x 404 32 — —
Port NOT register JPNOTn Port Group <JPORTO_base> + 00084 + n x 404 8 — —
Port pin read register JPPRn Port Group <JPORTO_base> + 000CH + n x 40n 8 — —
Port mode register JPMn Port Group <JPORTO_base> + 00104 + n x 404 8 — —
Port mode control register JPMCn Port Group <JPORTO_base> + 00144 + n x 404 8 — —
Port mode set/reset register JPMSRn Port Group <JPORTO_base> + 00204 + n x 404 32 — —
Port mode control set/reset register JPMCSRn Port Group <JPORTO_base> + 00244 + n x 404 32 — —
Port output level inversion register JPINVn Port Group <JPORTO_base> + 00304 + n x 404 8 — —
JPORT1 | Port input buffer control register JPIBCn Port Group <JPORT1_base> + 40004 + n x 404 8 — —
Port bidirectional control register JPBDCn Port Group <JPORT1_base> + 4004 + n x 404 8 — —
Port IP control register JPIPCn Port Group <JPORT1_base> + 40084 + n x 404 8 — —
Pull-up option register JPUn Port Group <JPORT1_base> +400CH + n x 40n 8 — —
Pull-down option register JPDn Port Group <JPORT1_base> + 40104 + n x 404 8 — —
Port open drain control register JPODCn Port Group <JPORT1_base> + 4014+ n x 404 8 — —
Port open drain control expansion register JPODCEN Port Group <JPORT1_base> + 40384 + n x 404 8 — —
Port drive strength control register JPDSCn Port Group <JPORT1_base> + 40184 + n x 404 8 — —
Port Input buffer selection register JPISn Port Group <JPORT1_base> +401Cnx + n x 404 8 — —
Port input buffer selection advanced register JPISAn Port Group <JPORT1_base> + 40244 + n x 404 8 — —
Port universal control register JPUCCn Port Group <JPORT1_base> + 4028 + n x 404 8 — —
JPORTO | Port control register JPCRn_m Pin <JPORTO_base> + 2000H + n x 404 + m x 4y 32 — —
PORTO | Port Keycode Protection register PKCPROT — <PORTO_base> + 2F404 32 — —
Port Write enable register PWE — <PORTO_base> + 2F44y 32 PKCPROT |PKCPROT
LVDS control A register LVDSCTRLA |— <PORTO_base> + 2F504 32 — —
LVDS control B register LVDSCTRLB |— <PORTO_base> + 2F54 32 — —
LVDS control C register LVDSCTRLC |— <PORTO_base> + 2F58 32 — —

Note: n: Port number, m: Port bit number

Note 1. Write protect only.

Note 2. The P21 port group register is protected from all write accesses to prevent accidental register access. This is because in
addition to their port function, the P21_* pins are multiplexed with the RHSIF function; however, these functions do not use
the same power domain. This means that 1/O of the P21 port group must be disabled when RHSIF is used.

Note 3. P27_0 is assigned exclusively to the RES_OUT function. The P27 port group register is therefore protected from all write

accesses.
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24.2 Port Group Unit Register Explanation
2421 Configuration of PORT
(1) PMC/JPMC — Port Mode Control Register Group

(a) PMCn/JPMCO — Port Mode Control Register
This register specifies whether the individual pins of port group n are in port mode or in alternative mode.

CAUTION

PMC21 and PMC27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PMCn_|PMCn_|PMCn_|PMCn_|PMCn_|PMCn_|PMCn_|PMCn_|PMCn_[{PMCn_|PMCn_|PMCn_{PMCn_|PMCn_[PMCn_|PMCn_

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1

R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.12 PMCn Register Contents

Bit Position Bit Name Function
15t00 PMCn_[15:0] These pins specify the operation mode of the corresponding pin:
0: Port mode

1: Alternative mode

NOTE

The control bits of the JTAG Port Mode Control Register (JPMCO0) are JPMCO_[7:0].
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(b) PMCSRn/JPMCSRO0 — Port Mode Control Set/Reset Register
This register provides an alternative method for writing data to a bit in the PMCn register.

The 16 higher bits of PMCSRn specify whether the data in the 16 lower bits of PMCSRn are written to
PMCn.PMCn_m.

Even when pins being used by multiple programs belong to the same port group, the PMCSRn register allows masking
of the unused bits when overwriting so that independent setting of the corresponding bits by each program is possible.

CAUTION

PMCSR21 and PMCSR27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR
n_31 | n30 | n29 | n28 | n27 | n26 | n25 | n24 | n23 [n22 |n21 |[n20 | n19 | n18 | n_17 | n_16

Value after reset  *' *1 *1 1 *1 *1 *1 *1 *1 *1 1 *1 *1 1 1 1

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR|PMCSR
n_15 | n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value after reset  *' *1 *1 1 *1 *1 *1 *1 *1 *1 *1 *1 *1 1 1 1

R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.13 PMCSRn Register Contents

Bit Position Bit Name Function
31to 16 PMCSRn_[31:16] These bits specify whether the value of the corresponding lower bit of PMCSRn_m is written
to PMCn_m:

0: PMCn_m does not depend on PMCSRn_m.
1: The value of PMCn_m is the same as that of PMCSRn_m.
Example:

When PMCSRn.PMCSRn_31 = 1, the value of bit PMCSRn.PMCSRn_15 is written to bit
PMCn.PMCn_15.

When read, 0000y is always returned.
15t0 0 PMCSRn_[15:0] These bits specify the PMCn_m value when the corresponding upper bit PMCSRn_(m+16) is
1:
0: PMCn_m=0
1: PMCn_m =1
When read, the PMCn register value is returned.

NOTE

The control bits of the JTAG Port Mode Control Set/Reset Register (JPMCSRO0) are JPMCSRO0_[31:0].
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(2) PIPCn/JPIPCO — Port IP Control Register
This register specifies whether the I/O direction of the Pn_m pin is controlled by port mode register PMn.PMn_m or by
an alternative function.

When the Pn_m pin is operated in alternative mode (PMCn.PMCn_m = 1) and the alternative function directly controls
the I/O direction of Pn_m. In this case, PIPCn.PIPCn_m must be set to 1 as well. This hands over I/O control to the
alternative function and overrules the PMn.PMn_m setting.

CAUTION

PIPC21 and PIPC27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIPCn_|PIPCn_|PIPCn_|PIPCn_|PIPCn_|PIPCn_|PIPCn_|PIPCn_|PIPCn_|PIPCn_|PIPCn_|PIPCn_|PIPCn_|PIPCn_|PIPCn_|PIPCn_

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1

R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.14 PIPCn Register Contents

Bit Position Bit Name Function
15t00 PIPCn_[15:0] These bits specify the /0O control mode:
0: 1/0 mode is selected by PMn.PMn_m (S/W I/O control alternative mode).
1: 1/0 mode is selected by peripheral function (direct I/O control alternative mode).

NOTE

The control bits of the JTAG Port IP Control Register (JPIPCO) are JPIPCO_[7:0].
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(3) PM/JPM — Port Mode Register Group

(a) PMn/JPM0 — Port Mode Register
The PMn register specifies whether the individual pins of port group n are in input mode or in output mode.

CAUTION

PM21 and PM27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PMn_15[PMn_14PMn_13PMn_12PMn_11PMn_10| PMn_9|PMn_8 |PMn_7 |PMn_6 |PMn_5|PMn_4 |PMn_3|PMn_2|PMn_1 |PMn_0

Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.15 PMn Register Contents

Bit Position Bit Name Function

15t00 PMn_[15:0] These bits specify input/output mode of the corresponding pin:
0: Output mode (output enabled)
1: Input mode (output disabled)

NOTE

® To use a pin in input port mode (PMCn.PMCn_m = 0 and PMn.PMn_m = 1), the input buffer must be enabled
(PIBCn.PIBCn_m = 1).

® PMn_m specifies the 1/0O direction in port mode (PMCn.PMCn_m = 0) and alternative mode (PMCn.PMCn_m = 1)
because PIPCn.PIPCn_m = 0 after reset.

® The control bits of the JTAG Port Mode Register (JPMO0) are JPMO_[7:0].
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(b) PMSRn/JPMSR0 — Port Mode Set/Reset Register
This register provides an alternative method for setting a bit in the PMn register.
The 16 higher bits of PMSRn specify whether the data in the 16 lower bits of PMSRn are written to PMn.PMn_m.

Even when pins being used by multiple programs belong to the same port group, the PMSRn register allows masking of
the unused bits when overwriting so that independent setting of the corresponding bits by each program is possible.

CAUTION

PMSR21 and PMSR27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|[PMSRn
31 | 30 | 29 | 28 | 27 | 26 | 25 | 24 | 23 | 22 | 21 | 20 | 19 | 18 | 17 | _16

*1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1

Value after reset  *' *1
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Bit 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

PMSRn|PMSRn|PMSRnPMSRn|PMSRn(PMSRn(PMSRnPMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn
_15 _14 _13 _12 _M _10 9 8 7 6 5 4 3 2 1 0

Value aﬁer reSet *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
R/W R/W R/IW R/IW R/IW R/W R/IW R/IW R/IW R/W R/W R/W R/W R/W R/W R/W R/W

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.16 PMSRn Register Contents

Bit Position Bit Name Function
31to 16 PMSRn_[31:16] These bits specify whether the value of the corresponding lower bit of PMSRn_m is written to
PMn_m:

0: PMn_m does not depend on PMSRn_m.
1: The value of PMn_m is the same as that of PMSRn_m.
Example:
When PMSRn.PMSRn_31 = 1, the value of bit PMSRn.PMSRn_15 is written to bit
PMn.PMn_15.
When read, 0000y is always returned.
15t00 PMSRn_[15:0] These bits specify the PMn_m value when the corresponding upper bit PMSRn_(m+16) is 1:
0: PMn_m=0
1: PMn_m =1
When read, the PMn register value is returned.

NOTE

The control bits of the JTAG Port Mode Set/Reset Register (JPMSRO0) are JPMSRO_[31:0].

RO1UHO0641EJ0130 Rev.1.30 RENESAS Page 123 of 4595
Dec 26, 2019



RH850/E2x-FCCA1 Section 2 Pin Function

(4) PIBCn/JPIBCO — Port Input Buffer Control Register

When a pin is being used in input port mode (PMCn.PMCn_m = 0 and PMn.PMn_m = 1), this register enables or
disables the input buffer. However, when the pin is used as an input pin in S/W I/O control alternative mode
(PMCn.PMCn_m = 1 and PIPCn.PIPCn_m = 0) or direct I/O control alternative mode (PMCn.PMCn_m =1 and
PIPCn.PIPCn_m = 1), set PIBCn.PIBCn_m = 0.

When pins are in bidirectional mode (PBDCn.PBDCn_m = 1), the shared output level loop-back function and pin
output level-read function can be selected by setting PIBCn.PIBCn_m. Refer to Section 2.4.2.2(1),
PBDCn/JPBDCO0 — Port Bidirectional Control Register.

CAUTION

PIBC21 and PIBC27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PIBCn_|PIBCn_|PIBCn_|PIBCn_|PIBCn_|PIBCn_|PIBCn_|PIBCn_|PIBCn_|PIBCn_|PIBCn_|PIBCn_|PIBCn_|PIBCn_|PIBCn_|PIBCn_

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1

R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.17 PIBCn Register Contents

Bit Position Bit Name Function

15t00 PIBCn_[15:0] These bits are used to enable and disable the input buffer in input port mode.
0: Input buffer is disabled.
1: Input buffer is enabled.

NOTES

1. When the input buffer is disabled, a shoot-through current does not flow even if the pin level is in Hi-Z state. Thus
the pin does not need to be fixed to a high or low level externally.

2. When the input buffer is enabled in alternative mode (PMCn.PMCn_m = 1, PMn.PMn_m = 1), there is a possibility
that a shoot-through current may flow even if the pin level is Hi-Z state. Then take appropriate measures, such as
pull-up/pull-down.

3. The control bits of the JTAG Port Input Buffer Control Register (JPIBCO) are JPIBCO_[7:0].
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(5) PFC — Port Function Control Register Group

(a) PFCn — Port Function Control Register
This register, together with the PFCEn, PFCAEn and PFCEAEn registers, specifies an alternative function of the pins.

Some alternative functions directly control input/output of pin Pn_m. For such alternative functions PIPCn.PIPCn_m
must be set to 1 as well.

For other alternative functions, input/output must be specified by PMn.PMn_m.

CAUTION

PFC21 and PFC27 are protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PFCn_|PFCn_|PFCn_|PFCn_|PFCn_|PFCn_

15 14 13 12 11 10 |PFCn9

PFCn_8|PFCn_7|PFCn_6|PFCn_5PFCn_4|PFCn_3|PFCn_2|PFCn_1|PFCn_0

Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.18 PFCn Register Contents

Bit Position Bit Name Function

15t00 PFCn_[15:0] These bits specify an alternative function of a pin.

For detailed information, refer to Table 2.9, Outline of Alternative Mode Selection
(PMCn.PMCn_m =1).
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(b) PFCEn — Port Function Control Expansion Register

This register, together with the PFCn, PFCAEn and PFCEAEn registers, specifies an alternative function of the pins.

Some alternative functions directly control input/output of pin Pn_m. For such alternative functions PIPCn.PIPCn_m

must be set to 1 as well.

For other alternative functions, input/output must be specified by PMn.PMn_m.

CAUTION

PFCE21 and PFCE27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset:

Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PFCEn|PFCEn | PFCEn | PFCEn |PFCEn | PFCEn | PFCEn | PFCEn | PFCEN | PFCEn| PFCEn | PFCEN | PFCEn | PFCEn | PFCEn | PFCEN

15 | 14 | 13 | 12 | 11| 10| 9 8 7 6 5 4 3 2 1 0

Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.19 PFCEn Register Contents
Bit Position Bit Name Function
15t00 PFCEn_[15:0] These bits specify an alternative function of a pin.

For detailed information, refer to Table 2.9, Outline of Alternative Mode Selection
(PMCn.PMCn_m =1).
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(c) PFCAEn — Port Function Control Additional Expansion Register
This register, together with the PFCn, PFCEn and PFCEAEn registers, specifies an alternative function of the pins.

Some alternative functions directly control input/output of pin Pn_m. For such alternative functions PIPCn.PIPCn_m
must be set to 1 as well.

For other alternative functions, input/output must be specified by PMn.PMn_m.

CAUTION

PFCAE21 and PFCAE27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PFCAE |PFCAE |PFCAE |PFCAE |PFCAE | PFCAE | PFCAE | PFCAE | PFCAE | PFCAE |PFCAE |PFCAE | PFCAE |PFCAE | PFCAE |PFCAE
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value after reset  *! *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
R/W R/W R/W RW  RW R/W R/W R/W R/W R/W RW RW RW RW RW R/W R/W

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.20 PFCAEnN Register Contents

Bit Position Bit Name Function

15t00 PFCAEnN_[15:0] These bits specify an alternative function of a pin.

For detailed information, refer to Table 2.9, Outline of Alternative Mode Selection
(PMCn.PMCn_m =1).
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(d) PFCEAEn — Port Function Control Extra Additional Expansion Register
This register, together with the PFCn, PFCEn, and PFCAEn registers, specifies an alternative function of the pins.

Some alternative functions directly control input/output of pin Pn_m. For such alternative functions PIPCn.PIPCn_m
must be set to 1 as well.

For other alternative functions, input/output must be specified by PMn.PMn_m.

CAUTION

PFCEAE21 and PFCEAEZ27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset:

Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PFCEA |PFCEA |PFCEA |PFCEA |PFCEA|PFCEA|PFCEA|PFCEA|PFCEA|PFCEA|PFCEA|PFCEA|PFCEA|PFCEA|PFCEA|PFCEA
En_15|En_14 |En_13 [En_12 |En_11 |En_10| En_9 | En_8 | En_7 | En_6 | En_5 | En_4 | En_3 | En_2 | En_1 | En_0O
Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. Refer to Section 2.5.1, List of Port Functions.
Table 2.21 PFCEAEN Register Contents
Bit Position Bit Name Function
15t0 0 PSCEAEN_[15:0] These bits specify an alternative function of a pin. For detailed information, refer to Table 2.9,

Outline of Alternative Mode Selection (PMCn.PMCn_m = 1).
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2422 Configuration of Pin Data Input/Output

(1) PBDCn/JPBDCO0 — Port Bidirectional Control Register

This register enables the input buffer when a pin is used in output mode, and permits bidirectional mode. The Pn_m pin
level is read via PPRn.PPRn_m in bidirectional mode.

¢ Alternative output level loopback function

When the Pn_m pin is used as the alternative output function, the actual pin output level based on the alternative
output function can be looped back to the alternative input side by setting PBDCn.PBDCn_m =1 and
PIBCn.PIBCn_m = 0. For example, the pin output level based on the first alternative function can be looped back to
the same alternative input side. Also the pin output level can be read via PPRn.PPRn_m.

¢ Pin output level read function

When the Pn_m pin is used as the general output port function or the alternative output function, the actual pin output
level can be read via PPRn.PPRn_m by setting PBDCn.PBDCn_m = 1 and PIBCn.PIBCn_m = 1. Under this setting,
the pin output level will never be looped back to the alternative input side even in alternative output mode.

CAUTION

PBDC21and PBDC27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PBDCn |PBDCn|PBDCn|PBDCn |PBDCn|PBDCn |PBDCn|PBDCn|PBDCn |PBDCn|PBDCn|PBDCn |PBDCn|PBDCn|PBDCn |PBDCn
15 | 14 | 13 | 12 | 11| 10| 9 8 7 6 5 4 3 2 1 0
Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1

R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.22 PBDCn Register Contents

Bit Position Bit Name Function

15t00 PBDCn_[15:0] These bits enable/disable bidirectional mode of the corresponding pin:
0: Bidirectional mode is disabled.
1: Bidirectional mode is enabled.

NOTE

The control bits of the JTAG Port Bidirectional Control Register (JPBCO0) are JPBCO_[7:0].

RO1UHO0641EJ0130 Rev.1.30 RENESAS Page 129 of 4595
Dec 26, 2019



RH850/E2x-FCCA1 Section 2 Pin Function

(2) PPRn/JPPRO — Port Pin Read Register

This register reflects an actual Pn_m pin level, a Pn.Pn_m bit value, or an output level of the alternative function. The
value to be read depends on various control settings as described in Table 2.10, Mode Description and PPRn_m
Read Values for Each Mode.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PP1'§“— P'j'i“— PPS”— PPS”— Ppﬁn— PP%“— PPRn_9PPRn_8PPRn_7|PPRn_6[PPRn_5PPRn_4PPRn_3PPRn_2PPRn_1PPRn_0

Value after reset  *' *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
RW R R R R R R R R R R R R R R R R

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.23 PPRn Register Contents

Bit Position Bit Name Function
15t00 PPRn_[15:0] These bits indicate the Pn_m pin level, Pn.Pn_m value, or alternative function output level.
NOTE

The control bits of the JTAG Port Pin Read Register (JPPRO) are JPPRO_[7:0].
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(3) P/JP — Port Register Group

(a) Pn/JP0 — Port Register

This register sets and holds the Pn.Pn_m data to be output via the related Pn_m port in output port mode
(PMCn.PMCn_m = 0 and PMn.PMn_m = 0).

CAUTION

P21 and P27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Pn_15|Pn_14 {Pn_13 {Pn_12 | Pn_11 |Pn_10| Pn_9 | Pn_8 | Pn_7 | Pn_6 | Pn_5 | Pn_4 | Pn_3 | Pn_2 | Pn_1 | Pn_0

Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.24 Pn Register Contents

Bit Position Bit Name Function

15t00 Pn_[15:0] These bits set the output level of pin m (m =0 to 15):
0: Low level output
1: High level output

NOTES

1.  Bits of this register can be manipulated by various means. Refer to the subsection, “Writing to the Pn Register” in
Section 2.2.1.3, Pin Data Input/Output for details.

2. The control bits of the JTAG Port Register (JPO) are JPO_[7:0].
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(b) PSRn/JPSR0O — Port Set/Reset Register
This register provides an alternative method for setting a bit in the Pn register.
The 16 higher bits of PSRn specify whether the data in the 16 lower bits of PSRn are written to Pn.Pn_m.

Even when pins being used by multiple programs belong to the same port group, the PSRn register allows masking of
the unused bits when overwriting so that independent setting of the corresponding bits by each program is possible.

CAUTION

PSR21and PSR27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_
31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

Value after reset  *' *1 *1 1 *1 *1 *1 *1 *1 *1 *1 *1 *1 1 1 1

RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Bit 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

PSRn_|PSRn_|PSRn_|PSRn_|PSRn_|PSRn_

15 14 13 12 1 10 PSRn_9IPSRn_8|PSRn_7|PSRn_6[PSRn_5PSRn_4[PSRn_3[PSRn_2[PSRn_1PSRn_0

Value aﬁer reSet *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
R/W R/W R/IW R/IW R/IW R/W R/IW R/IW R/IW R/W R/W R/W R/W R/W R/W R/W R/W

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.25 PSRn Register Contents

Bit Position Bit Name Function
31to 16 PSRn_[31:16] These bits specify whether the value of the corresponding lower bit of PSRn_m is written to
Pn_m:

0: Pn_m does not depend on PSRn_m.
1: The value of Pn_m is the same as that of PSRn_m.
Example:

When PSRn.PSRn_31 = 1, the value of bit PSRn.PSRn_15 is written to bit Pn.Pn_15 and
output.

When read, 0000y is always returned.

15t00 PSRn_[15:0] These bits specify the Pn_m value when the corresponding upper bit PSRn_(m+16) is 1:
0:Pn_m=0
1:Pn_m=1
When read, the Pn register value is returned.

NOTE

The control bits of the JTAG Port Set/Reset Register (JPSR0) are JPSR0_[31:0].

RO1UHO0641EJ0130 Rev.1.30 RENESAS Page 132 of 4595
Dec 26, 2019



RH850/E2x-FCCA1 Section 2 Pin Function

(4) PNOTn/JPNOTO — Port NOT Register

This register enables inverting the Pn_m bit of the port register without directly writing to Pn.

CAUTION

PNOT21and PNOT27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions.

Bit 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
PNOTn|PNOTn |[PNOTn|{PNOTn|PNOTn|{PNOTn|{PNOTn|{PNOTn|[PNOTn|{PNOTn|PNOTn|PNOTn|PNOTn|PNOTn|PNOTn|PNOTn

15 | 14 | 13| 12| 11| 10| 9 8 7 6 5 4 3 2 1 0

Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1

RW W w W W w w w w w w W W W w w w
Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.26 PNOTnN Register Contents

Bit Position Bit Name Function

15t00 PNOTn_[15:0] These bits specify if Pn.Pn_m is inverted or not:
0: Pn.Pn_m is not inverted (Pn_m — Pn_m).
1: Pn.Pn_m is inverted ( Pn_m — Pn_m)

NOTE

The control bits of the JTAG Port NOT Register (JPNOTO) are JPNOTO_[7:0].
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(5) PINVNn/JPINVO — Port Output Level Inversion Register

This register enables inverting the output level from a pin. This is valid when the pin is in output mode regardless of
port output mode or alternative output mode. It is not valid when Port safe state or the ICUM function are active.

CAUTION

These registers are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

PINVn_|PINVR_|[PINVn_|PINVR_|PINVR_|PINVn_|PINVn_|PINVn_|PINVn_|PINVR_|PINVR_|PINVR_|PINVA_|PINVR_|PINVn_|PINVA_
15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0

Value aﬁer reSet *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
R/W R/W R/IW R/IW R/IW R/W R/IW R/IW R/IW R/W R/W R/W R/W R/W R/W R/W R/W

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.27 PINVn Register Contents

Bit Position Bit Name Function

15t00 PINVNn_[15:0] These bits specify whether the output level from a pin is inverted or not.
0: Pin output level is not inverted.
1: Pin output level is inverted.

NOTE

The control bits of the JTAG Port Output Level Inversion Register (JPINVO) are JPINVO_[7:0].
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(6) PSFS — Port Safe State Register Group

(a) PSFSCn — Port Safe State Control Register

All Port Groups have Port Safe State Function implemented. Each of these Port Groups has its own Port safe state
enable bit that is located in the PSFSCn_m register.

CAUTION

These registers are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset:

Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PSFSC|PSFSC |PSFSC|PSFSC|PSFSC|PSFSC|PSFSC|PSFSC|PSFSC|PSFSC|PSFSC|PSFSC|PSFSC|PSFSC|PSFSC|PSFSC
n_15 | n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0
Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.28

PSFSC Register Contents

Bit Position Bit Name

Function

15100 PSFSCn_[15:0]

These bits enable/disable Port Safe State Function of pin m (m = 0 to 15).

PSFSCn_m

Description

0

Port Safe State Function is disabled
Output control still remains. (Port mode or alternative control mode.)

Port Safe State Function is enabled.
Output control is changed to Port safe state mode.
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(b) PSFSDn — Port Safe State Data Register

When the Port safe state trigger signal becomes active, the port register (Pn_m) is disconnected and switched to the Port
Safe State Data register (PSFSDn_m), and the Port Safe State Output Enable register (PSFSOEn_m) takes over output
enable control.

CAUTION

These registers are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PSFSD |PSFSD |PSFSD |PSFSD |PSFSD |PSFSD |PSFSD |PSFSD |PSFSD |PSFSD [PSFSD |PSFSD [PSFSD |PSFSD |PSFSD |PSFSD
n_15 | n_14 | n_13 | n_12 | n_11 | n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.29 PSFSD Register Contents

Bit Position Bit Name Function
15t00 PSFSDn_[15:0] These bits set the output level of pin m (m = 0 to 15) in Port safe state mode.
PSFSDn_m Data Bus Width
0 Low level output in Port safe state mode
1 High level output in Port safe state mode
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(c) PSFSOEn — Port Safe State Output Enable Register

When the Port safe state trigger signal becomes active, the port register (Pn_m) is disconnected and switched to the Port

Safe State Data register (PSFSDn_m), and the Port Safe State Output Enable register (PSFSOEn_m) takes over output
enable control.

CAUTION

These registers are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

14

13

12

11

10 9 8 7 6 5 4 3 2 1 0
PSFSO|PSFSO|PSFSO|PSFSO|PSFSO|PSFSO|PSFSO|PSFSO|PSFSO|PSFSO|PSFSO|PSFSO|PSFSO|PSFSO|PSFSO|PSFSO
En_15|En_14 |En_13 [En_12 |En_11 |En_10| En_9 | En_8 | En_7 | En_6 | En_5 | En_4 | En_3 | En_2 | En_1 | En_0
Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. Refer to Section 2.5.1, List of Port Functions.
Table 2.30 PSFSOE Register Contents
Bit Position Bit Name Function
15t00 PSFSOEN_[15:0] These bits set the output enable level of pin m (m = 0 to 15) in Port safe state mode.
PSFSOEn_m Data Bus Width
0 Output disabled in Port safe state mode
1 Output enabled in Port safe state mode
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2423 Configuration of Electrical Characteristic

(1) PUD/JPUD — Pull-Up/Down Register Group

(a) PUn/JPUO — Pull-Up Option Register

This register specifies whether an on-chip pull-up resistor is connected to an input pin.

CAUTION

PU21 and PU27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset:

Refer to Section 2.5.1, List of Port Functions

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PUn_15|PUn_14/PUn_13|PUn_12|PUn_11|PUn_10| PUn_9 | PUn_8 | PUn_7 | PUn_6 | PUn_5 | PUn_4 | PUn_3 | PUn_2 | PUn_1 | PUn_0

Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.31 PUn Register Contents

Bit Position Bit Name

Function

15t0 0 PUn_[15:0] These bits specify whether an on-chip pull-up resistor is connected to the corresponding pin in

combination with the PDn register. For the electrical characteristics for each setting, see the
RH850/E2x-FCC1 Electrical Characteristics, User’'s Manual: Hardware.

PUn_m PDn_m Description

0 0 No on-chip input pull-up/pull-down resistor is connected.

0 1 On-chip pull-down resistor is connected.

1 0 On-chip pull-up resistor is connected.

1 1 Setting is prohibited

NOTES

1. Do not set PUn.PUn_m =1 and PDn.PDn_m = 1 to a single pin.

2. The on-chip pull-up resistor has no effect when the pin is operated in output mode.

3. The control bits of the JTAG Pull Up Option Register (JPUO) are JPUO_[7:0]
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(b) PDn/JPDO0 — Pull-Down Option Register
This register specifies whether an on-chip pull-down resistor is connected to an input pin.

CAUTION

PD21 and PD27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PDn_15|PDn_14|PDn_13|PDn_12|PDn_11|PDn_10| PDn_9 | PDn_8 | PDn_7 | PDn_6 | PDn_5 | PDn_4 | PDn_3 | PDn_2 | PDn_1 | PDn_0
Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1. Refer to Section 2.5.1, List of Port Functions.
Table 2.32 PDn Register Contents

Bit Position Bit Name Function

15t0 0 PDn_[15:0] These bits set pull-down resistor of input port pins in combination with the PUn register. See

Table 2.31, PUn Register Contents.

NOTES

1. Do not set PUn.PUn_m =1 and PDn.PDn_m = 1 to a single pin.

2. The on-chip pull-down resistor has no effect when the pin is operated in output mode.

3. The control bits of the JTAG Pull Down Option Register (JPDO) are JPD0_[7:0]
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(2) PODC/JPODC — Port Open Drain Control Register Group
(a) PODCn/JPODCO — Port Open Drain Control Register
This register selects port pin’s output buffer function as push-pull type or emulated open drain type.

CAUTION

These registers are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PODCn|PODCn |PODCn|PODCR|PODCR|PODCR|PODCR|PODCR|PODCH|PODCNH|PODCN|PODCN|PODCH|PODCH|PODCH|PODCA
15 | 14 | 13| 12 | 11| _10 9 8 7 6 5 4 3 2 1 0

Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.33 PODCn Register Contents

Bit Position Bit Name Function

15t0 0 PODCn_[15:0] These bits enable/disable N-ch or P-ch open drain function of pinm (m = 0 to 15) in
combination with the PODCER register.

PODCEN_m PODCn_m Description

0 0 Output buffer operates as push-pull driver
0 1 Output buffer operates as N-ch open drain driver
1 0 Output buffer operates as push-pull driver
1 1 Output buffer operates as P-ch open drain driver

NOTE

The control bits of the JTAG Port Open Drain Control Register (JPODCO0) are JPODCO_[7:0].
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(b) PODCEN/JPODCEO — Port Open Drain Control Expansion Register
This register selects port pin’s output buffer function as push-pull type or emulated open drain type.

CAUTION

These registers are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PODCE|PODCE|PODCE|PODCE|PODCE|PODCE|PODCE|PODCE|PODCE|PODCE|PODCE|PODCE|PODCE|PODCE|PODCE|PODCE
n_15 | n_14 | n_13 | n_12 | n_11 n_10 n_9 n_8 n_7 n_6 n_5 n_4 n_3 n_2 n_1 n_0

*1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1

Value after reset  *!
R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.34 PODCERN Register Contents

Bit Position Bit Name Function

15t0 0 PODCEN_[15:0] These bits select port pin’s output buffer function as push-pull type or emulated open drain
type in combination with the PODCn register. See Table 2.33, PODCn Register Contents for

register setting and port pin’s output buffer function.

NOTE

The control bits of the JTAG Port Open Drain Control Expansion Register (JPODCEOQ) are JPODCEOQ_[7:0].
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(3) PDSC/JPDSC — Port Drive Strength Control Register Group

(a) PDSCn/JPDSCO0 — Port Drive Strength Control Register

This register is used to configure the driving ability (driving strength) of output port pins and multiplexed output pin
functions in combination with the PUCCn register. Specific driving ability settings may be required, depending on the
pin function to be used. For details, see the RH850/E2x-FCCI Electrical Characteristics, User’s Manual: Hardware.

CAUTION

These registers are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PDSCn|PDSCn|PDSCn|PDSCn|PDSCn|PDSCn|PDSCn|PDSCn|PDSCn|PDSCn|PDSCn|PDSCn|PDSCn|PDSCn|PDSCn|PDSCn
_15 _14 _13 _12 M _10 9 _8 7 _6 5 _4 _3 2 1 0
Value after reset ' 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.35

PDSCn Register Contents

Bit Position Bit Name

Function

15t0 0 PDSCn_[15:0] These bits set driving ability of output port pins and multiplexed output pin functions in

combination with the PUCCn register. For the electrical characteristics for each setting, see
the RH850/E2x-FCC1 Electrical Characteristics, User's Manual: Hardware.
PUCCn_m PDSCn_m Output Driving Ability
0 0 Drive strength 1 (Very Low)
0 1 Drive strength 2 (Low)
1 0 Drive strength 3 (Mid)
1 1 Drive strength 4 (High)

NOTE

The control bits of the JTAG Port Drive Strength Control Register (JPDSCO0) are JPDSCO_[7:0].
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(b) PUCCn/JPUCCO — Port Universal Control Register

This register is used to configure the driving ability (driving strength) of output port pins and multiplexed output pin
functions in combination with the PDSCn register. Specific driving ability settings may be required, depending on the
pin function to be used. For details, see the RH850/E2x-FCCI Electrical Characteristics, User’s Manual: Hardware.

CAUTION

These registers are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0

PUCCn|PUCCN|PUCCR|PUCCR|PUCCN|PUCCR|PUCCH|PUCCH|PUCCRH|PUCCH|PUCCN|PUCCH|PUCCH|PUCCH|PUCCRH|PUCCH
15 | 14 | 13 | 12 | 11| _10 9 8 7 6 5 4 3 2 1 0

Value after reset  *' *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.36 PUCCnh Register Contents

Bit Position Bit Name Function

15t0 0 PUCCn_[15:0] These bits set driving ability of output port pins and multiplexed output pin functions in
combination with the PDSCn register. See Table 2.35, PDSCn Register Contents for register
setting and output driving ability.

NOTE

The control bits of the JTAG Port Universal Control Register (JPUCCO) are JPUCCO_[7:0].
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(4) PIS/JPIS — Port Input Buffer Selection Register Group

(a) PISn/JPIS0 — Port Input Buffer Selection Register

This register and the PISAn register select the port pin’s input buffer characteristics. Specific input characteristic
settings may be required, depending on the pin function to be used. For details, see the RHS50/E2x-FCC1 Electrical
Characteristics, User’s Manual: Hardware.

CAUTION

PIS21and PIS27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PISn_ | PISn_ | PISn_ | PISn_ | PISn_ |PISn_1| PISn_ | PISn_ | PISn_ | PISn_ | PISn_ | PISn_ | PISn_ | PISn_ | PISn_ | PISn_
15 14 13 12 11 0 9 8 7 6 5 4 3 2 1 0
Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1

R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.37 PISn Register Contents

Bit Position Bit Name Function
15t0 0 PISn_[15:0] These bits select input buffer type of pin m (m = 0 to 15) in combination with the PISAn
register.
PISAn_m PISn_m Description
0 0 Input buffer type is Schmitt 1
0 1 Input buffer type is Schmitt MSC (Setting prohibited except for
ShmittMSC pins.)
1 X Input buffer type is TTL
NOTES

1. The control bits of the JTAG Port Input Buffer Selection Register (JPIS0) are JPIS0O_[7:0].

2. Schmitt MSC input is supported by P10_2, P10_4, P10_5, P12_0, P12_1, P12_2, P12_3, P12_4, P12_7, P14_4,
P15_4, P15_5, P15_6 only. These pins are multiplexed with the function of RHSBnSIx, RHSBNnEMRG [n =0, 1, x =
0, 11.

3. TTL inputis not supported with P40 port group.

4. For details of selectable input characteristics, refer to the RH850/E2x-FCC1 Electrical Characteristics, User’s
Manual: Hardware.

5. Input buffer type of TDI, TCK and TMS is selected to TTL type when these pins are used as Nexus, LPD-4 pin and
Boundary SCAN interface.
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(b) PISANn/JPISAO0 — Port Input Buffer Selection Advanced Register

This register and the PISn register select the port pin’s input buffer characteristics. Specific input characteristic settings
may be required, depending on the pin function to be used. For details, see the RH850/E2x-FCCI Electrical
Characteristics, User’s Manual: Hardware.

CAUTION

PISA21 and PISA27 are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PISAn_|PISAn_|PISAn_|PISAn_|PISAn_|PISAn_|PISAn_|PISAn_|PISAn_|PISAn_|PISAn_|PISAn_|PISAn_|PISAn_|PISAN_|PISAN_

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

Value after reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1

R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.38 PISAn Register Contents

Bit Position Bit Name Function

15t0 0 PISANn_[15:0] These bits set input buffer selection in combination with the PISn register. See Table 2.37,
PISn Register Contents for the register settings and selected input type.

NOTES

1. The control bits of the JTAG Port Input Buffer Selection Advanced Register (JPISAQ) are JPISAO_[7:0].

2. Schmitt MSC input is supported by P10_2, P10_4, P10_5, P12_0, P12_1, P12_2, P12_3, P12_4, P12_7, P14_4,
P15_4, P15_5, P15_6 only. These pins are multiplexed with RHSBnSIx, RHSBnEMRG [n =0, 1, x =0, 1].

3. TTL inputis not supported with P40 port group.

4. For details of selectable input characteristics, refer to the RH850/E2x-FCC1 Electrical Characteristics, User’s
Manual: Hardware.

5. Input buffer type of TDI, TCK and TMS is selected to TTL type when these pins are used as Nexus, LPD-4 pin and
Boundary SCAN interface.
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2424 Other Registers
(1) PKCPROT — Port Keycode Protection Register

This register is used for protection against writing registers that may have a material effect on the system so that the
application system is not incorrectly stopped due to program malfunction and the like.

For how to set protection, see Section 2.4.4, Port Setting Procedures.

Value after reset: 0000 0000H

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR |PKCPR|PKCPR|PKCPR|PKCPR|PKCPR
OT_31|0OT_30|0T 29|OT _28|0OT 27|0T 26 |OT _25|0T 24|0T 23|0OT _22|0T 21|0T 20|0OT_19|0OT _18|0T_17|OT_16

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW W w w w w w w w w w w w w w w w

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR|PKCPR PWEE
OT_15|0OT_14|0OT_13|0OT_12|OT_11|OT_10| OT_9 | OT_8 | OT_7 | OT_6 | OT_5 | OT_4 | OT_3 | OT_2 | OT_1

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RW W i W i W i s s W W W s W W W R/W

Table 2.39 PKCPROT Register Contents

Bit Position Bit Name Function
31to1 PKCPROT_[31:1] These bits enable or disable modification of the PWEE bit.

The value written is not retained. These bits are always read as 0.*'
0 PWEE PWE Enable bit

0: Disable write access of PWE register.
1: Enable write access of PWE register.
Note 1. Set ASA5 A5004 with {PKCPROT[31:1], PWEE} to disable writing the PWE register.
Set A5A5 A501, with {PKCPROTI[31:1], PWEE} to enable writing PWE register.
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(2) PWE — Port Write Enable Register

This register is used to control which port’s protected registers can be written. When PKCPROT.PWEE = 1, this
register can be written. When PKCPROT.PWEE = 0, this register cannot be written.

For how to set protection, see Section 2.4.4, Port Setting Procedures.

Value after reset: 0000 0000H

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PWE | PWE | PWE PWE | PWE
P34 P33 P32 P30 P27
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R/W R/W R/W R R/W R/W
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0

PWE | PWE | PWE | PWE | PWE | PWE | PWE | PWE | PWE | PWE | PWE | PWE | PWE | PWE | PWE
P25 P24 P23 P22 P21 P20 P15 P14 P13 P12 P11 P10 P02 P01 P00

Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W

Table 2.40 PWE Register Contents (1/2)

Bit Position Bit Name Function
31 to 22 — Reserved

When read, the value after reset is returned. When writing, write the value after reset.
21 PWEP34 Port Write enable for P34

0: Disable write access

1: Enable write access
20 PWEP33 Port Write enable for P33

0: Disable write access

1: Enable write access

19 PWEP32 Port Write enable for P32
0: Disable write access

1: Enable write access

18 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.
17 PWEP30 Port Write enable for P30

0: Disable write access

1: Enable write access
16 PWEP27 Port Write enable for P27

0: Disable write access

1: Enable write access

15 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.
14 PWEP25 Port Write enable for P25

0: Disable write access

1: Enable write access
13 PWEP24 Port Write enable for P24

0: Disable write access

1: Enable write access
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Table 2.40 PWE Register Contents (2/2)

Bit Position Bit Name Function
12 PWEP23 Port Write enable for P23
0: Disable write access
1: Enable write access
11 PWEP22 Port Write enable for P22
0: Disable write access
1: Enable write access
10 PWEP21 Port Write enable for P21
0: Disable write access
1: Enable write access
9 PWEP20 Port Write enable for P20
0: Disable write access
1: Enable write access
8 PWEP15 Port Write enable for P15
0: Disable write access
1: Enable write access
7 PWEP14 Port Write enable for P14
0: Disable write access
1: Enable write access
6 PWEP13 Port Write enable for P13
0: Disable write access
1: Enable write access
5 PWEP12 Port Write enable for P12
0: Disable write access
1: Enable write access
4 PWEP11 Port Write enable for P11
0: Disable write access
1: Enable write access
3 PWEP10 Port Write enable for P10
0: Disable write access
1: Enable write access
2 PWEPO02 Port Write enable for P02
0: Disable write access
1: Enable write access
1 PWEPO1 Port Write enable for P01
0: Disable write access
1: Enable write access
0 PWEPO00 Port Write enable for P00
0: Disable write access
1: Enable write access

Note. Register protection is not supported for virtual port groups.
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(3) LVDSCTRLA — LVDS Control A Register

This register specifies whether to use the LVDS function.

For details, refer to Section 2.4.5.4, Register Setting to Use the LVDS Buffer.

Value after reset: 0000 0000H

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
LVDSC
— — — — — — — — — — — — — — — [TRLA_1
6
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R/W
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. . . . . . . . . . . __|LvDsc| __|LvDsC
TRLA_3 TRLA_0
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R/W R R R/W

Table 2.41 LVDSCTRLA Register Contents

Bit Position Bit Name Function
31to 17 — Reserved

When read, the value after reset is returned. When writing, write the value after reset.
16 LVDSCTRLA_16 This bit specify the voltage for the LVDS input function:

0: LVDS input function of P21_2 and P21_3 pin is used in 5V mode.
1: LVDS input function of P21_2 and P21_3 pin is used in 3V mode.

15to 4 — When read, the value after reset is returned. When writing, write the value after reset.
3 LVDSCTRLA_3 These bits specify whether to use the LVDS function:

0: Disable LVDS output function of P21_4 and P21_5 pin.
1: Enable LVDS output function of P21_4 and P21_5 pin.

2,1 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.
0 LVDSCTRLA_O This bit specify whether to use the LVDS function:

0: Disable LVDS input function of P21_2 and P21_3 pin.
1: Enable LVDS input function of P21_2 and P21_3 pin.
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(4) LVDSCTRLB — LVDS Control B Register

This register specifies whether to use the LVDS function.
For details, refer to Section 2.4.5.4, Register Setting to Use the LVDS Buffer.

Value after reset: 0000 0000H

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. . . . . . . . . __|LvDSc|LvDSC|LVDSC| __|LvDSC
TRLB_5[TRLB_4[TRLB_3 TRLB_0
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R/W R/W R/W R R R/W

Table 2.42 LVDSCTRLB Register Contents

Bit Position Bit Name Function
31t06 — Reserved

When read, the value after reset is returned. When writing, write the value after reset.
5 LVDSCTRLB_5 This bit specify whether to use the LVDS function:

0: Disable LVDS output function of P13_0 and P13_1 pin.
1: Enable LVDS output function of P13_0 and P13_1 pin.

4 LVDSCTRLB_4 This bit specify whether to use the LVDS function:
0: Disable LVDS input function of P13_0 and P13_1 pin.
1: Enable LVDS input function of P13_0 and P13_1 pin.

3 LVDSCTRLB_3 This bit specify whether to use the LVDS function:
0: Disable LVDS output function of P13_2 and P13_3 pin.
1: Enable LVDS output function of P13_2 and P13_3 pin.

2,1 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.
0 LVDSCTRLB_0 This bit specify whether to use the LVDS function:

0: Disable LVDS input function of P14_4 and P14_5 pin.
1: Enable LVDS input function of P14_4 and P14_5 pin.
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(5) LVDSCTRLC — LVDS Control C Register

This register specifies whether to use the LVDS function.

For details, refer to Section 2.4.5.4, Register Setting to Use the LVDS Buffer.

Value after reset: 0000 0000H

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
. . . . . . . . . . . __ |LvDsCc| _ |LvDSC|
TRLC_3| TRLC_1
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R/W R R/W R

Table 2.43 LVDSCTRLC Register Contents

Bit Position Bit Name Function
31to4 — Reserved

When read, the value after reset is returned. When writing, write the value after reset.
3 LVDSCTRLC_3 This bit specify whether to use the LVDS function:

0: Disable LVDS output function of P10_2 and P10_3 pin.
1: Enable LVDS output function of P10_2 and P10_3 pin.

2 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.
1 LVDSCTRLC_1 This bit specify whether to use the LVDS function:

0: Disable LVDS output function of P10_0 and P10_1 pin.
1: Enable LVDS output function of P10_0 and P10_1 pin.

0 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.
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243 Pin-Unit Register Explanation
2431 PCRn_m/JPCRn_m — Port Control Register

Each register of a port group can be accessed via this register and the PCRn_m register can set all the functions of a
single pin. For example, setting bit 6 of the PCRn_m register to 1 sets bit m of the PMCn register to 1 also.

Multiple bits in the PCRn_m register can be batch-set within the ranges described in Section 2.4.4, Port Setting
Procedures, Individual Setting.

CAUTION

These registers are write-protected by PWE.
See Section 2.4.2.4, Other Registers for details.

Value after reset: Refer to Section 2.5.1, List of Port Functions.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
— PINV — | PODC |PODCE| — PUCC | PDSC — PISA — PIS PU PD | PBDC | PIBC
Value after reset  *' *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1

RW R R/W R R/IW R/W R R/W R/IW R R/IW R RW RW RW RW RW

Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PSTSOlpsrsplpsFsc| P | — | — | — |[PeR| — [Pmc|Pirc | Pm |PFERA|PRCAE| PRCE | PFC

Value aftel‘ reset *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1 *1
RWRW RW RW RW R R R R R RW RW RW RW RW RW RW

Note 1. Refer to Section 2.5.1, List of Port Functions.

Table 2.44 PCRn_m Register Contents (1/2)

Bit Position Bit Name Function

31 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.

30 PINV Same function as bit m of the PINVn register
29 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.
28 PODC Same function as bit m of the PODCn register
27 PODCE Same function as bit m of the PODCEn register
26 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.
25 PUCC Same function as bit m of the PUCCn register
24 PDSC Same function as bit m of the PDSCn register
23 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.
22 PISA Same function as bit m of the PISAn register
21 — Reserved

When read, the value after reset is returned. When writing, write the value after reset.

20 PIS Same function as bit m of the PISn register
19 PU Same function as bit m of the PUn register
18 PD Same function as bit m of the PDn register
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Table 2.44 PCRn_m Register Contents (2/2)

Bit Position Bit Name Function
17 PBDC Same function as bit m of the PBDCn register
16 PIBC Same function as bit m of the PIBCn register
15 PSFSOE Same function as bit m of the PSFSOEn register
14 PSFSD Same function as bit m of the PSFSDn register
13 PSFSC Same function as bit m of the PSFSCn register
12 P Same function as bit m of the Pn register
11t09 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.
8 PPR Same function as bit m of the PPRn register
7 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.
6 PMC Same function as bit m of the PMCn register
5 PIPC Same function as bit m of the PIPCn register
4 PM Same function as bit m of the PMn register
3 PFCEAE Same function as bit m of the PFCEAEN register
2 PFCAE Same function as bit m of the PFCAERN register
1 PFCE Same function as bit m of the PFCEn register
0 PFC Same function as bit m of the PFCn register
NOTE

The control registers of the JTAG Port Control Register (JPCRO0) are JPCRO_m (m =0 to 3, 5)
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244 Port Setting Procedures

Examples of port setting procedures are shown below.
For the procedures for setting the digital noise filter of a port, see Section 2.6.1, Digital Noise Filter.

For the procedures for setting the Port safe state mode, see Section 2.6.2.3, Configuration Flow.

CAUTION

Even if a port is used in S/W I/O control alternative mode in a batch setting, the PMn_m register should be set at the end
of the process in order to prevent output glitches.

In a PCR configuration, do not change the value of the invert value register (PINVn_m) and output value register (Pn_m)
at the same time after output enable is active. If these registers are changed, set them again from the start of the register
setting flow.

When returning to the “Port initializing” state after port setting has been configured, please set port register again in the
inverse order with Port Group Unit register. At that case, it can not be used with Pin Unit register.

NOTE

When writing a reserved bit in virtual port registers, any value can be set—not just the value after reset. For details of
reserved bits, refer to Section 2.5.1, List of Port Functions.
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24.41 Batch Setting

The following shows an example of collectively setting a port group.

START

| Register protection disable

Set each value after reset to the bits { |

PKCPROTand PWE.

| } Disable register protection of

(in port input mode; under the condition Port initialization
that the input buffer is stopped).

|
| Setting of DNF function | } DNF, EDC filter configuration.
|
N

Setting of
PODCn.PODCn_m,
PODCEN.PODCEN_m,
PDSCn.PDSCn_m,
PUCCn.PUCCNn_m,
PINVN.PINVN_m,
PUn.PUn_m,
PDn.PDn_m,
PISn.PISn_m,
PISAn.PISAn_m

Setting of
PFCn.PFCn_m,
PFCEN.PFCEN_m,
PFCAEN.PFCAEN_m,
PFCEAEN.PFCEAEN_m

[ > Port configuration:
| Setting of PIPCn.PIPCn_m | Set each adequate value to the bits.

I
| Setting of Pn.Pn_m |

I Alternative input mode | Setting of PMCn.PMCn_m |
| when PIPCn.PIPCn_m = 0
: and PMCn.PMCn_m = 1

\ 4

| Setting of PMn.PMn_m |

|
| Setting of PIBCn.PIBCn_m *' |

| Setting of PBDCn.PBDCn_m | y,

| Setting of Port Safe State mode | } Port Safe State Configuration

PKCPROT and PWE.

Enable register protection of { Register protection enable

Note 1.  If the PPR bit is read just after the PIBC bit is set, execute the procedure in Section 3.8.1, Synchronization of Store
Instruction Completion and Subsequent Instruction Generation.

Figure 2.3 Port Setting Flow (Batch Setting)
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2442 Individual Setting

The following shows an example of individually setting a port group.

Bits can be set simultaneously within the settable range described below by using the PCRn_m register.

START

| Register protection disable |
‘{ | Port initialization |

| Setting of DNF function |

Disable register protection of
PKCPROT and PWE.

Set each value after reset to the bits
(in port input mode; under the condition
that the input buffer is stopped).

} DNF, EDC filter configuration.

In Output mode

Input or output ?

In Input mode

( Settilng of Setting of N\
PUn.PUn_m, PODCn.PODCn_m,
PDn.PDn_m, PODCEN.PODCEN_m,
PISN.PISN_m, PDSCn.PDSCn_m,
PISAN.PISAn_m PUCCn.PUCCn_m,
—_ PINVN.PINVN_m
Settable range of
PCRn_m [ -
Setting of PIBCn.PIBCn_m=1*" | | Setting of Pn.Pn_m |
l
I Setting of PMn.PMn_m I
l
Setting of PBDCn.PBDCn_m
\ | ing | | )
| Setting of port safe state mode | } Port Safe State Configuration
Enable register protection of | Register protection enable |
PKCPROT and PWE.
END

Port configuration:
Set each adequate
value to the bits.

Note 1.  If the PPR bit is read just after the PIBC bit is set, execute the procedure in Section 3.8.1, Synchronization of Store
Instruction Completion and Subsequent Instruction Generation.
Figure 2.4 Port Setting Flow (in Port Mode)
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(a) With IP Contorl (PIPC=1)

START

Register protection disable

Disable register protection of
PKCPROT and PWE.

(in port input mode; under the condition Port initialization

Set each value after reset to the bits |
that the input buffer is stopped).

Setting of DNF function j|> DNF, EDC filter configuration.

Setting of
PUn.PUN_m,
PDn.PDn_m, -

PISn_m.PISn_m,
PISAn_m,PISAn_m

|
Setting of
PODCn.PODCn_m,
PODCEN.PODCEN_m,
PDSCn.PDSCn_m, ~
PUCCn.PUCCn_m,
PINVN.PINVN_m

)

Port configuration for input functions:
Set each adequate value to the bits.

Port configuration for output functions:
Set each adequate value to the bits.

Setting of
PFCn.PFCn_m,
PFCEN.PFCENn_m,
PFCAEN.PFCAEN_m,
PFCEAEN.PFCEAEN_m

| setting of PIPCn.PIPCn_m = 1

Settable range of <
PCRn_m

Port configuration for alternative mode
(with IP control): Set each adequate
| value to the bits.

[ Setting of PMCn.PMCn m=1 |

[ settingof PIBCR.PIBCA m*' |

\l Setting of PBDCn.PBDCn_m | _J

| Setting of Port Safe State mode | Port Safe State Configuration

PKCPROT and PWE.

Enable register protection of { Register protection enable

END

Note 1.  If the PPR bit is read just after the PIBC bit is set, execute the procedure in Section 3.8.1, Synchronization of Store
Instruction Completion and Subsequent Instruction Generation.

Figure 2.5 Port Setting Flow (in Alternative Mode) (1/3)
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(b) Without IP Contorl (PIPC=0)

( sTART )

Register protection disable

Set each value after reset to the bits

I

Port initialization

(in port input mode; under the condition{ |

|

that the input buffer is stopped).

Setting of DNF function

Input or output ?

In Input mode

| } DNF, EDC filter configuration.

In Output mode

Disable register protection of

PKCPROT and PWE.

Settable range of

PCRn_m *?

Setting of Setting of
PUn.PUn_m, PODCn.PODCN_m,
PDn.PDn_m PODCEN.PODCENn_m,
PISn,PISn_m, PDSCn.PDSCn_m,

PISAN.PISAN_m PUCCn.PUCCn_m,
PINVNn.PINVNn_m
I
Setting of Setting of
PFCn.PFCn_m, PFCn.PFCn_m,
PFCEN.PFCEn_m, PFCEn.PFCEn_m,
PFCAEN.PFCAEn_m , PFCAEN.PFCAENn_m,
PFCEAEN.PFCEAENn_m PFCEAEN.PFCEAENn_m

Setting of PMCn.PMCn_m

Alternative—— p|

Port configuration:
Set each adequate
value to the bits.

Setting of PMCn.PMCn_m = 1 I

I Setting of PMn.PMn_m =0 I

| Setting of PIBC.PIBCn m *' |
I

| Setting of PBDCn.PBDCn m |

A

| Setting of Port Safe State mode |

Port Safe State Configuration

Enable register protection of - ] -
PKCPROT and PWE. | Register protection enable |

END

-/

Figure 2.5

Port Setting Flow (in Alternative Mode) (2/3)
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Note 1.

Note 2.

If the PPR bit is read just after the PIBC bit is set, execute the procedure in Section 3.8.1, Synchronization of Store
Instruction Completion and Subsequent Instruction Generation.

In case of port configuration of the following alternative functions, there is a possibility that ECM Error Source Status for
ERRORIN is set in ECMmMESSTRn, and ERROROUT_M and ERROROUT_C output Low Level. ECM Error Source Status

can be cleared by ECMESSTCn. ERROROUT_M and ERROROUT_C can be masked by ECMEMKn. Please set

ECMEMK? bit27 before port configuration of the following alternative function. Please clear ECMEMK?Y bit27 after port
configuration of that function if ERRORIN function is used.

About ECMmMESSTRn, ECMEMKn and ECMESSTCn, refer to Section 39, Error Control Module (ECM).

In case of Port configuration by Port Control Register(PCRn_m)

P02_10: ATOM1_6 and ATOM5_2N

P15_6: TIM3_6, ATOM6_6 and ATOM7_6

P21_2: ATOM4_0 and ATOM2_4N

P32_0: LRX2 and ATOM1_5 (It is applicable to only E2xFCC1. Not applicable to E2M)
P32_5: ATOM3_5N

Figure 2.5 Port Setting Flow (in Alternative Mode) (3/3)
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2443 Protection Setting

The following shows an example of setting register protection.

| PKCPROT=A5A5A501H |

Protection disable |
before configuration registers.

| Setting of PWE.PWEPN

| Port initialization

|
]
| Setting of a DNF function | }
=1}
|
|

Setting of register according to

user’ s requirement

| Setting of Port Safe State mode

PWE.PWEPN=0

Protection enable |
after configuration registers. *' |

PKCPROT=A5A5A500H |

END

Set each value after reset to the bits
(in port input mode; under the condition
that the input buffer is stopped).

DNF, EDC filter configuration.

Port configuration.
Set each adequate value to the bits.

Port Safe State Configuration

Note 1. Disable the protection sequence of PKCPROT and PWE as needed. (If not needed, this sequence can be skipped.) When
PKCPROT is set to A5A5 A5004 to disable write access but PWE remains set to 1, access to the specific Pn group registers
remains enabled.

Figure 2.6 Protection Setting Flow
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245 Functional Selection
2451 Register Configuration When Using Alternative Functions

When the pin alternative function is used, set PMCn_m = 1 and select the relevant alternative function by using the
PFCn_m, PFCEn_m, PFCAEn_m and PFCEAEn_m bits.

For several peripheral functions, a single alternative I/O function is allocated to multiple pins. However, input functions
should not be enabled on multiple pins at the same time.

2.4.5.2 Alternative Functions That Can Be Used in Direct I/0 Control Alternative Mode

The following table shows alternative functions that can be used in direct I/O control alternative mode. To use these
functions, set PIPCn_m = 1.

When PIPCn_m = 1, the set PMn_m value is ignored because the peripheral function controls the input and output of
the buffer.

In addition, set PIPCn_m = 0 if you are using an alternative function not listed in following table.

When the LVDS buffer is to be used, PIPCn_m register must not be set 1.
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Table 2.45 List of Alternative Functions That Can Be Used in Direct I/O Control Alternative Mode (Must Set
PIPCn_m =1)
Category Pin Name 1/0 Pin Function Input/Output Control by Peripheral Functions
SCI3n SCInRxD | Receive data input  Input through the pin is enabled when the SCI3nSCR.RE bit is set to
enable reception by SCI3.
SCInTxD (0] Transmit data Output through the pin is enabled when the SCI3nSCR.TE bit is set to
output enable transmission by SCI3.
SCInSCK 110 Serial clock The SCI3nSCR.CKE[1:0] bits determine whether the pin is an input or
input/output output.
® Asynchronous transfer
CKE[1:0] = 00: Both input and output through the pin are disabled.
CKE[1:0] = 01: The pin is an output.
CKE[1:0] = 1x: Prohibited settings
® Synchronous transfer
CKE[1:0] = Ox: The pin is an output.
CSIHn CSIHNTSO (0] Transmit data ® Qutput control
output (data See “CSIHTSSO Operation for Slave Mode”, in Section 17,
integrity Clocked Serial Interface H (CSIH).
verification) ® |nput control
When the CSIHNCTL1.DCS bit is set to enable checking the
consistency of data through CSIH, enabling the input buffer for the
pin leads to the actual output level of the pin being looped back
within the device.
CSIHNTSCK 110 Serial clock When the setting of SCIHNCTL2 is for CSIH operation in slave mode,
input/output this pin is an input. When the setting is for master mode, it is an
output.
CSIHNTRY 1/0 Handshake signal ~ When the setting of CSIHNCTL2 is for CSIH operation in slave mode,
input/output this pin is an output. When the setting is for master mode, it is an
input.
ATU-V TIOCnO to TIOCn3  1/O Input capture trigger This pin is an output when ATU-V timer C is set to a compare-match
timer C input, output operation by the TIOCx register.
compare output This pin is an input when the setting is for an input capture operation.
HSSPIn HSSPIn_TXD (0] Transmit data For details of output control and input control, see “Control of the HS-
output SPI Pins”, in Section 26, High Speed Serial Peripheral Interface
HSSPIn_CLK IO  Serial clock (HS-SPI).
input/output
HSSPIn_SSLI Slave selection
input signal
HSSPIn_SSL (0] Slave selection
output signal
Ethernet  MDIO 110 PHY chip set I/F Input through the pin is enabled when the ETNCnPIR.MMD and
data input/output. ETNCnPIR.MDI bits are enabled.
Output through the pin is enabled when the ETNCnPIR.MMD and
ETNCnPIR.MDO bits are enabled.
Note: n indicates the number of a given peripheral module.
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2453 Register Setting When Using an Analog Input Pin

It is not necessary to set a port register to select a pin function since ANxxx (SAR-A/D), DSANxxxP, DSANxxxN (DS-
A/D), CANxxxP and CANxxxN (Cyclic-A/D) for an analog input are always connected to the A/D converter.

However, some analog input ports are multiplexed with general input ports, so to use the ports as analog input ports, set
PMCn_m = 0"! and PIBCn_m = 0 (the value after reset of the port register). This prevents shoot-through current from
the input buffer on the digital side during an analog voltage input. The relevant pins of this product are port groups

P40 m.

Note 1. Some pins may not be equipped with a PMC40_m bit. For further details, see Section 2.5, Organization of
Port Groups.
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2454 Register Setting to Use the LVDS Buffer

When the LVDS buffer is to be used, set the LVDSCTRL[A,B,C] register to enable input/output. Also, set whether the
supply voltage of LVDS buffer is 3V or 5V.

CAUTION

Input/output to/from the LVDS buffer actually being enabled/disabled takes at least 10 us after setting
LVDSCTRL[A,B,C].The following pins have LVDS buffer and also port functions, but these cannot be used at the same
time. Be sure to set value after reset to each registers*! as initialization in case LVDS buffer is used. In LVDS input
mode, PFCn.PFCn_m, PFCEn.PFCEn_m and PMCn.PMCn_m can be set after IE bit of LVDSCTRL[A, B] is set. In
LVDS output mode, PFCn.PFCn_m, PFCEn.PFCEn_m and PMCn.PMCn_m can be set before OE bit of LVDSCTRL[A,
B, C] is set. And PMn.PMn_m and PSFSCn.PSFSCn_m can be set after OE bit of LVDSCTRL[A, B, C] is set. Refer to
Section 2.4.5.5, Setting Flow of LVDS function for more detail.

Note 1. Set PIBCn.PIBCn_m =0, PBDCn.PBDCn_m = 0, PMn.PMn_m = 1, PMCn.PMCn_m = 0, PIPCn, PIPCn_m =0,
PFCn.PFCn_m =0, PFCEn_PFCEn_m = 0, PFCAEn.PFCAEn_m = 0, PFCEAENn.PFCEAENn_m = 0, PDn.PDn_m = 0,
PUn.PUn_m = 0, PSFSCn.PSFSCn_m = 0, PSFSDn.PSFSDn_m = 0, PSFSOENn.PSFSOEn_m = 0.

The LVDS setting registers are shown in the following table.

Table 2.46 LVDS Enable Register

E2x-FCC1 E2M
BGA BGA BGA BGA
Port Register Power Pin Name Related Function 373 292 373 292
Register Bit Domain IIF (A pair of Pch, Nch) 110 Control*! (A pair of Pch, Nch) (E2M)
LVDS 3] LVDVCC |IEEE |P21_5, ouT |OE HSIFO_TXDP, v v v v
CTRLA P21_4 HSIFO_TXDN
[0] P21_3, IN IE HSIFO_RXDP, v v v v
[16] P212 IN VSEL HSIFO_RXDN v v v v
LVDS 5] EOVCC ANSI  [P13_1, OouT |OE RHSBOFCLP, v v v v
CTRLB P13_0 RHSBOFCLN
ouT |OE HSSPIO_CLKP, v v v v
HSSPIO_CLKN
[4] IN IE HSSPIO_CLKP, v v v v
HSSPIO_CLKN
[3] P13_3, OouT  |OE RHSBOSOP, v v v v
P13_2 RHSBOSON
ouT |OE HSSPIO_TXDP, v v v v
HSSPIO_TXDN
[0] P14_4, IN IE HSSPI0O_RXDP, v v v v
P14_5 HSSPI0O_RXDN
LVDS [3] EOVCC ANSI P10_2, ouT OE RHSB1SOP, v v v v
CTRLC P10_3 RHSB1SON
1 P10_0, OouT  |OE RHSB1FCLP, v v v v
P10_1 RHSB1FCLN
Note 1. OE: Output Enable, IE: Input Enable. VSEL: Supply Voltage Select.
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2455 Setting Flow of LVDS function

The following shows the flow to use LVDS function.

START

Disable register protection of | . . .
PKCPROT and PWE. —-[ Register protection disable

The target register is described in
CAUTION of section 2.4.5.4 Register

Set value after reset to each register.
| Port initialization |
Setting in use of the LVDS buffer.

In Output mode

Input or Output ?

In Input mode

Setting of LVDSCTRLn to Setting of PFCn.PFCn_m, o
select LVDS input voltage Setting of PFCEn.PFCEn_m Port configuration:
| Set each appropriate
value to these bits

LVDS configuration I
Setting of LVDSCTRLn to Setting of PMCn.PMCn_m = 1
enable LVDS input function [

| Setting of LVDSCTRLN to LVDS configuration

Setting of PFCn.PFCn_m enable LVDS output function

Port configuration: Setting of PFCEn.PFCEn_m T
Set each appropriate | - -
value to these bits | Setting of PMn.PMn_m =0 |

| Setting of PMCn.PMCn_m =1 |

. ' Port Safe
| Setting of PSFSCn.PSFSCn_m |} State

< — Configuration
Enable register protection of | ) ) |
PKCPROT and PWE. Register protection enable
END

Figure 2.7 LVDS Configuration Flow
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2.4.5.6 Selecton of Function for JTAG Port

To enable connection of multiple tools to the JTAG port, the operation mode can be defined by a combination of mode
pin and option byte settings. For details, see Section 45, Debugging and Calibration.

2457 Setting of the ERROROUT_C loopback

When the pin level of ERROROUT _C is confirmed by ECM Checker Error Source Status register, set PBDCn_m =1 to
enable the alternative output level loopback function.

See Section 2.4.2.2(1), PBDCn/JPBDCO — Port Bidirectional Control Register for details.
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2.5 Organization of Port Groups

2.51 List of Port Functions

For detailed information on the control registers, refer to Appendix “E02-02_List of Port Functions.xlsx”.

In the bitmap field, “ x” means an effective bit and “—” means a reserved bit. Reserved areas are always read as the
values after reset. The write value also should be the value after reset. The registers of unimplemented pins should not
be modified after reset.

2.5.2 List of Alternative Functions

For detailed information on the alternative functions of each pin, refer to Appendix “E02-01_List of Alternative
Functions.xlsx”.

In the file, “—” means a reserved function, and this function should not be selected. The functions of unimplemented
ports cannot be selected and the registers of these unimplemented pins should not be modified after reset.
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2.6 Functions

2.6.1 Digital Noise Filter

The Digital Noise Filter (DNF) eliminates digital noise from external input signals. This product includes two types of
DNF: a peripheral function DNF and an edge detection DNF.

2.6.1.1 Example of Noise Elimination

Figure 2.8 Timing Chart of Digital Noise Elimination shows an example of noise elimination using a peripheral
function DNF and an edge detection DNF. In this example, the sampling clock is set to 1/2 of the DNF input clock, the
sampling count is set to two(twice), and the current output level is set to low level. “0” in the figure means that high
level is detected.

In input examples 1, 2, and 3, the output level changes from low to high because the same level is detected twice in a
row through sampling. In input examples 4, 5, and 6, on the other hand, the same level is not detected twice
consecutively. Therefore, these inputs are regarded as noise and the input signal state is eliminated.

onewacess [ || L[ 1L LT ovemocenc[ [ L] L] LT L

Sampling clock

Sampling clock

Input example 1 | l Input example 4
O - ‘
A Ny

Input example 2 ’)_l_ Input example 5

—0 —0

Input example 3 Input example 6

Output Output

Figure 2.8 Timing Chart of Digital Noise Elimination
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2.6.1.2 Peripheral Function DNF
(1) Function Overview

This DNF eliminates noise from the input pins for peripheral functions.
The peripheral function DNF has the following functions:
¢ Eliminates digital noise from input signals and outputs noiseless signals.
¢ Selects whether to output signals from which digital noise is eliminated or signals containing digital noise.
e Sclects the digital noise elimination width from 2, 3, 4, and 5 counts of the sampling clock.
¢ Selects from the five types of sampling frequency shown below:
1/1, 1/2, 1/4, 1/8, and 1/16 of the DNF input clock.
¢ The conditions for noise elimination can be set by each channel via registers.
® The DNF input clock of DNF group number 0, 2 and 3 is a low-speed peripheral clock.
e The DNF input clock of DNF group number 1 is a high-speed peripheral clock.

(2) DNF Register Base Addresses
The following table shows base addresses of DNF.

Table 2.47 Base Addresses of Peripheral Function DNF

Base Address Name Base Address Bus Group

<DNF0_Base> FFC3 00004 Peripheral Group 6
<DNF1_Base> FFC3 00404 Peripheral Group 6
<DNF2_Base> FFC3 00804 Peripheral Group 6
<DNF3_Base> FFC3 00COy Peripheral Group 6

(3) DNF Clock Supplies
The peripheral function DNF clock supplies are shown in the following table.

Table 2.48 Clock Supplies of Peripheral Function DNF

Unit Name Unit Clock Name Supply Clock Name
DNFO PCLK CLK_LSB
DNF1 PCLK CLK_HSB
DNF2 PCLK CLK_LSB
DNF3 PCLK CLK_LSB
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(4) DNF Reset Sources

The peripheral function DNF reset sources are shown below.

The peripheral function DNF is initialized by the following reset sources.

Table 2.49 Reset Sources of Peripheral Function DNF

Reset Condition
Power Up System System Application

Unit Name Register Name Reset Reset 1 Reset 2 Reset Module Reset | JTAG Reset
DNFO All registers v v v v — —

DNF1 All registers v v v v — —

DNF2 All registers v v v v — —

DNF3 All registers v v v v — —

(5) List of Peripheral Function DNF Registers
Table 2.50 List of Registers

Value Access

Module Name Register Name Symbol Address after reset Access Protection
DNFn DNF Control Register DNFP0O1nCTLm <DNFn_base> + 04y x m 004 8 —

Note: n: DNF group number, m: channel number
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(6) DNFPO1nCTLm — DNF Control Register

This register sets conditions for noise elimination of channel number m in DNF group number n.

Value after reset:  00n

Bit 7 6 5 4 3 2 1 0
NFEN SLST[1:0] — — PRS|[2:0]
Value after reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R R R/W R/W R/W

Table 2.51 DNFPO1nCTLm Register Contents

Bit Position Bit Name Function

7 NFEN This bit enables/disables digital noise elimination.
0: Digital noise is not eliminated.
1: Digital noise is eliminated.

6,5 SLST[1:0] These bits specify the sampling count for digital noise elimination.
00: Sampling count = 2
01: Sampling count = 3
10: Sampling count = 4
11: Sampling count = 5
4,3 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.

2t00 PRSJ[2:0] These bits specify the sampling clock division ratio for digital noise elimination.
000: DNF input clock/1
001: DNF input clock/2
010: DNF input clock/4
011: DNF input clock/8
100: DNF input clock/16
Other than the above: Setting is prohibited.
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(7) Setting Flow of Peripheral Function DNF

The following shows the procedures to set the peripheral function DNF.

( START >

| Register protection disable |

Set each value after reset to the bits { | |

PKCPROT and PWE.

} Disable register protection of

(in port input mode; under the condition Port initialization
that the input buffer is stopped). |

Setting of

DNFP01nCTLmM.PRS ) ) . 3
DNFPO1nCTLM.SLST (A) DNF filter configuration.

DNFPO1nCTLmM.NFEN

Port configuration. Setting of register according to
Set each adequate value to the bits. user's requirement

Port Safe State Configuration { | Setting of Port Safe State mode|

Enable register protection of : -
PKCPROT and PWE. | Register protection enable |

| Wait for the specific time | The time between (A) and (B) is
required time for filter activation. *

Start to use peripheral function

function in the destination to which
| DNF is connected.

} (B) Enable an operation of a peripheral

Clear the flag of peripheral
function, and the like **

END

Note 1. Wait for the specific time between (A) and (B): sampling clock period x number of samples + DNF input clock period x 2

Note 2.  If the input level to a pin varies during (A) and (B), an unexpected signal may be input to the peripheral function. Therefore,
the corresponding flag at the peripheral function side or the like should be cleared after (B).

Note 3.  Clear the NFEN bit in the DNFPO1nCTLm register, and then proceed the setting again in the order from steps (A) or later, if
the setting is to be changed while the peripheral function DNF is operating.

Note: In case NFEN bitin DNFO10CTLS8 is set, there is a possibility that ECMmMESSTRn for ERRORIN is set.

Therefore please set ECMEMKn for ERRORIN before (A) and clear ECMESSTCn for ERRORIN after (B).

Then please clear ECMEMKn if needed.
About ECMmMESSTRn, ECMEMKn and ECMESSTCn, refer to Section 39, Error Control Module (ECM)

Figure 2.9 Peripheral Function DNF Setting Flow
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(8) List of Pins on Which a DNF Is Inserted
The following table shows the pins on which a DNF is inserted.

Table 2.52 Pins on Which DNF is Inserted

DNF DNF Insertion Target Pin E2x-FCCA1 E2M
Channel BGA
DNF Number Peripheral BGA | 292 BGA | BGA
Group | (m) Pin Name Pin Function Function 373 (E2M) | 373 292
DNFO |0 IRQO External interrupt input INTC v v v 4
1 IRQ1 External interrupt input INTC v v v 4
2 IRQ2 External interrupt input INTC 4 v 4 4
3 IRQ3 External interrupt input INTC v v v 4
4 IRQ4 External interrupt input INTC 4 v v 4
5 IRQ5 External interrupt input INTC v v v 4
6 IRQ6 External interrupt input INTC v 4 4 4
7 IRQ7 External interrupt input INTC 4 v v 4
8 "ERRORIN' Error input ECM v v 4 4
DNF1 |0 ADTRGO SAR-AD conversion startup trigger input SAR-ADO v v v v
1 ADTRG1 SAR-AD conversion startup trigger input SAR-AD1 v — v —
2 ADTRG2 SAR-AD conversion startup trigger input SAR-AD2 v v v v
3 ADTRG3 SAR-AD conversion startup trigger input SAR-AD3 v — v —
4 RHSBOEMRG Emergency signal input RHSBO v v v v
5 RHSB1EMRG Emergency signal input RHSB1 v v v v
8 ENCAOEO ENCA ch0 EO input ENCA v v v v
9 ENCAOE1 ENCA ch0 E1 input ENCA v v v v
10 ENCAOEC ENCA ch0 EC input ENCA v v v v
11 ENCA1EO ENCA ch1 EO input ENCA v v v v
12 ENCA1E1 ENCA ch1 E1 input ENCA v v v v
13 ENCA1EC ENCA ch1 EC input ENCA v v v v
DNF2 |0 RSENTORX RSENTO receive data input RSENTO v v v v
1 RSENT1RX RSENT1 receive data input RSENT1 v v v v
2 RSENT2RX RSENT2 receive data input RSENT2 v v 4 4
3 RSENT3RX RSENTS3 receive data input RSENT3 v v v v
4 RSENT4RX RSENT4 receive data input RSENT4 v v v v
5 RSENT5RX RSENTS5 receive data input RSENT5 v v 4 4
6 RSENT6RX RSENTS® receive data input RSENT6 v v v v
7 RSENT7RX RSENTY receive data input RSENT7 v v 4 4
DNF3 |0 RSENT8RX RSENTS receive data input RSENT8 v v v v
1 RSENT9RX RSENT9 receive data input RSENT9 4 v v v
2 RSENT10RX RSENT10 receive data input RSENT10 v v 4 v
3 RSENT11RX RSENT11 receive data input RSENT11 v v v v
4 RSENT12RX RSENT12 receive data input RSENT12 v v 4 v
5 RSENT13RX RSENT13 receive data input RSENT13 |V v v v
6 RSENT14RX RSENT14 receive data input RSENT14 v v 4 v
7 RSENT15RX RSENT15 receive data input RSENT15 |V v v v
8 RSENT16RX RSENT16 receive data input RSENT16 |V v v v
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2.6.1.3 Edge Detection DNF

(1) Function Overview

This DNF detects the valid edge of a pin input signal. The signals to be used for edge detection can be selected either

before or after noise elimination.

The edge detection DNF has the following functions:

¢ Eliminates digital noise from input signals and outputs noiseless signals.

e Selects whether to output signals from which digital noise is eliminated or signals containing digital noise.

¢ Selects the digital noise elimination width from 2, 3, 4, and 5 counts of the sampling clock.

e Selects from the five types of sampling frequency shown below: 1/1, 1/2, 1/4, 1/8, and 1/16 of the DNF input clock.

¢ The conditions for noise elimination can be set for all channels collectively by a register.

e The DNF input clock is a low-speed peripheral clock.

(2) Edge Detection DNF Register Base Addresses

The following table shows the base addresses of the edge detection DNF. “n” indicates the number of the DNF group.

Table 2.53 Base Addresses of Edge Detection DNF
E2x-FCC1 E2M
BGA292
Base Address Name Base Address Bus Group BGA373 | (E2M) BGA373 | BGA292
<EDCO00_Base> FFC3 10004 Peripheral Group 6 v v v v
<EDCO01_Base> FFC3 11004 Peripheral Group 6 v v v v
<EDCO02_Base> FFC3 12004 Peripheral Group 6 v v v v
<EDC10_Base> FFC3 1A004 Peripheral Group 6 v v 4 4
<EDC11_Base> FFC3 1B00y Peripheral Group 6 v v 4 v
<EDC12_Base> FFC3 1C004 Peripheral Group 6 v 4 v 4
<EDC13_Base> FFC3 1D00y Peripheral Group 6 v v v 4
<EDC14_Base> FFC3 1E004 Peripheral Group 6 v v 4 4
<EDC15_Base> FFC3 1F004 Peripheral Group 6 v v v v
<EDC20_Base> FFC3 24004 Peripheral Group 6 v v v v
<EDC21_Base> FFC3 25004 Peripheral Group 6 v v v v
<EDC22_Base> FFC3 26004 Peripheral Group 6 v v v v
<EDC23 Base> FFC3 27004 Peripheral Group 6 v v v v
<EDC24_Base> FFC3 28004 Peripheral Group 6 v — 4 —
<EDC25 Base> FFC3 29004 Peripheral Group 6 v — v —
<EDC27_Base> FFC3 2B00y Peripheral Group 6 v v 4 4
<EDC30_Base> FFC3 2E004 Peripheral Group 6 v — v —
<EDC32_Base> FFC3 30004 Peripheral Group 6 v v v v
<EDC33_Base> FFC3 31004 Peripheral Group 6 v v v v
<EDC34 Base> FFC3 32004 Peripheral Group 6 v v v v
<EDC40_Base> FFC3 38004 Peripheral Group 6 v v v v
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(3) DNF Clock Supplies
The edge detection DNF clock supplies are shown in the following table.

Table 2.54 Clock Supplies of Edge Detection DNF

E2x-FCC1 E2M
BGA292
Unit Name Unit Clock Name Supply Clock Name BGA373 (E2M) BGA373 BGA292
EDCO00 PCLK CLK_LSB 4 v v v
EDCO1 PCLK CLK_LSB v v v v
EDCO02 PCLK CLK_LSB 4 v v v
EDC10 PCLK CLK_LSB v v v v
EDC11 PCLK CLK_LSB 4 v v v
EDC12 PCLK CLK_LSB 4 v v v
EDC13 PCLK CLK_LSB v v v v
EDC14 PCLK CLK_LSB 4 v v v
EDC15 PCLK CLK_LSB v v v v
EDC20 PCLK CLK_LSB 4 v v v
EDC21 PCLK CLK_LSB v v v v
EDC22 PCLK CLK_LSB v v v v
EDC23 PCLK CLK_LSB 4 v v v
EDC24 PCLK CLK_LSB v — v —
EDC25 PCLK CLK_LSB v — v -
EDC27 PCLK CLK_LSB v v v v
EDC30 PCLK CLK_LSB v — v -
EDC32 PCLK CLK_LSB 4 v v v
EDC33 PCLK CLK_LSB v v v v
EDC34 PCLK CLK_LSB 4 v v v
EDC40 PCLK CLK_LSB v v v v
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(4) DNF Reset Sources

The edge detection DNF reset sources are shown below.

The edge detection DNF is initialized by the following reset sources.

Table 2.55 Reset Sources of Edge Detection DNF

Reset Condition E2x-FCC1 E2M
Power
Unit Register Up System | System | Application |Module |JTAG BGA292
Name Name Reset Reset 1 | Reset 2 | Reset reset reset BGA373 | (E2M) BGA373 | BGA292
EDCO00 All registers v v v v — — v v v v
EDCO01 All registers v v v v — — v v v v
EDCO02 All registers | v v v v — — v v v v
EDC10 All registers v v v v — — v v v v
EDC11 All registers | v v v v — — v v v v
EDC12 All registers v v v v — — v v v v
EDC13 All registers | v v v 4 — — v v v v
EDC14 All registers v v 4 v — — v v v v
EDC15 All registers v v v v — — v v v v
EDC20 All registers | v v v 4 — — v v v v
EDC21 All registers v v v v — — v v v v
EDC22 All registers | v v v 4 — — v v v v
EDC23 All registers v v v v — — v v v v
EDC24 All registers 4 v v v — — v — v —
EDC25 All registers | v/ v v v — — v — v —
EDC27 All registers v v v v — — v v v v
EDC30 All registers | v/ v v v — — v — v —
EDC32 All registers v v v v — — v v v v
EDC33 All registers | v v v 4 — — v v v v
EDC34 All registers | v v v v — — v v v v
EDC40 All registers v 4 v 4 — — v v v v
(5) List of Edge Detection DNF Registers
Table 2.56 List of Registers
Value
after Access

Module Name | Register Name Symbol Address reset Access | Protection
EDCn DNF Control Register DNFP02nCTL <EDCn_base> + 004 00x 8 —

Edge detection control Register | DNFPO2nEDCm | <EDCn_base> + 04y + 084 x m | 00y 8 —

Edge detection Flag Register DNFP0O2nEDFm | <EDCn_base> + 084 + 084 x m | 004 8 —
Note: n: DNF group number, m: channel number
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(6) DNFP02nCTL — DNF Control Register

This register sets noise elimination conditions which are commonly used for all channels in DNF group number n.

Value after reset:  00n

Bit 7 6 5 4 3 2 1 0
— SLST[1:0] — — PRS|[2:0]
Value after reset 0 0 0 0 0 0 0 0
R/W R R/W R/W R R R/W R/W R/W

Table 2.57 DNFPO02nCTL Register Contents

Bit Position Bit Name Function

7 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.

6,5 SLST[1:0] These bits specify the sampling count for digital noise elimination.
00: Sampling count = 2
01: Sampling count = 3
10: Sampling count = 4
11: Sampling count = 5
4,3 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.

2t00 PRSJ[2:0] These bits specify the sampling clock division ratio for digital noise elimination.
000: DNF input clock/1
001: DNF input clock/2
010: DNF input clock/4
011: DNF input clock/8
100: DNF input clock/16
Other than the above: Setting is prohibited.
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(7) DNFP02nEDCm — Edge Detection Control Register

This register controls edge detection of channel number m in DNF group number n.

Value after reset:  00n

Bit 7 6 5 4 3 2 1 0

NFEN — — DMD[1:0] — — —

Value after reset 0 0 0 0 0 0 0 0
R/W R/W R R R/W R/W R R R

Table 2.58 DNFP02nEDCm Register Contents

Bit Position Bit Name Function

7 NFEN This bit enables/disables digital noise elimination.
0: Edge is detected for signals containing digital noise.
1: Edge is detected for signals from which digital noise is eliminated

6,5 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.

4,3 DMD[1:0] This bit enables/disables edge detection and sets edge to be detected
00: Edge detection is disabled.
01: Rising edge is detected.
10: Falling edge is detected.
11: Both edges are detected.

2to0 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.
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(8) DNFP02nEDFm — Edge Detection Flag Register

This register has an edge detection flag and a flag clear bit of channel number m in DNF group number n.

Value after reset:  00n

Bit 7 6 5 4 3 2 1 0
EDF — — — — — — CLED

Value after reset 0 0 0 0 0 0 0 0
R/W R R R R R R R R/W

Table 2.59 DNFP0O2nEDFm Register Contents

Bit Position Bit Name Function

7 EDF This bit holds a result of edge detection based on the edge detection setting for channel
number m. This bit is cleared by writing 1 to the CLED bit and continues to hold 1 unless it is
cleared. Its state does not change while 1 is held, even if an edge is detected.

0: Valid edge has not been detected.
1: Valid edge has been detected.

6to1 — Reserved
When read, the value after reset is returned. When writing, write the value after reset.

0 CLED Writing 1 to this bit clears the status flag of EDF, bit 7. In case of contention between the
writing of 1 and a setting source of bit 7, EDF clearing takes priority. Even writing 0 cannot
change the state. The read value is always 0.
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(9) Setting Flow of Edge Detection DNF

The following shows the procedures to set edge detection DNF.

{ START )

| Register protection disable

PKCPROT and PWE.
Set each value after reset to the bits { |

| } Disable register protection of

(in port input mode; under the condition Port initialization |
that the input buffer is stopped). |

Setting of
DNFP02nCTL.PRS

DNFP02nCTL.SLST
n | (A) DNF filter configuration. **

Setting of
DNFP02nEDCm.NFEN

Setting of port register
to general input port mode.

Port configuration.
Set each adequate value to the bits.

| Register protection enable |

| Wait for the specific time |

Setting of
DNFP02nEDCm.DMD

Setting of
DNFPO2nEDFm.CLED

Enable register protection of
PKCPROT and PWE.

Port Safe State Configuration { Setting of Port Safe State mode

The time between (A) and (B) is
required time for filter activation. *1

(B) Enable edge detection.

Clear the edge detection flag. *?

s e

END

Note 1. Wait for the specific time between (A) and (B): sampling clock period x number of samples + DNF input clock period x 2

Note 2.  If the input level to a pin varies during (A) and (B), an unexpected signal may be input to the peripheral function. Therefore,
the corresponding flag at edge detection DNF side or the like should be cleared after (B).

Note 3.  Set DMD[1:0] bits to 004 in the DNFPO2nEDCm register, and then proceed the setting again in the order from steps (A) or
later, if the setting is to be changed while edge detection DNF is under the operation.

Figure 2.10 Edge Detection DNF Setting Flow
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(10) List of Pins on Which an Edge Detection DNF Is Inserted
All port groups are the targets of edge detection DNF insertion. For details, see the following tables.

Table 2.60 DNF Insertion Target Pins (1/5)

E2x-FCC1 E2M

Edge Detection DNF Channel BGA292
DNF Group Number m Pin Name BGA373 (E2M) BGA373 BGA292

EDCO0 0 P00_0 v
POO0_1
P00_2
P00_3
P00_4
P00_5
P00_6
P00_7
P00_8
P00_9
P00_10
PO0_11
PO1_3
PO1_4
P01 5
PO1_6
PO1_7
P02 0
P02_1
P02 2
P02 3
P02_4
P02 5
P02_6
P02 7
P02_8
P02 9
P02_10
P02 11
P10_0
P10_1
P10_2
P10_3
P10_4
P10_5
P10_6
P10_7
P10_8
P10_9
P10_10

NIENEN ENEN RN RN
NI AR AR

O | o |N|OoO[fa|(dh|W|IN|—~

=
o

-

EDCO1

EDCO02

| |N|ojfa|dh|W|IN||lON|/O|JO | |W|=

-
o

=N

EDC10

NIEN EN RN RN EN RN RN RN RN RN RN RN RN RN RN RN RN RN RN RN RN RN RN RN RN
NIEN RN RN AN AN AN RN AN N N AN AN AN EN AN AN EN EN AN EN RN EN AN ENEN

OO |N|ofa|(h|[W|IN|~|O|=-

NIEN EN\EN RN EN BN EN BN RN EN EN EN BN EN BN EN BN EN EN BN EN BN BN EN EN EN BN EN BN BN EN EN EN BN EN BN RN RN RN
NIEN EN RN RN RN RN RN RN RN RN RNL RNL RN RN RN RNV RN IRNL IRNE RNL RNL RN RNV RNV RNV IRNL RN RNV RN RNV RN RNV RN RNV RN RN RNV IRNE RN

-
o

RO1UHO0641EJ0130 Rev.1.30 RENESAS Page 181 of 4595
Dec 26, 2019



RH850/E2x-FCCA1 Section 2 Pin Function

Table 2.60 DNF Insertion Target Pins (2/5)

E2x-FCC1 E2M

Edge Detection DNF Channel BGA292
DNF Group Number m Pin Name BGA373 (E2M) BGA373 BGA292

EDC10 11 P10_11
12 P10_12
13 P10_13
P10_14
P11.0
P11_1
P11_2
P11_3
P11.4
P11.5
P11_6
P11_7
P11._8
P11.9
P11_10
P12.0
P12_1
P12 2
P12 3
P12 4
P12.5
P12 6
P12 7
P12 8
P12.9
P13 0
P13 1
P13 2
P13_3
P13 4
P13 5
P13 6
P13 7
P13 8
P13.9
P13_10
P13 11
P13_12
P13_13
P13_14
P14.0
P14 1
2 P14 2

-
N

EDC11

©O|lo|IN|oOo|ga|d|[WIN|~|O

-
o

EDC12

SCOjlo|o|N|oja|ldh|[lwWw|INMN|-~|O

EDC13

N

NIEN EN RN RN RN RN RN RN RN EN RN RN BN EN RN EN RN EN RN RN RN RN RNV RN
NIEN ENEN ENEN ENEN ENEN ENEN ENEN ENEN ENEN ENEN BN ENEN EN BN

S22 lO |0 |N|oO|a|dMlW|IN

- [ O

-
N

-
w

-
N

EDC14

o

N

NIENENEN ENEN ENEN EN EN ENEN EN EN EN BN EN EN EN BN EN EN EN BN EN EN EN BN EN EN EN BN EN BN EN BN EN BN EN BN RN RN RN
NENEN RN RN RN RN RN RN RN RN RN RN RNV RNL RN RN RN IRNL RN RNL RN RNL RN RNL RN RN RN RNL RNL IRNL RNY RNL RNV RNL RN IRNE RN IRNL RN IRNEIRNL RN

ANEERENE RN
SN S
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Table 2.60 DNF Insertion Target Pins (3/5)

E2x-FCC1 E2M

Edge Detection DNF Channel BGA292
DNF Group Number m Pin Name BGA373 (E2M) BGA373 BGA292

EDC14 3 P14 3 v v
4 P14 4
5 P14 5
6 P14 6
7 P14 7
8

9

4 v
4 v
v v
v v

P14 8
P14.9
10 P14_10
11 P14_11
12 P14 12
EDC15 0 P15 0
P15_1
P15 2
P15 3
P15_4
P15 5
P15 6
P15 7
P15_8
P20 0
P20_1
P20_2
P20_3
P20_4
P20_5
P20_6
P20_7
P21 2
P21 3
P21 4
P21 5
P22 0
P22 1
P22 2
P22 3
P22 4
P22 5
P22 6
P22 7
P22 8
P22 9
P22_10
P22 11

EDC20

EDC21

EDC22

NIENEN RN EN EN EN RN EN BN EN EN ENEN EN BN EN ENEN ENEN EN BN EN BN BN BN ENEN EN EN EN EN BN EN BN RN RN RN RN RN RN RN
NIEN'EN RN RN RN RN RN RN RN RNV RN RNV RNL RNV RNV RNV RNV RNV RN RN RN RN RNV RN RNV RN RNV RN RNV RN RNV RN RN RNV RN RNV RN RNV RN RNV RN RN

_A 2O | (N|O|OA|M | WIN|~|OjlO|dM|lWOIdNINO|O|(DM|[WOWIN|~|O|O®IN|O|O|D[W|IN|—~
NIENEN RN RN RN RN RN RN RN RN RN RN RN ENL RN RN RN RN RN RN RN RN RN RN RN RN RN RN RN RN RNLRN
NN RN N RN N RN N RN AN RN AN AN AN AN AN AN AN EN AN EN AN AN AN AN AN EN RN EN EN ENENEN

- [ O
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Table 2.60 DNF Insertion Target Pins (4/5)

E2x-FCCA1 E2M
Edge Detection DNF Channel BGA292
DNF Group Number m Pin Name BGA373 (E2M) BGA373 BGA292
EDC22 12 P22_12 v v v v
13 P22_13 4 v v v
EDC23 0 P23_0 v v v v
1 P23_1 v v v v
2 P23_2 v v v v
3 P23_3 v v v v
4 P23_4 v v v v
5 P23_5 v v v v
6 P23_6 4 v v v
7 P23_7 v v v v
EDC24 0 P24_0 v — v —
1 P24_1 v — v —
2 P24_2 v — v —
3 P24_3 v — v —
4 P24_4 v — v —
5 P24 5 v — v —
6 P24_6 v — v —
7 P24_7 v — v —
8 P24_8 v — v —
9 P24_9 v — v —
10 P24_10 v — v —
11 P24_11 v — v —
12 P24_12 v — v —
13 P24 13 v — v —
14 P24_14 v — v —
15 P24_15 v — v —
EDC25 0 P25_0 v — v —
1 P25_1 v — v —
2 P25_2 v — v —
3 P25_3 v — v —
4 P25_4 v — v —
5 P25_5 v — v —
6 P25_6 v — v —
EDC27 0 P27_0 v v v v
EDC30 0 P30_0 v — v —
1 P30_1 v — v —
2 P30_2 v — v —
3 P30_3 v — v —
EDC32 0 P32_0 v v v v
1 P32_1 v v v v
2 P32_2 v v v v
3 P32_3 4 v v v
4 P32_4 v v v v
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Table 2.60 DNF Insertion Target Pins (5/5)

E2x-FCCA1 E2M
Edge Detection DNF Channel BGA292
DNF Group Number m Pin Name BGA373 (E2M) BGA373 BGA292
EDC32 5 P32_5 v v v v
6 P32_6 v v v v
EDC33 0 P33_0 v v v v
1 P33_1 v v v v
2 P33_2 v v v v
3 P33_3 v v v v
4 P33_4 v v v v
5 P33_5 v v v v
6 P33_6 v v v v
7 P33_7 v v v v
8 P33_8 4 v v v
9 P33_9 v v v v
10 P33_10 v v v v
11 P33_11 v v v v
12 P33_12 4 v v v
13 P33_13 v v v v
EDC34 0 P34_0 v v v v
1 P34_1 v v v v
2 P34_2 4 v v v
3 P34_3 v v v v
4 P34_4 v v v v
EDC40 0 P40_0 v v v v
1 P40_1 4 v v v
2 P40_2 v v v v
3 P40_3 v v v v
4 P40_4 v v v 4
5 P40_5 4 v v v
6 P40_6 v v v v
7 P40_7 v v v v
8 P40_8 v v v v
9 P40_9 v v v v
10 P40_10 v v v v
11 P40_11 v v v v
12 P40_12 v v v v
13 P40_13 v v v v
14 P40_14 v v v v
15 P40_15 v v v v
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2.6.2 Port Safe State Mode

All Port Groups have a Port Safe State Function implemented. Each of these Port Groups has its own Port safe state
enable bit that is located in the PSFSCn_m register. When Port safe state trigger signal named ERROROUTZ controlled
by the Error Control Module becomes active, the port behavior is changed to the following states.

® Case of PSFSCn_m =0

The output control still remains. (Port mode or alternative control mode.)

e Case of PSFSCn_ m =1

The output control is changed to Port Safe State mode. The Port register (Pn_m) is disconnected and switched to the
Port Safe State Data register (PSFSDn_m), and the Port mode register (PMn_m) is switched to the Port Safe State
Output Enable register (PSFSOEn_m) which takes over output enable control.

NOTES

1.
2.
3.

Do not set PSFSOENn_m = 1 if the target port is used in input mode.
Do not set PSFSOEn_m =1 and PSFSDn_m = 1 if the target port is used in LVDS output mode.

The source of Port safe state trigger signal is an error output signal named ERROROUTZ in the Error Control
Module (ECM). It can be controlled by the ECMmESET and ECMmECLR registers. Port safe state mode must be
set after the error signal is cleared by the ECMmECLR register. For details, refer to Section 39.3.3, ECMmECLR —
ECM Master/Checker Error Clear Trigger Register (m = M/C).

When the Port safe state function is enabled for dynamically toggled pins such as the serial communication, these
pins may output unexpected signals as normal communication because the state of target pins is fixed as soon as
the error has been detected. But in that case, this function can block abnormal output signals immediately by fixing
these ports to Port safe state.

In case output level is set to High or Low by using the Port safe state function, the number of pins which can be
applied to this function is restricted to 5 pins or less in each group.

(PSFSCn.PSFSCn_m =1 and PSFSOEn.PSFSOEn_m = 1)
On the other hand, the number of these pins is not restricted if output level is set to Hi-z.
(PSFSCn.PSFSCn_m =1 and PSFSOEn.PSFSOEn_m = 0)

For each pin group, refer to Note 3 of Section 1.2.6 Output Voltage Characteristics in RH850/E2x-FCC1 Electrical
Characteristics, User’s Manual: Hardware.
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2.6.2.1 Block Diagram

The following figure shows an overview of the Port Safe State Function.

ECM Port 10
ERRORIN |« < | 4| Pn_m ,
Mux logic RN (multiplexed ERRORIN) *
ERROROUT output @ >_.® ERROROUT_M
. \ N n_m -
ERROROUTZ signal = > . (multiplexed ERROROUT _C)
PSFSCn_m
Mux logic
| PMn_m
[PSFSOEn_m } 1
Mux logic
0 P S
- & (1) (exclude used as ERRORIN)
PSFSDn_m ) m“

Note 1. When the Option Byte PFC_RESO_CFG = 1 only. (See Section 2.6.8, RES_OUT Function for details.)

Note 2. The ERRORIN function which is an alternative mode is one of the source of the Port safe state trigger. When a low level is
input from m, the ERROROUTZ signal in ECM is active (output goes low) immediately. Please enable DNF by
DNFP010CTLS8 for noise elimination if ERRORIN function is used. There is a possibility that ECMmMESSTRn for
"ERRORIN s set. Therefore please set ECMEMKn for ERRORIN  before setting DNFPO10CTL8 and clear ECMESSTCn
for ERRORIN after setting DNFPO10CTL8.Then please clear ECMEMKn if needed.

About ECMmMESSTRn, ECMEMKn and ECMESSTCn, refer to Section 39, Error Control Module (ECM)
About DNF setting flow, refer to Section 2.6.1.2(7), Setting Flow of Peripheral Function DNF.

Figure 2.11 Block Diagram of Port Safe State
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2.6.2.2 Supported Pins

All port groups are the target of the Port Safe State function. (See Section 2.1.1, Port Group for the supported port
groups). The following table shows a list of pins not subject to the Port Safe State function.

Table 2.61 Pins Not Subject to Port Safe State Function

Category Pin Name

Reference voltage pins of A/D converters ADSVREFH, ADSVREFL, AOVREFH, A1VREFH*!, A2VREFH, A3VREFH*"

Analog input pins*? ANxxx, CANxxxN, CANxxxP, DSANxxxN, DSANxxxP

Pins connected to capacitors ADSVCL, RAMSVCL

External reset input pins m

Non-maskable input pins NMI

Debug control pins TCK, TDI, TDO, TMS, TRST , DRDY ,
"AURORES , CICREFP, CICREFN, TODPO, TODNO

Mode setting pins MDO, MD1

Crystal pins XTAL, EXTAL

Error output pins "ERROROUT_M **

Note 1. These power supply pins are not implemented in BGA292.

Note 2.  Some analog input pins are not implemented in BGA292. Refer to the Section 2.6.6, Dedicated Analog Pin Table for
details.

Note 3. When Port safe state trigger signal becomes active, the status of WOUT_M will be changed to Low output as the
Port safe state depends on the ECM setting. Refer to Section 39, Error Control Module (ECM) for details.
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2.6.2.3 Configuration Flow

The following shows the flow to use Port safe state mode.

Disable register protection of

| Register protection disable | PKCPROT and PWE
Set each value after reset to the bits { |

(in port input mode; under the condition Port initialization |
that the input buffer is stopped). |

| Setting of a DNF function |

Setting of register according to
user’ s requirement

DNF, EDC filter configuration.

Port configuration:
Set each adequate value to the bits.

e

- |
Clear the Error Clear Trigger
Register in ECM *'

|
| Setting of PSFSOEn.PSFSOEn_m|
Port Safe State Configuration < [
| Setting of PSFSDn.PSFSDn_m |
| PSFSCn.PSFSCn_m=1 |
~ |

| Register protection enable | } E’&%b;eRg_?_iSteé F;l;;DVtECﬁOH of
an :

Errorin

»
>

Transition to Port safe state mode

END

Note 1. Refer to Section 39.3.3, ECMmECLR — ECM Master/Checker Error Clear Trigger Register (m = M/C).

Figure 2.12 Setting Flow of Port Safe State

RO1UHO0641EJ0130 Rev.1.30 RENESAS Page 189 of 4595
Dec 26, 2019



RH850/E2x-FCCA1 Section 2 Pin Function

2.6.3 Virtual Port Function via RHSB (XBAR)

Virtual ports are port groups that are not connected to external pins but are instead connected to internal functions. Port
groups P50, P51, P52 and P53 are virtual ports for the XBAR function of RHSB. Configurable output signals are 64
bits in total (each port group has 16 bits x 4 groups), and it is possible to transfer these data serially to other devices via
XBAR in the same way as with a port register setting (XBAR function, see Section 22.6, Cross Bar (XBAR)).

e The output data (64 bits) of P50, P51, P52 and P53 is transferring to input of XBAR function.
¢ Output pins of P50, P51, P52 and P53 are connected to XBAR function instead of 10 output buffer.
e The data from XBAR function is transferred to RHSB.

2.6.3.1 Block Diagram

The following figure shows the use of coordination with XBAR Function.

Port XBAR 10 buffer
Virtual Port Group » .| RHSBO
(Port n)1=2 XBARO VF
—>
Other
function
XBAR1 RHSB1
I/F
Port Group .| External
(ex. Port 00) > Port

Note 1. n: Virtual Port Group number. (n = 50, 51, 52, 53).

Note 2.  Virtual Port can be read the Pn_m value as the same as Port function.

Figure 2.13  Block Diagram of Virtual Port Function via RHSB
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2.6.4 Virtual Port Function via HSSPI

Virtual ports are port groups that are not connected to external pins but are instead connected to internal functions. Port
groups P54, P55, P56 and P57 are virtual port groups for HSSPI I/F. Their function is to transfer the received serial data
from HSSPI I/F to GTM/ATU, as the inverted function of delivering the serial data to XBAR described in Section
2.6.3, Virtual Port Function via RHSB (XBAR).

About the HSSPI function, see Section 26, High Speed Serial Peripheral Interface (HS-SPI).

e The data (max 64 bits) from HSSPI is transferred to the input pins of P54, P55, P56 and P57.
¢ The input pins of P54, P55, P56 and P57 are connected to HSSPI instead of the 10 input buffer.

e The data from HSSPI is transferred to GTM/ATU via the port function (pin multiplexed table, see Section 2.5.2,
List of Alternative Functions).

e The 64 bits of data from HSSPI can be divided into 8 bits per frame.

e For example, the received data is 8*n bits (n=1,2,3, ..., 8)

2.6.4.1 Block Diagram

The following figure shows the use of P54, P55, P56 and P57. It may look like the data for GTM/ATU is from P54,
P55, P56 and P57, but actually, the data is from HSSPI.

1O buffer HSSPI Port GTM/ATU
I/ (Port n) *1+2
External > Port Group >
Port (ex. Port 00)

Note 1. n: Virtual Port Group number. (n = 54, 55, 56, 57).

Note 2.  Virtual Port can read the Pn_m value as the same as Port function.

Figure 2.14  Block Diagram of Virtual Port Function via HSSPI
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2.6.5 Virtual Port Function via Analog

Virtual ports are port groups that are not connected to external pins but are instead connected to internal functions. The
target port groups are P41, P42 and P43 for E2x-FCC1 and E2M. This function is to transfer the received serial data
from Analog Boundary Flag generator to GTM/ATU, as the inverted function of delivering the serial data to XBAR
described in Section 2.6.3, Virtual Port Function via RHSB (XBAR).

About Analog Boundary Flag generator, see Section 34, Analog to Digital Converter (ADCH), Section 35,
Delta-Sigma Analog to Digital Converter (DSADC) and Section 36, Cyclic Analog to Digital Converter
(CADC).

® The data (max 40 bits for E2x-FCC1 and E2M.) from Analog Boundary Flag generator is transferring to input pins of
P41, P42 and P43.

¢ Input pins of virtual ports are connected to Analog Boundary Flag generator instead of IO input buffer.

e The data from Analog Boundary Flag generator is transferred to GTM/ATU via port function (pin multiplexed table,
see Section 2.5.2, List of Alternative Functions).

2.6.5.1 Block Diagram

The following figure shows the use of virtual ports. It may look like the data for GTM/ATU is from a virtual port, but
actually, the data is from the analog module.

1O buffer Analog Port GTM/ATU
Analog ABFG_BF[39:0] Virtual Port GrOUp >
I/F - (Port n) *1*2
External > Port Group g
Port (ex. Port 00)

Note 1.  n: Virtual Port Group number. (n = 41, 42, 43) for E2x-FCC1 and E2M.

Note 2.  Virtual Port can read the Pn_m value the same as the Port function.

Figure 2.15  Block Diagram of Virtual Port Function via Analog
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2.6.6 Dedicated Analog Pin Table

The following tables list the dedicated analog pin in each product.

Table 2.62 Dedicated Analog Pin (1/4)

E2x-FCC1 E2M
BGA292
Pin Special Func (Analog) BGA373 (E2M) BGA373 BGA292
ANO0O AN00O v v v v
DSANOOIN v v v v
AN0O1 AN001 v v v v
DSANOOON v v v v
AN002 AN002 v v v v
DSAN001P v v v v
AN003 AN003 v v v v
DSANOOOP v v v v
ANO10 ANO10 v v v v
DSAN002P v v v v
ANO11 ANO11 v v v v
DSAN002N v v v v
ANO12 ANO12 v v v v
DSAN003P v v v v
ANO13 ANO13 v v v v
DSAN003N v v v v
AN020 AN020 v v v v
DSAN110N v v v v
AN021 AN021 v v v v
DSAN110P v v v v
AN022 AN022 v v v v
DSAN111P v v v v
AN023 AN023 v v v v
DSAN130N v v v v
AN030 AN030 v v v v
DSAN130P v v v v
ANO31 AN031 v v v v
DSAN111N v v v v
AN032 AN032 v v v v
DSAN131P v v v v
AN033 AN033 v v v v
DSAN131N v v v v
AN040 AN040 v v v v
ANO41 AN041 v v v v
AN042 AN042 v v v v
AN043 AN043 v v v v
ANO50 AN050 v v v v
AN143 v _ v _
ANO51 AN051 v v v v
AN142 v _ v _
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Table 2.62 Dedicated Analog Pin (2/4)

E2x-FCC1 E2M
BGA292
Pin Special Func (Analog) BGA373 (E2M) BGA373 BGA292
AN052 AN052 v v v v
AN141 v _ v _
ANO53 AN053 v v v v
AN140 v — v —
AN0BO AN060 v v v v
AN133 v — v _
AN061 AN061 v v v v
AN132 v — v _
AN062 AN062 v v v v
AN131 v _ v _
AN0B3 AN063 v v v v
AN130 v _ v _
AN100 AN100 v — v —
AN101 AN101 v _ v _
AN102 AN102 v — v —
AN103 AN103 v — v _
AN110 AN110 v — v —
AN111 AN111 v — v _
AN112 AN112 v — v —
AN113 AN113 v — v _
AN120 AN120 v — v —
AN121 AN121 v — v —
AN122 AN122 v — v —
AN123 AN123 v — v —
AN200 AN200 v v v v
CANOOOP v v v v
AN201 AN201 v v v v
CANOOON v v v v
AN202 AN202 v v v v
CANOO1P v v v v
AN203 AN203 v v v v
CANOOIN v v v v
AN210 AN210 v v v v
CANOO03P v v v v
AN211 AN211 v v v v
CANOO2N v v v v
AN212 AN212 v v v v
CANO02P v v v v
AN213 AN213 v v v v
DSAN200P v v v v
AN220 AN220 v v v v
CANOO3N v v v v
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Table 2.62 Dedicated Analog Pin (3/4)

E2x-FCC1 E2M
BGA292
Pin Special Func (Analog) BGA373 (E2M) BGA373 BGA292
AN221 AN221 v v v v
DSAN101N v v v v
AN222 AN222 v v v v
DSAN200N v v v v
AN223 AN223 v v v v
DSAN100P v v v v
AN230 AN230 v v v v
DSAN121N v v v v
AN231 AN231 v v v v
DSAN101P v v v v
AN232 AN232 v v v v
DSAN100N v v v v
AN233 AN233 v v v v
DSAN120N v v v v
AN240 AN240 v v v v
DSAN121P v v v v
AN241 AN241 v v v v
DSAN120P v v v v
AN242 AN242 v v v v
AN243 AN243 v v v v
AN250 AN250 v v v v
AN343 v _ v _
AN251 AN251 v v v v
AN342 v _ v _
AN252 AN252 v v v v
AN341 v _ v _
AN253 AN253 v v v v
AN340 v — v _
AN260 AN260 v — v —
AN333 v — v _
AN261 AN261 v — v —
AN332 v — v _
AN262 AN262 v — v —
AN331 v _ v _
AN263 AN263 v — v _
AN330 v _ v _
AN300 AN300 v — v _
AN301 AN301 v — v —
AN302 AN302 v — v —
AN303 AN303 v — v _
AN310 AN310 v — v —
AN311 AN311 v — v _
AN312 AN312 v — v —
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Table 2.62 Dedicated Analog Pin (4/4)

E2x-FCC1 E2M
BGA292
Pin Special Func (Analog) BGA373 (E2M) BGA373 BGA292
AN313 AN313 v — v —
AN320 AN320 v — v —
AN321 AN321 v — v —
AN322 AN322 v — v _
AN323 AN323 v — v —
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2.6.7 ICUM Select Function

For the ICUM select function, ports are controlled by ICUM even if the port is in alternative mode or Port safe state

mode. Then no matter what function is selected for the port, the ICUM selection function is always active. The control
from ICUM is asynchronous to the clock bus. The priority of the ICUM select function is higher than GPIO control and
IP control, but lower than reset.

ICUM select function target pin: P22 11.

For information on how to use the ICUM function, refer to the separate User Manual: Intelligent Cryptographic Unit.

2.6.7.1 Block Diagram

ICUM

ICUM_SEL

ICUM_EOUT

ICUM_DOUT

Port

Port Safe State function logic

Port function logic

Port Safe State function logic 5

»
»

Mux logic
Port function logic

Port Safe State function logic *j

P22_11

Figure 2.16 Block Diagram of ICUM Function
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2.6.8 RES_OUT Function

2.6.8.1 Overview

This product has a RES_OUT pin to handshake with a debugger. The behavior of this signal’s output can be selected
by using an Option Byte as follows. For detailed information about Option Bytes, refer to the Section 42, Basic
Hardware Protection (BHP).

(1) Option Byte PFC_RESO_CFG =1

e RES OUT pin is assign P27 group (P27 0 only) supported with output in order to handshake to debugger only.

e This port setting is configurable as a high/low output with push-pull and open drain modes that are the same as other
port. However, all of the P27 registers are protected by a key code register.

e The output signal is low when reset factor (see Section 2.1.5, Reset Sources for details) is asserted. It will hold
the low output until port setting is changed by user SW command.

¢ This pin shows the internal reset state, so can be used as handshake for external devices like debugger.

The following figure shows the use of RES_OUT function.

System Reset 1 System Reset 2

Power Up Reset Ex. External Reset Ex. Software Reset

Application Reset

Power /
RES_IN pin J |_|

Reset
Status

Reset

Internal status | Status

CPU operation

CPU operation | Reset

Status

CPU operation | Reset

Status

. Register set Register set Register set Register set
RES—OUT pin Low output switching by SW. Low output switching by SW. Low output switching by SW. Low output switching by SW.

CPU operation |

Figure 2.17 Timing Chart for RES_OUT Function for Each Reset Factor (PFC_RESO_CFG = 1).
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(2) Option Byte PFC_RESO_CFG =0

e RES OUT pin is not assigned to a port group, so the port setting is not configurable.

e The output signal is low when reset factor (sce Section 2.1.5, Reset Sources for details.) is asserted. And the
terminal state is automatically changed from low to high after internal reset.

The following figure shows the use of RES _OUT function.

System Reset 1 System Reset 2

Power Up Reset Ex. External Reset Ex. Software Reset

Application Reset

Power /
RES_IN pin J |_|

Reset
Status

. Automatically Automatically Automatically Automatically
RES_OUT pin Low output High output Low output High output Low output High output Low output High output

Reset
Status

Reset
Status

Reset

Internal status | Status

CPU operation |

CPU operation |

CPU operation |

CPU operation |

Figure 2.18 Timing Chart for RES_OUT Function for Each Reset Factor (PFC_RESO_CFG = 0).
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2.7 List of Pin Function

2.71 Overview

Table 2.63 list the functions of each pin. “v” indicates that the pin support the relevant function and “— indicates
that it does not. Do not use pins that do not support the relevant functions.
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2.7.2 Details Function

Table 2.63 Pin Function (1/23)

E2x-FCC1 E2M
BGA BGA292 |BGA BGA

Category Function Name 10 Function 373 (E2M) 373 292
ATU-V TCLKA | External clock input v v v v
(common) TCLKB | v v v v
ATU-V TIAOO | Input capture trigger to each channel of v v v v
(Timer A) TIAO1 | timer A v v v v
TIA02 I v v v v
TIAO3 I 4 v v v
TIA04 I v v v v
TIA05 I 4 v v v
TIA06 I v v v v
TIAO7 I 4 v v v
ATU-V TIOCO00 10 Input capture trigger and output compare | v/ v v v
(Timer C) TIOCO1 ) output to timer C v v v v
TIOC02 10 v v v v
TIOCO03 10 v v v v
TIOC10 10 v v v v
TIOC11 10 v v v v
TIOC12 10 v v v v
TIOC13 10 v v v v
TIOC20 10 v v v v
TIOC21 10 v v v v
TIOC22 10 v v v v
TIOC23 10 v v v v
TIOC30 10 v v v v
TIOC31 10 v v v v
TIOC32 10 v v v v
TIOC33 10 v v v v
TIOC40 10 v v v v
TIOC41 10 v v v v
TIOC42 10 v v v v
TIOC43 10 v v v v
TIOC50 10 v v v v
TIOC51 10 v v v v
TIOC52 10 v v v v
TIOC53 10 v v v v
TIOC60 10 v v v v
TIOC61 10 v v v v
TIOC62 10 v v v v
TIOC63 10 v v v v
TIOC70 10 v v v v
TIOC71 10 v v v v
TIOC72 10 v v v v
TIOC73 10 v v v v
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Table 2.63 Pin Function (2/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA

Category Function Name 10 Function 373 (E2M) 373 292
ATU-V TIOC80 10 Input capture trigger and output compare | v v v v
(Timer C) TIoC81 0 output to timer C v v v v
TIOC82 10 v v v v
TIOC83 10 v v v v
TIOC90 10 v v v v
TIOC91 10 v v v v
TIOC92 10 v v v v
TIOC93 10 v v v v

TIOCAO 10 v v v v

TIOCA1 10 v v v v

TIOCA2 10 v v v v

TIOCA3 10 v v v v
ATU-V TODOOA 10 One-shot pulse output of timer D v 4 v v
(Timer D) TODO1A o v v v v
TODO02A o} v v v v
TODO03A o} v v v v
TOD10A o} v v v v
TOD11A o} v v v v
TOD12A o} v v v v
TOD13A o} v v v v
TOD20A o} v v v v
TOD21A o} v v v v
TOD22A o} v v v v
TOD23A o} v v v v
TOD30A o} v v v v
TOD31A o} v v v v
TOD32A o} v v v v
TOD33A o} v v v v
TODA40A o} v v v v
TOD41A o} v v v v
TOD42A o} v v v v
TOD43A o} v v v v
TOD50A o} v v v v
TOD51A o} v v v v
TOD52A o} v v v v
TOD53A o} v v v v
TOD60A o} v v v v
TOD61A o} v v v v
TOD62A o} v v v v
TOD63A o} v v v v
TOD70A o} v v v v
TOD71A o} v v v v
TOD72A o} v v v v
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Table 2.63 Pin Function (3/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA

Category Function Name 10 Function 373 (E2M) 373 292
ATU-V TOD73A (0] One-shot pulse output of timer D v 4 v v
(Timer D) TODSOA o v v v v
TODS81A o} v v v v
TOD82A o} v v v v
TOD83A o} v v v v
TODO00B o} v v v v
TODO1B o} v v v v
TODO02B o} v v v v
TODO03B o v v v v
TOD10B o} v v v v
TOD11B o} v v v v
TOD12B o v v v v
TOD13B o} v v v v
TOD20B o} v v v v
TOD21B o} v v v v
TOD22B o} v v v v
TOD23B o} v v v v
TOD30B o} v v v v
TOD31B o} v v v v
TOD32B o} v v v v
TOD33B o} v v v v
TOD40B o} v v v v
TOD41B o} v v v v
TOD42B o} v v v v
TOD43B o} v v v v
TOD50B o} v v v v
TOD51B o} v v v v
TOD52B o} v v v v
TOD53B o} v v v v
TOD60B o} v v v v
TOD61B o} v v v v
TOD62B o} v v v v
TOD63B o} v v v v
TOD70B o} v v v v
TOD71B o} v v v v
TOD72B o} v v v v
TOD73B o} v v v v
TOD80B o} v v v v
TOD81B o} v v v v
TOD82B o} v v v v
TOD83B o} v v v v
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Table 2.63 Pin Function (4/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA

Category Function Name 10 Function 373 (E2M) 373 292
ATU-V TOEO00 (0] PWM output of timer E v 4 v 4
(Timer E) TOEO1 o v v v v
TOE02 o} v v v v
TOEO3 o} v v v v
TOE10 o} v v v v
TOE11 o} v v v v
TOE12 o} v v v v
TOE13 o} v v v v
TOE20 o v v v v
TOE21 o} v v v v
TOE22 o} v v v v
TOE23 o v v v v
TOE30 o} v v v v
TOE31 o} v v v v
TOE32 o} v v v v
TOE33 o} v v v v
TOE40 o} v v v v
TOE41 o} v v v v
TOE42 o} v v v v
TOE43 o} v v v v
TOES50 o} v v v v
TOE51 o} v v v v
TOES52 o} v v v v
TOES53 o} v v v v
TOEG0 o} v v v v
TOE®61 o} v v v v
TOE62 o} v v v v
TOE63 o} v v v v
TOE70 o} v v v v
TOET71 o} v v v v
TOE72 o} v v v v
TOE73 o} v v v v
TOES80 o} v v v v
TOES81 o} v v v v
TOES82 o} v v v v
TOES83 o} v v v v
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Table 2.63 Pin Function (5/23)

E2x-FCC1 E2M

BGA BGA292 | BGA BGA
Category Function Name 10 Function 373 (E2M) 373 292

ATU-V TIFOA | Event input signal to timer F 4
(Timer F) TIF1A |
TIF2A I
TIFOB I
TIF1B I
TIF2B I
TIF3 I
TIF4 I
TIF5 I
TIF6 I
TIF7 I
TIF8 I
TIF9 I
TIF10 I
TIF11 I
TIF12 I
TIF13 I
TIF14 I
TIF15 I
GTM TIMO_O I Input signal to GTM (TIM)
TIMO_1 I
TIMO_2 I
TIMO_3 I
TIMO_4 I
TIMO_5 I
TIMO_6 I
TIMO_7 I
TIM1_0 I
TIM1_1 I
TIM1_2 I
TIM1_3 I
TIM1_4 I
TIM1_5 I
TIM1_6 I
TIM1_7 I
TIM2_0 I
TIM2_1 I
TIM2_2 I
TIM2_3 I
TIM2_4 I
TIM2_5 I
TIM2_6 I
TIM2_7 I

AN
AN
<

NIEN RN RN RN RN RN RN RN RN RN RNV RNL RN RNL RN RN RNV RNV RNL RN RN RN RNV RN RNV RN RN RN RN RN RN RN RN RNV RN RN RNV RN RN RN RN
NIEN EN RN RN RN RN RN RN RN RN RNV RNL RN RNL RN RN RNV RNV RNL RN RNV RN RNV RN RNV RN RNV RNV RN RN RN RN RN RNV RN RN RNV RN RN RN RN
NI RN N N RN N RN N RN N AN AN N AN N N N AN AN AN AN AN N RN AN AN AN AN AN AN AN AN EN EN AN EN EN BN ENENEN
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Table 2.63 Pin Function (6/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA
Category Function Name 10 Function 373 (E2M) 373 292
GTM TIM3_0 I Input signal to GTM (TIM) v v v v
TIM3_1 I v v v v
TIM3_2 I v v v v
TIM3_3 I v v v v
TIM3_4 I 4 v v v
TIM3_5 I v v v v
TIM3_6 I v v v v
TIM3_7 I v v v v
TIM4_0 I 4 v v —
TIM4_1 I v v v —
TIM4_2 I v v v —
TIM4_3 I v v v —
TIM4_4 I v v v —
TIM4_5 I v v v —
TIM4_6 I v v v —
TIM4_7 I v v v —
TIM5_0 I 4 v v v
TIM5_1 I v v v v
TIM5_2 I 4 v v v
TIM5_3 I v v v v
TIM5_4 I v v v v
TIM5_5 I v v v v
TIM5_6 I v v v v
TIM5_7 I v v v v
TIM6_0 I v v v v
TIM6_1 I v v v —
TIM6_2 I v v v —
TIM6_3 I v v v —
TIM6_4 I 4 v v —
TIM6_5 I v v v —
TIM6_6 I 4 v v —
TIM6_7 I v v v —
TIM7_0 I 4 v v —
TIM7_1 I v v v —
TIM7_2 I v v v —
TIM7_3 I v v v —
TIM7_4 I v v v —
TIM7_5 I v v v —
TIM7_6 I v v v —
TIM7_7 I v v v —
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Table 2.63 Pin Function (7/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA
Category Function Name 10 Function 373 (E2M) 373 292
GTM TOMO_O o} Output signal from GTM (TOM) v v v v
TOMO_1 o} v v v v
TOMO_2 o} v v v v
TOMO_3 o} v v v v
TOMO_4 o} v v v v
TOMO_5 o} v v v v
TOMO_6 o} v v v v
TOMO_7 o} v v v v
TOMO_8 o v v v v
TOMO_9 o} v v v v
TOMO_10 o} v v v v
TOMO_11 o v v v v
TOMO_12 o} v v v v
TOMO_13 o} v v v v
TOMO_14 o} v v v v
TOMO_15 o} v v v v
TOM1_0 o} v v v v
TOM1_1 o} v v v v
TOM1_2 o} v v v v
TOM1_3 o} v v v v
TOM1_4 o} v v v v
TOM1_5 o} v v v v
TOM1_6 o} v v v v
TOM1_7 o} v v v v
TOM1_8 o} v v v v
TOM1_9 o} v v v v
TOM1_10 o} v v v v
TOM1_11 o} v v v v
TOM1_12 o} v v v v
TOM1_13 o} v v v v
TOM1_14 o} v v v v
TOM1_15 o} v v v v
TOM2_0 o} v v v v
TOM2_1 o} v v v v
TOM2_2 o} v v v v
TOM2_3 o} v v v v
TOM2_4 o} v v v v
TOM2_5 o} v v v v
TOM2_6 o} v v v v
TOM2_7 o} v v v v
TOM2_8 o} v v v v
TOM2_9 o} v v v v
TOM2_10 o} v v v v
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Table 2.63 Pin Function (8/23)

E2x-FCC1 E2M

BGA BGA292 | BGA BGA
Function 373 (E2M) 373 292

Output signal from GTM (TOM) v

o

Category Function Name
GTM TOM2_11
TOM2_12
TOM2_13
TOM2_14
TOM2_15
TOM3_0
TOM3_1
TOM3_2
TOM3_3
TOM3_4
TOM3_5
TOM3_6
TOM3_7
TOM3_8
TOM3_9
TOM3_10
TOM3_11
TOM3_12
TOM3_13
TOM3_14
TOM3_15
TOM4_0
TOM4_1
TOM4_2
TOM4_3
TOM4_4
TOM4_5
TOM4_6
TOM4_7
TOM4_8
TOM4_9
TOM4_10
TOM4_11
TOM4_12
TOM4_13
TOM4_14
TOM4_15

AN
AN
<

NN ENEN

v
v
v
v

N N N N N N N N N N N NG N I N N N N N N BN

o|j0o|0|O0O|O0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|0O]|O
N N I N N N N N BN N N N O N NG O N N O NG O N N N N N N N N N N N N N RN

NENEYR
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Table 2.63 Pin Function (9/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA
Category Function Name 10 Function 373 (E2M) 373 292
GTM TOMO_ON 0} Output signal from GTM v v v v
TOMO_1N o (TOM_N for DTM) v v Y v
TOMO_2N o} v v v v
TOMO_3N o} v v v v
TOMO_4N o} v v v v
TOMO_5N o} v v v v
TOMO_6N o} v v v v
TOMO_7N o} v v v v
TOM1_ON o v v v v
TOM1_1N o} v v v v
TOM1_2N o} v v v v
TOM1_3N o v v v v
TOM1_4N o} v v v v
TOM1_5N o} v v v v
TOM1_6N o} v v v v
TOM1_7N o} v v v v
TOM2_ON o} v v v v
TOM2_1N o} v v v v
TOM2_2N o} v v v v
TOM2_3N o} v v v v
TOM2_4N o} v v v v
TOM2_5N o} v v v v
TOM2_6N o} v v v v
TOM2_7N o} v v v v
TOM3_ON o} v v — -
TOM3_1N o} v v — —
TOM3_2N o} v v — -
TOM3_3N o} v v — -
TOMB3_4N o} v v — —
TOM3_5N o} v v — -
TOM3_6N o} v v — —
TOM3_7N o} v v — -
ATOMO_0O (0] Output signal from GTM (ATOM) v v v v
ATOMO_1 o} v v v v
ATOMO_2 0} v v v v
ATOMO_3 o} v v v v
ATOMO_4 o v v v v
ATOMO_5 o} v v v v
ATOMO_6 0} v v v v
ATOMO_7 o v v v v
ATOM1_0 o} v v v v
ATOM1_1 o v v v v
ATOM1_2 o} v v v v
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Table 2.63 Pin Function (10/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA
Category Function Name 10 Function 373 (E2M) 373 292
GTM ATOM1_3 o Output signal from GTM (ATOM) v v v v
ATOM1_4 o} v v v v
ATOM1_5 0} v v v v
ATOM1_6 o v v v v
ATOM1_7 o} v v v v
ATOM2_0 0} v v v v
ATOM2_1 o} v v v v
ATOM2_2 0} v v v v
ATOM2_3 o v v v v
ATOM2_4 o} v v v v
ATOM2_5 0} v v v v
ATOM2_6 o v v v v
ATOM2_7 o v v v v
ATOM3_0 o} v v v v
ATOM3_1 o v v v v
ATOM3_2 o v v v v
ATOM3_3 o} v v v v
ATOM3_4 o v v v v
ATOM3_5 o} v v v v
ATOM3_6 0} v v v v
ATOM3_7 o} v v v v
ATOM4_0 o} v v v v
ATOM4_1 0} v v v v
ATOM4_2 o} v v v v
ATOM4_3 0} v v v v
ATOM4_4 o} v v v v
ATOM4_5 o v v v v
ATOM4_6 o v v v v
ATOM4_7 o} v v v v
ATOM5_0 o v v v v
ATOMS5_1 o} v v v v
ATOM5_2 o v v v v
ATOM5_3 o} v v v v
ATOM5_4 o} v v v v
ATOM5_5 0} v v v v
ATOM5_6 o} v v v v
ATOM5_7 o v v v v
ATOM6_0 o} v v v v
ATOM6_1 0} v v v v
ATOM6_2 o v v v v
ATOM6_3 o} v v v v
ATOM6_4 o v v v v
ATOM6_5 o} v v v v
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Table 2.63 Pin Function (11/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA
Category Function Name 10 Function 373 (E2M) 373 292
GTM ATOM6_6 o Output signal from GTM (ATOM) v v v v
ATOM6_7 o} v v v v
ATOM7_0 0} v v v v
ATOM7_1 o v v v v
ATOM7_2 o} v v v v
ATOM7_3 0} v v v v
ATOM7_4 o} v v v v
ATOM7_5 0} v v v v
ATOM7_6 o v v v v
ATOM7_7 o} v v v v
ATOMS8_0 0} v — — —
ATOMS_1 o v — — —
ATOMS8_2 o v — — —
ATOMS8_3 o} v — — —
ATOMS8_4 o v v — —
ATOMS8_5 o v — — —
ATOMS8_6 o} v — — —
ATOMS8_7 o v — — —
ATOMO_ON (0] Output signal from GTM v v v v
ATOMO_IN o (ATOM_N for DTM) v v v v
ATOMO_2N o} v v v v
ATOMO_3N o} v v v v
ATOMO_4N 0} v v v v
ATOMO_5N o} v v v v
ATOMO_6N 0} v v v v
ATOMO_7N o} v v v v
ATOM1_ON o v v v v
ATOM1_1N o v v v v
ATOM1_2N o} v v v v
ATOM1_3N o v v v v
ATOM1_4N o} v v v v
ATOM1_5N o v v v v
ATOM1_6N o} v v v v
ATOM1_7N o} v v v v
ATOM2_ON 0} v v v v
ATOM2_1N o} v v v v
ATOM2_2N o v v v v
ATOM2_3N o} v v v v
ATOM2_4N 0} v v v v
ATOM2_5N o v v v v
ATOM2_6N o} v v v v
ATOM2_7N o v v v v
ATOM3_ON o} v v v v
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Table 2.63 Pin Function (12/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA
Category Function Name 10 Function 373 (E2M) 373 292
GTM ATOM3_1N 0} Output signal from GTM v v v v
ATOM3_2N o (ATOM_N for DTM) v v Y v
ATOM3_3N 0} v v v v
ATOM3_4N o v v v v
ATOM3_5N o} v v v v
ATOM3_6N 0} v v v v
ATOM3_7N o} v v v v
ATOM4_ON 0} v v v v
ATOM4_1N o v v v v
ATOM4_2N o} v v v v
ATOM4_3N 0} v v v v
ATOM4_4N o v v v v
ATOM4_5N o v v v v
ATOM4_6N o} v v v v
ATOM4_7N o v v v v
ATOM5_ON o v v — —
ATOMS5_1N o} v v — —
ATOM5_2N o v v — —
ATOM5_3N o} v v — —
ATOM6_ON 0} v — — —
ATOM6_1N o} v — — —
ATOM6_2N o} v — — —
ATOM6_3N 0} v — — —
GTMECLKO 0} Output clock signal from GTM 4 v v v
GTMECLK1 o} v v v v
GTMECLK2 o} v v v v
ENCA ENCAOEO I Input signal to ENCA ch0 EO v v v v
ENCAOE1 | Input signal to ENCA ch0 E1 v v v 4
ENCAOQEC | Input signal to ENCA ch0 EC 4 v 4 v
ENCA1EO | Input signal to ENCA ch1 EO v 4 v 4
ENCA1E1 | Input signal to ENCA ch1 E1 4 v v v
ENCA1EC | Input signal to ENCA ch1 EC v v v v
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Table 2.63 Pin Function (13/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA

Category Function Name 10 Function 373 (E2M) 373 292
RLIN3 LRX0 | LINO receive data input v v v 4
LTX0 (0] LINO transmit data output v v v 4
LRX1 | LIN1 receive data input v v v v
LTX1 (0] LIN1 transmit data output v v v v
LRX2 | LIN2 receive data input v v v v
LTX2 (0] LIN2 transmit data output v v v v
LRX3 | LIN3 receive data input v v v v
LTX3 (0] LIN3 transmit data output v v v v
LRX4 | LIN4 receive data input v v v v
LTX4 (0] LIN4 transmit data output v v v 4
LRX5 | LIN5 receive data input v v v v
LTX5 (0] LINS transmit data output v v v 4
SCI0 SCI0TxD (0] SCIO0 transmit data output v v v 4
SCIORxD | SCIO receive data input v v v v
SCIOSCK 10 SCIO serial clock input/output v v v v
SCH SCI1TxD (0] SCI1 transmit data output v v v 4
SCIMRxD | SCI1 receive data input v v v v
SCI1SCK 10 SCI1 serial clock input/output v v v v
SCI2 SCI2TxD (0] SCI2 transmit data output v v v v
SCI2RxD | SCI2 receive data input v 4 v 4
SCI2SCK 10 SCI2 serial clock input/output v v v 4
SCI3 SCI3TxD (0] SCI3 transmit data output v v v 4
SCI3RxD | SCI3 receive data input v 4 v 4
SCI3SCK 10 SCI3 serial clock input/output v v v 4
CSIHO CSIHOTSI | CSIHO receive data input v v v v
CSIHOTSO (0] CSIHO transmit data output v v v 4
CSIHOTSCK 10 CSIHO serial clock input/output v v v v
“CSIHOTSSI I CSIHO slave select signal input v v v v
CSIHOTRY 10 CSIHO handshake signal input/output v v v v
CSIHOTCSSO0 (0] CSIHO slave select signal output v v v 4
CSIHOTCSS1 o} v v v v
CSIHO CSIHOTCSS2 (0] CSIHO slave select signal output v 4 v 4
CSIHOTCSS3 o} v v v v
CSIHOTCSS4 o} v v v v
CSIHOTCSS5 o} v v v v
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RH850/E2x-FCC1

Section 2 Pin Function

Table 2.63 Pin Function (14/23)
E2x-FCC1 E2M
BGA BGA292 | BGA BGA
Category Function Name 10 Function 373 (E2M) 373 292
CSIH1 CSIH1TSI | CSIH1 receive data input v v v v
CSIH1TSO (0] CSIH1 transmit data output v v v 4
CSIH1TSCK 10 CSIH1 serial clock input/output v v v v
"CSIH1TSSI I CSIH1 slave select signal input v v v v
CSIH1TRY 10 CSIH1 handshake signal input/output v v v v
CSIH1TCSS0 (0] CSIH1 slave select signal output v v v v
CSIH1TCSS1 o} v v v v
CSIH1TCSS2 o} v v v v
CSIH1TCSS3 o v v v v
CSIH2 CSIH2TSI | CSIH2 receive data input v v v 4
CSIH2TSO (0] CSIH2 transmit data output v v v v
CSIH2TSCK 10 CSIH2 serial clock input/output v v v 4
"CSIH2TSSI I CSIH2 slave select signal input v v v v
CSIH2TRY 10 CSIH2 handshake signal input/output v 4 v v
CSIH2TCSS0 (0] CSIH2 slave select signal output v v v v
CSIH2TCSS1 o} v v v v
CSIH2TCSS2 o} v v v v
CSIH2TCSS3 o} v v v v
CSIH3 CSIH3TSI | CSIH3 receive data input v v v 4
CSIH3TSO (0] CSIH3 transmit data output v v v v
CSIH3TSCK 10 CSIH3 serial clock input/output v v v 4
"CSIH3TSSI| I CSIH3 slave select signal input v v v v
CSIH3TRY 10 CSIH3 handshake signal input/output v v v v
CSIH3TCSS0 0} CSIH3 slave select signal output v v v v
CSIH3TCSS1 o} v v v v
CSIH3TCSS2 o} v v v v
CSIH3TCSS3 o} v v v v
CSIH4 CSIH4TSI | CSIH4 receive data input v 4 v v
CSIH4TSO (0] CSIH4 transmit data output v v v 4
CSIH4TSCK 10 CSIH4 serial clock input/output v v v v
"CSIH4TSSI I CSIH4 slave select signal input v v v v
CSIH4TRY 10 CSIH4 handshake signal input/output v v v v
CSIH4TCSS0 0} CSIH4 slave select signal output v v v v
CSIH4TCSS1 o} v v v v
CSIH4TCSS2 o} v v v v
CSIH4TCSS3 o} v v v v
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Section 2 Pin Function

Table 2.63 Pin Function (15/23)
E2x-FCC1 E2M
BGA BGA292 | BGA BGA

Category Function Name 10 Function 373 (E2M) 373 292
CSIH5 CSIH5TSI | CSIH5 receive data input v v v v
CSIH5TSO (0] CSIH5 transmit data output v v v 4
CSIH5TSCK 10 CSIH5 serial clock input/output v v v v
"CSIH5TSSI I CSIH5 slave select signal input v v v v
CSIH5TRY 10 CSIH5 handshake signal input/output v v v v
CSIH5TCSS0 (0] CSIH5 slave select signal output v v v v
CSIH5TCSS1 o} v v v v
CSIH5TCSS2 o} v v v v
CSIH5TCSS3 o v v v v
HSSPIO HSSPIO_CLKN 10 HSSPI clock input/output v v v v
HSSPIO_CLKP 10 HSSPI clock input/output v v v v
HSSPI0O_RXDN | HSSPI receive data input v v v v
HSSPI0O_RXDP | HSSPI receive data input v v v 4
HSSPIO_TXDN (0] HSSPI transmit data output v v v 4
HSSPIO_TXDP (0] HSSPI transmit data output v v v v
HSSPIO_SSLI | HSSPI salve select signal input v v v 4
HSSPIO_SSL (0] HSSPI salve select signal output v v v 4
HSSPIO_CLK 10 HSSPI single mode clock input/output v v v v
HSSPI0O_RXD | HSSPI single mode receive data input v v v v
HSSPIO_TXD (0] HSSPI single mode transmit data output | v/ 4 v 4
HSIFO HSIFO_REFCLK 10 RHSIFO Reference clock input/output v v v v
HSIFO_TXDN (0] RHSIFO transmission data differential v v v v
HSIFO_TXDP o |outeut v v v v
HSIFO_RXDN | RHSIFO receive data differential input v 4 v v
HSIFO_RXDP I v v v v
PSI5S PSISCLK o} UART clock v v v v
PSISRX I UART Rx data v v v v
PSISTX o} UART Tx data v v v v
RSCANO CTX0 (0] CANQO transmit data output v v v 4
CRX0 | CANO receive data input v 4 v 4
RSCAN1 CTX1 (0] CAN1 transmit data output v v v 4
CRX1 | CAN1 receive data input v 4 v 4
RSCAN2 CTX2 (0] CAN2 transmit data output v v v 4
CRX2 | CAN2 receive data input v 4 v v
RSCAN3 CTX3 (0] CANS3 transmit data output v v v v
CRX3 | CANS3 receive data input v v v v
RSCAN4 CTX4 (0] CAN4 transmit data output v v v v
CRX4 | CAN4 receive data input v 4 v v
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Section 2 Pin Function

Table 2.63 Pin Function (16/23)
E2x-FCC1 E2M
BGA BGA292 | BGA BGA

Category Function Name 10 Function 373 (E2M) 373 292
FlexRay0 FRORXDA | FlexRay0 channel A receive data input v 4 v 4
FROTXDA 0} FlexRayO channel A transmit data output | v/ v v v
FROENA (0] FlexRay0 channel A transmit data enable | v v v v
FRORXDB | FlexRay0 channel B receive data input v 4 v 4
FROTXDB 0} FlexRayO channel B transmit data output | v/ v v v
FROENB (0] FlexRay0 channel B transmit data enable | v v v v
RHSBO RHSBOFCLP (0] RHSBO differential clock output v 4 4 v
RHSBOFCLN o} v v v v
RHSBOSOP (0] RHSBO differential data output v v v 4
RHSBOSON o} v v v v
RHSBOCSDO (0] RHSBO chip select output v v v v
RHSBOCSD1 o v v v v
RHSBOSI0 I RHSBO serial input v v v v
RHSBOSI1 I v v v v
RHSBOEMRG | RHSBO emergency signal input v 4 v 4
RHSB1 RHSB1FCLP 0} RHSB1 differential clock output v v v v
RHSB1FCLN o} v v v v
RHSB1SOP (0] RHSB1 differential data output v v v v
RHSB1SON o} v v v v
RHSB1 RHSB1CSDO 0} RHSB1 chip select output v v v v
RHSB1CSD1 o} v v v v
RHSB1SI0 | RHSB1 serial input v v v v
RHSB1SI1 I v v v v
RHSB1EMRG | RHSB1 emergency signal input 4 v 4 v
FastEther MIL_TX_CLK | Transmit clock signal v 4 v 4
(M1 MIl_RX_CLK | Receive clock signal v v v v
MIL_TX_EN (0] Transmit data enable output v v v 4
MII_TXD3 (0] Transmit data output v 4 v v
MII_TXD2 o} v v v v
MII_TXD1 o} v v v v
MII_TXDO o} v v v v
MIL_TX_ER (0] Transmit error output v 4 v 4
MIl_RX_DV | Receive data valid input v 4 v v
MIl_RXD3 | Receive data input v v v 4
MII_RXD2 I v v v v
MII_RXD1 I v v v v
MII_RXDO I v v v v
MII_RX_ER | Receive data error input v v v 4
MII_CRS | Carrier detect input v 4 v 4
MIl_COL | Collision detect input v v v v
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Section 2 Pin Function

Table 2.63 Pin Function (17/23)
E2x-FCC1 E2M
BGA BGA292 | BGA BGA

Category Function Name 10 Function 373 (E2M) 373 292
FastEther REF50CK | Timing reference signal v 4 v 4
(RMIT) RMII_TXD1 O | Transmit data output v v v v
RMII_TXDO (0] v v v v
RMII_TX_EN (0] Transmit data enable v v v v
RMII_RXD1 | Receive data input v v v v
RMII_RXDO | v v v v
RMII_RX_ER | Receive data error input v v v 4
RMII_CRS_DV | Carrier detect input v 4 v 4
FastEther WOL e} Wakeup on LAN signal v v v v
(COMMON)  'vipc O | PHY chip setting I/F clock output v v v v
MDIO 10 PHY chip setting I/F data input/output v 4 v 4
LINKSTA | Link status input v v v v
EXOUT (0] External output port v v v 4
RSENTO RSENTORX | RSENTO receive data input v v v 4
RSENTOSPCO (0] RSENTO SPC extension output v v v v
RSENT1 RSENT1RX | RSENT1 receive data input v v v v
RSENT1SPCO (0] RSENT1 SPC extension output v v v 4
RSENT2 RSENT2RX | RSENT2 receive data input v v v v
RSENT2SPCO (0] RSENT2 SPC extension output v v v 4
RSENT3 RSENT3RX | RSENTS3 receive data input v v v v
RSENT3SPCO (0] RSENT3 SPC extension output v v v 4
RSENT4 RSENT4RX | RSENT4 receive data input v v v 4
RSENT4SPCO (0] RSENT4 SPC extension output v v v v
RSENT5 RSENT5RX | RSENTS5 receive data input v v v 4
RSENT5SPCO (0] RSENTS SPC extension output v v v v
RSENT6 RSENT6RX | RSENTS receive data input v v v 4
RSENT6SPCO (0] RSENT6 SPC extension output v v v v
RSENT7 RSENT7RX | RSENTY receive data input v 4 v v
RSENT7SPCO (0] RSENT?7 SPC extension output v v v 4
RSENT8 RSENT8RX | RSENTS8 receive data input v v v v
RSENT8SPCO (0] RSENT8 SPC extension output v v v 4
RSENT9 RSENT9RX | RSENTO receive data input v v v v
RSENT9SPCO (0] RSENT9 SPC extension output v v v 4
RSENT10 RSENT10RX | RSENT10 receive data input v v v v
RSENT10SPCO (0] RSENT10 SPC extension output v 4 v 4
RSENT11 RSENT11RX | RSENT11 receive data input v v v v
RSENT11SPCO (0] RSENT11 SPC extension output v 4 v 4
RSENT12 RSENT12RX | RSENT12 receive data input v 4 v v
RSENT12SPCO (0] RSENT12 SPC extension output v 4 v 4
RSENT13 RSENT13RX | RSENT13 receive data input v 4 v 4
RSENT13SPCO (0] RSENT13 SPC extension output v v v v
RSENT14 RSENT14RX | RSENT14 receive data input v 4 v 4
RSENT14SPCO (0] RSENT14 SPC extension output v v v v
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Table 2.63 Pin Function (18/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA

Category Function Name 10 Function 373 (E2M) 373 292
RSENT15 RSENT15RX | RSENT15 receive data input v 4 v 4
RSENT15SPCO (0] RSENT15 SPC extension output v v v v
RSENT16 RSENT16RX | RSENT16 receive data input v 4 v 4
RSENT16SPCO (0] RSENT16 SPC extension output v 4 v 4
ADCO ANO000 | ADCO analog input 4 v v v
ANO0O01 | v v v v
ANO002 I v v v v
ANO003 | v v v v
ANO10 I v v v v
ANO11 I v v v v
ANO012 | v v v v
ANO13 I v v v v
ANO020 | v v v v
ANO21 I v v v v
ANO022 | v v v v
ANO023 | v v v v
ANO030 I 4 v v v
ANO031 | v v v v
ANO032 I v v v v
ANO033 | v v v v
ANO040 I v v v v
ANO41 I v v v v
ANO042 | v v v v
ANO043 I 4 v v v
ANO050 | v v v v
ANO51 I 4 v v v
ANO052 | v v v v
ANO053 | v v v v
ANO060 I 4 v v v
ANO061 | v v v v
ANO062 I v v v v
ANO063 | v v v v
ADCO ADTRGO | ADCO conversion startup trigger input 4 v v v
ADENDO 0} ADCO conversion timing monitor output v v v v
ADMPX00 (0] ADCO ADMPXO0 output v v v v
ADMPXO01 o} ADCO ADMPX1 output v v v v
ADMPX02 (0] ADCO ADMPX2 output v v v 4
ADMPX03 o} ADCO ADMPX3 output v v v v
ADMPX04 (0] ADCO ADMPX4 output v v v v
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Table 2.63 Pin Function (19/23)

E2x-FCC1 E2M

BGA BGA292 | BGA BGA
Category Function Name 10 Function 373 (E2M) 373 292

ADC1 AN100 | ADC1 analog input
AN101 I
AN102 I
AN103 I
AN110 I
AN111 I
AN112 I
AN113 I
AN120 I
AN121 I
AN122 I
AN123 I
AN130 I
AN131 I
AN132 I
AN133 I
AN140 I
AN141 I
AN142 I
AN143 I
ADTRG1 | ADC1 conversion startup trigger input
ADEND1 (0] ADC1 conversion timing monitor output
ADMPX10 o} ADC1 ADMPXO0 output
ADMPX11 o} ADC1 ADMPX1 output

o}

o}

o}

<
<
|

ADMPX12 ADC1 ADMPX2 output
ADMPX13 ADC1 ADMPX3 output
ADMPX14 ADC1 ADMPX4 output
ADC2 AN200 | ADC2 analog input

AN201 I
AN202 I
AN203 I
AN210 I
AN211 I
AN212 I
AN213 I
AN220 I
AN221 I
AN222 I
AN223 I
AN230 I
AN231 I
AN232 I
AN233 I

AN I N N N N N N N N N N N N NG N NG N N N I NE AN N T N N N N I N B N N N N N N AN N N EENE N ANE RN
|
AN I N N N N N N N N N N N N N N N O N N N N N N B N B NE N N N N N N R N N I N B N N B N B NI BN AN AN S

NIEN EN RN RN EN BN RN BN RN EN RN EN RN RN R
NIEN ENEN AN ENEN RN EN ENENEN ENEN RN RN
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Table 2.63 Pin Function (20/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA
Category Function Name 10 Function 373 (E2M) 373 292
ADC2 AN240 | ADC?2 analog input v 4 v 4
AN241 I 4 v v v
AN242 I v v v v
AN243 I v v v v
AN250 I v v v v
AN251 I v v v v
AN252 I v v v v
AN253 I v v v v
AN260 I v — v —
AN261 I v — v —
AN262 I v — v —
AN263 I v — v —
ADTRG2 | ADC?2 conversion startup trigger input v v v 4
ADEND2 0} ADC2 conversion timing monitor output v v v v
ADMPX20 o} ADC2 ADMPXO0 output v v v v
ADMPX21 o} ADC2 ADMPX1 output v v v v
ADMPX22 o} ADC2 ADMPX2 output v v v v
ADMPX23 o} ADC2 ADMPX3 output v v v v
ADMPX24 o} ADC2 ADMPX4 output v v v v
AN300 | ADC3 analog input v — v —
AN301 I v — v —
AN302 I v — v —
AN303 I v — v —
AN310 I v — v —
AN311 I v — v —
AN312 I v — v —
AN313 I v — v —
AN320 I v — v —
AN321 I 4 — v —
AN322 I v — v —
AN323 I 4 — v —
AN330 I v — v —
AN331 I 4 — v —
AN332 I 4 — v —
AN333 I v — v —
AN340 I v — v —
AN341 I v — v —
AN342 I 4 — v —
AN343 I v — v —
ADTRG3 | ADC3 conversion startup trigger input v — v —
ADEND3 0} ADC3 conversion timing monitor output v — v —
ADMPX30 o} ADC3 ADMPXO0 output v — v —
ADMPX31 o} ADC3 ADMPX1 output v — v —
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Table 2.63 Pin Function (21/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA
Category Function Name 10 Function 373 (E2M) 373 292
ADC2 ADMPX32 o ADC3 ADMPX2 output v — v —
ADMPX33 o} ADC3 ADMPX3 output v — v —
ADMPX34 o} ADC3 ADMPX4 output v — v —
DSADCO00 DSANOOOP I DSADCO00 analog input v v v v
DSANOOON I v v v v
DSANO001P I v v v v
DSANOO1N I v v v v
DSANO002P I v v v v
DSANO002N I v v v v
DSANO003P I v v v v
DSANO0O3N I v v v v
DSADTRGO00 | DSADCO0 conversion startup trigger input | v/ v v v
DSADENDOQO (0] DSADCOO0 conversion timing monitor v v v v
output
DSADC10 DSAN100P I DSADC10 analog input v v v v
DSAN100N I 4 v v v
DSAN101P I v v v v
DSAN101N I 4 v v v
DSADTRG10 | DSADC10 conversion startup trigger input | v/ v v v
DSADEND10 (0] DSADC10 conversion timing monitor v v v v
output
DSADC11 DSAN110P I DSADC11 analog input v v v v
DSAN110N I v v v v
DSAN111P I v v v v
DSAN111N I v v v v
DSADTRG11 | DSADC11 conversion startup trigger input | v/ 4 v 4
DSADEND11 0} DSADC11 conversion timing monitor v v v 4
output
DSADC12 DSAN120P I DSADC12 analog input 4 v v v
DSAN120N I v v v v
DSAN121P I v v v v
DSAN121N I 4 v v v
DSADTRG12 | DSADC12 conversion startup trigger input | v/ v v 4
DSADEND12 0} DSADC12 conversion timing monitor v v v 4
output
DSADC13 DSAN130P I DSADC13 analog input 4 v v v
DSAN130N I v v v v
DSAN131P I v v v v
DSAN131N I v v v v
DSADTRG13 | DSADC13 conversion startup trigger input | v/ 4 v 4
DSADEND13 0} DSADC13 conversion timing monitor v v v 4
output
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Table 2.63 Pin Function (22/23)
E2x-FCC1 E2M
BGA BGA292 | BGA BGA

Category Function Name 10 Function 373 (E2M) 373 292
DSADC20 DSAN200P I DSADC20 analog input v v v v
DSAN200N I v v v v
DSADTRG20 | DSADC20 conversion startup trigger input | v/ 4 v 4
DSADEND20 0} DSADC20 conversion timing monitor v v v v

output
C-ADCO00 CANOOOP I C-ADCO00 analog input v v v v
CANOOON I v v v v
CANO001P I v v v v
CANOO1N I v v v v
CANO002P I v v v v
CANO0O02N I v v v v
CANO003P I v v v v
CANOO3N I v v v v
CADTRGO00 | C-ADCOO conversion startup trigger input | v v v v
CADENDOO (0] C-ADCOO0 conversion timing monitor v 4 v 4
output

ECM "ERROROUT_M 0 Error output (master) v v v v
"ERROROUT_C ¢} Error output (checker) v v v v
"ERRORIN | Error input v v v v
Interrupt NMI | External interrupt input v v v v
IRQO I v v v v
IRQ1 I v v v v
IRQ2 I v v v v
IRQ3 I v v v v
IRQ4 I v v v v
IRQ5 I v v v v
IRQ6 I v v v v
IRQ7 I v v v v
Clock EXTAL | External clock v 4 v v
XTAL o} Crystal 4 v v v
CK (0] Peripheral clock v v v v
Reset "RES_IN [ External reset input v v v v
"RES_OUT o} Reset output v v v v
Mode setting | MDO | Mode setting v v v v
MD1 I v v v v
Nexus/JTAG | TRST I Reset input v v v v
TDO (0] Serial data output v v v v
TMS | Mode select input v v v 4
TDI | Serial data input v 4 v v
TCK | Clock input v v v v
DRDY o} Ready output 4 v v v
"EVTO O Event trigger output v v v v
"EVTI | Event trigger input v v v v
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Table 2.63 Pin Function (23/23)

E2x-FCC1 E2M
BGA BGA292 | BGA BGA
Category Function Name 10 Function 373 (E2M) 373 292
LPD/DOC "LPDRST I LPD reset input v v v v
LPDO (0] LPD 4 pin data output v v v 4
LPDI | LPD 4 pin data input v v v v
LPDCLKO (0] LPD 4 pin clock output 4 v v v
LPDCLKI | LPD 4 pin clock input v v v v
AURORA CICREFP I Clock input v v — —
CICREFN I v v — —
TODPO (0] Trace data output 4 v — —
TODNO o v v — —
"AURORES I AURORA reset v v _ _
FLSCI (Writer | FPDT (0] Transmit data output v 4 v v
I/F) (2 wire UART, CSI)
FPDR Receive data input v 4 v v
(2 wire UART, CSI)
FPCK | Serial clock input (CSI) 4 v 4 v

Note 1.  These functions are multiplexed via virtual ports, so it can only be used in input mode. (See Section 2.5.2, List of
Alternative Functions for details). About port group support pins, refer to the Section 2.1.1, Port Group.
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2.8 Pins Status

See the description of the pin states in Section 10, Reset Controller for the definition of each reset state.

The following table describes the condition definition for pin states, such as Condition A is External Reset State.

RES_IN RES_IN
IRST_ TRST
E"‘e's“a‘ Reset Internal Reset State After Internal Reset Release After Internal Reset Release E"‘e'S“;":“E‘
Status Before IIF modeis defined F“""’,F‘ST ﬁ‘s‘i’elﬁ/iergae RUN 32233?)? S;G%W?F Status RUN Ee’“’ze‘/nm;’de s
Option Byte mode 2 mode
I Serial Programing Normal Operation Mode l I Normal Operation Senal Programing l
Mode / User Boot Mode: / User Boot Mode Mode
l A I B ‘ Cc I D I E F*3 ‘ l EoF I D A ‘
Condition Condition
[ Serial Programing Mode ‘ l Serial Programing Mode l
l A I B I c I o I G4, ] l G I D A ‘
RES_IN RES_IN
“RsT TRST
External Reset State Internal Reset State e e After Internal Reset Release External Reset State
Status After IIF mode Changing Status Changing Before IIF
Before I/F mode is defined Changing Debug I/F mode *2 is defined by NEXUS I/F RUN Debug IIF modeis
Option Byte mode mode defined
Condition l Serial Programing Mode User Boot Mode N e ® l l N O o Serial Programing Mode l
l A H E I F*3 ‘ l EorForM H I A ‘
Condition
l Serial Programing Mode l
l o e ]
RES_IN RES_IN
TRST TRST
System Reset 2 *6 System Reset 2 -6
After Internal Internal Reset After Internal After Internal Internal Reset After Internal
Reset Release State Reset Release Reset Release State Reset Release
After I/F mode After I/F mode
Status RUN is defined by RUN Status RUN is defined by RUN
Option Byte Option Byte
Normal Operation Normal Operation
/ User Boot Mode / User Boot Mode
D I J l K EorF [ L I M
Condition Condition
Serial Programing Mode l Serial Programing Mode ‘
Lo [+ T « ] e [« [ w |
Note 1.  Field BIST status will be skipped if TRST = H is set.
Note 2. Debug I/F mode is changed by the latched value of the TDI pin at rising edge of TRST .
Note 3.  The condition is not changed and keep “condition E”, if LPD 4 pin mode is selected.
Note 4.  This condition is supported with CAN/CAN-FD debug I/F mode in Serial Programing Mode only.
(About CAN/CAN-FD mode, see Section 5, Operating Modes.)
(About AC timing constraints, see the RH850/E2x-FCC1 Electrical Characteristics, User’s Manual: Hardware.)
Note 5. Boundary Scan debug I/F mode is not supported in Serial Programing Mode. NEXUS or LPD 4 pin mode can be selected.
Note 6.  About reset categories and reset sources, see the Section 10, Reset Controller.

Figure 2.19 Pin Status Conditions
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Table 2.64 Pin State in Normal Operation Mode, User Boot Mode and Serial Programing Mode
Pin Function Pin State
Condition Power-off
Category Pin Name A H B C D,E FG J, L K,M Standby Mode
Clock XTAL o o O o O 4
EXTAL | | | | | | | 4
System control m I (pull-down) |1 (pull-down) |l (pull-down) |l (pull-down) |l (pull-down) |I (pull-down) |l (pull-down) |l (pull-down)
"RES_OUT L L L L L3 L L L
MDO I (pull-down) |1 (pull-down) |l (pull-down) |l (pull-down) |l (pull-down) |l (pull-down) |l (pull-down) |l (pull-down)
MD1 I (pull-down) |1 (pull-down) |l (pull-down) |l (pull-down) |l (pull-down) |I (pull-down) |l (pull-down) |l (pull-down)
Interrupt NMI I (pull-down) |1 (pull-down) | pull-down I (pull-down) |1 (pull-down) |l (pull-down) |l (pull-down) |Z
ECM ERROROUT_M |L L L L LS <5 " L
General input/ |Pn_m z z z z z z z z
output port
SAR, AX ANXxX 4 4 4 4 4 4 4 z
AD
Debug system | AURORES | (pull-down) |1 (pull-down) |1 (pull-down) |1 (pull-down) |l (pull-down) |l (pull-down) |1 (pull-down) |I (pull-down)
CICREFP z z 4 4 z z 4 z
CICREFN 4 z 4 4 z z 4 z
TODPO 4 z 4 4 z z 4 4
TODNO 4 z 4 4 z z 4 4
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Table 2.65 Pin State in Normal Operation Mode, User Boot Mode (1/2)
Pin Function Pin State
Condition
Category IF Mode Pin Name A B c,J D, K E, L, M* F, L, M*6
Debug System BSCAN TDI | (pull-up) pull-up | (pull-up) | (pull-up) | (pull-up) | (pull-up)
TDO 4 4 4 4 4 z
TCK I (pull-up) pull-up | (pull-up) I (pull-up) I (pull-up) I (pull-up)
T™S z z z z I (pull-up) I (pull-up)
TRST | (pull-down) |1 (pull-down) |1 (pull-down) |l (Pull-down) |1 (pull-down) |1 (pull-down)
"DRDY /JP0_5 z z z z z z
NEXUS (WOW) TDI I (pull-up) pull-up | (pull-up) | (pull-up) I (pull-up) I (pull-up)
TDO z z 4 z 4 4
TCK | (pull-up) pull-up | (pull-up) | (pull-up) | (pull-up) | (pull-up)
T™MS z z z z | (pull-up) | (pull-up)
TRST | (pull-down) |1 (pull-down) |1 (pull-down) |1 (pull-down) |1 (pull-down) [l (pull-down)
"DRDY /JP0_5 z z z z z z
NEXUS (w DRDY ) TDI I (pull-up) pull-up I (pull-up) I (pull-up) I (pull-up) I (pull-up)
TDO 4 4 4 4 4 z
TCK | (pull-up) pull-up | (pull-up) | (pull-up) | (pull-up) | (pull-up)
T™MS z z z z | (pull-up) | (pull-up)
TRST I (pull-down) |I (pull-down) [l (pull-down) [l (pull-down) |I (pull-down) |I (pull-down)
DRDY 4 z z z z H
LPD-4 pin TDI/LPDI I (pull-up) pull-up | (pull-up) | (pull-up) | (pull-up) I (pull-up)
TDO/LPDO 4 4 z 4 H H
TCK/LPDCLKI | (pull-up) pull-up | (pull-up) | (pull-up) | (pull-up) | (pull-up)
TMS/JPO_3 4 4 z 4 z z
"TRST / LPDRST | (pull-down) |1 (pull-down) |1 (pull-down) |1 (pull-down) |l (pull-down) |I (pull-down)
"DRDY /LPDCLKO z z z z L L
GPIO (Write I/F) TDI/FPDR | (pull-up) pull-up | (pull-up) | (pull-up) | (pull-up) | (pull-up)
TDO/FPDT 4 4 4 4 4 4
TCK/FPCK | (pull-up) pull-up | (pull-up) | (pull-up) | (pull-up) | (pull-up)
TMS/JPO_3 4 4 4 4 z z
TRST I (pull-down) |l (pull-down) [l (pull-down) |1 (pull-down) |I (pull-down) |I (pull-down)
"DRDY /JP0_5 z z z z z z
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Table 2.65 Pin State in Normal Operation Mode, User Boot Mode (2/2)
Pin Function Pin State
Condition Power-off
Category IF Mode Pin Name A H E,L,M*® F,L, M*6 Standby Mode
Debug System BSCAN TDI | (pull-up) | (pull-up) | (pull-up) | (pull-up) z
TDO 4 4 4 z z
TCK I (pull-up) I (pull-up) | (pull-up) I (pull-up) z
T™MS z | (pull-up) | (pull-up) I (pull-up) z
TRST I (pull-down) |1 (pull-down) |1 (pull-down) |l (pull-down) | (pull-down)
"DRDY /JP0_5 z z z z z
NEXUS (wo DRDY ) DI I (pull-up) I (pull-up) I (pull-up) I (pull-up) z
TDO 4 4 4 z z
TCK | (pull-up) | (pull-up) | (pull-up) I (pull-up) 4
TMS z | (pull-up) | (pull-up) I (pull-up) 4
TRST I (pull-down) |1 (pull-down) |l (pull-down) |l (pull-down) |1 (pull-down)
"DRDY /JP0_5 z z z z z
NEXUS (w DRDY ) TDI I (pull-up) I (pull-up) I (pull-up) I (pull-up) Z
TDO 4 4 4 z z
TCK | (pull-up) | (pull-up) | (pull-up) | (pull-up) z
T™MS z | (pull-up) | (pull-up) | (pull-up) z
TRST I (pull-down) |1 (pull-down) |1 (pull-down) |l (pull-down) | (pull-down)
"DRDY_ 4 z7 4 H™* 4
LPD-4 pin TDI/LPDI I (pull-up) I (pull-up) I (pull-up) | (pull-up) z
TDO/LPDO z z® 4 H 4
TCK/LPDCLKI | (pull-up) | (pull-up) | (pull-up) I (pull-up) 4
TMS/JPO_3 z 4 4 z z
"TRST / LPDRST I (pull-down) |1 (pull-down) |l (pull-down) |l (pull-down) |1 (pull-down)
"DRDY /LPDCLKO z z® z L z
GPIO (Write I/F) TDI/FPDR | (pull-up) | (pull-up) | (pull-up) I (pull-up) 4
TDO/FPDT 4 4 4 z z
TCK/FPCK | (pull-up) | (pull-up) | (pull-up) | (pull-up) z
TMS/JPO_3 4 4 4 z z
TRST I (pull-down) |1 (pull-down) |1 (pull-down) |l (pull-down) | (pull-down)
"DRDY /JP0_5 z z z z z
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Table 2.66 Pin State in Serial Programing Mode
Pin Function Pin State
Condition Power-off
Category IF Mode Pin Name A B C,J D, K G, L, M*® Standby Mode
Debug System*' |NEXUS (WOW y*2 | TDI | (pull-up) pull-up I (pull-up) | (pull-up) | (pull-up) 4
TDO 4 4 4 z z 4
TCK I (pull-up) pull-up | (pull-up) I (pull-up) | (pull-up) z
T™S 4 4 4 z I (pull-up) 4
TRST I (pull-down) |1 (pull-down) |I (pull-down) |l (pull-down) [l (pull-down) |I (pull-down)
"DRDY /JP0_5 z z z z z
NEXUS (WW )2 TDI | (pull-up) pull-up | (pull-up) | (pull-up) I (pull-up) Z
TDO z 4 4 z z 4
TCK | (pull-up) pull-up I (pull-up) | (pull-up) | (pull-up) z
T™MS z z z 4 | (pull-up) z
TRST | (pull-down) |1 (pull-down) |1 (pull-down) |l (pull-down) |l (pull-down) |I (pull-down)
"DRDY z z z z H z
LPD-4pin*? TDI/LPDI | (pull-up) pull-up I (pull-up) | (pull-up) | (pull-up) z
TDO/LPDO 4 4 4 z H 4
TCK/LPDCLKI | (pull-up) pull-up | (pull-up) | (pull-up) | (pull-up) z
TMS/JPO_3 4 4 4 z z 4
TRST / LPDRST I (pull-down) |1 (pull-down) |1 (pull-down) |1 (pull-down) |I (pull-down) |I (pull-down)
"DRDY /LPDCLKO  |Z z z z L z
GPIO (Write I/F) TDI/FPDR | (pull-up) pull-up I (pull-up) I (pull-up) I (pull-up) 4
TDO/FPDT z 4 4 z z 4
TCK/FPCK | (pull-up) pull-up | (pull-up) | (pull-up) | (pull-up) z
TMS/JPO_3 4 4 4 z z 4
TRST | (pull-down) |1 (pull-down) |1 (pull-down) [l (pull-down) |l (pull-down) |I (pull-down)
"DRDY /JP0_5 z z z z z z
Note: [: Input
O: Output

H: Output High
L: Output Low
Z: High impedance

Pull-up: On-chip pull-up resistor

Pull-down: On-chip pull-down resistor

Note:

draw excessive current, or exhibit unintended crosscoupling effects on other port pins.

Note 1.
Note 2.

Section 5, Operating Modes for details.).

Note 3.

Note 4.
Note 5.

Note 6.
Note 7.

state is low.

Note 8.

Boundary Scan I/F mode is not support with Serial Programing Mode.
This condition is support with CAN/CAN-FD debug I/F mode in Serial Programing Mode only (About CAN/CAN-FD mode, see

The port pin’s input structures is designed in a way that during reset and after reset, unconnected pins do not tend to oscillate,

When the Option Byte PFC_RESO_CFG = O,W pin output is changed to high after internal reset release. (See
Section 2.6.8, RES_OUT Function for details.)

"DRDY pin status depends on the NEXUS/JTAG state. WAIT state is high, and IDLE state is low.
WOUT_M pin status depends on the output signal from Error Control Module. (See Section 39, Error Control
Module (ECM) for details.)

The condition M is the same as the previous condition just before system reset 2 is asserted.
When the status is changed from condition F, DRDY pin depends on the NEXUS/JTAG state. WAIT state is high, and IDLE

When the status is changed from condition E or F or M, TDO and DRDY pins are the same as the previous condition.
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29

Handling of The Unused Pins

Examples of the handling of unused pins are listed in following table.

Table 2.67 Examples of the Handling of Unused Pins (1/3)
Classification Pin Name 10 Examples of Handling of Unused Pins On-chip Pull-down/Pull-up Resistor
Clock XTAL (0] This pin can be left open. None
EXTAL | (This pin will always be used.) None
System control RES_IN | (This pin will always be used.) This pin is equipped with an internal pull-down
resistor.
RES_OUT (e] This pin can be left open. None
MDO | (This pin will always be used.) This pin is equipped with an internal pull-down
resistor.
MD1 | This pin must be connected to VSS via This pin is equipped with an internal pull-down
individual resistor. resistor.
Interrupt NMI | This pin must be connected to VSS via This pin is equipped with an internal pull-down
individual resistor. resistor.
ECM ERROROUT_M (0] This pin can be left open. None
General input/ Pn_m 10 [Input mode] The pins are equipped with internal pull-up or
output port These pins can be left open and the settings | Pull-down resistors which can be enabled by
are to disable input (values after reset are register settings.
PMCn_m =0, PMn_m =1, PIBCn_m = 0)
These pins can be left open and the settings
are to enable on-chip pull-up/pull-down
resistors (use PUn_m, PDn_m)
These pins must be connected to power supply
or ground of each pin via individual resistor.
[Output mode]
These pins can be left open.
ADC, DS-ADC Analog input-only | These pins can be left open. None
ANOxx, AN1xx, AN2xx, AN3xx
(excluding ANOOx, ANO1x, AN20x,
AN21x)
Alternative analog input and digital || These pins can be left open with the settings None
input. are to disable input (values after reset are
PMCn_m =0, and PIBCnh_m = 0)
ANO0Ox, ANO1x, AN20x, AN21x
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Table 2.67 Examples of the Handling of Unused Pins (2/3)
Classification Pin Name 10 Examples of Handling of Unused Pins On-chip Pull-down/Pull-up Resistor
Debug AURORES *! | Refer to Section 2.9.1, Handling of Thermal Area |Refer to Section 2.9.1, Handling of
Pins. Thermal Area Pins.
CICREFP*! | Refer to Section 2.9.1, Handling of Thermal Area |Refer to Section 2.9.1, Handling of
Pins. Thermal Area Pins.
CICREFN*! | Refer to Section 2.9.1, Handling of Thermal Area |Refer to Section 2.9.1, Handling of
Pins. Thermal Area Pins.
TODPO*' (0] Refer to Section 2.9.1, Handling of Thermal Area |Refer to Section 2.9.1, Handling of
Pins. Thermal Area Pins.
TODNO*! (0] Refer to Section 2.9.1, Handling of Thermal Area |Refer to Section 2.9.1, Handling of
Pins. Thermal Area Pins.
TDI/LPDI/JPO_O/FP |TDI | This pin can be left open. If it is connected, this pin | This pin is equipped with an internal pull-
DR must also be connected to VCC via an individual up resistor.
resistor
LPDI | This pin can be left open. If it is connected, this pin | This pin is equipped with an internal pull-
must also be connected to VCC via an individual up resistor.
resistor
JPO_0/FPDR | Do not select the JPO_0/FPDR pin function if the pin | (The pins are equipped with internal pull-
is not use in use. up or pull-down resistors which can be
enabled by register settings.)
The internal pull-up resistor is enabled in
booting up by the boot firmware.
TDO/LPDO/ TDO (0] This pin can be left open None
JPO_1/FPDT LPDO O This pin can be left open None
JPO_1/FPDT (0] Do not select the JPO_1/FPDT pin function if the pin |(The pins are equipped with internal pull-
is not use in use. up or pull-down resistors which can be
enabled by register settings.)
None
TCK/LPDCLKI/JPO_ |TCK | This pin can be left open. If it is connected, this pin | This pin is equipped with an internal pull-
2/FPCK must also be connected to VCC via an individual up resistor.
resistor
LPDCLKI | This pin can be left open. If itis connected, this pin | This pin is equipped with an internal pull-
must also be connected to VCC via an individual up resistor.
resistor
JPO_2/FPCK | Do not select the JPO_2/FPCK pin function if the pin | (The pins are equipped with internal pull-
is not use in use. up resistors which can be enabled by
register settings.)
None
TMS /JP0_3 T™S | This pin can be left open. If it is connected, this pin | This pin is equipped with an internal pull-
must also be connected to VCC via an individual up resistor.
resistor
TRST / LPDRST | This pin must be connected to VSS via individual This pin is equipped with an internal pull-
resistor. down resistor.
"DRDY / "DRDY o This pin can be left open. None
LPDCLKO/JP0O_5 |[LPDCLKO (0] This pin can be left open. None
NC NC — This pin must be open and soldering with printed None
circuit board is recommended.
VSS(NC) VSS(NC) — Connecting this pin to VSS is recommended from None
the point of view of power stabilization. ( It is
connected to VSS in PKG.)
However, it can be left open. Soldering with printed
circuit board is recommended even if open.
AOVSS(NC) AQVSS(NC) — Connecting this pin to AOVSS is recommended from | None
the point of view of power stabilization. ( It is
connected to AOVSS in PKG.)
However, it can be left open. Soldering with printed
circuit board is recommended even if open.
ADSVSS(NC) ADSVSS(NC) — Connecting this pin to ADSVSS is recommended None
from the point of view of power stabilization. (It is
connected to ADSVSS in PKG.)
However, it can be left open. Soldering with printed
circuit board is recommended even if open.
VDD(NC) VDD(NC) — Refer to Section 2.9.1, Handling of Thermal Area |Refer to Section 2.9.1, Handling of
Pins. Thermal Area Pins.
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Table 2.67 Examples of the Handling of Unused Pins (3/3)
Classification Pin Name Examples of Handling of Unused Pins On-chip Pull-down/Pull-up Resistor
Power supply EOVCC/E1VCC/E2VCC (This pin will always be used.) —
SYSvCC (This pin will always be used.) —
VCC (This pin will always be used.) —
VDD (This pin will always be used.) —
EMUVCC™ Refer to Section 2.9.1, Handling of Thermal Area Pins. |Refer to Section 2.9.1, Handling of Thermal
Area Pins.
EMUVDD ™ Refer to Section 2.9.1, Handling of Thermal Area Pins.  |Refer to Section 2.9.1, Handling of Thermal
Area Pins.
RAMSVCL (This pin will always be used.) —
VSS (This pin will always be used.) —
LvbvCC This pin must be connected to EOVCC with the settings are |—
to disable LVDS for RHSIF (values after reset are
LVDSCTRLA = 0000 0000w).
ADSVCC, Connections when the DS-ADC and CADC is not in use but |—
ADSVSS, the ADCH module is in use are listed below.
ADSVREFH, ADSVCC: This pin must be connected to AOVCC.
ADSVREFL, ADSVSS: This pin must be connected to AOVSS.
ADSVCL ADSVREFH: This pin must be connected to AOVCC.
ADSVREFL: This pin must be connected to AOVSS.
ADSVCL: This pin can be left open.
Connections when neither the DSADC nor CADC nor the
ADCH module is in use are listed below.
ADSVCC: This pin must be connected to EOVCC.
ADSVSS: This pin must be connected to VSS.
ADSVREFH: This pin must be connected to EOVCC.
ADSVREFL: This pin must be connected to VSS.
ADSVCL: This pin can be left open
AOVCC Connections when the ADCH module is not in use butthe |—
A1VCC DS-ADC or CADC is in use are listed below.
A2VCC AQVCC: This pin must be connected to ADSVCC.
A3VCC AOVSS: This pin must be connected to ADSVSS.
AOVREFH AOVREFH: This pin must be connected to ADSVCC.
A1VREFH A1VCC: This pin must be connected to ADSVCC.
A2VREFH A1VSS: This pin must be connected to ADSVSS.
A3VREFH A1VREFH: This pin must be connected to ADSVCC.
AOVSS A2VCC: This pin must be connected to ADSVCC.
A1VSS A2VSS: This pin must be connected to ADSVSS.
A2VSS A2VREFH: This pin must be connected to ADSVCC.
A3VSS A3VCC: This pin must be connected to ADSVCC.

A3VSS: This pin must be connected to ADSVSS.
A3VREFH: This pin must be connected to ADSVCC.

Connections when neither the DSADC nor the ADCH nor
the CADC module is in use are listed below.

AOVCC: This pin must be connected to EOVCC.
AOVSS: This pin must be connected to VSS.
AOVREFH: This pin must be connected to EOVCC.
A1VCC: This pin must be connected to EOVCC.
A1VSS: This pin must be connected to VSS.
A1VREFH: This pin must be connected to EOVCC.
A2VCC: This pin must be connected to EOVCC.
A2VSS: This pin must be connected to VSS.
A2VREFH: This pin must be connected to EOVCC.
A3VCC: This pin must be connected to EOVCC.
A3VSS: This pin must be connected to VSS.
A3VREFH: This pin must be connected to EOVCC.

Note: For the correspondences between the various pins and the power supply or ground, see the RH850/E2x-FCC1 Electrical

Characteristics, User's Manual: Hardware.

Note: Use a resistor with a value of at least 1 kQ for externally pulling pins up or down.

Note: Take care regarding the resistive division effect when using an external resistor to pull up or pull down a pin that is equipped

with an internal pull-up or pull-down resistor.

Note 1. The pin is implemented only in E2x-FCC1.
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291 Handling of Thermal Area Pins

29.11 The Case of using Emulation/Instrumentation RAM (SYSVCC and EMUVDD are
always supplied)

Emulation/Instrumentation RAM is available.

Emulation/Instrumentation RAM can be retained when power-off standby (seec Section 16.2.1, Power Off Standby
Mode for details).

Aurora I/F is can not be used ( AURORES = VSS).

(BGA373)

(BGA292)

Figure 2.20 Thermal Area Pin Connection Diagram

Table 2.68 Example of the Handling of Unused Pins for Thermal Area

Classification Pin Name Debug tool is used. Debug tool is not used.*! On-chip Pull-down / Pull-up Resistor

Power supply EMUVDD (This pin will always be used.) This pin can be left open. —

Note 1. It indicate that Emulation/Instrumentation RAM is not need to be retained. If some of these pins are left open, then all of these
pins must be left open.
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29.1.2 The Case of using Emulation/Instrumentation RAM and Aurora I/F (EMUVCC and
EMUVDD are always supplied)

Emulation/Instrumentation RAM and Aurora I/F is available.

Emulation/Instrumentation RAM can be retained when Emulation/Instrumentation RAM and Aurora Retention Mode.
(see Section 16.2.2, Emulation/Instrumentation RAM and Aurora Retention Mode for details).

(BGA373)

EMUVCC

(BGA292)

 [EOIEESE ooro | oo |
.

AURORES

Figure 2.21 Thermal Area Pin Connection Diagram

Table 2.69 Examples of the Handling of Unused Pins for Thermal Area

Classification Pin Name Debug tool is used. Debug tool is not used. *' On-chip Pull-down / Pull-up Resistor
Debug AURORES |(This pin will always be used.) This pin can be left open. This pin is equipped with an internal pull-
down resistor.

CICREFP (This pin will always be used.) This pin can be left open. —

CICREFN

TODPO

TODNO
Power supply EMUVCC (This pin will always be used.) This pin can be left open. —

EMUVDD (This pin will always be used.) This pin can be left open. —

Note 1.  Itindicate that AURORA I/F is not used and Emulation/Instrumentation RAM is not need to be retained. If some of these pins
are left open, then all of these pins must be left open.
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2913

The Case of using Emulation/Instrumentation RAM (EMUVCC and EMUVDD are
always supplied)

Emulation/Instrumentation RAM is available.

Emulation/Instrumentation RAM can be retained when Emulation/Instrumentation RAM and Aurora Retention Mode.
(see Section 16.2.2, Emulation/Instrumentation RAM and Aurora Retention Mode for details).

Aurora I/F can not be used ( AURORES = VSS).

(BGA373)

(BGA292)

Figure 2.22 Thermal Area Pin Connection Diagram
Table 2.70 Examples of the Handling of Unused Pins for Thermal Area
Classification Pin Name Debug tool is used. Debug tool is not used.*! On-chip Pull-down / Pull-up Resistor
Power supply EMUVCC (This pin will always be used.) This pin can be left open. —
EMUVDD (This pin will always be used.) This pin can be left open. —

Note 1. Itindicate that the Emulation/Instrumentation RAM and Aurora configuration are not need to be retained. If some of these pins
are left open, then all of these pins must be left open.
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2914

The Case of Pin Assignment for Mass Production

(BGA373)

(BGA292)

e e vesinG) | vesio)|

VSS(NC)

VDD(NC)

Figure 2.23

Table 2.71

Thermal Area Pin Connection Diagram

Examples of the Handling of Unused Pins for Thermal Area

Classification

Pin Name

Examples of Handling of Unused Pins.

On-chip Pull-down / Pull-up Resistor

Power supply

VDD(NC)

Connecting this pin to VDD is recommended from the
point of view of power stabilization. ( It is connected to
VDD in PKG.)

However, it can be left open. Soldering with printed
circuit board is recommended even if open.

VSS(NC)

Connecting this pin to VSS is recommended from the
point of view of power stabilization. ( It is connected to
VSS in PKG.)

However, it can be left open. Soldering with printed
circuit board is recommended even if open.
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Section3  CPU System

3.1 Overview

3.11 Block Diagram

For the block diagram of the CPU system, see Figure 1.5 and Figure 1.6 in Section 1, Overview.

The CPU system consists of the following modules.

CPUO (PEO), CPU1 (PE1)
The RH850 G4MH core is included as the main CPU. The CPUs also include a checker core for safety assurance.

ICUMD
Refer to the E2x ICUMD User’s Manual.

Local RAM
Each PE has a high-speed accessible local RAM.

Cluster RAM
The cluster RAM is a mass on-chip RAM that all PEs share. Some areas of this RAM function as the retention RAM.

Code Flash

A mass code flash is included for program storage. PEO, PE1 and ICUMD share the code flash and they are connected
with each other via the code flash interface.

Emulation RAM

This is RAM to emulate the code flash. The programs can be replaced by control from an external tool without
rewriting the code flash. It is supported in E2x-FCCI1.

Data Flash
This is a flash memory rewritable by the CPU.

P-Bus and H-Bus and I-Bus

Peripheral IPs are connected on P-Bus, H-Bus and I-Bus.

E2x-FCC1: The P-Bus consists of 10 groups, Peripheral Group 0 to 9.
The H-Bus consists of 3 groups, H-Bus Group 0 to 2.
The I-Bus consists of 4 groups, I-Bus Group 0 to 3.

E2M: The P-Bus consists of 10 groups, Peripheral Group 0 to 9.
The H-Bus consists of 3 groups, H-Bus Group 0 to 2.
The I-Bus consists of 4 groups, I-Bus Group 0 to 3.

Refer to each section on peripheral IPs for information on bus groups.
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INTC1, INTC2

INTCI is an interrupt controller exclusive to each PE. INTC2 is a common interrupt controller that all PEs can share,
which is able to set the destination PE for binding interrupt requests by the registers.

DMA
Two DMA transfer modules, SDMAC and DTS, are included. DTS includes the checker logic for safety assurance.
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3.2 CPU

3.21 Core Functions
3.21.1 Features

Table 3.1 lists the features of the RH850G4MH core. See the RH850G4MH User’s Manual: Software.

Table 3.1 Features of the RH850G4MH Core
ltem Feature
CPU ® High performance 32-bit architecture for embedded control

® 32-bit internal data bus
® Thirty-two 32-bit general-purpose registers
® RISC-type instruction sets
— Long/short type load/store instructions
— Three-operand instructions
— Instruction sets based on C
® CPU operating modes
— User mode, supervisor mode
® Address space: 4-GB linear space for both data and instructions
® Out-of-Order execution

Coprocessor ® A floating point operation coprocessor (FPU)
— Supports single precision (32-bits) and double precision (64-bits).
— Supports IEEE754-compliant data types and exceptions.
— Rounding mode: Nearest, 0 direction, +e direction, and —« direction
— Handling of non-normalized numbers: These are truncated to O, or an exception is reported to
comply with IEEE754.
® An extended floating-point operation coprocessor (FXU)
— Supports 4 single-precision (32-bit) parallel operations (FP-SIMD)
— Supports IEEE754-compatible data types and exceptions
— Rounding modes: Nearest, 0 direction, +< direction, and —« direction
— Handling of non-normalized numbers: These are truncated to O, or an exception is reported to
comply with IEEE754.
Exception/Interrupt ® 16-level interrupt priority that can be specified for each channel

® Vector selection method that can be selected according to performance requirements and the amount of
consumed memory

— Direct branch method exception vector (direct vector method)
— Address-table-referencing indirect branch method exception vector (table reference method)

® Support for high-speed context save and restore processing on interrupt by using dedicated instructions
(PUSHSP, POPSP)

® Support for high-speed context save on interrupt by using the register bank feature
® Support for restoration from the register bank using a dedicated instruction (RESBANK)

Memory Management ® Memory protection function (MPU): 24 areas settable.

Cache ® |nstruction cache 16 KB

3.2.2 Processor Model

This CPU defines a processor model that has basic operation functions, registers, and an exception management
function.

This section describes the unique features of the processor model of this CPU.
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3.2.21 CPU Operating Modes

This CPU has two operating modes of the supervisor mode (SV) and the user mode (UM). Whether the system is in
supervisor mode or user mode is indicated by the UM bit in the PSW register.

e Supervisor mode (PSW.UM = 0): All hardware functions can be managed or used.

e User mode (PSW.UM = 1): The usable hardware functions are restricted.

(1) Definition of CPU Operating Modes

(a) Supervisor Mode (SV)

All hardware functions can be managed or used in this mode. The system always starts up in supervisor mode after a
reset.

(b) User Mode (UM)

This operating mode makes up a pair with the supervisor mode. In user mode, address spaces to which access is
permitted by the supervisor and the system registers defined as user resources can be used. Supervisor-privileged
instructions cannot be executed and result in exceptions.

Restriction in user mode (PSW.UM = 1)

® Privileged instruction violations due to SV-privileged-instruction operating restrictions
(— PIE exceptions)

For details about privileged-instruction operating restrictions, see Section 3.2.2.1(3), CPU Operating Mode and
Privileges.
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(2) CPU Operating Mode Transition

The CPU operating mode changes due to three events.

(a) Change due to Acknowledging an Exception

When an exception is acknowledged in user mode, the CPU operating mode changes to privileged mode.
When an exception is acknowledged in supervisor mode, the CPU operating mode remains as is.

(b) Change due to a Return Instruction

When a return instruction is executed, the PSW value is restored according to the value of the corresponding bit
backed up to EIPSW and FEPSW.

(c) Change due to a System Register Instruction

The CPU operating mode changes when an LDSR instruction is used to directly overwrite the PSW operating mode
bits.

CAUTION

The CPU operating mode cannot be changed in user mode because the higher-order 31 to 5 bits of the PSW register
cannot be overwritten while the mode can be changed in supervisor mode. This CPU guarantees that if an LDSR
instruction is used to update the PSW register, the new setting will be reflected when the subsequent instruction is
executed. However, this CPU does not guarantee that the new setting will be reflected in the memory protection by the
MPU for instruction fetch of the subsequent instruction. Therefore, for changing the higher-order 31 to 5 bits of the PSW
register, it is recommended to use a return instruction. For details, see Section 3.2.7.3, Hazard Management after
System Register Update.
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(3) CPU Operating Mode and Privileges

In this CPU, the usable functions can be restricted according to usage permission settings for specific resources and the
CPU operating mode. Specific instructions (including instructions that update specific system registers) can only be
executed in the defined operating mode. The permissions necessary to execute these specific instructions are called
“privileges”. In operating modes that do not have privileges, these instructions are not executed and exceptions occur.

This CPU defines the following two types of privileges (usage permission).

e Supervisor (SV) privilege: Privilege necessary for important system resources operation, fatal error
processing, and user-mode program execution management

e Coprocessor use permissions: Permissions necessary to use a coprocessor

o
I
= Supervisor privilege
7 mode
o

l Restoration
~ Exception
I
< UM
|  User mode
=
»
o
Figure 3.1 CPU Operating Modes and Privileges
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(a) Supervisor Privilege (SV Privilege)

The privilege necessary to perform the operation for important system resources, fatal error processing, and user-
mode program execution management is called the supervisor privilege (SV privilege). This privilege is available in
supervisor mode. The SV privilege is generally necessary to execute instructions used to perform the operation for
important system resources, and these instructions are sometimes called SV privileged instructions.

(b) Coprocessor Use Permissions
Regardless of the CPU operating mode, it is possible to specify whether coprocessors can be used.

The CU2 to CUO bits in the PSW register are used by a supervisor to specify whether coprocessors can be used by
each program. If the CU 2 to CUO bits are not set to 1, a coprocessor unusable exception occurs when the
corresponding coprocessor instruction is executed or the system register is accessed.

If no coprocessor is installed, it is not possible to set the corresponding CU bits to 1. The setting of the CU2 to CUO
bits is valid regardless of the CPU operating mode, and, if the supervisor accesses coprocessor system registers, it is
necessary to set the CU2 to CUO bits to enable coprocessor use.

(c) Operation when there is a Privilege Violation

When a privileged instruction is executed by someone who does not have the required privilege, or when a system
register for which access permission is specified is accessed by someone who does not have the required permission,

a PIE exception or UCPOP exception occurs.

The relationship between instructions that can be executed according to operating mode and use permission are
shown in Table 3.2, and the relationship between system registers that can be accessed according to operating mode
and use permission are shown in Table 3.3.

Table 3.2 Operation when Violating Execution Permission
Instruction PSW
Execution Permission | Classification UM Cu2 | CU1 CUO | Whether Instructions can be Executed
SV privilege *1 0 — — — | Possible
1 — — — Not possible (PIE exception occurs)
User Coprocessor 0 instruction — — — 0 Not possible (UCPOP exception occurs)
— — — 1 Possible
Coprocessor 1 instruction — — 0 — Not possible (UCPOP exception occurs)
— — 1 — | Possible
Coprocessor 2 instruction — 0 — — Not possible (UCPOP exception occurs)
— 1 — — | Possible
Other than above — — — — Possible
Remark: —:0or1
Note 1. Coprocessor instructions with SV privilege are not defined in this CPU.
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Table 3.3 Operation When Violating Access Permission to System Registers
System Register PSW
Access Permission Classification UM Cu2 | CU1 CUO | Whether Instructions can be Executed
SV permission Coprocessor 0 Permission 0 — — 0 Inaccessible (UCPOP exception occurs)
0 — — 1 Accessible
1 — — 0 Inaccessible (UCPOP exception occurs)
1 — — 1 Inaccessible (PIE exception occurs)
Coprocessor 1 Permission 0 — 0 — Inaccessible (UCPOP exception occurs)
0 — 1 — | Accessible
1 — 0 — Inaccessible (UCPOP exception occurs)
1 — 1 — Inaccessible (PIE exception occurs)
Coprocessor 2 Permission 0 0 — — | Inaccessible (UCPOP exception occurs)
0 1 — — | Accessible
1 0 — — | Inaccessible (UCPOP exception occurs)
1 1 — — Inaccessible (PIE exception occurs)
Other than above 0 — — — | Accessible
1 — — — | Inaccessible (PIE exception occurs)
UM permission Coprocessor 0 Permission — — — 0 Inaccessible (UCPOP exception occurs)
— — — 1 Accessible
Coprocessor 1 Permission — — 0 — Inaccessible (UCPOP exception occurs)
— — 1 — | Accessible
Coprocessor 2 Permission — 0 — — Inaccessible (UCPOP exception occurs)
— 1 — — | Accessible
Other than above — — — — | Accessible
Remark: —:0or1
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(4) Halt State by a HALT Instruction

Executing a HALT instruction brings the CPU core to a HALT state.

A HALT state is terminated when a request for a terminating exception is made to the CPU. At this point, if the
conditions for acknowledging the terminating exception are met, control is transferred to the exception handler address.
Even if they are not met, the HALT state is terminated when the request is made; therefore, operation is resumed from
the instruction following the HALT instruction.

(5) Temporary Halt State by a SNOOZE instruction

A SNOOZE instruction is an instruction to reduce the use of bus bandwidth during a spinlock. After this instruction is
completed, the CPU core is brought to a temporary halt state to restrict the execution of the subsequent instructions.
Programmers can avoid the unnecessary use of bus bandwidth that results from short-term repetition of a locking
process, by inserting this instruction into a spinlock loop.

A temporary halt state is terminated if any of the following conditions is met:
o After the time specified by the SNZCFG register elapsed, the execution of the subsequent instructions is resumed.

e The occurrence of a terminating exception causes control to be transferred to the exception handler address. If the
conditions for acknowledging the exception are not met, execution is resumed from the instruction following the
SNOOZE instruction. Also, if the exception is acknowledged, the instruction following the SNOOZE instruction is
interrupted, and the PC restored indicates the instruction following the SNOOZE instruction.
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3.2.2.2

Instruction Execution

The instruction execution flow of this CPU is shown below.

Gxecution of aninstruction sta9

Are the teminating
exception acknowledgment
conditions satisfied?

as a resumable exception
occurred during the acquisition of
the instruction code?

Is the execution privilege
of the instruction satisfied?

Yes (terminating exception)

Yes (MIP/SYSERR)

v

No (PIE/RIE/UCPOP)

v

Execute operation

Has a resumable
exception occurred during
the execution of

the operation?2

Is it a pending exception?

Yes (SYSERR/MAE/MDP/FPE/FXE)

Yes (pending exception)

/

A

Reflect operation results
(registerymemory/PC update, etc.)

Reflect operation results
Exception transition processing
(register/PC update, etc.)

Exception transition processing
(register/ PC update, etc.)

Execution of
the next instruction starts

Figure 3.2

Instruction Execution Flow
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If terminating exceptions can be acknowledged, if an exception is detected during the acquisition of instruction code, or
if the execution privilege of the instruction is not satisfied, an exception occurs before the instruction is executed. If a
resumable exception occurs while the CPU is executing the operation, it interrupts the execution of the operation and
acknowledges the exception. In these cases, the result of instruction operation is, in principle, not reflected in registers
or memory and the CPU retains its state that is established before executing the instruction.*!

For a pending exception such as a software exception, the exception is acknowledged after the result of instruction
execution has been reflected.

For details of the types of exceptions, refer to Section 3.2.2.3, Exceptions and Interrupts.
Note 1.  If an exception is acknowledged during the execution of the following instructions, intermediate results may be

applied to memory or general-purpose registers. However, SP/EP is not updated.
e PREPARE, DISPOSE, PUSHSP, POPSP
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3.223 Exceptions and Interrupts

Exceptions and interrupts are exceptional events that cause the program under execution to branch to another program.
Exceptions and interrupts are triggered by various sources, including interrupts from peripherals and program
abnormalities.

For details, see Section 3.2.2.3, Exceptions and Interrupts.

(1) Types of Exceptions

The exceptions of this CPU are divided into the following three types according to the purpose of the exceptions.
e Terminating exception
e Resumable exception

® Pending exception

(a) Terminating Exception

A terminating exception is an exception that is acknowledged by interrupting an instruction before the execution of
the operation for the instruction. Terminating exceptions include interrupts, etc.

This type of exceptions, such as an interrupt or hardware error, start another program irrelevant to the currently
processed program.

(b) Resumable Exception

A resumable exception is an exception that occurs during the execution of the operation for an instruction and that is
acknowledged without the completion of the instruction. It is also referred to as a precise exception because it is
precisely acknowledged without the completion of the relevant instruction or the execution of the subsequent
instruction.

Unlike a terminating exception, a resumable exception occurs during the execution of an instruction, and cancel the
execution of the instruction, and so it allows the instruction to be executed again after exception handling. Therefore,
it is possible to perform complex memory management while maintaining the consistency of the logical operation of
programs, by executing the same instruction again after appropriate configuration by exception handling.

(c) Pending Exception

A pending exception is an exception that occurs as a result of the execution of the operation for an instruction, and
that is acknowledged after the completion of the instruction. Pending exceptions include software exceptions, etc.

The occurrence of a pending exception is defined as a normal operation of an instruction; therefore, unlike a
resumable exception, a pending exception normally completes the instruction that caused it, and never re-executes the
instruction. This exception is intended mainly for use in call gates, for example, for calling a management program.
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(2) Exception Level

In this CPU, if an exception with a high degree of urgency occurs while another exception is being processed, the
urgent exception will be processed. To make it possible to return to the interrupted exception handling after
acknowledging the urgent exception, even if the context had not been saved to the memory, exception causes are
managed in the following two hierarchical levels.

e EI level exception

¢ FE level exception

EI level exceptions are used for processing such as regular user processing, interrupt servicing, and OS processing. FE
level exceptions are used to enable interrupts with a high degree of urgency for the system or exceptions from the
memory management function that might occur during OS processing to be acknowledged even while an EI level
exception is being processed.
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3.224 Coprocessors

In this CPU, single-precision and double-precision floating-point unit (FPU) and extended floating-point operation unit
(FXU) are incorporated. Note that these coprocessors may not be available depending on the specification of the
product.

(1) Coprocessor Use Permissions

To execute a coprocessor instruction, permission to use the corresponding coprocessor instruction is necessary.
Coprocessor use permissions are specified by the PSW.CU2 to PSW.CUO bits, and, if an attempt is made to execute an
instruction for which the corresponding coprocessor use permission is cleared to 0, a coprocessor unusable exception
(UCPOP) occurs.

In the following cases, the values of the PSW.CU2 to CUO bits are fixed at 0 and cannot be changed.
e Coprocessor functions are not incorporated in the product

e Coprocessor functions are made unavailable according to the functions of the product

(2) Correspondences between Coprocessor Use Permissions and Coprocessors

This CPU defines coprocessor use permissions to control the availability of the coprocessor for each program during
CPU operation. There are three coprocessor use permissions (CUO to CU2), and their correspondences with the
coprocessors are shown in the following table. This CPU does not have a coprocessor function with the coprocessor use
permission CU2. The coprocessor use permission CU2 is a function reserved for future CPUs that have compatibility
with this CPU.

Table 3.4 Correspondences between Coprocessor Use Permissions and Coprocessors
Coprocessor Use Permission Coprocessor Exception Cause Code
Ccuo Single-precision FPU 801

Double-precision FPU
Cu1 FXU 81n
cu2 Reserved 824

(3) Coprocessor Unusable Exceptions

A coprocessor unusable exception occurs if an attempt is made to execute a coprocessor instruction or access a system
register of the coprocessor without having the corresponding coprocessor use permission (PSW.CUn = 0).

For details about the opcodes of the coprocessor instructions, see the RH850G4MH User’s Manual: Software. For
details about the system registers of the coprocessors, see Section 3.2.3.4, FPU Function Registers and Section
3.2.3.5, FXU Function Registers.

If the register bank function is used, the FPSR register, which is a system register of the FPU, is accessed when the
automatic context saving and the RESBANK instruction is executed. In this case, even if the coprocessor use
permission is not given (PSW.CUO = 0), a coprocessor unusable exception does not occur.

(4) System Registers

Some coprocessor functions have system registers as the part of their functions. The coprocessor use permission is
necessary to access the system register of a coprocessor function. For some system registers, the supervisor privilege
(SV privilege) is necessary in addition to the coprocessor use permission.

For details about the permissions necessary to access system registers, see Section 3.2.2.5, Registers.
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3.225 Registers

This CPU defines program registers (general-purpose registers and the program counter PC) and system registers for
controlling the status and storing exception information.

(1) Program Registers

The program registers include general-purpose registers (r0 to r31) and the program counter (PC).

Table 3.5 Program Registers

Category Access Permission Name
Program counter UM PC
General-purpose registers UM r0-r31

Note: Access to the registers with UM (user mode) access permission is always allowed.

For details about program registers, see Section 3.2.3.1, Program Registers.

(2) System Registers

System registers are placed in dedicated address spaces defined based on two types of address information: selection ID
and register number. Up to 32 selection ID can be defined, and one selection ID includes up to 32 system registers.
Therefore, up to 1024 system registers can be defined in the address spaces for system registers. Basically this CPU
allocates selection ID as shown below:

Selection ID 0 to 3: Registers related to basic functions

Selection ID 4 and 5: Registers related to the memory management function

Selection ID 10 and 11: Registers related to functions expanded from the legacy architecture
Selection ID 12 and 13: Registers related to this CPU specific hardware functions

Other ID: Reserved for future expansion of CPUs compatible with this CPU

For details about system registers, see the relevant sections in Section 3.2.3, Register Set.

(3) Register Updating

There are several methods used to update registers. Normally, no particular restrictions apply when updating register by
using an instruction. However, when updating registers by using the following instructions, some restrictions might
apply, depending on the operating mode.

e LDSR
e STSR
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(a) LDSR and STSR

The LDSR and STSR instructions can access all the system registers.

However, if a system register is accessed without the proper permission, a PIE exception or UCPOP exception might

occur. For details about the access permission for each register, see the description of system registers in Section
3.2.3, Register Set. For details about behaviors when a privilege violation occurs, see Section 3.2.2.1(3), CPU

Operating Mode and Privileges.

Figure 3.3 shows the flow of executing the LDSR and STSR instructions.

G(ecu\ion of an instruction sta@

Execute operation

Is the access

Are the terminating
exception acknowledgment
conditions satisfied?

Is the access permission
CUn, and PSW.CUn = 0?

and PSW.UM = 1?

Is this an undefined
register? (or is it handled
as undefined?)

SVLOCK.SVL =1 and
write access?
Also, is the register subject
to lock?

Yes (any exception)

Yes (UCPOP exception)

Yes (PIE exception)

permission SV

4

Execute register access

The read result is undefined
or write is ignored

¢
¢

Reflect operation results
(register/memory/
PC update, etc.)

[

Exception transition processing
(register/PC update, etc.)

‘

C

Execution of the next
instruction starts

)

Figure 3.3

Flow of Executing the LDSR and STSR Instructions
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(4) Accessing Undefined Registers

If a system register number without any register assigned is accessed or if an inaccessible register is accessed, the
following results occur.

¢ Undefined registers are handled as having the SV permission. When they are accessed by an LDSR or STSR
instruction in user mode (PSW.UM = 1), a PIE exception occurs.

e For a read operation, the read result is undefined. If the read value is used in a program, unexpected behaviors might
occur.

¢ For a write operation, the write operation is ignored.

(5) Supervisor Lock Setting

If the SVLOCK.SVL bit is set (1), the following system registers cannot be updated even in supervisor mode:
SPID, MPM, MPLA, MPUA, MPAT, and MPIDn

However, if the SVLOCK.SVL bit is set (1), an attempt to update the system registers above does not cause a PIE
exception.

Also, even if the SVLOCK.SVL bit is set (1), it is possible to read the system registers above.

This function is intended for the safety of systems that incorporate this CPU. It prevents a program running in
supervisor mode from abruptly changing memory protection setting due to a programming error, etc., to make illegal
memory access possible, and to impair safety.
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3.2.2.6 Data Types
(1) Data Formats

This CPU handles data in little endian format. This means that byte 0 of a halfword or a word is always the least
significant (rightmost) byte.

The supported data format is as follows.

Byte (8-bit data)

Halfword (16-bit data))

Word (32-bit data)

Double-word (64-bit data)

Quad-word (128-bit data)

Bit (1-bit data)

In this CPU, a memory access of double-word data is divided into two non-atomic memory accesses of word data, and a
memory access of quad-word data is divided into four non-atomic memory accesses of word data.

(a) Byte

A byte is 8 consecutive bits of data that starts from any byte boundary. Numbers from 0 to 7 are assigned to these
bits, with bit 0 as the LSB (least significant bit) and bit 7 as the MSB (most significant bit). The byte address is
specified as “A”.

Data

oTn | N
wwnr- | ©

A Addresses

(b) Halfword

A halfword is two consecutive bytes (16 bits) of data that starts from any byte boundary. Numbers from 0 to 15 are
assigned to these bits, with bit 0 as the LSB and bit 15 as the MSB. The bytes in a halfword are specified using
address “A”, so that the two addresses comprise byte data of “A” and “A + 1.

15 8 7 0
| \ \ \ \ \ \ \ \ \ \ \ \ i
'\SA l l é Data
B | i
A+1 A Addresses
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(c) Word

A word is four consecutive bytes (32 bits) of data that starts from any byte boundary. Numbers from 0 to 31 are
assigned to these bits, with bit 0 as the LSB (least significant bit) and bit 31 as the MSB (most significant bit). A
word is specified by address “A” and consists of byte data of four addresses: “A”, “A + 17, “A + 2”, and “A + 3”.

24 23
]

16 15
]

wng XL

Data

ownr|jo

A+3

A+2

A+1

Addreses

(d) Double-word

A double-word is eight consecutive bytes (64 bits) that start from any 4-byte boundary. Numbers from 0 to 63 are
assigned to these bits, with bit 0 as the LSB and bit 63 as the MSB. A double-word is specified by address “A” and
consists of byte data of eight addresses: “A”, “A + 17, “A+ 2”7, “A+ 3", “A+ 47, “A+ 5", “A+6”,and “A + 7.

63 56 55 48 47 40 39 32
M T T T T T T T
% ! Data
A+7 A+6 A+5 A+4 Addresses
31 24 23 16 15 8 7 0
T T T T T T T L
|
S
'8 Data
A+3 A+2 A+1 A Addresses

(e) Quad-word

A quad-word is sixteen consecutive bytes (128 bits) that start from any 8-byte boundary. Numbers from 0 to 127 are
assigned to these bits, with bit 0 as the LSB and bit 127 as the MSB. A quad-word is specified by address “A” and

consists of byte data of sixteen addresses: “A”, “A + 17, ..., and “A + 15”.
127 120 119 112 111 104 103 96
M T T T T T T T
% i Data
A+15 A+14 A+13 A+12 Addresses
95 88 87 80 79 72 71 64
T T T T T T T T
Data
A+11 A+10 A+9 A+8 Addresses
63 56 55 48 47 40 39 32
11 T T T T T 1 T T T 1
Data
A+7 A+6 A+5 A+4 Addresses
31 24 23 16 15 8 7 0
T T T T T T T T
! E Data
A+3 A+2 A+1 A Addresses
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(f) Bit

A Dit is bit data at the nth bit within 8-bit data that starts from any byte boundary. Each bit is specified using its byte

address “A” and its bit number “n” (n =0 to 7).

n 0  Bit number
| |
Address “A” byte ... Data
A Addresses
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(2) Data Representation

(a) Integers

Integers are represented as binary values using 2’s complement, and are used in one of four lengths: 64 bits, 32 bits,
16 bits, or 8 bits. Regardless of the length of an integer, its place uses bit 0 as the LSB, and this place gets higher as
the bit number increases. Because this is a 2’s complement representation, the MSB is used as a sign bit.

The integer ranges for various data lengths are as follows.

¢ Double-word (64 bits): —9223372036854775808 to +9223372036854775807

e Word (32 bits): —2147483648 to +2147483647
e Halfword (16 bits): —32768 to +32767
¢ Byte (8 bits): —128 to +127

Although data format of quad-word (128 bits) is defined, data representation of quad-word is not used in this CPU.
This is because quad-word data consists of four-word data or two-double-word data, but this CPU does not process
quad-word data directly.

(b) Unsigned Integers

In contrast to “integers” which are data that can take either a positive or negative sign, “unsigned integers” are never
negative integers. Like integers, unsigned integers are represented as binary values, and are used in one of four
lengths: 64 bits, 32 bits, 16 bits, or 8§ bits. Also like integers, the positioning of unsigned integers uses bit 0 as the
LSB and gets higher as the bit number increases. However, unsigned integers do not use a sign bit.

The unsigned integer ranges for various data lengths are as follows.

Double-word (64 bits): 0 to 18446744073709551615

Word (32 bits): 0 to 4294967295

Halfword (16 bits): 0 to 65535

Byte (8 bits): 0 to 255
(c) Bits

Bit data are handled as single-bit data with either of two values: cleared (0) or set (1). There are four types of bit-
related operations (listed below), which target only single-byte data in the memory space.

e Set
e (Clear
e Invert
e Test
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(3) Data Alignment

In this CPU, misaligned data allocation is inhibited. When the result of address calculation is a misaligned address, a

misalignment exception (MAE) occurs.

Misaligned access indicates the accesses to the data size with the addresses listed below:

e Halfword size: The access to an address that is not at the halfword boundary

(where LSB of the address = 0)

e Word size: The access to an address that is not at the word boundary

(where the lowest two bits of the address = 0).

e Double-word size:  The access to an address that is not at the double-word boundary

(where the lowest three bits of the address = 0).

¢ Quad-word size: The access to an address that is not at the quad-word boundary

(where the lowest four bits of the address = 0)

For the double-word format only, a misaligned access exception does not occur when data is placed at the word

boundary but not at the double-word boundary, and data can be normally accessed in double word.

CAUTIONS

1. The following instructions might possibly cause misaligned access. For details, see the relevant descriptions in the
RH850G4MH User’s Manual: Software.

LD.H, LD.HU, LD.W, LD.DW

SLD.H, SLD.HU, SLD.W

ST.H, ST.W, ST.DW

SST.H, SST.W

LDL.HU, LDL.W, STC.H, STC.W, CAXI

LDV.W, LDV.DW, LDV.QW, STV.W, STV.DW, STV.QW
LDVZ.H4, STVZ.H4

2. The following instructions do not cause misaligned access, because the address is rounded as the instruction
specification when a misaligned address is specified.

PREPARE, DISPOSE
PUSHSP, POPSP
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(a) Byte Access

7y <« Byte boundary
(n+tl)H
y <« Byte boundary
(n+0)H Y
<« Byte boundary

Aligned access

(b) Halfword Access

i : <« Halfword boundary

(2n+3)H !
(2n+2)H v 3 A

i <« Halfword boundary
(2n+1)H ! v
(2n+0)H \/

; <« Halfword boundary

|

|

Aligned access Misaligned access

(c) Word Access

< Word boundary

Y

< Word boundary

|
H 1
§ |
H |
Il
H 1
y \ <« Word boundary
H 1
H l
|
. 1
H 1
1
|
|

Aligned access Misaligned access

(d) Double-word Access

< Double-word boundary/Word boundary

< Word boundary

(8n+9)H
(8n+8)H
(8n+7)H
(8n+6)H
(8n+5)H
(8n+4)H
(
(
(
(8

<« Word boundary

8n+3)H
8n+2)H
8n+1)H
n+0) H y

<« Double-word boundary/Word boundary

|
|
i
|
|
|
|
|
|
i <« Double-word boundary/Word boundary
|
T
|
i
i
|
|
|
|
|
|
|

Misaligned access

Misaligned access
(Word boundary*")

Aligned access

Note 1. No misalignment exception (MAE) occurs for LD.DW and ST.DW instructions. For details, see LD.DW and ST.DW in the
RH850G4MH User’s Manual: Software. An MAE occurs for other double-word access instructions.

Figure 3.4 Example of Data Placement for Misaligned Access (1/2)
RO1UH0641EJ0130 Rev.1.30 REN ESAS Page 258 of 4595

Dec 26, 2019



RH850/E2x-FCCA1 Section 3 CPU System

(e) Quad-word Access

<« Quad-word boundary

16n+31)
16n+30)
16n+29)
16n+28)
16n+27)
16n+26)
16n+25)
16n+24)
16n+23)
16n+22)
16n+21)
16n+20)
16n+19)
16n+18)
l6n+17)
16n+16)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)
)

<« Quad-word boundary

lon+15
l6n+14
16n+13
l6n+12
l6n+11
l6n+10
(16n+9

(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(
(

16n+8

l6n+7

lé6n+6

(

(

(
(16n+5
(l6on+4
(
(
(
(

16n+3
lén+2
lé6n+1
16n+0

jasjita=iia siiba s asjia e sjila i« s a s e ol a uiia i a s i a s Jia e e s« i a s Ji s e i« i« s a s i au e n i« i a s Ji a s i a sl a

<« Quad-word boundary

Aligned access Misaligned access

Figure 3.4 Example of Data Placement for Misaligned Access (2/2)
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3.2.27 Address Space

This CPU supports a linear address space of up to 4 Gbytes. Both memory and I/O can be mapped to this address space
(using the memory mapped I/O method). The CPU outputs a 32-bit address for memory and I/O, in which the highest
address number is “232 — 17,

The byte data placed at various addresses is defined with bit 0 as the LSB and bit 7 as the MSB. When the data is

comprised of multiple bytes, it is defined so that the byte data at the lowest address is the LSB and the byte data at the
highest address is the MSB (i.e., in little endian format).

This manual stipulates that, when representing data comprised of multiple bytes, the right edge must be represented as
the lower-order addresses and the left side as the higher-order addresses, as shown below.

63 56 55 48 47 40 39 32
Double-word data at | ' o ' T ' ' ' ' ' ' | D
Address “A”----- ata
A+7 A+6 A+5 A+4 A
31 24 23 16 15 8 7 o Address
T T T T T T T T T T T T T T T T T T T T T T T T T T
| ‘ ‘ | Data
A+3 A+2 A+1 A Address
31 24 23 16 15 8 7 0
Word data at T T T 1 T 1 T T 1 T 1 1 T T T 1 1 1 T T T 1
Address “A” .- Data
A+3 A+2 A+1 A Address
15 8 7 0
Halfword data at | T T T T T 1 ‘ T T T T T 1 | Data
Address “A”
A+1 A Address
Byte data at L T T g
yte data a
Address “A” | | Data
A Address
Figure 3.5 Address Space Byte Format
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(1) Memory Map

This CPU is 32-bit architecture and supports a linear address space of up to 4 Gbytes. The whole range of this 4-Gbyte
address space can be addressed by instruction addressing (instruction fetch access) and data addressing (data access).

A memory map is shown in Figure 3.6.

TFFF FFFFH77

0000 0000, Data
--1 area

FFFF FFFFy

8000 0000y

Program
area

|
|
4 Gbytes

Address space

Figure 3.6 Memory Map (Address Space)
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(2) Instruction Addressing

The instruction address is determined based on the contents of the program counter (PC), and is automatically
incremented according to the number of bytes in the executed instruction. When a branch instruction is executed, the
addressing shown below is used to set the branch destination address to the PC.

If the result of address calculation exceeds the positive maximum value FFFF FFFFy by addition, it is wrapped around
to 0000 00004. If the result of address calculation falls below the positive minimum value 0000 0000y by subtraction, it
is wrapped around to FFFF FFFFy.

(a) Relative Addressing (PC Relative)

Signed N-bit data (displacement: disp N) in the instruction code is added to the program counter (PC). In this case,
displacement is handled as 2’s complement data, and the MSB is a sign bit (S). If the displacement is less than 32
bits, the higher-order bits are sign-extended (N differs from one instruction to another).

The JARL, JR, and Bcond instructions are used with this type of addressing.

31 0
T 1 1 T
| PC 0 |
+
31 22 21 0
T T T T T T T T T T T T T T T T T T T T T T
| Sign extension S disp22 0 |
31 ¢ 0
T T T T T T T T T T T T T T T T T
| PC 0 |
Instruction

(branch destination)

\

Note: This is an example of 22-bit displacement.

Figure 3.7 Relative Addressing

(b) Register Addressing (Register Indirect)

The contents of the general-purpose register (regl) or system register (regID) specified by the instruction are
transferred to the program counter (PC).

The JMP, CTRET, EIRET, FERET, and DISPOSE instructions are used with this type of addressing.
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31 0
1 1 1 1 1 T 1T T 1 1 1 T
| reg1 or reglD |
31 $ 0
| L 1 1t r— 1T 1 T T 1T T 1T 1 T T T T T T T T T T T T T T |
PC 0
Instruction

(brach destination)

\

Figure 3.8 Register Addressing

(c) Based Addressing

The contents of the general-purpose register (regl) and the N-bit displacement (dispN) specified by the instruction
are added and transferred to the program counter (PC). At this time, the displacement is handled as a 2’s complement
data, and the MSB is a sign bit (S). If the displacement is less than 32 bits, the higher bits are sign-extended (N
differs from one instruction to another).

The JMP instruction is used with this type of addressing.

31 0
I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I
| reg1 |
+
31 0
T T 1 T
| S disp32 0 |
31 ¢ 0
T T 1 T
| pC 0]

Instruction
(branch destination)

\/

Figure 3.9 Based Addressing

(d) Other Addressing

A value specified by an instruction is transferred to the program counter (PC). How a value is specified is explained
in [Operation] or [Description] of each instruction.

The CALLT, SYSCALL, TRAP, FETRAP, and RIE instructions, and branch in case of an exception are used with

this type of addressing.
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(3) Data Addressing

The following methods can be used to access the target registers or memory when executing an instruction.

If the result of address calculation exceeds the positive maximum value FFFF FFFFy by addition, it is wrapped around
to 0000 0000y. If the result of address calculation falls below the positive minimum value 0000 0000y by subtraction, it
is wrapped around to FFFF FFFFy.

(a) Register Addressing

This addressing method accesses the general-purpose register or system register specified in the general-purpose
register field as an operand.

Any instruction that includes the operand regl, reg2, reg3, or regID is used with this type of addressing.
(b) Immediate Addressing
This address mode uses arbitrary size data as the operation target in the instruction code.
Any instruction that includes the operand imm5, imm16, vector, or ccce is used with this type of addressing.

NOTE

vector: This is immediate data that specifies the exception vector (001 to 1FH), and is an operand used by the TRAP,
FETRAP, and SYSCALL instructions. The data width differs from one instruction to another.

ccce: This is 4-bit data that specifies a condition code, and is an operand used in the Bcond instruction, CMOV
instruction, SASF instruction, and SETF instruction.
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(c) Based Addressing

There are two types of based addressing, as described below.

3.22.7.3.c1 Type1

The contents of the general-purpose register (regl) specified at the addressing specification field in the instruction
code are added to the N-bit displacement (dispN) data sign-extended to word length to obtain the operand address,
and the target memory is accessed using the operand address. At this time, the displacement is handled as a 2’s
complement data, and the MSB is a sign bit (S). If the displacement is less than 32 bits, the higher bits are sign-
extended (N differs from one instruction to another).

The LD, ST, LDV and STV instructions are used with this type of addressing.

31 0
1T 1 1111 1T 17 1T T 1T 1T 1T T 1T T T T T T T T T T T T T TT
reg1
+
31 16 15 0
T T 1 1 1 T T T 1 T
| Sign extension ‘ S disp16 |

Target memory for operation

\

Note: This is an example of 16-bit displacement.

Figure 3.10 Based Addressing (Type 1)

3.2.2.7.3.c.2 Type 2

The contents of the element pointer (r30) are added to the N-bit displacement data (dispN) zero-extended to a word
length to obtain the operand address, and target memory is accessed using the operand address. If the displacement is
less than 32 bits, the higher bits are zero-extended (N differs from one instruction to another).

The SLD and SST instructions are used with this type of addressing.

31 0
1 1 1 1 T T T T T 1 1 1 T
| r30 (element pointer) |

+
31 8 7 0
T 1 T T T T T T 1 T T T 1 T
| 0 (zero extension) disp8 |

Target memory for operation

\

Note: This is an example of 8-bit displacement.

Figure 3.11 Based Addressing (Type 2)
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(d) Bit Addressing

The contents of the general-purpose register (regl) are added to the N-bit displacement (dispN) data sign-extended to
word length to obtain the operand address, and one bit (as specified by 3-bit data “bit #3”) in one byte of the target
memory is accessed using the operand address. At this time, the displacement is handled as a 2’s complement data,
and the MSB is a sign bit (S). If the displacement is less than 32 bits, the higher bits are sign-extended (N differs
from one instruction to another).

The CLR1, SET1, NOT1, and TST1 instructions are used with this type of addressing.

31 0
1 1 1 T T 1 1 1 1 T
| reg1 |
+
31 16 15 0
1 T T T T 1 1 T 1 T T T T T 1 T
| Sign extension ‘ S disp16 |

Target memory for operation

Note: n: Bit position specified by 3-bit data (bit#3) (n =0to 7)
This is an example of 16-bit displacement.

Figure 3.12 Bit Addressing
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(e) Post Index Increment/Decrement Addressing

The contents of the general-purpose register (regl) are used as an operand address to access the target memory, and
then the general-purpose register (regl) is updated. There are two types of the general-purpose register updating, by

incrementing or decrementing.

If the result of incrementing the general-purpose register (regl) value exceeds the positive maximum value
FFFF FFFFy, the result wraps around to 0000 0000y, and, if the result of decrementing the general-purpose register
value is less than the positive minimum value 0000 0000y, the result wraps around to FFFF FFFFy.

3.2.2.7.3.e.1 Type 1

The general-purpose register (regl) is updated by adding a constant that depends on the type of accessed data (the
size of the accessed data) to the contents of the general-purpose register (regl). If the type of accessed data is a byte,
1 is added, if the type is a halfword, 2 is added, if the type is a word, 4 is added, and if the type is a double-word, 8 is
added.

31 0

| reg1

Target memory for

31 4 0 operation
%‘

+

Access data size

31 l 0

reg1

Figure 3.13 Post Index Increment/Decrement Addressing (Type 1)
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3.2.2.7.3.e.2 Type 2

The general-purpose register (regl) is updated by subtracting a constant that depends on the size of the accessed data
from the contents of the general-purpose register (regl). If the size of accessed data is a byte, 1 is subtracted, if the
size is a halfword, 2 is subtracted, if the size is a word, 4 is subtracted, and if the size is a double-word, 8 is
subtracted.

31 0

| reg1

Target memory for

i — ﬁ

Access data size

31 i 0

reg1

Figure 3.14 Post Index Increment/Decrement Addressing (Type 2)

(f) Other Addressing

The target memory is accessed using a value specified by an instruction as the operand address. How a value is
specified is explained in [Operation] or [Description] of each instruction.

The SWITCH, CALLT, SYSCALL, PREPARE, DISPOSE, PUSHSP, and POPSP instructions are used with this
type of addressing.
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3.2.28 Execution Timing of a Store Instruction

Completion of writing by a store instruction may differ depending on the type of the memory to be accessed. For
details, see Section 3.2.7.2, Guaranteeing the Completion of Store Instruction.

3.229 Memory Ordering

This CPU guarantees that memories are accessed in the programmed order. However, in the system that incorporates
multiple bus masters such as the bus system with DMA or multi-core, the order of accesses to memories needs to be
considered. For these cases, see Section 3.2.7.1, Synchronization Processing.

3.2.210 Acquiring the CPU Number

This CPU provides a method for identifying CPUs in a multi-processor system.

In the multi-processor configuration, you can identify which CPU core is running a program by referencing the PEID
register. A unique number within a multi-processor system is assigned to the PEID register according to the
specification of the product.

3.2.211 System Protection Identifier (SPID)

In this CPU, memory resources and peripheral devices are managed by system protection groups. By specifying the
group to which the program being executed belongs, you can assign accessible memory resources and peripheral
devices to the program.

The program being executed belongs to the group specified by the SPID, and whether the memory resources and
peripheral devices are accessible is decided using the SPID. A value can be set to the SPID register by the supervisor.

CAUTION

According to the value of the SPID, how operations are assigned to memory resources and peripheral devices is
determined by the specifications of the product.
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3.2.212 Timestamp Counter
This CPU has a 64-bit timestamp counter. It can measure long time, and so can be used as specific information for time
identification.

Since the timestamp counter is allocated to system registers, it can be accessed quickly by using a LDSR/STSR

instruction.

If an overflow occurs during counting operation, no exception will occur.

(1) How to Operate the Timestamp Counter

The value of the timestamp counter is initialized to 0 by a reset. Therefore, if you want to retain the value of the counter
across a reset, then before the reset, save the value of the counter in a memory that is not initialized by the reset, restore
the value to the counter after the reset, and restart counting.

The counter is 64-bit width, so the counter consists of two 32-bit system registers, TSCOUNTL and TSCOUNTH. Both
registers need to be accessed by using LDSR/STSR instructions.

When the counter is not running (the value of the TSCTRL.CEN bit is 0), no special care is needed to access the two
registers.

However, if the counter is running (the value of the TSCTRL.CEN bit is 1), it is not recommended to update the counter
by using LDSR instructions. In this case, the timing of update of the counter is not guaranteed. It is recommended to
update the counter when it is not running.

Also, when reading the value of the counter by using STSR instructions while it is running, it is recommended to follow

the procedure below.

TSCNTRD:
STSR 1, r21, 11 -- Read the upper side of the counter
STSR 0, r20, 11 -- Read the lower side of the counter
STSR 1, rz22, 11 -- Read again the upper side of the counter
CMP r2l, r22 -- Compare the two values read from the upper side of the counter
BNE TSCNTRD -- If they are not identical, a carry has occurred. Read again.

Even if the CPU core is not in operation after the execution of a HALT or SNOOZE instruction, the timestamp counter

continues counting.
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3.2.213 Performance Measurement Function

This CPU has the performance measurement function. The performance measurement function can measure the
performance of programs executed, the effects of interrupts generated during operation, etc. by counting the occurrence
of the event specified by the PMCTRLn.CND bit.

The system registers used by the performance measurement function can be accessed only in supervisor mode after a
reset. However, it can be accessed in user mode by changing the setting of the PMUMCTRL register.

The performance measurement function itself works in user mode regardless of the setting of the PMUMCTRL register.
Even if all performance measurement channels are made inaccessible in user mode by using the PMUMCTRL register,
configuration in supervisor mode allows performance measurement during operation in user mode.

This CPU has four channels of system register set for the performance measurement function.

RO1UHO0641EJ0130 Rev.1.30 RENESAS Page 271 of 4595
Dec 26, 2019



RH850/E2x-FCC1

Section 3 CPU System

3.23 Register Set

This chapter describes the program register and system register mounted on this CPU.

3.2.31 Program Registers

Program registers includes general-purpose registers (r0 to r31) and the program counter (PC). 10 always retains 0. The

values of the general-purpose registers rl to r31 after a reset are undefined. The value of the PC after a reset is the value

of RBASE register.

Table 3.6 Program Registers

Program Register Name Function Description
General-purpose r0 Zero register Always retains 0
registers r1 Assembler reserved register Used as working register for generating addresses
r2 Register for address and data variables
(used when the real-time OS used does not use this register)
r3 Stack pointer (SP) Used for generating a stack frame when a function is called
r4 Global pointer (GP) Used for accessing a global variable in the data area
r5 Text pointer (TP) Used as a register that indicates the start of the text area
(area where program code is placed)
r6 to r29 Register for addresses and data variables
r30 Element pointer (EP) Used as a base pointer for generating addresses when
accessing memory
r31 Link pointer (LP) Used when the compiler calls a function
Program counter PC Retains instruction addresses during execution of programs

Note: For further descriptions of r1, r3 to r5, and r31 used for an assembler and/or C compiler, see the manual of each software

development environment.
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(1) General-purpose Registers

A total of 32 general-purpose registers (10 to r31) are provided. All of these registers can be used for either data
variables or address variables.

Of the general-purpose registers, r0 to r5, 130, and r31 are assumed to be used for special purposes in software

development environments, so it is necessary to note the following when using them.

(a) r0, r3, and r30
These registers are implicitly used by instructions.
r0 is a register that always retains 0. It is used for operations that use 0, addressing with base address being 0, etc.
13 is implicitly used by the PREPARE, DISPOSE, PUSHSP, and POPSP instructions.
r30 is used as a base pointer when the SLD instruction or SST instruction accesses memory.
(b) r1, r4,r5, and r31
These registers are implicitly used by the assembler and C compiler.

When using these registers, register contents must first be saved so they are not lost and can be restored after the
registers are used.

(c) r2

This register is used by a real-time OS in some cases. If the real-time OS that is being used is not using r2, r2 can be
used as a register for address variables or data variables.

(2) PC — Program Counter

The PC retains the address of the instruction being executed.

T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T vaueaferreset
PC| PC31 to PCO *1

Table 3.7 PC Register Contents

Value after
Bit Name Description R/W Reset
31to1 PC31 to PC1 These bits indicate the address of the instruction being executed. R/W *1
0 PCO This bit is fixed to 0. Branching to an odd number address is disabled. R/W 0
Note 1.  For details, see Section 4, Address MAP.
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3.2.3.2

The basic system registers are used to control CPU status and to retain exception information.

Basic System Registers

The basic system registers are read from or written to by using the LDSR and STSR instructions and specifying the

system register number, which is made up of a register number and selection ID.

Table 3.8 Basic System Registers

Register No. Access
(reglD, sellD) Symbol Function Permission
SRO, 0 EIPC Status save registers when acknowledging El level exception SV
SR1,0 EIPSW Status save registers when acknowledging El level exception SV
SR2,0 FEPC Status save registers when acknowledging FE level exception SV
SR3, 0 FEPSW Status save registers when acknowledging FE level exception SV
SR5, 0 PSW Program status word *1

SR6, 0 FPSR (See Section 3.2.3.4, FPU Function Registers) CUO and SV
SR7,0 FPEPC (See Section 3.2.3.4, FPU Function Registers) CUO and SV
SR8, 0 FPST (See Section 3.2.3.4, FPU Function Registers) Ccuo
SR9, 0 FPCC (See Section 3.2.3.4, FPU Function Registers) Cuo
SR10, 0 FPCFG (See Section 3.2.3.4, FPU Function Registers) Cu0
SR13,0 ElIC El level exception cause SV
SR14,0 FEIC FE level exception cause SV
SR16, 0 CTPC CALLT execution status save register UM
SR17,0 CTPSW CALLT execution status save register UM
SR20, 0 CTBP CALLT base pointer UM
SR21,0 SNZCFG SNOOZE control register SV
SR28, 0 EIWR El level exception working register SV
SR29, 0 FEWR FE level exception working register SV
SRO, 1 SPID System protection identifier SV
SR1,1 SPIDLIST List of system protection identifiers that can be specified in SPID SV
SR2, 1 RBASE Reset vector base address SV
SR3, 1 EBASE Exception handler vector address SV
SR4, 1 INTBP Base address of the interrupt handler “address” table SV
SR5, 1 MCTL CPU control SV
SR6, 1 PID Processor ID SV
SR8, 1 SVLOCK Supervisor lock SV
SR11, 1 SCCFG SYSCALL operation setting SV
SR12, 1 SCBP SYSCALL base pointer SV
SRO, 2 PEID Processor element identifier SV
SR1, 2 BMID Bus master identifier SV
SR6, 2 MEA Memory error address SV
SR8, 2 MEI Memory error information SV
SR15, 2 RBCRO Register bank control 0 SV
SR16, 2 RBCR1 Register bank control 1 SV
SR17, 2 RBNR Register bank number SV
SR18, 2 RBIP Register bank initial pointer SV

Note 1. The access permission differs depending on the bit. For details, see Section 3.2.3.2(5), PSW — Program Status Word.
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(1) EIPC — Status Save Register when Acknowledging El Level Exception

When an EI level exception is acknowledged, the address of the instruction that was being executed when the EI level
exception occurred, or of the next instruction, is saved to the EIPC register (see Section 3.2.4.1(3), Types of
Exceptions).

Because there is only one pair of EI level exception status save registers, when processing multiple exceptions, the
contents of these registers must be saved by a program.

Be sure to set an even-numbered address to the EIPC register. An odd-numbered address must not be specified.

N D A B Value after reset
EIPC EIPC31 to EIPCO Undefined

Table 3.9 EIPC Register Contents

Value after
Bit Name Description R/W Reset
31to1 EIPC31 to These bits indicate the PC saved when an El level exception is R/W Undefined
EIPC1 acknowledged.
0 EIPCO This bit indicates the PC restored when an El level exception is R/W Undefined
acknowledged.
Always set this bit to 0. Even if it is set to 1, the value transferred to the PC
when the EIRET instruction is executed is 0.
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(2) EIPSW — Status Save Register when Acknowledging El Level Exception

When an EI level exception is acknowledged, the current PSW setting is saved to the EIPSW register.

Because there is only one pair of EI level exception status save registers, when processing multiple exceptions, the
contents of these registers must be saved by a program.

31 30 29 19 18 16 15 14 8 7 6 54 3 2 10
U [ E NIE S clo Value after reset
EIPSW| 0 M ojofo|jo|oj0f0O|O|O|O|O C(l:JS(;o \5} ofofjojojofo0|O0 plplp ,_?_\ v|v S|z 0000 00204

Table 3.10 EIPSW Register Contents

Value after
Bit Name Description R/W Reset
31 — (Reserved for future expansion. Be sure to set to 0.) R 0
30 UM This bit stores the PSW.UM bit setting when an El level exception is R/W 0
acknowledged.
29t0 19 — (Reserved for future expansion. Be sure to set to 0.) R

18to 16 CU2 to CUO These bits store the PSW.CU2-0 field setting when an El level exception is R/W 0
acknowledged.*'

15 EBV This bit stores the PSW.EBV bit setting when an El level exception is R/W 0
acknowledged.

14108 — (Reserved for future expansion. Be sure to set to 0.) R

7 NP This bit stores the PSW.NP bit setting when an El level exception is R/W 0
acknowledged.

6 EP This bit stores the PSW.EP bit setting when an El level exception is R/W 0
acknowledged.

5 ID This bit stores the PSW.ID bit setting when an El level exception is R/W 1
acknowledged.

4 SAT This bit stores the PSW.SAT bit setting when an El level exception is R/W 0
acknowledged.

3 CcY This bit stores the PSW.CY bit setting when an El level exception is R/W 0
acknowledged.

2 ov This bit stores the PSW.OV bit setting when an El level exception is R/W 0
acknowledged.

1 S This bit stores the PSW.S bit setting when an El level exception is R/W 0
acknowledged.

0 z This bit stores the PSW.Z bit setting when an El level exception is R/W 0
acknowledged.

Note 1. CU2 is reserved for future CPUs that are to be made compatible with this CPU. It is always set to 0 in this CPU.
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(3) FEPC — Status Save Register when Acknowledging FE Level Exception

When an FE level exception is acknowledged, the address of the instruction that was being executed when the FE level
exception occurred, or of the next instruction, is saved to the FEPC register (sece Section 3.2.4.1(3), Types of
Exceptions). Because there is only one pair of FE level exception status save registers, when processing multiple
exceptions, the contents of these registers must be saved by a program.

Be sure to set an even-numbered address to the FEPC register. An odd-numbered address must not be specified.

N D A B Value after reset
FEPC FEPC31 to FEPCO Undefined

Table 3.11 FEPC Register Contents

Value after
Bit Name Description R/W Reset
31to1 FEPC31 to These bits indicate the PC saved when an FE level exception is R/W Undefined
FEPC1 acknowledged.

0 FEPCO This bit indicates the PC saved when an FE level exception is acknowledged. R/W Undefined
Always set this bit to 0. Even if it is set to 1, the value transferred to the PC
when the FERET instruction is executed is 0.
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(4) FEPSW — Status Save Register when Acknowledging FE Level Exception

When an FE level exception is acknowledged, the current PSW setting is saved to the FEPSW register.

Because there is only one pair of FE level exception status save registers, when processing multiple exceptions, the
contents of these registers must be saved by a program.

31 30 29 19 18 16 15 14 8 7 6 54 3 2 10
U [ E NIE S clo Value after reset
FEPSW| 0 M ojofo|jo|oj0f0O|O|O|O|O C(l:JS(;o \5} ofofjojojofo0|O0 plplp ,_?_\ v|v S|z 0000 00204

Table 3.12 FEPSW Register Contents

Value after

Bit Name Description R/W Reset

31 — (Reserved for future expansion. Be sure to set to 0.) R 0

30 UM This bit stores the PSW.UM bit setting when an FE level exception is R/W 0
acknowledged.

29t0 19 — (Reserved for future expansion. Be sure to set to 0.) R

18to 16 CU2 to CUO These bits store the PSW.CU2-0 field setting when an FE level exception is R/W 0
acknowledged*'.

15 EBV This bit stores the PSW.EBV bit setting when an FE level exception is R/W 0
acknowledged.

14108 — (Reserved for future expansion. Be sure to set to 0.) R

7 NP This bit stores the PSW.NP bit setting when an FE level exception is R/W 0
acknowledged.

6 EP This bit stores the PSW.EP bit setting when an FE level exception is R/W 0
acknowledged.

5 ID This bit stores the PSW.ID bit setting when an FE level exception is R/W 1
acknowledged.

4 SAT This bit stores the PSW.SAT bit setting when an FE level exception is R/W 0
acknowledged.

3 CcY This bit stores the PSW.CY bit setting when an FE level exception is R/W 0
acknowledged.

2 ov This bit stores the PSW.OV bit setting when an FE level exception is R/W 0
acknowledged.

1 S This bit stores the PSW.S bit setting when an FE level exception is R/W 0
acknowledged.

0 z This bit stores the PSW.Z bit setting when an FE level exception is R/W 0
acknowledged.

Note 1. CU2 is reserved for future CPUs that are to be made compatible with this CPU. It is always set to 0 in this CPU.
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(5) PSW — Program Status Word

PSW (program status word) is a set of flags that indicate the program status (instruction execution result) and bits that
indicate the operation status of the CPU (flags are bits in the PSW that are referenced by a condition instruction (Bcond,
CMOV, etc.)).

CAUTIONS

1. When the LDSR instruction is used to change the contents of this register, the changed contents become valid from
the subsequent instruction. For details, see Section 3.2.7.3, Hazard Management after System Register Update.

2. The access permission for the PSW register differs depending on the bit. All bits can be read, but some bits can
only be written under certain conditions. See Table 3.13 for the access permission for each bit.

Table 3.13 Access Permission for PSW Register

Bit Access Permission when Reading Access Permission when Writing
30 UM UM SV

1810 16 CU2 to CUO S+

15 EBV SV

7 NP S+

6 EP SV

5 ID SV

4 SAT um

3 CcYy UM

2 ov um

1 S UM

0 z um
Note 1. The access permission for the whole PSW register is UM, so the PIE exception does not occur even if the register is written

by using an LDSR instruction when PSW.UM is 1. In this case, writing is ignored.

31 30 29 19 18 16 15 14 8 7 6 543 210
U ] E NIENTTISIclo Value after reset
PSW 0| p[0]0 0 oooooooCgﬁgosoooooooppDAszz 0000 00204
\% T
Table 3.14 PSW Register Contents (1/2)
Value after
Bit Name Description R/W Reset
31 — (Reserved for future expansion. Be sure to set to 0.) R 0
30 UM This bit indicates that the CPU is in user mode (in UM mode). R/W 0
0: Supervisor mode
1: User mode
29t0 19 — (Reserved for future expansion. Be sure to set to 0.) R 0
18 to 16 CU2 to CUO These bits indicate the coprocessor use permissions. When the bit R/W 000
corresponding to the coprocessor is 0, a coprocessor unusable exception
occurs if an instruction for the coprocessor is executed or a coprocessor
resource (system register) is accessed.
Bit 18 (CU2): Fixed to 0*'.
Bit 17 (CU1): FXU
Bit 16 (CUOQ): FPU
CU2 to CUO are fixed to 0 in the devices that do not have corresponding
COprocessors.
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Table 3.14 PSW Register Contents (2/2)

Value after
Bit Name Description R/W Reset

15 EBV This bit indicates the reset vector and exception vector operation. See R/W 0
Section 3.2.3.2(16), RBASE — Reset Vector Base Address and Section
3.2.3.2(17), EBASE — Exception Handler Vector Address.

14to 8 — (Reserved for future expansion. Be sure to set to 0.) R

7 NP This bit disables the acknowledgement of FE level exception. When an FE R/W
level exception is acknowledged, this bit is set to 1 to disable the
acknowledgement of El level and FE level exceptions. As for the exceptions
which the NP bit disables the acknowledgment, see Table 3.95, Exception
Cause List.
0: The acknowledgement of FE level exception is enabled.

1: The acknowledgement of FE level exception is disabled.

6 EP This bit indicates that an exception other than an interrupt is being serviced. It R/W 0
is set to 1 when the corresponding exception occurs. This bit does not affect
acknowledging an exception request even when it is set to 1.

0: An exception other than an interrupt is not being serviced.
1: An exception other than an interrupt is being serviced.

5 ID This bit disables the acknowledgement of El level exception. When an El R/W 1
level or FE level exception is acknowledged, this bit is set to 1 to disable the
acknowledgement of El level exception. As for the exceptions which the ID bit
disables the acknowledgment, see Table 3.95, Exception Cause List. This
bit is also used to disable El level exceptions from being acknowledged as a
critical section while an ordinary program or interrupt is being serviced. It is set
to 1 when the DI instruction is executed, and cleared to 0 when the El
instruction is executed.

The change of the ID bit by the El or ID instruction will be enabled from the
next instruction.

0: The acknowledgement of El level exception is enabled.
1: The acknowledgement of El level exception is disabled.

4 SAT*? This bit indicates that a saturation arithmetic operation instruction resulted in R/W 0
overflow and saturation processing is applied to the result. This is a
cumulative flag, that is, it is set (1) once a saturation occurs and not cleared
(0) by subsequent instructions with unsaturated results. This bit is cleared by
the LDSR instruction. Note that execution of an arithmetic operation
instruction neither set nor clear this flag.

0: The result was not saturated
1: The result was saturated

3 CcY This bit indicates whether a carry or borrow has occurred in the operation R/W 0
result.

0: Carry and borrow have not occurred.
1: Carry or borrow has occurred.

2 ov*2 This bit indicates whether or not an overflow has occurred during an R/W 0
operation.

0: Overflow has not occurred.
1: Overflow has occurred.

1 S*2 This bit indicates whether or not the result of an operation is negative. R/W 0
0: Result of operation is positive or 0.
1: Result of operation is negative.

0 z This bit indicates whether or not the result of an operation is 0. R/W 0
0: Result of operation is not 0.
1: Result of operation is 0.

Note 1.  The coprocessor use permission CU2 is reserved for future CPUs that are to be made compatible with this CPU.
Note 2.  Saturation processing is applied to the operation result in accordance with the contents of the OV and S flags. The SAT flag is
set (1) only when the OV flag is set (1) in the saturation arithmetic operation.
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Tl Sl Operation Result after Saturation
Operation Result Status SAT oV S Processing
Exceeded positive maximum value 1 1 0 7TFFF FFFFy
Exceeded negative maximum value 1 1 1 8000 00004
Positive (maximum value not exceeded) | Value prior to 0 0 Operation result as is
Negative (maximum value not exceeded) opei.'at|on 1S 1
retained

(6) EIIC — EIl Level Exception Cause

The EIIC register retains the cause of any EI level exception that occurs. The value retained in this register is an
exception code corresponding to a specific exception cause (see Table 3.95, Exception Cause List).

rrrrrrrrrr & 1r 11+ 1r 1 r 1ttt rr T T T T Value after reset
EllC ENC31 to ENICO 0000 0000k

Table 3.15 EIIC Register Contents

Value after
Bit Name Description R/W Reset
31t00 EIIC31 to EIICO These bits store the exception cause code when an El level exception occurs. R/W 0

The EIIC15-0 field stores the exception cause codes shown in Table 3.95.
The EIIC31-16 field stores detailed exception cause codes defined individually
for each exception. If there is no particular definition, these bits are set to 0.

(7) FEIC — FE Level Exception Cause

The FEIC register retains the cause of any FE level exception that occurs. The value retained in this register is an
exception code corresponding to a specific exception cause (see Table 3.95, Exception Cause List).

T A O A Value after reset
FEIC FEIC31 to FEICO 0000 0000k

Table 3.16 FEIC Register Contents

Value after
Bit Name Description R/W Reset
31t00 FEIC31 to These bits store the exception cause code when an FE level exception R/W 0
FEICO occurs. The FEIC15-0 field stores the exception cause codes shown in Table
3.95. The FEIC31-16 field stores detailed exception cause codes defined
individually for each exception. If there is no particular definition, these bits are
set to 0.
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(8) CTPC — Status Save Register when Executing CALLT

When a CALLT instruction is executed, the address of the next instruction after the CALLT instruction is saved to
CTPC.

Be sure to set an even-numbered address to the CTPC register. An odd-numbered address must not be specified.

N B Value after reset
CTPC CTPC31 to CTPCO Undefined

Table 3.17 CTPC Register Contents

Value after
Bit Name Description R/W Reset
31to1 CTPC31 to These bits indicate the PC of the instruction after the CALLT instruction. R/W Undefined
CTPC1
0 CTPCO This bit indicates the PC of the instruction after the CALLT instruction. R/W Undefined

Always set this bit to 0. Even if it is set to 1, the value transferred to the PC
when the CTRET instruction is executed is 0.

(9) CTPSW — Status Save Register when Executing CALLT

When a CALLT instruction is executed, some of the PSW (program status word) settings are saved to CTPSW.

31 54 3 210
S clo Value after reset
cTpswjof(ofo0|0|0|lO|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O]O ? vlv S|z 0000 00004

Table 3.18 CTPSW Register Contents

Value after

Bit Name Description R/W Reset

31to5 — (Reserved for future expansion. Be sure to set to 0.) R 0

4 SAT This bit stores the PSW.SAT bit setting when the CALLT instruction is R/W 0
executed.

3 CcY This bit stores the PSW.CY bit setting when the CALLT instruction is R/W 0
executed.

2 ov This bit stores the PSW.OV bit setting when the CALLT instruction is R/W 0
executed.

1 S This bit stores the PSW.S bit setting when the CALLT instruction is executed. R/W 0

0 z This bit stores the PSW.Z bit setting when the CALLT instruction is executed. R/W
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(10) CTBP — CALLT Base Pointer

The CTBP register is used to specify table addresses of the CALLT instruction and generate target addresses.

Be sure to set the CTBP register to a halfword address.

rrrrrrrrrnr 1 11111 o rrrrr T T T T T T T Value after reset
CTBP) CTBP31 to CTBPO 0000 0000k

Table 3.19 CTBP Register Contents

Value after
Bit Name Description R/W Reset
31to1 CTBP31 to These bits indicate the base pointer address of the CALLT instruction. R/W 0
CTBP1 These bits indicate the start address of the table used by the CALLT
instruction.
0 CTBPO This bit indicates the base pointer address of the CALLT instruction. R 0

This bit indicates the start address of the table used by the CALLT instruction.
Always set this bit to 0.

(11) SNZCFG — SNOOZE Configuration

The SNZCFG register is used to configure the operation of the SNOOZE instruction.

31 8 7 0

T T T T T Value after reset
SNzCFG|0|0O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|O|OfO|O]|O]|O SNZCNT 0000 00204

Table 3.20 SNZCFG Register Contents

Value after
Bit Name Description R/W Reset
31t08 — (Reserved for future expansion. Be sure to set to 0.) R 0
7to0 SNZCNT These bits specify the number of clock cycles in which execution is to be R/W 204

temporarily halted by the SNOOZE instruction.

(12) EIWR — EI Level Exception Working Register

The EIWR register is used as a working register when an EI level exception has occurred.

rrrrrrrrrnr 1 11111 o rrrrr T T T T T T T Value after reset
EIWR EIWR31 to EIWRO Undefined

Table 3.21 EIWR Register Contents

Value after
Bit Name Description R/W Reset
31t00 EIWR31 to These bits constitute a working register that can be used for any purpose R/W Undefined
EIWRO during the processing of an El level exception. Use this register for purposes
such as storing the values of general-purpose registers.
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(13) FEWR — FE Level Exception Working Register

The FEWR register is used as a working register when an FE level exception has occurred.

31 0
N O B B Value after reset
FEWR) FEWR31 to FEWR0 Undefined
Table 3.22 FEWR Register Contents
Value after
Bit Name Description R/W Reset
31to0 FEWR31 to These bits constitute a working register that can be used for any purpose R/W Undefined

FEWRO during the processing of an FE level exception. Use this register for purposes
such as storing the values of general-purpose registers.

(14) SPID — System Protection Identifier

The SPID register holds the system protection identifier of the CPU.

31 5 4 0

LT T Value after reset
SPIDj0O|0O|O|O|0O|O|O|O|OfO|O|O|O|O|O|lO|O|O|O|O|OfO|O|OfO|O]|O SPID 1

Table 3.23 SPID Register Contents

Value after
Bit Name Description R/W Reset

31to5 — (Reserved for future expansion. Be sure to set to 0.) R 0

4100 SPID These bits indicate the system protection identifier. R/W *1

The system protection identifier is a variable ID that is used for access
protection in a product which consists of two or more bus masters including
this CPU. For its uses and constraints on its value, see Section 3.8.7,
Product Information of Initial Value for G4MH Register.

Within this CPU, the SPID is used to check for area matching by the MPU. It
allows the system specifications defined for the product to be reflected in the
MPU’s protection feature. The settable system protection identifiers are given
by the SPIDLIST register. If an attempt is made to set an illegal system
protection identifier, the SPID register is not updated and retains the original
value.

Note 1. See Section 3.8.7, Product Information of Initial Value for GAMH Register.
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(15) SPIDLIST — Legitimate System Protection Identifier List

The SPIDLIST register contains a list of system protection identifiers that can be set to the SPID register.

The bits corresponding to the settable system protection identifiers are set to 1. The bits corresponding to illegal system
protection identifiers are cleared to 0. These values are set outside the CPU as system specifications and cannot be
altered by this CPU.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 177 16 151413121110 9 8 7 6 5 4 3 2 1 O
S|S|S|[S|S|S[S|S|S|[S|S|S|S|S|S|[S|S|S[S|S|S|S|S|S|[S|S|S|[S|S|S|S|S| Value after reset
SPIDLIST| L (L |L|L{L|L|LjLjL|{L|fLjLjL|jLf{LjLjL|{Lf{LfLjLjLf{L|LjLjL|{L|LjLjL|L|L *1
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
Table 3.24 SPIDLIST Register Contents
Value after
Bit Name Description R/W Reset
31 SL31 This bit indicates whether or not 31 can be set as a system protection identifier. R *1
30 SL30 This bit indicates whether or not 30 can be set as a system protection identifier. R *1
29 SL29 This bit indicates whether or not 29 can be set as a system protection identifier. R *1
28 SL28 This bit indicates whether or not 28 can be set as a system protection identifier. R *1
27 SL27 This bit indicates whether or not 27 can be set as a system protection identifier. R *1
26 SL26 This bit indicates whether or not 26 can be set as a system protection identifier. R *1
25 SL25 This bit indicates whether or not 25 can be set as a system protection identifier. R *1
24 SL24 This bit indicates whether or not 24 can be set as a system protection identifier. R *1
23 SL23 This bit indicates whether or not 23 can be set as a system protection identifier. R *1
22 SL22 This bit indicates whether or not 22 can be set as a system protection identifier. R *1
21 SL21 This bit indicates whether or not 21 can be set as a system protection identifier. R *1
20 SL20 This bit indicates whether or not 20 can be set as a system protection identifier. R *1
19 SL19 This bit indicates whether or not 19 can be set as a system protection identifier. R *1
18 SL18 This bit indicates whether or not 18 can be set as a system protection identifier. R *1
17 SL17 This bit indicates whether or not 17 can be set as a system protection identifier. R *1
16 SL16 This bit indicates whether or not 16 can be set as a system protection identifier. R *1
15 SL15 This bit indicates whether or not 15 can be set as a system protection identifier. R *1
14 SL14 This bit indicates whether or not 14 can be set as a system protection identifier. R *1
13 SL13 This bit indicates whether or not 13 can be set as a system protection identifier. R *1
12 SL12 This bit indicates whether or not 12 can be set as a system protection identifier. R *1
11 SL11 This bit indicates whether or not 11 can be set as a system protection identifier. R *1
10 SL10 This bit indicates whether or not 10 can be set as a system protection identifier. R *1
9 SL9 This bit indicates whether or not 9 can be set as a system protection identifier. R *1
8 SL8 This bit indicates whether or not 8 can be set as a system protection identifier. R *1
7 SL7 This bit indicates whether or not 7 can be set as a system protection identifier. R *1
6 SL6 This bit indicates whether or not 6 can be set as a system protection identifier. =~ R *1
5 SL5 This bit indicates whether or not 5 can be set as a system protection identifier. R *1
4 SL4 This bit indicates whether or not 4 can be set as a system protection identifier. R *1
3 SL3 This bit indicates whether or not 3 can be set as a system protection identifier. R *1
2 SL2 This bit indicates whether or not 2 can be set as a system protection identifier. R *1
1 SL1 This bit indicates whether or not 1 can be set as a system protection identifier. R *1
0 SLO This bit indicates whether or not 0 can be set as a system protection identifier. R *1
Note 1. See Section 3.8.7, Product Information of Initial Value for GAMH Register.
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(16) RBASE — Reset Vector Base Address

This register indicates the reset vector address when there is a reset. If the PSW.EBV bit is 0, this register indicates the
exception handler vector address and the selection method of exception handler address.

31 9 8 2 10
T T T T T T T T T T T T T T T T T T T T value ater reset
RBASE]| RBASE31 to RBASE9 o(0|j0|0f0|0]|O0O v z *1
[v'4

Table 3.25 RBASE Register Contents

Value after
Bit Name Description R/W Reset
31t09 RBASE31 to These bits indicate the reset vector when there is a reset. When PSW.EBV = R *1
RBASE9 0, this address is also used as the exception vector.

The RBASES to RBASEDO bits are not assigned as names because these bits

are always 0.
8to2 — (Reserved for future expansion. Be sure to set to 0.) R 0
1 DV When the DV bit is set, the exception handler address for interrupt is R *1

determined by using the direct vector method. For details, see Section
3.2.4.4(1)(b), Table Reference Method. This bit is valid when PSW.EBV = 0.

0 RINT When the RINT bit is set, the exception handler address for interrupt R *1
processing is reduced. See Section 3.2.4.4(1)(a), Direct Vector Method.
This bit is valid when PSW.EBV = 0.

Note 1. See Section 3.8.7, Product Information of Initial Value for GAMH Register.

(17) EBASE — Exception Handler Vector Address

This register indicates the exception handler vector address and the selection method of exception handler address. This
register is valid when the PSW.EBV bit is 1.

31 9 8 210
L L I O O O O O B B B o|o| Value aterreset
EBASE EBASE31 to EBASE9 0joj0jojoj0|0lyiZ Undefined
Table 3.26 EBASE Register Contents
Value after
Bit Name Description R/W Reset
31t09 EBASE31 to The exception handler routine address is changed to the address resulting R/W Undefined
EBASE9 from adding the offset address of each exception to the base address
specified for this register.
The EBASES to EBASEDO bits are not assigned as names because these bits
are always 0.
81to 2 — (Reserved for future expansion. Be sure to set to 0.) R 0
1 DV When the DV bit is set, the exception handler address for interrupt is R/W Undefined

determined by using the direct vector method. For details, see Section
3.2.4.4(1)(b), Table Reference Method.

0 RINT When the RINT bit is set, the exception handler address for interrupt R/W Undefined
processing is reduced. See Section 3.2.4.4(1)(a), Direct Vector Method.
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(18) INTBP — Base Address of the Interrupt Handler Address Table

This register indicates the base address of the table when the table reference method is selected as the interrupt handler

address selection method.

31 9 8 0
T Frr1r1r1r1r 11T 1T 1T T 1T 1T T T Value after reset
INTBP) INTBP31 to INTBP9 ojojo|ofo|ofo|o]oO Undefined
Table 3.27 INTBP Register Contents
Value after
Bit Name Description R/W Reset
31t09 INTBP31 to These bits indicate the base pointer address for an interrupt when the table R/W Undefined
INTBP9 reference method is used.
The value indicated by these bits is the first address in the table used to
determine the exception handler when the interrupt specified by the table
reference method (EIINTn) is acknowledged.
The INTBP8 to INTBPO bits are not assigned as names because these bits
are always 0.
8to0 — (Reserved for future expansion. Be sure to set to 0.) R 0

(19) MCTL — Machine Control

The MCTL register is used to control the CPU.

31 10
U | Value after reset
MCTL{ 0|0 [0 |0 ojojofofo|o|o|ojofofo|o|o|0fofo|O0|O|O|OfO|0O|0O|O|O]] 0000 0000k
C
Table 3.28 MCTL Register Contents
Value after
Bit Name Description R/W Reset
31to1 — (Reserved for future expansion. Be sure to set to 0.) R 0
0 uiC This bit is used to control the interrupt enable/disable operation in user mode. R/W 0
When this bit is set to 1, executing the EI/DI instruction in user mode become
possible.
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(20) PID — Processor ID

The PID register retains a processor identifier that is unique to the CPU. The PID register is a read-only register.

CAUTION

The PID register indicates information used to identify the incorporated CPU core and CPU core configuration. Usage
such that the software behavior varies dynamically according to the PID register information is not assumed.

31 0
TT T T T T T T T T T T T T T T T T T T T T T T T T T T T T T | Vaueaferreset
PID PID Defined for each
processor
Table 3.29 PID Register Contents
Value after
Bit Name Description R/W Reset
31to24 PID Architecture Identifier R *1
This identifier indicates the architecture of the processor.
23t0 8 Function Identifier R *1
This identifier indicates the functions of the processor.
These bits indicate whether or not functions defined per bit are implemented
(1: implemented, 0: not implemented).
Bit 23 to19: Reserved
Bit 18: Register bank
Bit 17 to12: Reserved
Bit 11: Extended floating-point operation function
Bit 10: Double-precision floating-point operation function
Bit 9: Single-precision floating-point operation function
Bit 8: Memory protection unit (MPU) function
NOTE: |If a double-precision floating-point operation function is implemented
(when bit 10 is 1), a single-precision floating-point operation function
is also always implemented (bit 9 is 1).
7t00 Version Identifier R *1
This identifier indicates the version of the processor.
Note 1.  For details, see Section 3.8.7, Product Information of Initial Value for G4MH Register.
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(21) SVLOCK — Supervisor Lock

The SVLOCK register is used to restrict the CPU operation in supervisor mode.

31 10
S| Value after reset
svLocklo|ofo|ofo|o|ofo|ofo|o|o|o|ofo|ofo|0|0f0|OfO|O[O|O|OfO|O[0O]|O|O|V 0000 0000k
L
Table 3.30 SVLOCK Register Contents
Value after
Bit Name Description R/W Reset
31to1 — (Reserved for future expansion. Be sure to set to 0.) R 0
0 SVL This bit specifies whether to restrict the CPU operation in supervisor mode. R/W 0

0: Does not restrict the CPU operation in supervisor mode.
1: Restrict the CPU operation in supervisor mode.

If the SVL bit is set to 1, the following system registers*'
cannot be updated even when the CPU is in supervisor mode:

SPID, MPM, MPLA, MPUA, MPAT, MPIDn

For details, see Section 3.2.2.5(5), Supervisor Lock Setting.

Note 1. The target system registers are those registers that are associated with memory accessing. This register prevents these
registers from being rewritten carelessly and unintentional memory access from being performed outside the CPU.

(22) SCCFG — SYSCALL Operation Setting

This register is used to set operations related to the SYSCALL instruction. Be sure to set an appropriate value to this
register before using the SYSCALL instruction.

31 8 7 0

T T T 1T T Value after reset
SCCFG|o|0|0O0|O|OfO|O|O|OfOfO|O|O|O|OfO|O|O|OfO|O|O]|O]|O SIZE 0000 00001

Table 3.31 SCCFG Register Contents

Value after
Bit Name Description R/W Reset

31t08 — (Reserved for future expansion. Be sure to set to 0.) R 0

7t00 SIZE These bits specify the maximum number of entries of a table that the R/W 0
SYSCALL instruction references. The maximum number of entries the
SYSCALL instruction references is 1 if SIZE is 0, and 256 if SIZE is 255. By
setting the maximum number of entries appropriately in accordance with the
number of functions branched by the SYSCALL instruction, the memory area
can be effectively used.
If a vector exceeding the maximum number of entries is specified for the
SYSCALL inst