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11.

12.

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 disputes 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, drawing, chart, program, algorithm,
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 otherwise misappropriate 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, copy or otherwise misappropriation of Renesas Electronics products.

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; and 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.

Renesas Electronics products are neither intended nor 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 damages (space and

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 third parties arising from the use of any Renesas

Electronics product for which the product is not intended by Renesas Electronics.

When using the 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 radiation

characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions or failure or accident arising out

of the use of Renesas Electronics products beyond 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. Further,
Renesas Electronics products are not subject to radiation resistance design. Please ensure to implement safety measures to guard them
against the possibility of bodily injury, injury or damage caused by fire, and social damage in the event of 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 by your own responsibility as
warranty for your products/system. Because the evaluation of microcomputer software alone is very difficult and not practical, please
evaluate 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. Please investigate applicable laws and regulations that regulate the inclusion or use of controlled
substances, including without limitation, the EU RoHS Directive carefully and sufficiently and use 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 not use Renesas Electronics products or
technologies for (1) any purpose relating to the development, design, manufacture, use, stockpiling, etc., of weapons of mass destruction,
such as nuclear weapons, chemical weapons, or biological weapons, or missiles (including unmanned aerial vehicles (UAVs)) for
delivering such weapons, (2) any purpose relating to the development, design, manufacture, or use of conventional weapons, or (3) any
other purpose of disturbing international peace and security, and you shall not sell, export, lease, transfer, or release Renesas Electronics
products or technologies to any third party whether directly or indirectly with knowledge or reason to know that the third party or any
other party will engage in the activities described above. When exporting, selling, transferring, etc., Renesas Electronics products or
technologies, you shall comply with any applicable export control laws and regulations promulgated and administered by the governments
of the countries asserting jurisdiction over the parties or transactions.

. Please acknowledge and agree that you shall bear all the losses and damages which are incurred from the misuse or violation of the terms

and conditions described in this document, including this notice, and hold Renesas Electronics harmless, if such misuse or violation results
from your resale or making Renesas Electronics products available any third party.

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 majority-owned

subsidiaries.

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

(Rev.3.0-1 November 2016)
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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 I/0
pull-up power supply may cause malfunction and the abnormal current that
passes in the device at this time may cause degradation of internal elements.
Input of signals during the power off state must be judged separately for each
device and according to related specifications governing the device.



How to Use This Manual

1. Purpose and Target Readers

This manual is designed to provide the user with an understanding of the hardware functions and electrical
characteristics of the MCU. It is intended for users designing application systems incorporating the MCU. A
basic knowledge of electric circuits, logical circuits, and MCUs is necessary in order to use this manual.

The manual comprises an overview of the product; descriptions of the CPU, system control functions,
peripheral functions, and electrical characteristics; and usage notes.

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

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

The following documents apply to the RH850/E1x Group. Make sure to refer to the latest versions of these
documents. The newest versions of the documents listed may be obtained from the Renesas Electronics

Web site.

Document Type

Description

Document Title

Document No.

Data sheet

Overview of hardware and electrical
characteristics

User’s manual:
Hardware

Hardware specifications (pin assignments,
memory maps, peripheral function
specifications, electrical characteristics,
timing charts) and operation description
Note: Refer to the application notes for

details on using peripheral functions.

RH850/E1L
User’s manual:
Hardware

This User’s Manual

User’s manual:
Software

Description of CPU instruction set

RH850G3M User’s R01US0123EJ0100
Manual: Software
RH850G3K User’s R01US0125EJ0100

Manual: Software

Application note

Information on using peripheral functions
and application examples Sample
programs Information on writing programs
in assembly language and C

Renesas technical update

Product specifications, updates on
documents, etc.




2.

Notation of Numbers and Symbols

The notation conventions for register names, bit names, numbers, and symbols used in this manual are
described below.

(1) Register Names, Bit Names, and Pin Names
Registers, bits, and pins are referred to in the text by symbols. The symbol is accompanied by
the word “register,” “bit,” or “pin” to distinguish the three categories.
Examples: the DEF bit in the ABC register
PAO1 pin, VCC pin

(2) Notation of Numbers
Binary numbers are notated as nnnnB (However, the “B” may be omitted when it is clear that
the number is binary), hexadecimal numbers are notated as nnnnH, and decimal numbers are notated
as nnnn.
Examples Binary: 11B or 11
Hexadecimal: EFAOH
Decimal: 1234

(3) Notation for Active-Low Signals
An overbar is added to the names of active-low signals.

Example = ABCDEF




3. Register Notation

Each section in this manual provides a table listing all the registers used by the corresponding module before the
register descriptions in the section. The symbols and terms used in these tables are described below.

Bit (15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
_ _ _ @ENT DFENT|DFENT |DFENT DFE}\ _ __ |ASENT|ASENT|ASENT |ASENT |ASENT
QG4E SG3E | SG2E | SG1E SGO/ SG4E | SG3E | SG2E | SG1E | SGOE
Value afterreset 0 0 0 0 0 0 0 0
RW R R R RW| RW RW RW @ RW RW RW RW RW
Bit| Position Bit Name Function
150 13 — Reserved
CThese bits are always read as 0. The write value should always be O.)

12t0 8 (DFENTSGXE )  DFE Entry Scan Group Enable

0: Entry to DFE is disabled when starting SGx.
1: Entry to DFE is enabled when starting SGx.
Entry is made in virtual channels for which DFENT in ADCBmVCRn is set to 1.

7t05 — Reserved
These bits are alwam

(1) Bit Position
Indicates the bit number.
The bits are shown in the order 31 to O for 32-bit registers, in the order 15 to 0 for 16-bit registers, and

in the order 7 to O for 8-bit registers.

(2) Bit Name
The short form of the name of the bit or bit field within the register.
When the individual bits of bit fields have to be clearly indicated, notation allowing this is included (e.g.
ABCD[3:0]).
A reserved bit is indicated by “—*.
Instead of a bit name, a blank is used for some bits, such as those of timer counters.

(3) Value after reset
Indicates the value of each bit after a reset, i.e., the value after reset.
0: Value after reset is 0
1: Value after reset is 1
— Value after reset is undefined

(4) RIW
Indicates whether each bit is readable or writable, or either writing to or reading from the bit is
prohibited.
R/W: Bit or field is readable and writable.

R/(W): Bit or field is readable or writable.
However, writing is only performed to clear the flag.

R: Bit or field is readable.
However, “R” is indicated for all reserved bits. When writing to the bit is required, write the value

stated in the bit table or the initial value.
In case of writing to writable registers that also include non-reserved bits with the R-attribute,

writing to the R-attribute bits will be ignored unless otherwise specified.

W: Bit or field is writable.
However, only the value in the bit table is guaranteed when reading from the bit.

(5) Function
Describes the function enabled by setting the bit.

All trademarks and registered trademarks are the property of their respective owners.
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Section 1 Overview

The RH850/E1L is a product of the single-chip microcomputer RH850 series of Renesas Electronics.

This section describes an overview of the RH850/E1L.

1.1 Outline

This product is a 32-bit single-chip microcomputer that incorporates multiple CPUs of the RH850
Series, code flash, RAM, DMA controller, CAN, high-speed communication interfaces including
RHSB (microsecond bus), two types (sequential conversion type and delta-sigma type) of A/D
converters, peripheral functions including digital filter processing, and an advance timer unit (ATU-1V)
that is best suited for high-speed accurate power train control. This product also conforms to the
Automotive Safety Integrity Level (ASIL) that is highly demanded in the recent automotive field.

(1) Installing multiple RH850 cores

This product contains a single RH850G3M as the main CPU (referred to as CPU1 hereafter) and a
single RH850G3K as the peripheral control CPU (referred to as PCU: Peripheral Control Unit
hereafter). The CPU1 and the PCU supports RISC-type instruction sets and have significantly
improved the instruction execution speed with basic instructions (one clock cycle per instruction) and
the optimized 7- and 5-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 fields such as
applications of the 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 fields thanks to 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 2-Mbyte code flash allowing high-speed accesses, which enables each CPU
to access this flash memory. This memory can be reprogrammed while it is placed on an application
system. This can shorten the system development period and significantly improve the serviceability
after the system is delivered.

This product also has 64-Kbyte data flash that is available for storing EEPROM data.

(3) A variety of peripheral functions

The RH850/E1L incorporates timers (ATU-IV and APA) best suited for reducing hardware and
software control loads in the automobile power train control (e.g. engine, transmission), digital filter
engine (DFE), two types of A/D converters (ADCB and DS-ADC), and other devices. In addition, the
RHS850/E1L incorporates standard peripheral functions (UART, CAN, and RHSB) for the automotive
field. It also has the global standard on-chip debug interface (NEXUS JTAG) as a debug interface. This
allows construction of systems without providing these functions externally, reducing costs, quantity of
components, and footprint.
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(4) Conforming to functional safety

The memory protection function, peripheral device protection function, system/register protection
function, and timing monitoring function are provided to ensure highly reliable operations of the CPU.
With these function, the RH850/E1L conforms to the functional safety requirements (ASIL) in the
automotive field.
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1.2 Features

CPU1 core
CPU1 cache memory

Minimum CPU1
instruction execution
time

General CPU1 registers

CPU1 instruction sets

PCU core

Minimum PCU instruction
execution time

General PCU registers

PCU instruction sets

Memory space

Code flash

Data flash
RAM

Interrupts/exceptions

DMA controller

RH850G3M: 1 unit (for high-speed operation and control)
8 Kbytes
4.166 ns (during internal 240 MHz operation)

Thirty-two 32-bit registers

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

RH850G3K: 1 unit (for medium-speed operation and peripheral control)
12.5 ns (during internal 80 MHz operation)

Thirty-two 32-bit registers

Signed multiplication (32 bits x 32 bits — 64 bits): 1 and 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

4-Gbyte address space (common to program and data)
(128 Mbytes accessible by the PCU)

Two types of memory area
e User area: 2 Mbytes (common to CPU1 and PCU)
e User boot area: 32 Kbytes
High-speed reading through cache enabled (only for CPU1)

64 Kbytes (common to CPU1 and PCU)

RAM local RAM: 48 Kbytes (CPU1), 32 Kbytes (PCU)
Global RAM: 112 Kbytes (common to CPU1 and PCU) (32 Kbytes: Standby RAM)
Emulation RAM 8 Kbytes (common to CPU1 and PCU)

1 nonmaskable interrupt (NMI pin)

1 FE level interrupt (ECM)

353 maskable interrupts (high-speed: 21, low-speed: 332)

Simultaneous distribution of interrupt sources to multiple cores (CPU1, PCU)

o Applicable sources: non-maskable interrupt (NMI pin), FE level interrupt, 21high-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 G3M and G3K exceptions, see “RH850G3M User's Manual: Software”, and “RH850G3K
User's Manual: Software”.

8 channels incorporated (8 channels x 1 module)

Transfer unit: 8 bits/16 bits/32 bits/64 bits/128 bits

Dual-address transfer mode

Address reloading function

Chain transfer function

Three transfer modes settable: 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 DMAC and DTS)

Transfer requests can be set by interrupt sources and the software.
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DTS controller

110

Safety functions

Error control module
(ECM)

Data CRC function

Multi-Input signature
generator
(MISG)

Window watchdog timer
(WDTA)

Advanced timer unit IV
(ATU-IV)

Autonomous pulse
adapter (APA)

Motor control timer
(TSG2)
Timer option (TAPA)

OS timer
(OSTM)

Peripheral
interconnection function
(PIC)

128 channels incorporated

Transfer unit: 8 bits/16 bits/32 bits/64 bits/128 bits

Dual-address transfer mode

Address reloading function

Chain transfer function

Three transfer modes settable: 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 DMAC and DTS)

Transfer requests can be set by interrupt sources and the software.

Output driving ability of specific input/output pins selectable
Inversion or non-inversion of output values of specific input/output pins selectable
Pull-down or pull-down off of specific input/output pins selectable

Flash memory ECC error detection function

RAM ECC error detection function

Peripheral module RAM ECC error detection function (DTS, APA, RS-CAN, DFE)
Oscillation stop detection function and oscillation function by the backup clock
Error control module (ECM)

Duplexing of modules (e.g. CPU1, ECM, error output pins)

Collects information of 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 the external.
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.

The data CRC (cyclic redundancy check) function can verify or generate data streams protected by CRC
with various lengths and different bit widths.

Monitors write access to specific addresses by the CPU, and generates a 64-bit signature using the write
data.

Two channels incorporated

Can generate a signal to the ECM when an error occurs.

Can generate an interrupt at 75% of the error source (register write during counter overflow or window
closing period) window.

Timer A: 32-bit input capture x 6 channels

Timer B: Angle clock generating timer x 1 channel

Timer C: 32-bit input capture/output compare x 24 channels
Timer D: 32-bit one-shot pulse x 20 channels

32-bit input capture x 20 channels

32-bit output compare x 20 channels

Timer E: 24-bit PWM x 28 channels

Timer F: 32-bit event counter x 12 channels

Timer G: 32- bit interval timer x 8 channels

Timer H: 32-bit interval timer x 1 channel

Timer J: 32-bit input capture (with 9-stage FIFO) x 4 channels

16 channels incorporated

Changes output at an event (compare match) with no CPU load using values of peripheral modules
(ATU-IV, ADCB, DS-ADC) as reference.

Can generate output patterns automatically by combining multiple events.

TSG2, TAPA: Two units are incorporated individually.
e Incorporates a timer unit that can control up to two 3-phase motor controls (U, V, and W).
e Can forcibly set the TSG2 timer output to Hi-Z when an error is detected.
Three units incorporated
e A 32-bit timer assuming the use of OS
* Interval timer mode or free-running timer mode settable
e Synchronous start between units settable
One unit incorporated
e Synchronous operation using TSG2 timer and timer input/output can be connected between timers.
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Serial communication
interface 3 (SCI3)

Serial interface H
(CSIH)

CAN interface
(RS-CAN)

LIN master interface
(RLIN2)

Renesas high-speed
bus (RHSB)

AD converter
(ADCB)

Delta-sigma AD
converter
(DS-ADC)

Power supply voltage
monitor

Four channels incorporated

Clock synchronization or start-stop system settable
Full-duplex communication enabled

Arbitrary bit rate settable by the on-chip baud rate generator
LSB first or MSB first selectable

Three channels incorporated

Three-wire serial synchronous data transfer

Master mode or slave mode selectable

Settable six or four chip select output signals

Arbitrary bit rate settable by the on-chip baud rate generator

Four channels incorporated

Conforming to 1ISO-11898

Maximum transfer speed: 1 Mbps

A total of 320 message buffers provided for 4 channels
On-chip reception filtering function

One channel incorporated

Settable to support various frame sizes

Checksum type settable

Wake-up transmission/reception enabled

Arbitrary bit rate (2400, 9600, 10417, 19200 bps) settable by the on-chip baud rate generator

One channels incorporated
Communication module supporting microsecond bus channels

Down-stream communication
Up to two slaves settable individually
Functions for emergencies

36 channels incorporated

12-bit resolution, sequential conversion
Conversion speed: 1.0 ys

Independent operation of 12-bit resolution for 20 channels (ADCO0) and 12-bit resolution for 16
channels (ADC1)

Track and hold circuit (ADCO: 2 channels, ADC1: 0 channels)
Scan groups for five systems settable

Two scan modes (multi-scan mode and continuous scan mode)
ADCO: Up to 36 virtual channels settable

ADC1: Up to 32 virtual channels settable

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 engine.

Safety functions (including self-diagnosis, data register upper limit/lower limit check, and data
register parity)

4 channels incorporated (2 channels x 2 inputs)

Advanced A/D conversion

A/D conversion system: Delta-sigma modulation system
Supports single-end input and differential input.

On-chip programmable gain amplifier (x1, x2, x4, and x8)
Can enter data directly to the digital filter engine.

Safety functions (including self-diagnosis, data register upper limit/lower limit check, and data
register parity)

Monitors VDD voltage internally.
If VDD rises above or falls below the specified voltage, an error is reported outside the LSI.
Can set a time filter for error detection.
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Digital filter 16-channel digital filtering (FIR/IIR) functions
e FIR with up to 32 taps selectable
e Up to 6-order IIR selectable
» Filter coefficients and data are stored in the RAM to be connected.

e For filtered data:
Accumulation processing or decimation processing enabled
Peak-hold processing or comparison processing enabled

o Directly inputs converted data from the on-chip A/D converter or delta-sigma AD converter to perform
automatic filtering.

On-chip debugging unit NEXUS JTAG: One channel incorporated

(OCD) LDU: One channel incorporated

Boundary scan Boundary scan compliant with the IEEE 1149.1 standard
Clock controller An oscillation circuit incorporated

20 MHz oscillation enabled without using external capacitors

20 MHz (maximum) clock can be input from the EXTAL pin.

Multiplication of clock enabled by the on-chip PLL

A ring oscillator circuit incorporated

SSCG for reducing radiation noise incorporated. However, clock without SSCG is supplied to the timer
and the communication module.

Operating modes Operating modes
e User boot mode
e Serial programming mode
Power-down mode
o Power shutoff standby
Package 252-pin plastic FBGA (0.8 mm ball pitch) (17 x 17)

176-pin plastic LQFP (0.5 mm pin pitch) (24 x 24)
144-pin plastic LQFP (0.5 mm pin pitch) (20 x 20)
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1.3

1.4

Application Fields

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

Order Information

On-Chip  Operating External Maximum Operating
Product Name Package ROM Temperature (T;) Oscillator Frequency
R7F701201EABG  Plastic FBGA-252 2 MB max. 150°C 20 MHz 240 MHz
0.8-mm ball pitch
17 mm x 17 mm
R7F701201EAFP  Plastic LQFP-176 2 MB max. 150°C 20 MHz 240 MHz
0.5-mm pitch
24 mm x 24 mm
R7F701201EAFA  Plastic LQFP-144 2 MB max. 150°C 20 MHz 240 MHz
0.5-mm pitch
20 mm x 20 mm
R7F701205EABG  Plastic FBGA-252 2 MB max. 150°C 20 MHz 160 MHz
0.8-mm ball pitch
17 mm x 17 mm
R7F701205EAFP  Plastic LQFP-176 2 MB max. 150°C 20 MHz 160 MHz
0.5-mm pitch
24 mm x 24 mm
R7F701205EAFA  Plastic LQFP-144 2 MB max. 150°C 20 MHz 160 MHz

0.5-mm pitch
20 mm x 20 mm

We hereafter refer to LQFP and FBGA as QFP and BGA respectively, unless the complete abbreviation
is especially required.
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Section 1 Overview

1.5 Pin Connection Diagram (Top View)

3 4 5 o 7 8 9| 1 11 | 13 14 15]
P53 |Pso  [NC INC INC 25 anooo |ancos |anoto |anoa1 |anoso anoso
P56 P51 NC NC INC INC (OSVREFlanooz  [anots  [anozz |anost
clpa2 [pso fpss |psa |ps2 [N NC INC NG ANOD1 _|ANO12  |ANO23  |ANO33  [AN043 AN101 lc
D lpas [paa [pao vee NC ADSVCL [AN011|aN020 |aNo32 AN110[AN130 D
Elpas [Pac [pa AN121 [AN140  lE
Flpat1 [pa7 [pas INC AN131__|ANts1
G |Pa 14 [Pao AN120 NG NG AN160 |G
H [Ps 15 |pa 12 AN141  |AN150  |NC AN171 [l
NC ANt61  |AN170|NC
P36 [P3a NG P35 K
P3 1 P3o (P33 P32 I
P23 _p2a P27 P26 |m
N_[INC NC LvDvss [Lvpvee P25 P22 [N
IRHSBOFC [RHSBOFC [RHSBOSO|RHSBOSO

PN LP N P P20 P21 P
P1s  [p114a P15 [R
P17 [P112 [p113 T
VDD P19 111 U

Po13 |Po14 [P12 [P1s

Pos |Pos [Pot0 [P0 12 P11 P14

P07 lPoo  [po11 [p1o P13 |Pie

12 13 14 1] 11

CAUTION

Do not connect anything to the NC pins shown in Figure 1.1.

Figure 1.1

Pin Connection Diagram (E1L-BGA252)
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0 SsXiCosane- o AR NB8825892885¢828-88858
OV 1200 0D HDS S0 000C000000>050S00 s >eSeScsses
SouNVNwLwOOO0OO0OQOZZZZZZZZZZZZZZZZO0ZSZoZZZ-2Z<-2Z<-2Z2ZZ2Z2Z
WoL>o 0L CICAICLCLCCLCLCCLCILCCLCCCLCCCLCCLCLC LI
ILITTRBERBIBISSARZRLAIZR]IgR22-g2Igyceoerowsy o=
P5_3[] 45 Q 176[_] AN140
P5_4[] 46 175[] AN141
pP5_ 5[] 47 174[] AN150
P5_6[] 48 173[] AN151
P5_7[] 49 172[] AN160
P5_8[] 50 171[] AN161
P5_9[] 51 170[] AN170
P4_0[] 52 169 ] AN171
P4_1[] 53 168 ] P3_6
Pa_2[] 54 167[] VDD
VDD[| 55 1665 P35
P4_3[] 56 165l VSS
vss|l 57 164[] P3_4
P4_4[] 58 163[] vce
vee] 59 162 ] P3_3
P4 5[] 60 161[] P3_2
P4_6[] 61 160[] P3_1
P4_7[] 62 159 ] P3_0
vss|il 63 158[l] EVCC
P4_8[] 64 157 ] P2_7
evcclil 65 156[l] VSS
P4_9[] 66 QFP1,76 155[] P2_6
LEFT  P4_10[] 67 (Top view) 154[] P25 RIGHT
Pa_11["] 68 153[] P2_4
P4_12[] 69 152 ] P2_3
P4_13[] 70 151l vss
P4_14[] 71 150 ] P2_2
P4_15["] 72 149[7] vDD
P11_0[] 73 148] ] P2_1
P11_1[] 74 147 ] P2_0
Lvovec[] 75 146] ] P1_15
RHSBOFCLN[T| 76 145] ] P1_14
RHSBOFCLP[] 77 144[] P1_13
Lvovss|l 78 143[] P1_12
RHSBOSON[] 79 142[] P1_11
RHSBOSOP[] 80 141 ] P1_10
TTLVCC[] 81 140[l] vss
P13_0[C] 82 139 ] P1_9
P13_1[C] 83 138l EVCC
P13_2[T] 84 137 ] P1_8
P13_3[C] 85 136 P1_7
P13_4T] 86 135 ] P16
FLMODE[T] 87 134[ ] P15
MDO[T] 88 133[] P1_4
(=] NS WOND0DNO — @ w o~ DO T N®OYT N O © o - o
32583388588 CCR R R T VOEEEIEgau2Re
QN [ | | 5
Jf(/)U)(_)l—OU)!E)—l—U)JJngxD‘\*‘Nlmlmv‘oLn‘wll\lu)oc‘gc}“e:‘@‘Q:mclof‘w‘m‘
§%?E§EEEEF§§9§%825°828898§88898Egggggggagaza
4 2] & (v
2 =
4 S
w E
2

Figure 1.2 Pin Connection Diagram (E1L-QFP176)
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o
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e T -

8880 noranranornrolclanonlioleoxao
BNw22225585555555883823%383329%c8cg¢ge
>Swwo0o000zZ2zZzZzzZzzzzzzzzzozozozzzZz<-w-zZzwzZzzzz
WD > <L LCLCLCLCCLCLCCILCLCCLCLCLCCLCCCC
BBIBISIRIRLEIQNIR2e-gIQ ooy oa -

p5_3[] 37 144["] AN140
P5_4[] 38 143[] AN141
P5_5["] 39 142[] AN150
P5_6[] 40 141[] AN151
P5_7[] 41 140[_] AN160
P4_0[] 42 139[] AN161
P4_1[] 43 138[] AN170
Pa_2["] 44 137[] AN171
VDD[] 45 136[2] VDD
P4_3[] 46 135 ] P3_5
VSSE 47 134§ Vss
veelDl 48 133[] vCC
Pa_s[] 49 132[] P3_3
P4_6[]| 50 131[] P3_2
pP4_7[] 51 130[] P3_1
vss|l| 52 QFP144 129] | P30 RIGHT
LEFT P4 8] 53 (Top View) 128l EVCC
evec [l 54 127[ll vss
Pa_11[] 55 126 ] P2_5
Pa_12[] 56 125 ] P2 4
pa_13[] 57 P23
Pa_14[] 58 vss
P4_15[] 59 P2 2
Lvovee [ o VDD
RHSBOFCLN [] 61 P2_1
RHSBOFCLP [] 62 P1_15
Lvovss [l 63 P1_14
RHSBOSON [ 64 P1_13
RHSBOSOP [] 65 P1_12
TTLVCC [O] 66 P1_11
P13_0[] 67 P1_10
P13_1T] 68 Vss
P13_2 ] 69 EVCC
P13_3 [0 70 P1_8
FLMODE [T 71 P16
mpo O] 72 P15
RPXRRER
—
= - 0|n o
ga8fe
s @
g &
z
E
2

Figure 1.3 Pin Connection Diagram (E1L-QFP144)
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Table 1.1 Pin Numbers and Pin Names (E1L-BGA252) (1/6)
Pin No. Pin Name

A1 VSS(N.C.)

A2 VSS

A3 P5_7/TIF10/TOE22/TOD33B/TIOC13/LTX0/CTX2/SCI3SCK/DSADENDO
A4 P5_3/TIF6/TIJO/TOD23B/TIOC03/CRX1/SCI2RxD

A5 P5_0/TIFOB/TOE41/TOD20B/TIOC00/CRX0/SCI1RxD

A6 NC

A7 NC

A8 NC

A9 ADSVREFH

A10 ANOOO/DSANOP

A11 ANOO3/DSAN1N

A12 ANO010/P14_12/TIF9

A13 ANO021/P14_1/TIF1A

A14 ANO030/P14_4/TIF1B/TIAO1

A15 ANO040/P14_8/TIF5/TIA04
A16 ANO042/P14_10/TIF7/TIJ2
A17 AOVCC
A18 AOVSS
A19 A1VREFH
A20 A1VSS(N.C.)

B1 EVCC

B2 EVCC

B3 P5_8/TIF11/TOE23/TIJ2/TIOC40/SCI3RxD

B4 P5_6/TIF9/TOE21/TOD32B/TIOC12/LRX0/CRX2/DSADTRGO
B5 P5_1/TIF1B/TOE42/TOD21B/TIOC01/CTX0/SCI1TxD

B6 NC

B7 NC

B8 NC

B9 NC

B10 ADSVREFL

B11 ANOO2/DSAN1P

B12 ANO13/P14_15/TIJ1

B13 ANO022/P14_2/TIF2A

B14 ANO031/P14_5/TIF2B/TIA02

B15 ANO041/P14_9/TIF6/TIA05

B16 NC

B17 NC

B18 AOVREFH
B19 A1VSS
B20 A1VCC

C1 P4_2/TOD02A/TAPTS02/TOD02B/TIOC22/TIF2A/APA2
C2 P5_9/TOE33/TIJ3/TIOC41/SCI3TxD

C3 P5_5/TIF8/TOE20/TOD31B/TIOC11/SCIOTxD/SCI2SCK/DSADEND1
C4 P5_4/TIF7/T1J1/TOD30B/TIOC10/CTX1/SCI2TxD/DSADTRG1
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Table 1.1 Pin Numbers and Pin Names (E1L-BGA252) (2/6)

Pin No. Pin Name

c5 P5_2/TIF2B/TOE43/TOD22B/TIOC02/ES02/SCIORXD/SCI1SCK/POD

C6 NC

c7 NC

c8 NC

co NC

c10 ADSVSS

c1 AN001/DSANON

c12 ANO12/P14_14/TIF11

c13 AN023/P14_3/TIFOB/TIA00

c14 AN033/P14_7/TIF4/TIA03

c15 AN043/P14_11/TIF8/TIJ3

c16 NC

c17 NC

c18 AN100

c19 AN101

C20 AN111

D1 P4_5/TOD11A/TOD11B/TOE31/TIF5/APA5/CRX0

D2 P4_4/TOD10A/TOD10B/TOE30/TIF4/APA4/CSIH2TRY

D3 P4_0/TODOOA/TAPTS00/TODO0B/TIOC20/TIFOA/APAO/ERROROUT_C

D7 vce

D8 VSS

D9 NC

D10 ADSVCC

D11 ADSVCL

D12 ANO11/P14_13/TIF10/TIJO

D13 AN020/P14_0O/TIFOA

D14 AN032/P14_6/TIF3

D18 NC

D19 AN110

D20 AN130

E1 P4_8/TOD40A/TOD40B/TOEO1/TIF8/APAS/CSIH2TSO

E2 P4_6/TOD12A/TOD12B/TOE32/TIF6/APA6/CTX0

E3 P4_1/TODO1A/TAPTS01/TOD01B/TIOC21/TIF1A/APAT

E18 NC

E19 AN121

E20 AN140

F1 P4_11/TOD43A/TOD43B/TOE10/TIF11/APA11/CSIH2TCSS1

F2 P4_7/TOD13A/TOD13B/TOEQO/TIF7/APA7/CSIH2TSI

F3 P4 _3/TOD03A/TODO03B/TIOC23/TIF3/APA3/CSIH2TSSI

F18 NC

F19 AN131

F20 AN151/P16_1

G1 P4_14/TOD20B/TOE13/APA14/CRX1

G2 P4_9/TOD41A/TOD41B/TOE02/TIF9/APA9/CRX3/CSIH2TSCK
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Table 1.1 Pin Numbers and Pin Names (E1L-BGA252) (3/6)
Pin No. Pin Name
G3 VSS
G4 VSS
G17 AN120
G18 NC
G19 NC
G20 AN160/P16_2
H1 P4_15/TOD21B/TOE40/APA15/CTX1/ERROROUT_C
H2 P4_12/TIOC42/TOE11/APA12/SCI1RXD/CSIH2TCSS2
H3 EVCC
H4 EVCC
H17 AN141
H18 AN150/P16_0
H19 NC
H20 AN171/P16_5
J1 NC
J2 P11_0
J3 P4_13/TIOC43/TOE12/APA13/SCI1TxD/CSIH2TCSS3
Ja P4_10/TOD42A/TOD42B/TOEO3/TIF10/APA10/CTX3/CSIH2TCSSO0
Jg VDD
J10 VSS
J11 VSS
J12 VDD
J17 NC
J18 AN161/P16_3
J19 AN170/P16_4
J20 NC
K1 NC
K2 NC
K3 P11_1/TOD22B/TOE33
K4 NC
K9 VDD
K10 VSS
K11 VSS
K12 VDD
K17 P3_6/TIOC00
K18 P3_4/TIF4/TIJ2/TIOC42/ADTRGO
K19 NC
K20 P3_5/TIF5/TIJ3/TIOC43/ADENDO
L1 NC
L2 NC
L3 NC
L4 NC
L9 VDD
L10 VSS
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Section 1 Overview

Table 1.1 Pin Numbers and Pin Names (E1L-BGA252) (4/6)
Pin No. Pin Name

L11 VSS

L12 VDD

L17 P3_1/TIF1A/TOE61/TOD31B/TIOC33/CTX1/SCI1TxD
L18 P3_0/TIFOA/TOE60/TOD30B/TIOC32/CRX1/SCI1RxD
L19 P3_3/TIF3/TOE63/TOD33B/TIOC41/ADEND1/CTX2/ESO2/SCI2TxD
L20 P3_2/TIF2A/TOE62/TOD32B/TIOC40/ADTRG1/CRX2/SCI2RxD
M1 NC

M2 NC

M3 NC

M4 TTLVCC

M9 VDD
M10 VSS

M11 VSS
M12 VDD
M17 P2_3/TIA03/TOE53/TODO3B/TIOC21/IRQ3
M18 P2_4/TIA04/TOE10/TOD10B/TIOC22/CRX3/IRQ4
M19 P2_7/TCLKB/TOE13/TOD13B/TIOC31/CTX0/IRQ7
M20 P2_6/TCLKA/TOE12/TOD12B/TIOC30/CRX0/IRQ6
N1 NC

N2 NC

N3 LVDVSS

N4 LvDvVCC

N17 VSS

N18 VSS

N19 P2_5/TIAO5/TOE11/TOD11B/TIOC23/CTX3/IRQ5

N20 P2_2/TIA02/TOE52/TOD02B/TIOC20/IRQ2

P1 RHSBOFCLN

P2 RHSBOFCLP

P3 RHSBOSON

P4 RHSBOSOP

P17 EVCC

P18 EVCC

P19 P2_0/TIA0O0/TOE50/TODO0B/TIOC12/IRQ0O

P20 P2_1/TIA01/TOE51/TOD01B/TIOC13/IRQ1

R1 P13_0/RHSBOCSDO/CSIH1TSI

R2 P13_1/RHSBOCSD1/CSIH1TSO

R3 LVDVSS
R18 P1_8/TOE20/APA8/TSO07/LRX0
R19 P1_14/TIOC52/TOE32/APA14
R20 P1_15/TIOC53/TOE33/APA15

™ P13_2/RHSBO0SI0/CSIH1TSCK

T2 P13_3/RHSBO0SI1/CSIH1TCSS0

T3 TTLVCC
T18 P1_7/TOD33A/TOD33B/TOE43/APA7/TSO06
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Table 1.1 Pin Numbers and Pin Names (E1L-BGA252) (5/6)
Pin No. Pin Name
T19 P1_12/TIOC50/TOE30/APA12
T20 P1_13/TIOC51/TOE31/APA13
U1 P13_4/RHSBOEMRG/CSIH1TCSS1/ERROROUT_C
U2 MDO
u3 sysvce
u7 NC
us NC
U9 NC
u10 NC
U1 PO_2/CSIHOTSCK/SCIOSCK
u12 PO_6/CSIH1TSI/IRQ3
u13 EVCC
u14 VSS
u18 VDD
u19 P1_9/TOE21/APA9/LTXO0
u20 P1_11/TOE23/APA11
V1 MD1
V2 FLMODE
V3 VDD
V4 PLLVSS
V5 PLLVCC
V6 TMS/EVTO
v7 TDI/LPDI/FLSCI3RX
V8 NC
Vi NC
V10 NMI
V11 P0O_0/CSIHOTSI/SCIORXD
V12 PO_4/CSIHOTCSS1/CTX2/IRQ1
V13 EVCC
V14 VSS
V15 PO_13/TIA05/TOD02B/CSIHOTCSS5/CSIH1TSSI/CSIH2TSCK
V16 PO_14/TODO03B/CSIH1TRY/CSIH2TCSS0
V17 P1_2/TOD22A/TOD22B/TOE02/APA2/TSO01/CSIH2TCSS3
V18 P1_5/TOD31A/TOD31B/TOE41/APA5/TSO04
V19 VDD
V20 P1_10/TOE22/APA10
W1 RAMVCL
w2 VDD
w3 VSS
w4 VSS
w5 TDO/LPDO/FLSCI3TX
w6 vce
w7 DRDY/LPDCLKO
ws NC
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Table 1.1 Pin Numbers and Pin Names (E1L-BGA252) (6/6)
Pin No. Pin Name
w9 NC
W10 NC
W11 ERROROUT_M
W12 P0O_1/CSIHOTSO/SCIOTXD
w13 P0O_5/CSIHOTCSS2/IRQ2
W14 PO_8/TIA00/CSIH1TSCK/IRQ5
W15 P0O_10/TIA02/CSIHOTRY/CSIH1TCSS1/IRQ7
W16 PO_12/TIA04/TOD01B/CSIHOTCSS4/CSIH1TCSS3/CSIH2TSO
w17 P1_1/TOD21A/TOD21B/TOEO1/APA1/TSO00/SCIOTXD/CSIH2TCSS2
w18 P1_4/TOD30A/TOD30B/TOE40/APA4/TSO03/CSIH2TRY
w19 VSS
w20 VDD
Y1 VDD(N.C.)
Y2 VSS
Y3 RES
Y4 TRST/LPDRST
Y5 TCK/LPDCLKI/FLSCI3SCK
Y6 EPTVOUT
Y7 vce
Y8 XTAL
Y9 EXTAL
Y10 VSS
Y11 CK
Y12 P0_3/CSIHOTCSS0/CRX2/IRQO
Y13 PO_7/CSIH1TSO/IRQ4
Y14 P0O_9/TIA01/CSIHOTSSI/CSIH1TCSS0/IRQ6
Y15 PO_11/TIA03/TOD00B/CSIHOTCSS3/CSIH1TCSS2/CSIH2TSI
Y16 P1_0/TOD20A/TOD20B/TOEO0/APAQ/SCIORXD/CSIH2TCSS1
Y17 P1_3/TOD23A/TOD23B/TOE03/APA3/TSO02/CSIH2TSSI
Y18 P1_6/TOD32A/TOD32B/TOE42/APA6/TSO05
Y19 vce
Y20 VSS(N.C.)
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Table 1.2 Pin Numbers and Pin Names (E1L-QFP176) (1/4)
Pin No. Pin Name
1 AN131
2 AN130
3 AN121
4 AN120
5 AN111
6 A1VCC
7 AN110
8 A1VREFH
9 AN101
10 A1VSS
1 AN100
12 ANO043/P14_11/TIF8/TIJ3
13 ANO042/P14_10/TIF7/TIJ2
14 AOVCC
15 ANO041/P14_9/TIF6/TIA05
16 AOVREFH
17 ANO040/P14_8/TIF5/TIA04
18 AOVSS
19 ANO33/P14_7/TIF4/TIA03
20 ANO032/P14_6/TIF3
21 ANO031/P14_5/TIF2B/TIA02
22 ANO030/P14_4/TIF1B/TIA01
23 ANO023/P14_3/TIFOB/TIA00
24 ANO022/P14_2/TIF2A
25 ANO021/P14_1/TIF1A
26 ANO020/P14_0/TIFOA
27 ANO13/P14_15/TIJ1
28 ANO12/P14_14/TIF11
29 ANO11/P14_13/TIF10/TIJO
30 ANO10/P14_12/TIF9
31 ANOO3/DSAN1N
32 ANOO2/DSAN1P
33 ANOO1/DSANON
34 ANOOO/DSANOP
35 ADSVCL
36 ADSVREFL
37 ADSVREFH
38 ADSVCC
39 ADSVSS
40 P5_0/TIFOB/TOE41/TOD20B/TIOC00/CRX0/SCI1RxD
41 P5_1/TIF1B/TOE42/TOD21B/TIOC01/CTX0/SCI1TxD
42 VSS
43 P5_2/TIF2B/TOE43/TOD22B/TIOC02/ESO2/SCIORxD/SCI1 SCK/POD
44 EVCC
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Table 1.2 Pin Numbers and Pin Names (E1L-QFP176) (2/4)
Pin No. Pin Name

45 P5_3/TIF6/TIJO/TOD23B/TIOC03/CRX1/SCI2RXD
46 P5_4/TIF7/TIJ1/TOD30B/TIOC10/CTX1/SCI2TXD/DSADTRG1
47 P5_5/TIF8/TOE20/TOD31B/TIOC11/SCIOTXD/SCI2SCK/DSADEND1
48 P5_6/TIF9/TOE21/TOD32B/TIOC12/LRX0/CRX2/DSADTRGO
49 P5_7/TIF10/TOE22/TOD33B/TIOC13/LTX0/CTX2/SCI3SCK/DSADENDO
50 P5_8/TIF11/TOE23/TIJ2/TIOC40/SCI3RXD
51 P5_9/TOE33/TIJ3/TIOC41/SCI3TxD
52 P4_0/TODOOA/TAPTS00/TODOO0B/TIOC20/TIFOA/APAO/ERROROUT_C
53 P4_1/TODO1A/TAPTS01/TODO1B/TIOC21/TIF1A/APA1
54 P4_2/TOD02A/TAPTS02/TOD02B/TIOC22/TIF2A/APA2
55 VDD
56 P4_3/TOD03A/TODO3B/TIOC23/TIF3/APA3/CSIH2TSSI
57 VSS
58 P4_4/TOD10A/TOD10B/TOE30/TIF4/APA4/CSIH2TRY
59 vce
60 P4_5/TOD11A/TOD11B/TOE31/TIF5/APAS/CRX0
61 P4_6/TOD12A/TOD12B/TOE32/TIF6/APAG/CTX0
62 P4_7/TOD13A/TOD13B/TOEQO/TIF7/APA7/CSIH2TSI
63 VSS
64 P4_8/TOD40A/TOD40B/TOEO1/TIF8/APAS/CSIH2TSO
65 EVCC
66 P4_9/TOD41A/TOD41B/TOE02/TIF9/APA9/CRX3/CSIH2TSCK
67 P4_10/TOD42A/TOD42B/TOEO3/TIF10/APA10/CTX3/CSIH2TCSSO
68 P4_11/TOD43A/TOD43B/TOE10/TIF11/APA11/CSIH2TCSS1
69 P4_12/TIOC42/TOE11/APA12/SCI1RxD/CSIH2TCSS2
70 P4_13/TIOC43/TOE12/APA13/SCI1TxD/CSIH2TCSS3
71 P4_14/TOD20B/TOE13/APA14/CRX1
72 P4_15/TOD21B/TOE40/APA15/CTX1/ERROROUT_C
73 P11_0
74 P11_1/TOD22B/TOE33
75 LVDVCC
76 RHSBOFCLN
77 RHSBOFCLP
78 LVDVSS
79 RHSBOSON
80 RHSBOSOP
81 TTLVCC
82 P13_0/RHSBOCSDO/CSIH1TSI
83 P13_1/RHSBOCSD1/CSIH1TSO
84 P13_2/RHSBOSIO/CSIH1TSCK
85 P13_3/RHSBOSI1/CSIH1TCSS0
86 P13_4/RHSBOEMRG/CSIH1TCSS1/ERROROUT_C
87 FLMODE
88 MDO
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Table 1.2 Pin Numbers and Pin Names (E1L-QFP176) (3/4)

Pin No. Pin Name
89 RAMVCL
90 MD1
91 VSS
92 RES
93 sysvce
94 TRST/LPDRST
95 TDO/LPDO/FLSCI3TX
96 TMS/EVTO
97 TCK/LPDCLKI/FLSCI3SCK
98 TDI/LPDI/FLSCI3RX
99 DRDY/LPDCLKO
100 EPTVOUT
101 VSS
102 XTAL
103 EXTAL
104 vce
105 NMI
106 ERROROUT_M
107 CK
108 PO_0/CSIHOTSI/SCIORXD
109 PO_1/CSIHOTSO/SCIOTXD
110 PO_2/CSIHOTSCK/SCIOSCK
111 PO_3/CSIHOTCSS0/CRX2/IRQO
112 VSS
113 PO_4/CSIHOTCSS1/CTX2/IRQ1
114 EVCC
115 PO_5/CSIHOTCSS2/IRQ2
116 PO_6/CSIH1TSI/IRQ3
17 PO_7/CSIH1TSO/IRQ4
118 VSS
119 PO_8/TIAOO/CSIH1TSCK/IRQ5
120 VDD
121 P0O_9/TIA01/CSIHOTSSI/CSIH1TCSS0/IRQ6
122 PO_10/TIA02/CSIHOTRY/CSIH1TCSS1/IRQ7
123 PO_11/TIA03/TOD00B/CSIHOTCSS3/CSIH1TCSS2/CSIH2TSI
124 PO_12/TIA04/TODO1B/CSIHOTCSS4/CSIH1TCSS3/CSIH2TSO
125 PO_13/TIA05/TOD02B/CSIHOTCSS5/CSIH1TSSI/CSIH2TSCK
126 PO_14/TODO03B/CSIH1TRY/CSIH2TCSS0
127 VSS
128 P1_0/TOD20A/TOD20B/TOEO0/APAO/SCIORXD/CSIH2TCSS1
129 EVCC
130 P1_1/TOD21A/TOD21B/TOE01/APA1/TSO00/SCIOTXD/CSIH2TCSS2
131 P1_2/TOD22A/TOD22B/TOE02/APA2/TSO01/CSIH2TCSS3
132 P1_3/TOD23A/TOD23B/TOEQ3/APA3/TSO02/CSIH2TSSI
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Table 1.2 Pin Numbers and Pin Names (E1L-QFP176) (4/4)
Pin No. Pin Name
133 P1_4/TOD30A/TOD30B/TOE40/APA4/TSO03/CSIH2TRY
134 P1_5/TOD31A/TOD31B/TOE41/APA5/TSO04
135 P1_6/TOD32A/TOD32B/TOE42/APAG/TSO05
136 P1_7/TOD33A/TOD33B/TOE43/APA7/TSO06
137 P1_8/TOE20/APA8/TSO07/LRX0
138 EVCC
139 P1_9/TOE21/APA9/LTX0
140 VSS
141 P1_10/TOE22/APA10
142 P1_11/TOE23/APA11
143 P1_12/TIOC50/TOE30/APA12
144 P1_13/TIOC51/TOE31/APA13
145 P1_14/TIOC52/TOE32/APA14
146 P1_15/TIOC53/TOE33/APA15
147 P2_0/TIA0O0/TOE50/TODO0B/TIOC12/IRQ0O
148 P2_1/TIA01/TOE51/TOD01B/TIOC13/IRQ1
149 VDD
150 P2_2/TIA02/TOE52/TOD02B/TIOC20/IRQ2
151 VSS
152 P2_3/TIAO3/TOES3/TODO03B/TIOC21/IRQ3
153 P2_4/TIA04/TOE10/TOD10B/TIOC22/CRX3/IRQ4
154 P2_5/TIA05/TOE11/TOD11B/TIOC23/CTX3/IRQ5
155 P2_6/TCLKA/TOE12/TOD12B/TIOC30/CRX0/IRQ6
156 VSS
157 P2_7/TCLKB/TOE13/TOD13B/TIOC31/CTX0/IRQ7
158 EVCC
159 P3_O/TIFOA/TOE60/TOD30B/TIOC32/CRX1/SCI1RxD
160 P3_1/TIF1A/TOE61/TOD31B/TIOC33/CTX1/SCI1TxD
161 P3_2/TIF2A/TOE62/TOD32B/TIOC40/ADTRG1/CRX2/SCI2RxD
162 P3_3/TIF3/TOE63/TOD33B/TIOC41/ADEND1/CTX2/ESO2/SCI2TxD
163 VCC
164 P3_4/TIF4/TIJ2/TIOC42/ADTRGO
165 VSS
166 P3_5/TIF5/TIJ3/TIOC43/ADENDO
167 VDD
168 P3_6/TIOC00
169 AN171/P16_5
170 AN170/P16_4
171 AN161/P16_3
172 AN160/P16_2
173 AN151/P16_1
174 AN150/P16_0
175 AN141
176 AN140
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Table 1.3 Pin Numbers and Pin Names (E1L-QFP144) (1/4)
Pin No. Pin Name
1 AN130
2 AN121
3 AN120
4 AN111
5 A1vVCC
6 AN110
7 A1VREFH
8 A1VSS
9 AN100
10 ANO043/P14_11
1 ANO042/P14_10/TIF7
12 AOVCC
13 ANO041/P14_9/TIF6/TIA05
14 AOVREFH
15 ANO040/P14_8/TIF5/TIA04
16 AOVSS
17 ANO033/P14_7/TIF4/TIA03
18 ANO031/P14_5/TIF2B/TIA02
19 ANO30/P14_4/TIF1B/TIA01
20 AN023/P14_3/TIFOB/TIA00
21 AN022/P14_2/TIF2A
22 ANO021/P14_1/TIF1A
23 ANO013/P14_15/TIJ1
24 ANO12/P14_14
25 ANO11/P14_13/TIJO
26 ANO10/P14_12
27 ANO003/DSAN1N
28 ANO002/DSAN1P
29 ADSVCL
30 ADSVREFL
31 ADSVREFH
32 ADSVCC
33 ADSVSS
34 VSS
35 P5_2/TIF2B/TOE43/TOD22B/TIOC02/SCIORXD/POD
36 EVCC
37 P5_3/TIF6/TIJ0/TOD23B/TIOCO3/CRX1/SCI2RxD
38 P5_4/TIF7/TIJ1/TOD30B/TIOC10/CTX1/SCI2TxD/DSADTRGH
39 P5_5/TOE20/TOD31B/TIOC11/SCIOTXD/SCI2SCK/DSADEND1
40 P5_6/TOE21/TOD32B/TIOC12/LRX0/CRX2
41 P5_7/TOE22/TOD33B/TIOC13/LTX0/CTX2
42 P4_0/TODO0A/TODO0B/TIOC20/TIFOA/APAO/ERROROUT_C
43 P4_1/TODO1A/TODO01B/TIOC21/TIF1A/APA1
44 P4_2/TOD02A/TOD02B/TIOC22/TIF2A/APA2
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Table 1.3 Pin Numbers and Pin Names (E1L-QFP144) (2/4)
Pin No. Pin Name
45 VDD
46 P4_3/TOD03A/TODO3B/TIOC23/TIF3/APA3
47 VSS
48 vCC
49 P4_5/TOD11A/TOD11B/TOE31/TIF5/APA5/CRX0
50 P4_6/TOD12A/TOD12B/TOE32/TIF6/APA6/CTX0
51 P4_7/TOD13A/TOD13B/TOEQQ/TIF7/APA7
52 VSS
53 P4_8/TOD40A/TOD40B/TOE01/APA8
54 EVCC
55 P4 _11/TOD43A/TOD43B/TOE10/APA11
56 P4_12/TIOC42/TOE11/APA12/SCI1RxD
57 P4_13/TIOC43/TOE12/APA13/SCI1TXD
58 P4_14/TOD20B/TOE13/APA14/CRX1
59 P4_15/TOD21B/TOE40/APA15/CTX1/ERROROUT_C
60 LVDVCC
61 RHSBOFCLN
62 RHSBOFCLP
63 LVDVSS
64 RHSBOSON
65 RHSBOSOP
66 TTLVCC
67 P13_0/RHSBOCSDO/CSIH1TSI
68 P13_1/RHSBOCSD1/CSIH1TSO
69 P13_2/RHSBOSIO/CSIH1TSCK
70 P13_3/RHSBOSI1/CSIH1TCSSO0
71 FLMODE
72 MDO
73 RAMVCL
74 MD1
75 VSS
76 RES
77 sSYsvce
78 TRST/LPDRST
79 TDO/LPDO/FLSCI3TX
80 TMS/EVTO
81 TCK/LPDCLKI/FLSCI3SCK
82 TDI/LPDI/FLSCI3RX
83 DRDY/LPDCLKO
84 EPTVOUT
85 VSS
86 XTAL
87 EXTAL
88 VCC
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Table 1.3 Pin Numbers and Pin Names (E1L-QFP144) (3/4)
Pin No. Pin Name
89 NMI
90 CK
91 PO_0/CSIHOTSI/SCIORXD
92 PO_1/CSIHOTSO/SCIOTxD
93 PO_2/CSIHOTSCK/SCIOSCK
94 PO_3/CSIHOTCSS0/CRX2/IRQ0
95 VSS
96 PO_4/CSIHOTCSS1/CTX2/IRQ1
97 EVCC
98 PO_6/IRQ3
99 VSS
100 PO_8/TIAO0/IRQ5
101 VDD
102 PO_11/TIA0O3/TODO0B/CSIHOTCSS3
103 PO_12/TIA04/TOD01B/CSIHOTCSS4
104 VSS
105 P1_0/TOD20A/TOD20B/TOEO00/APAO/SCIORXD
106 EVCC
107 P1_1/TOD21A/TOD21B/TOE01/APA1/TSO00/SCIOTXD
108 P1_2/TOD22A/TOD22B/TOE02/APA2/TSO01
109 P1_5/TOD31A/TOD31B/TOE41/APA5/TSO04
110 P1_6/TOD32A/TOD32B/TOE42/APAG/TSO05
111 P1_8/TOE20/APA8/TSO07
112 EVCC
113 VSS
114 P1_10/TOE22/APA10
115 P1_11/TOE23/APA11
116 P1_12/TOE30/APA12
117 P1_13/TOE31/APA13
118 P1_14/TOE32/APA14
119 P1_15/TOE33/APA15
120 P2_1/TIA01/TOD01B/TIOC13/IRQ1
121 VDD
122 P2_2/TIA02/TOD02B/TIOC20/IRQ2
123 VSS
124 P2_3/TIA03/TODO3B/TIOC21/IRQ3
125 P2_4/TIA04/TOE10/TOD10B/TIOC22/CRX3/IRQ4
126 P2_5/TIA05/TOE11/TOD11B/TIOC23/CTX3/IRQ5
127 VSS
128 EVCC
129 P3_O/TIFOA/TOD30B/TIOC32/CRX1/SCI1RxD
130 P3_1/TIF1A/TOD31B/TIOC33/CTX1/SCI1TxD
131 P3_2/TIF2A/TOD32B/TIOC40/ADTRG1/CRX2/SCI2RxD
132 P3_3/TIF3/TOD33B/TIOC41/ADEND1/CTX2/SCI2TxD
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Table 1.3 Pin Numbers and Pin Names (E1L-QFP144) (4/4)

Pin No. Pin Name

133 VCC

134 VSS

135 P3_5/TIF5/TIOC43/ADENDO

136 VDD

137 AN171/P16_5

138 AN170/P16_4

139 AN161/P16_3

140 AN160/P16_2

141 AN151/P16_1

142 AN150/P16_0

143 AN141

144 AN140
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1.6  Functional Block Configuration

1.6.1 Internal Block Diagram
| Code flash | | Emulation RAM |
(2 MB) (8 KB)
! ! ooz ’
| eripheral group 0 |
[ Flash interface | p—— :
ata flas|
¢ ¢ e ][5 ]
Local RAM | IPCU (PE3 CPU1 (PE1 Local RAM | !
ng KB) ( ) Ve ( ) ™ (zzg KB) | DMA controller :
________ FPU —_— == |
|CPU peripheral | G3K Global Gam MPU :CPU peripheral | | :
| : AT ——' || [Pe_J[ PR ] ! |
: INTCT 1 > @xe) | || [CPEc ] wTct ] I (4 K8) !
I SEG : 7y t i ] t I [ sec : e S
o ——__ o ___ .
Interconnection
)
Y w y w
P-Bus
IrP;ri;heraT gF)LES_: Irp;a;,;_ggu_p 3 T } :TDeripFeEI grgup_z_ _: :T’(;ﬁp_he?éll_sar;u;1 _____________ -i
Clock E trol | | I Peripheral group 1H | I Peripheral group 1L 1
: Comc:g"er | : : ADC x 2 | | r;\z}lrozz{;ro : : | RS-CAN | : : : Peripheral group 1H : : Peripheral group 1L : :
I Resst ]! | Flash ) P | ATU4 | ' | APA | h
: : : DS-ADC controller | : CSIH x3 : : | : | 1
I I x 1
: Power supply | ! : | oFe | | I | : [, N : ! | TSG2 | : ! | OSTM x 3 | '
| | voltage monitor ! \ | 1l | il
. | " | TAPA by WDT x 2 Il
| | RHSB x 2 | | 1/ port | | i :l I
! ! ': | PIC1 | I: SCIx4 ::
! LIN ! ! | 0
[ [ (! (Lo |
e e J 11 | I
e J
For the correspondence between the peripheral groups and the
peripheral modules/registers, see Appendix, List of Registers.
Figure 1.4 Internal Block Diagram
The CPU1 and the PCU incorporate the CPU peripherals. Only the CPU and the PCU can access the
CPU peripherals. Same addresses are allocated to peripherals specific to the CPU1 and the PCU. When
an access is made from the CPU1, a CPU1-specific peripheral is accessed. When an access is made
from the PCU, a PCU-specific peripheral is accessed.
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Section 2

Pins

2.1 Port Functions

211 Features

Port Group

This product has the following numbers of port groups:

Table 2.1 Port Groups of This Product

Number of
Product Group Name of Group
E1L BGA252 11 PO - P5, P11, P13, P14, P16, P17
QFP176 1 PO - P5, P11, P13, P14, P16, P17
QFP144 10 PO - P5, P13, P14, P16, P17

Port Group Index n

Each port group is identified by its own index “n” (n = 0 to 17) throughout this section; e.g.

PMCn for the port mode control register of the Pn pin.

Register Address

All port addresses are given as an offset from the individual base addresses, <PORT Base2> and

<PORT Basel>.

Table 2.2 shows the base addresses, <PORT Base2> and <PORT Basel>.

Table 2.2 Port Base Address

Base Address Address
<PORT_Base1> FF61 0000y
<PORT_Base2> FFC1 0000y
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21.2 Overview

This product has various pins for input/output (I/O) functions, known as
ports. The ports are organized in port groups.

This product also has several control registers to allocate the functions other than general I/O purpose
to the corresponding pins.

For definitions of pin, port, and port group, see Section 2.1.2.1, Terms.

21.21 Terms
The terms described in this section are defined as follows.

e Port group:
One port has up to 16 pins, and the number of pins differs according to the port. The multiple 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. The general-purpose 1/O function is
called a “port pin” and is indicated by the name Pn_m. For example, PO_7 indicates pin 7 of port
0.

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 pin, and control registers select the peripheral function to be
used.
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21.2.2 Overview of Pin Functions
The pin can operate in the following three different modes:
e 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 I/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/out is directly controlled by the alternative
function in this mode.

Table 2.3 shows the outline of the register settings.

Table 2.3 Pin Function Configuration (Outline)

Bit
Mode PMCn_m PMn_m PIPCn_m 1/O
Port mode 0 0 01 Output mode
1 0/1 Input mode*"
S/W /0O control alternative mode 1 0 0 Output mode
1 0 Input mode*2
Direct I/O control alternative mode 0/1 1 Controlled by the alternative

function*2

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 different alternative
functions (up to 7) can be selected by the PFCn, PFCEn, and PFCAEn registers.

e S/W I/O control alternative mode (PIPCn.PIPCn_m = 0):
— Outputs (PMn_m = 0): ALT-OUT1 to ALT-OUT7
— Inputs (PMn_m = 1): ALT-IN1 to ALT-IN7

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

— Input/Output of ALT-OUT1 to ALT-OUT7 and ALT-IN1 to ALT-IN7 is directly controlled by
the alternative function.
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Table 2.4 Outline of Alternative Mode Selection (PMCn.PMCn_m =1)

Register

Function PFCAE PFCE PFC PMm*! 110
Alternative output mode 1 (ALT-OUT1) 0 0 0 0 (0]
Alternative input mode 1 (ALT-IN1) 0 0 0 1 |
Alternative output mode 2 (ALT-OUT2) 0 0 1 0 (0]
Alternative input mode 2 (ALT-IN2) 0 0 1 1 |
Alternative output mode 3 (ALT-OUT3) 0 1 0 0 (0]
Alternative input mode 3 (ALT-IN3) 0 1 0 1 |
Alternative output mode 4 (ALT-OUT4) 0 1 1 0 (0]
Alternative input mode 4 (ALT-IN4) 0 1 1 1 |
Alternative output mode 5 (ALT-OUT5) 1 0 0 0 (0]
Alternative input mode 5 (ALT-IN5) 1 0 0 1 |
Alternative output mode 6 (ALT-OUT6) 1 0 1 0 (0]
Alternative input mode 6 (ALT-ING) 1 0 1 1 |
Alternative output mode 7 (ALT-OUT7) 1 1 0 0 (0]
Alternative input mode 7 (ALT-IN7) 1 1 0 1 |

Note 1. When PIPCn.PIPCn_m =1, the I/O direction is directly controlled by the peripheral (alternative) function and

PM is ignored.

When a pin is operated in alternative mode (PMCn.PMCn_m = 1), one of several alternative functions

can be selected by the PFCn, PFCEn, and PFCAEn registers.
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2.1.2.3 Pin Data Input/Output

The registers used for data input and output are described below.

The source of the data to be read via the PPRn register depends on pin mode.

Output data

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

Input data

A read operation of the PPRn register returns either the value of the Pn_m pin, the associated bit of the

port register Pn.Pn_m, or the data output by an alternative function.

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

Table 2.5 summarizes the differences of PPRn read modes.

Table 2.5 PPRn_m Read Values

PMC PM PIBC PIPC

n_m n_m n_m n_m Mode PPRn_m Read Value
0 1 0 X Port input, input buffer disabled Pn.Pn_m bit
1 Port input, input buffer enabled Pn_m pin

0 X Port push-pull output Pn.Pn_m bit*"!
1 1 X 0 S/W 1/O control alternative input Pn_m pin

0 S/W 1/0 control alternative output Alternative function internal output

signal*1
X 1 Direct I/O control alternative mode I/O port in alternative mode:

e Input: Pn_m pin

o Output: alternative function
internal output signal*1

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

The control registers in Table 2.5 have the following effects:

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

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.

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

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.
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Write to the Pn Register
The data to be output via port Pn_m in port mode (PMCn.PMCn_m = 0) is held in the port register Pn.
The 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.

e Indirect operation to the Pn bit (set/reset/not)
The indirect Pn operation is possible using the following two registers:

— Port set/reset register: PSRn
When the bit PSRn.PSRn_(m + 16) = 1, the value of bit 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 bit Pn.Pn_m 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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213 Port Type

Figure 2.1 shows the overall configuration of the pins. For the details of port blocks, see Figure 2.2.

e R e "
Port 1/0 buffer
N
N
Peripheral functions r Internal |
output signa
Output data .
control block™ ' @
N\
( (0]
utput enable
Output enablt?1 POD control®
control block
N\
(
Edge detection Input data
DNF2 select block
N\
PU/PD
( resistor™
Input enable Input enable
control block
o
( PU/PD
Pull-up / pull-down control signal
control block™
N\
k J - J
Note 1. Pins of ports P14 and P16 have multiplexed analog input functions and, because these pins are only for input, they do not
incorporate output-related functions. And these port groups do not incorporate pull-up and pull-down resistor.
Note 2.  For details of the edge-detection DNF function and the relevant pins, see Section 2.3.3, Edge Detection DNF.
Note 3.  For details of the POD control function and the relevant pins, see Section 2.4, POD Control.

Figure 2.1 Block Diagram of Pin Configuration
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Figure 2.2 shows the logical circuitry of the port control functions. The diagram is only a logical
reference and does not show the real circuitry.

PMCn_m

PMn_m

PIPCnh_m

J 0t

Edge detection

DNF

Note 1.
Note 2.
Note 3.

(Output data control block A
PINVN_m
Pn_m 0
0
Multi-use function 1
output data™ 1
. J
4 )
Output enable control block
Ny
{>c 0 Output enable
1
Multi-use function __| "
output enable control!
e N
\_ J Internal
output signal 3
P )
e N
Input data select block
0
PPRn_m
1|« l
Multi-use function 1 I
input data™ ™ 0
[+—Inactive level PU/PD
;l—\ resistor
D;L/ \ )
. J/
PBDCn_m PU/PD )
- N Output enable control signal
Input enable control block
Input enable
v Y ' p
Bl Pull-up / pull-down
PIBCh_m > control block
PUn_m
\ 4
0 PDn_m > 0
Multi-use function —
. . » 1 PU/PD
1 1
input enable control /( disabled
\ J
\ J

Multi-use function signal selected by PFCn_m, PFCEn_m, and PFCAEn_m
Output drive strength can be set by PDSCn_m and PUCCn_m.
The target pin of POD control forcibly disables the enabling of output when POD control is enabled.

Figure 2.2

Port Control Logic Diagram
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214 Port Group Configuration Register

This section starts with an overview of all configuration registers and then presents all registers in
detail. The configuration registers are classified as follows:

e 2.1.4.2, Configuration of Pin Function

e 2.1.4.3, Pin Data Input/Output

e 2.1.4.4, Configuration of Electrical Characteristics
e 2.1.4.5, Port Register Protection

e 2.1.4.6, Pin-Unit Register

21.41 Outline

The following registers are used for the configuration of the individual pins of the port groups:

Table 2.6 Registers for Port Group Configuration

Register
Register Name Symbol Configuration Unit  Address
Port register Pn Port group <PORT_Base1> + 0000y + n x 404
Port set/reset register PSRn Port group <PORT_Base1> + 0004, + n x 404
Port NOT register PNOTn Port group <PORT_Base1> + 0008 + n x 404
Port pin read register PPRn Port group <PORT_Base1> + 000Cy + n x 40y
Port mode register PMn Port group <PORT_Base1> + 0010y + n x 404
Port mode control register PMCn Port group <PORT_Base1> + 0014, + n x 404
Port function control register PFCn Port group <PORT_Base1> + 0018y + n x 404
Port function control expansion register PFCEn Port group <PORT_Base1> + 001Cy + n x 40y
Port mode set/reset register PMSRn Port group <PORT_Base1> + 0020y + n x 40y
Port mode control set/reset register PMCSRn Port group <PORT_Base1> + 0024, + n x 404
Port function control additional expansion register PFCAEN Port group <PORT_Base1> + 0028 + n x 40
Port output level inversion register PINVn Port group <PORT_Base1> + 0030y + n x 40y
Port input buffer control register PIBCn Port group <PORT_Base2> + 4000 + n x 404
Port bidirectional control register PBDCn Port group <PORT_Base2> + 4004 + n x 404
Port IP control register PIPCn Port group <PORT_Base2> + 4008y + n x 40
Pull-up option register PUn Port group <PORT_Base2> + 400Cy + n x 40y
Pull-down option register PDn Port group <PORT_Base2> + 4010y + n x 404
Port drive strength control register PDSCn Port group <PORT_Base2> + 4018, + n x 404
Port universal control register PUCCn Port group <PORT_Base2> + 4028+ n x 40y
Port register protection command register PPCMDn Port group <PORT_Base2> + 402Cy + n x 40y
Port protection status register PPROTSN Port group <PORT_Base2> + 4034 + n x 404
Port control register PCRn_m Pin <PORT_Base1> + 2000y + n x 40y +
m x 4y
Note: n: Port group number
m: Bit number in a port group
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Base address

The PORTn base addresses, <PORT Base2> and <PORT Basel> are defined in Register Addresses,
Section 2.1.1, Features.

Register value after reset

The values after reset release depend on the port, and are not described in the following register
descriptions, but are given in Section 2.2.1.1, List of the E1L Port Registers.
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21.4.2 Configuration of Pin Function

(1) PMCn — Port Mode Control Register

This register specifies whether the individual pins of port group n are in port mode or in alternative
mode.

Access: This register is readable/writable in 16-bit units.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

Bit 15 14 13 12 1" 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

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

Table 2.7 PMCn Register Contents

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

1: Alternative mode
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(2) PMCSRn — Port Mode Control Set/Reset Register
This register provides an alternative method to write data to a bit in the PMCn register.

The 16 higher-order bits of PMCSRn specify whether the data in the 16 lower-order 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.

Access: This register is readable/writable in 32-bit units.
Bits 31 to 16 are always read as 0000y. Reading bits 15 to O returns the value of the PMCn register.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

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 n_30 | n_29 [ n_28 | n_.27 | n_26 | n_.25 | n_24 | n_23 | n_22 | n_21 n_20 | n_19 | n_18 | n_17 | n_16

R/W  R/W R/W R/W R/IW R/W R/W R/W R/W R/IW R/W R/W R/W R/IW R/W RIW R/W

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

R/W  R/W R/W R/W R/IW R/W R/IW R/W R/W R/IW RIW R/W R/W R/IW R/W R/IW R/W

Table 2.8 PMCSRnN Register Contents

Bit Position Bit Name Function
31to 16 PMCSRn_ Specify whether the value of the corresponding lower bit of PMCSRn_m is
[31:16] 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 and output.

15t00 PMCSRn_ [15:0] Specify the PMCn_m value when the corresponding upper bit PMCSRn_(m+16)
is 1:
0: PMCn_m =0
1: PMCn_m =1
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(3) PIPCn — Port IP Control Register

This register specifies whether the I/O direction of pin Pn_m is controlled by the 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, 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.

Access: This register is readable/writable in 16-bit units.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

Bit 15 14 13 12 1" 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

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

Table 2.9 PIPCn Register Contents

Bit Position Bit Name Function

15100 PIPCn_[15:0] Specify the I/O control mode:
0: 1/0 mode is selected by PMn.PMn_m (S/W I/O control).
1: 1/0 mode is selected by peripheral function (direct I/O control).

(4) PMn — Port Mode Register

The PMn register specifies whether the individual pins of port group n are in input mode or in output
mode.

Access: This register is readable/writable in 16-bit units.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

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

PMn_ | PMn_ | PMn_ | PMn_ | PMn_ | PMn_
15 14 13 12 1 10 PMn_9|PMn_8 |PMn_7 |PMn_6 | PMn_5 | PMn_4 | PMn_3 | PMn_2 | PMn_1 | PMn_0

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

Table 2.10 PMn Register Contents

Bit Position Bit Name Function

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

NOTES
1. 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).

2. PMn_m specifies the I/O direction in port mode (PMCn.PMCn_m = 0) and alternative mode
(PMCn.PMCn_m = 1) because PIPCn.PIPCn_m = 0 after reset.
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(5) PMSRn — Port Mode Set/Reset Register
This register provides an alternative method to set a bit in the PMn register.

The 16 higher-order bits of PMSRn specify whether the data in the 16 lower-order 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.

Access: This register is readable/writable in 32-bit units.
Bits 31 to 16 are always read as 0000. Reading bits 15 to 0 returns the value of the PMn register.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

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

R/W  R/W R/W R/IW R/W R/W R/IW R/IW RIW RIW R/W RIW RIW R/IW R/IW R/W R/W

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

PMSRn|PMSRn{PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn
_15 _14 _13 _12 N _10 9 8 7 6 5 4 3 2 1 0

R/W  R/W R/W R/IW R/W R/W R/IW R/W R/W RIW R/W R/IW R/IW R/IW R/IW RIW R/W

Table 2.11 PMSRn Register Contents

Bit Position Bit Name Function
3110 16 PMSRn_[31:16]  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 and output.

15t00 PMSRn_[15:0] Specify the PMn_m value when the corresponding upper bit PMSRn_(m+16) is
1:
0: PMn_m=0
1: PMn_m =1
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(6) PIBCn — 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.

And when pins are in the both-direction mode(PBDCn.PBDCn_m-1), it is capable of selecting shared
output level loop-back function and pin output level-read function with the setting of PIBCn.PIBCn_m.

Refer to (1) PBDCn — Port Bidirectional Control Register in Section 2.1.4.3, Pin Data
Input/Output.

Access: This register is readable/writable in 16-bit units.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

Bit 15 14 13 12 1" 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

R/W  R/W R/W R/IW R/W R/W RIW R/IW R/W R/IW R/W RIW R/IW R/IW R/IW R/IW R/W

Table 2.12 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.

NOTE

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.
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(7) PFCn — Port Function Control Register
This register, together with the PFCEn and PFCAEn registers, specifies an alternative function of the
pins.
Some alternative functions directly controls input/output of pin Pn_m. For such an 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.
Access:  This register is readable/writable in 16-bit units.
Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.
Bt 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PFCn_|PFCn_|PFCn_|PFCn_|PFCn_|PFCn_|PFCn_|PFCn_|PFCn_|PFCn_|PFCn_|PFCn_|PFCn_|PFCn_|PFCn_|PFCn_
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Table 213  PFCn Register Contents

Bit Position Bit Name Function
15t00 PFCn_[15:0] Specify an alternative function of a pin.
See Table 2.4, Outline of Alternative Mode Selection (PMCn.PMCn_m = 1)
for details.
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(8) PFCEn — Port Function Control Expansion Register

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

Some alternative functions directly controls input/output of pin Pn_m. For such an 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.

Access:  This register is readable/writable in 16-bit units.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

Bit 15 14 13 12 1" 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 N _10 9 8 7 6 5 4 3 2 1 0

R/W  R/W R/W R/IW R/W R/W R/IW R/IW R/W R/IW R/W R/IW R/IW R/IW R/IW RIW R/W

Table 2.14  PFCEn Register Contents

Bit Position Bit Name Function

15t00 PFCEnN_[15:0] Specify an alternative function of a pin.
See Table 2.4, Outline of Alternative Mode Selection (PMCn.PMCn_m = 1)
for details.

(9) PFCAENn — Port Function Control Additional Expansion Register
This register, together with the PFCn and PFCEn registers, specifies an alternative function of the pins.

Some alternative functions directly controls input/output of pin Pn_m. For such an 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.

Access: This register is readable/writable in 16-bit units.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

Bit 15 14 13 12 1" 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

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

Table 2.15 PFCAEN Register Contents

Bit Position Bit Name Function
15t00 PFCAEN_[15:0] Specify an alternative function of a pin.
See Table 2.4, Outline of Alternative Mode Selection (PMCn.PMCn_m = 1)
for details.
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2.1.4.3 Pin Data Input/Output

(1) PBDCn — Port Bidirectional Control Register

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

e 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.

Access: This register is readable/writable in 16-bit units.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

Bit 15 14 13 12 1" 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

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

Table 2.16 PBDCn Register Contents

Bit Position Bit Name Function

15t0 0 PBDCn_[15:0] Enable/disable bidirectional mode of the corresponding pin:
0: Bidirectional mode is disabled.
1: Bidirectional mode is enabled.
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(2) PPRn — 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 2.5,
PPRn_m Read Values.

Access: This register is only readable in 16-bit units.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

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

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

RW R R R R R R R R R R R R R R R R

Table 2.17 PPRn Register Contents

Bit Position Bit Name Function

15t00 PPRn_[15:0] Indicate a Pn_m pin level, a Pn.Pn_m value, or alternative function output level.

(3) Pn — 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).

Access: This register is readable/writable in 16-bit units.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

Bit 15 14 13 12 1" 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

R/W  R/W R/W R/IW R/W R/W RIW R/IW RIW R/W R/W RIW RIW R/W R/IW R/W R/W

Table 2.18 Pn Register Contents

Bit Position Bit Name Function

15t0 0 Pn_[15:0] Set the output level of pin m (m =0 to 15):
0: Low level output
1: High level output

NOTE

The bits of this register can be manipulated by various means; refer to the subsection, Write to the Pn
Register in Section 2.1.2.3, Pin Data Input/Output.
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(4) PNOTn — Port NOT Register

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

Access:  This register is writable in 16-bit units. The read value is always 0000y.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

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

PNOTn|{PNOTn|PNOTn[PNOTn|PNOTn|PNOTn|PNOTNn|PNOTn|PNOTn|PNOTn{PNOTn|PNOTNn|PNOTn|PNOTNn|PNOTn|PNOTn
_15 _14 _13 _12 N _10 9 _8 7 _6 5 _4 _3 2 1 0

RW W W w w W W W w w W W W w W W W

Table 219  PNOTn Register Contents

Bit Position Bit Name Function

15t00 PNOTn_[15:0] 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)

(5) PSRn — Port Set/Reset Register
This register provides an alternative method to set a bit in the Pn register.

The 16 higher-order bits of PSRn specify whether the data in the 16 lower-order 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.

Access: This register is readable/writable in 32-bit units.
Bits 31 to 16 are always read as 0000. Reading bits 15 to 0 returns the value of the PMCn register.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

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

R/W  R/W R/W R/W R/W R/W R/IW R/W R/W R/IW R/W R/W R/IW RIW R/W R/IW R/W

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

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

R/W  R/W R/W R/W R/IW R/W R/W R/W R/W R/W RIW R/W R/W R/W R/W R/IW R/W

Table 2.20 PSRn Register Contents

Bit Position Bit Name Function
31to 16 PSRn_[31:16] 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.

15t00 PSRn_[15:0] Specify the Pn_m value when the corresponding upper bit PSRn_(m+16) is 1:
0:Pn_m=0
1:Pn_m=1
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(6) PINVn — Port Output Level Inversion Register

This register is used to configure output port and driving ability (driving strength) in combination with
the PUCCn register. Specific driving ability settings may be required, depending on the pin function to
be used. For details, see Section 37, Electrical Characteristics.

Access: This register is readable/writable in 32-bit units.
Updating of this register needs a correct write sequence using the PPCMDn register.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

CAUTION

The upper 16 bits are also intended for the inverted value of a port register write
sequence that is to be protected. See Section 2.1.4.5, Port Register Protection for
details.

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

R/W  R/W R/W R/IW R/W R/W RIW R/IW R/IW R/W R/W R/IW RIW R/IW R/IW R/W R/W

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

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

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

Table 2.21 PINVn Register Contents

Bit Position Bit Name Function

15t0 0 PINVNn_[15:0] 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.
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2.1.4.4 Configuration of Electrical Characteristics

(1) PUn — Pull-Up Option Register

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

Access:  This register is readable/writable in 16-bit units.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

Bit 15 14 13 12 1" 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

R/W  R/W R/W R/IW R/W R/IW R/IW RIW RIW R/IW R/W R/IW RIW R/IW R/IW R/W R/W

Table 2.22 PUn Register Contents

Bit Position Bit Name Function
15t00 PUn_[15:0] Specify whether an on-chip pull-up resistor is connected to the corresponding
pin:

0: No on-chip pull-up resistor is connected.
1: On-chip pull-up resistor is connected.

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.

(2) PDn — Pull-Down Option Register

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

Access: This register is readable/writable in 16-bit units.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

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

PDn_15PDn_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

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

Table 2.23 PDn Register Contents

Bit Position Bit Name Function
15t00 PDn_[15:0] Specify whether an on-chip pull-down resistor is connected to the corresponding
pin:

0: No on-chip pull-down resistor is connected.
1: On-chip pull-down resistor is connected.

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.
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(3) PDSCn — Port Drive Strength Control Register

This register is used to configure driving ability (driving strength) of output port pins and multiplex
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 Section 37, Electrical
Characteristics.

Access:  This register is readable/writable in 32-bit units.
Updating of this register needs a correct write sequence using the PPCMDn register.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

CAUTION

For protected port registers, the inverse of the value of the 16 lower-order bits is
written to the 16 higher-order bits as part of the sequence for writing to a protected
register. See Section 2.1.4.5, Port Register Protection for details.

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

R/W  R/W R/W R/IW R/W RIW R/IW RIW RIW R/IW R/W R/IW RIW R/IW R/IW R/W R/W

Bit 15 14 13 12 1" 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 M1 _10 9 8 7 6 5 4 3 2 1 0

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

Table 2.24  PDSCn Register Contents

Bit Position Bit Name Function

15t00 PDSCn_[15:0] Set driving ability of output port pins and multiplex output pin functions in
combination with the PUCCn register. See Table 2.25 PUCCn Register
Contents for register setting and output driving ability.
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(4) PUCCn — Port Universal Control Register

This register is used to configure driving ability (driving strength) of output port pins and multiplex
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 Section 37, Electrical
Characteristics.

Access:  This register is readable/writable in 32-bit units.
Updating of this register needs a correct write sequence using the PPCMDn register.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

CAUTION

For protected port registers, the inverse of the value of the 16 lower-order bits is
written to the 16 higher-order bits as part of the sequence for writing to a protected
register. See Section 2.1.4.5, Port Register Protection for details.

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

R/W  R/W R/W R/IW R/W RIW R/IW RIW RIW R/IW R/W R/IW RIW R/IW R/IW R/W R/W

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

PUCCh|PUCCn|PUCCn|PUCCn|PUCCNn|PUCCnh|PUCCn|PUCCnh|PUCCn|PUCCn|PUCCn|PUCCn|PUCCnh|PUCCn|PUCCn|PUCCn
_15 _14 _13 _12 M1 _10 9 8 7 6 5 4 3 2 1 0

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

Table 2.25 PUCCn Register Contents

Bit Position Bit Name Function

15t00 PUCCnN_[15:0] Set driving ability of output port pins and multiplex output pin functions in
combination with the PDSCn register. For electrical characteristics for each
setting, see Section 37.3.4, Output Slew Rate.

PUCCn_m PDSCn_m Output Driving Ability

0 0 Low
0 1 High
1 0 Mid
1 1 Setting is prohibited.
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2.1.4.5 Port Register Protection

(1) PPCMDn — Port Register Protection Command Register

This register is a command register for the port register to be protected.
Access: This register is writable in 8-bit units.
The read value of bit 7 to 0 is always 0.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

Bit 7 6 5 4 3

R/W w w w w W

Table 2.26 PPCMDn Register Contents

Bit Position Bit Name Function
7t00 —

The protection unlock sequence is entered by writing the fixed value (A5y).

(2) PPROTSn — Port Protection Status Register

This register indicates the status of a port register write sequence to be protected.

Access: This register is readable in 8-bit units.
Writing to this register is ignored.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

Bit 7 6 5 4 3 2 1 0
— — — — — — — PPROTSN_0
RIW R R R R R R R R

Table 2.27 PPROTSnN Register Contents

Bit Position Bit Name Function
0 PPROTSN_0

Checks a write sequence error of the port register to be protected.
0: Protection error does not occur.
1: Protection error occurs.

(3) Port Register to be Protected
e Port Drive Strength Control Register (PDSCn)
e Port Universal Control Register (PUCCn)

e Port Output Level Inversion Register (PINVn)
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(4) Sequence of Writing to Port Registers for Protection

Writing to the write-protected registers is only possible with the protection unlock sequence described
below.

Procedure
1) Write the fixed value (A5y) to the port register protection command register PPCMDn.
2) Write the new setting to the write-protected register. Write the value after a reset to the reserved bits.

3) Write the bitwise inverse of the setting value to the same register as in step 2). Write the inverse of
the value after a reset to the reserved bits.

4) Write the new setting to the same register as in step 2). Write the value after a reset to the reserved
bits.

A value can only be written to a write-protected register by following the procedure above.

Protection is not unlocked if the procedure is not followed correctly, the setting is not written to the
write-protected register, and the PPROTSn_0 bit of the port protection status register PPROTSn is set
to 1. (Although this is not a requirement, you can confirm if the values set in the targeted register was
correctly written by checking that the setting of the PPROTSn_0 bit is O after step 4).)

In case of failure to follow the sequence, repeat the procedure from the beginning.

In case of writing to another register during steps 1) to 4) of the sequence, the protection function
operates as follows. Operation is also as described when any interrupt is accepted during the sequence
and the interrupt handling includes access to another register.

e When the writing is to another register in the same module*’ , writing to the protected register fails
and the PPROTSn_0 bit is set to 1.

e When writing is to a register in another module, writing to the protected register will successfully
proceed to completion, if the remainder of the procedure is followed correctly.

Reading of another register while the sequence is in progress does not lead to failure.

Note 1. The port group configuration registers are divided into two modules. Each module includes
the full set of port configuration registers, including protection-related registers.

e Port group 0

e Port groups other than port group 0
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2.1.4.6 Pin-Unit Register

(1) PCRn_m — Port Control Register

Each register of a port group can be accessed via this register and a PCRn_m register can set all

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. Although writing to the PDSCn, PUCCn, and PINVn registers are protected, an

access to them via the PCRn_m register does not require a protection unlock sequence.

CAUTIONS

Multiple bits in the PCRn_m register can be batch-set within the ranges described
in Section 2.1.4.7, Example of Port Configuration Flow (2), Individual Setting.

If the bits are batch-set out of the range for setting of PCRn_m, the pin may output
an unexpected signal level.

Access: This register is readable/writable in 32-bit units.

Value after reset:  See Section 2.2.1.1, List of the E1L Port Registers.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
— PINV — — — — PUCC | PDSC — — — — PU PD | PBDC | PIBC
RW R R/W R R R R R/IW R/IW R R R R R/W RIW R/W R/W
Bit 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
— - — P — - - PPR — PMC | PIPC PM — |PFCAE| PFCE | PFC
RW R R R RIW R R R R R R/IW R/IW R/IW R R/IW R/IW R/W

Table 2.28  PCRn_m Register Contents

Bit Position Bit Name Function

31 — Reserved. The read value is always 0. The write value should always be 0.

30 PINV Same function as bit m of the PINVn register

2910 26 — Reserved. The read values are always 0. The write values should always be 0.

25 PUCC Same function as bit m of the PUCCn register

24 PDSC Same function as bit m of the PDSCn register

231020 — Reserved. The read values are always 0. The write values should always be 0.

19 PU Same function as bit m of the PUn register

18 PD Same function as bit m of the PDn register

17 PBDC Same function as bit m of the PBDCn register

16 PIBC Same function as bit m of the PIBCn register

151013 — Reserved. The read values are always 0. The write values should always be 0.

12 P Same function as bit m of the Pn register

11t09 — Reserved. The read values are always 0. The write values should always be 0.

8 PPR Same function as bit m of the PPRn register

7 — Reserved. The read value is always 0. The write value should always be 0.

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 — Reserved. The read value is always 0. The write value should always be 0.
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Table 2.28 PCRn_m Register Contents
Bit Position Bit Name Function
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
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2.1.4.7 Example of Port Configuration Flow

The followings are examples of the port configuration flow. For port filter setting of each flow chart,
see Section 2.3.2.4, Setting Procedures of Peripheral Function DNF or Section 2.3.3.6,
Setting Procedures of Edge Detection DNF.

CAUTION

Even if a port is used in S/W 1/O control alternative mode, it may be temporarily
switched to alternative input mode in the following port configuration flows. This may
occur during the period from setting of PMCn_m = 1 to that of PMn_m = 0.
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(1) Batch Setting

The following shows an example to collectively set a port group.

-

START D

Alternative input mode
when PIPCn.PIPCn_m =0

and PMCn.PMCn_m = 1.

| PBDCh.PBDCH M =0

| PiBCPIBCH M =0

[ PMnPM_m=1

| PmcnPmMCn m=0

| PIPCnPIPCR_m=0

| Setting of a port filter

Setting of
PDSCn.PDSCn_m,
PUCCn.PUCCNn_m,

PINVN.PINVNn_m,
PUn.PUn_m,
PDn.PDn_m

Setting of
PFCn.PFCn_m,
PFCEn.PFCEn_m,
PFCAENn.PFCAENn_m

[ setting of PIPCn.PIPCn_m |

| Setting of Pn.Pn_m

| Setting of PMn.PMn_m |

| setting of PIBCn.PIBCn_m | )

[Setting of PBDCn.PBDCn_m|

~

Port initialization: Set each value after reset
> to the bits (in port input mode;
under the condition that the input buffer

_/

~

Port configuration: Set each adequate value

.

Figure 2.3

Example of Port Configuration Flow (Batch Setting)
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(2) Individual Setting

The following shows an example to individually set a port group.

And it is capable of setting simultaneous bits at once within the Settable range described below by

using PCRn_m register.

Settable range of <
PCRn_m

Settable range of -<
PCRn_m

Settable range of <
PCRn_m

]

C

START

C

)

PBDCn.PBDCn_m =0

| ™

| PBChPIBCh m=0

[ PMnPMm=1

| PmCnPMCn_m=0

PIPCn.PIPCn_m =0

| Setting of a port filter

Input or output?

Input mode

Out

put mode

Setting of PUn.PUn_m,
PDn.PDn_m

Setting of
PDSCn.PDSCn_m,
PUCCn.PUCCn_m,

PINVN.PINVN_m,

| Setting of Pn.Pn_m |

| PBChPIBCH m=1

| Setting of PMn.PMn_m |

| Setting of PBDCn.PBDCn_m | D

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

Port configuration:
Set each adequate
value to the bits.

Figure 2.4

Example of Port Configuration Flow (in Port Mode)
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(a) With IP Control (PIPC = 1)

Settable range of <
PCRn_m

Settable range of <
PCRn_m

Settable range of <
PCRn_m

C START D

| PBChPBCh m=0 |

| PeDCn.PBDCN m=0 |

| PMnPMnm=1 |

[ PvcnPmcnm=0 |

| PPcnPiPChm=0 |

| Setting of a port filter |

I
Setting of
PUn.PUn_m,
PDn.PDn_m

Setting of
PDSCn.PDSCn_m,
PUCCn.PUCCn_m,

PINVN.PINVN_m

|
Setting of
PFCn.PFCn_m,
PFCENn.PFCENn_m,
PFCAENn.PFCAENn_m

| PPcnpiPchm=1 |

--------------- E—

[ PvcnPmcnm=1 |

| setting of PIBCn.PIBCN_m |

[Setting of PBDCn.PBDCn_m|

~

\/

J

Port initialization: Set each value after reset
>— to the bits (in port input mode;
under the condition that the input buffer

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

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

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

Figure 2.5

Example of Port Configuration Flow (in Alternative Mode)(1/2)
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(b) Without IP Control (PIPC = 0)

Settable range of <
PCRn_m

Settable range of <
PCRn_m

Settable range of <
PCRn_m

(" [ eeocnpeDCn m=0 | )
[Fecreo=s ]
[ PMn.PM‘nim =1
| PMCn.PM‘Cn_m =0 |

(_ [_Prenppcnm=0 |

START

| Setting of a port filter |

Port initialization: Set each value after reset

to the bits (in port input mode;

under the condition that the input buffer is stopped).

In Output mode

Input or output?

In Input mode

Setting of
PUn.PUn_m,
PDn.PDn_m

Setting of
PFCn.PFCn_m,
PFCEN.PFCEn_m,
PFCAEN.PFCAEn_m

| PMCn.PMCn_m = 1

S -

Setting of
PDSCn.PDSCn_m,
PUCCn.PUCCn_m,

PINVN.PINVN_m

I
Setting of
PFCn.PFCn_m,
PFCEn.PFCEn_m,
PFCAEN.PFCAENn_m

PMCn.PMCn_m=1 |
Alternative —— E
input mode E

| PMn.PMn_m =0 |
[

| Setting of PIBCn.PIBCn_m |
[

|Setting of PBDCn.PBDCn7m|

Port configuration:
Set each adequate value
to the bits.

Figure 2.6

Example of Port Configuration Flow (in Alternative Mode) (2/2)

RO1UH0468EJ0120 Rev.1.20

May 31, 2017

RENESAS

Page 104 of 2471



RH850/E1L Section 2 Pins

21.5 Functional Selection

21.51 Register Configuration in Use of the Alternative Function

When the pin alternative function is used, set PMCn_m = 1 and select the alternative numbers of
PFCn_m, PFCEn_m, and PFCAEn_m. In several peripheral functions, a single alternative I/O function
is allocated to multiple pins. However, such an alternative function should not be enabled in multiple
pins at the same time. For example, an external interrupt input, IRQO is allocated to PO_3 and P2_0, but
this alternative function can only be selected in either of them.

2.1.5.2 Alternative Function to be used in Direct /O Control Alternative Mode

When the alternative functions described in Table 2.29 are used, switch to direct I/O control
alternative mode. When setting PIPCn_m = 1, the PMn_m value which has been set is ignored because
the peripheral function enables or disables inputs and outputs of the buffer.

In addition, set PIPCn_m = 0 if you are using an alternative function not listed in Table 2.29.

Table 2.29 List of the Pins which Require PIPC Register Setting

Category  Pin Name 1/0 Pin Function Input/Output Control by Peripheral Functions
SCin SCInRxD | Receive data input Input through the pin is enabled when the
SCI3nSCR.RE bit is enabling reception by SCI3.
SCInTxD O Transmit data output Output through the pin is enabled when the
SCI3nSCR.TE bit is enabling transmission by SCI3.
SCInSCK /10 Serial clock input/output The SCI3nSCR.CKE[1:0] bits determine whether

the pin is an input or output.
e 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
e Synchronous transfer
CKE[1:0] = 0x : The pin is an output.
CKE[1:0] = 1x : The pin is an input.

CSIHn CSIHNTSO O Transmit data output (data integrity e Output control

verification) See (3) Operation of CSIHTSSO in Section
13.5.9, Communication in Slave Mode.

¢ Input control

When the CSIHNCTL1.DCS bit is enabling
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 1/0 Serial clock input/output When then setting of SCIHNCTL2 is for CSIH
operation in slave mode, this pin is an input. When
the setting is for master mode. it is an output.

CSIHNTRY 1/0 Handshake signal input/output When the setting of CSIHNnCTL2 is for CSIH
operation in slave mode, this pin is an output. When
the setting is for master mode, it is an input.

TSG2n TSOn1 to (0] Timer PWM output (Hi-Z control) This output pin is forcibly placed in the high-
TSOn6 impedance state under TAPA control in the event of
an abnormality. Output though the pin is enabled in
normal operation.

ATU-IV TIOCnO to 1/0 Input capture trigger input, output This pin is an output when ATU-IV timer C is set for

Timer C TIOCn3 compare output compare-match operation by the TIORCXx register.
This pin is an input when the setting is for input-
capture operation.

Note: n indicates the number of a given peripheral module.

RO1UHO0468EJ0120 Rev.1.20 RENESAS Page 105 of 2471
May 31, 2017



RH850/E1L

Section 2 Pins

2.1.5.3 Setting of the ERROROUT_C Pin

When an error output function of the ERROROUT _C pin is used, enable the alternative output level
loopback function for fault diagnosis.

2.1.5.4 Register Setting in Use of an Analog Input Pin

Since ANxxx(SAR-A/D) DSANxP and DSANxXN(DS-A/D) for an analog input are always connected
to the A/D converter, setting of a port register to select a pin function is not required. However, when
an analog input pin, which is also used for a general input port, is used, set PMCn_m = 0! and
PIBCn_m = 0 (the value after reset of the port register). This prevents shoot-through current of the
input buffer on the digital side during an analog voltage input. The relevant pins of this product are port
groups P14 and P16.

Note 1.  Some pins may not be equipped with a PMCn_m bit. For which pins are and are not thus equipped, see the
list of registers in Section 2.2, Organization of Port Groups.
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2.1.5.5 Register Setting in Use of the LVDS buffer

When the LVDS buffer of RHSB is to be used, set PM17_m = 0 to enable output. The output from the
LVDS buffer actually being enabled takes at least 10 ps after setting PM17 _m = 0.

Port Register LVDS Buffer BGA252 QFP176 QFP144

PM17_0 RHSBOSOP v v v
RHSBOSON

PM17_1 RHSBOFCLP v R V
RHSBOFCLN

2.1.5.6 Selecting of Function for JTAG Port

For the connection of multiple tools to the JTAG port, the interface is multiplexed on multiple sets of
pins. The interface is selected by the combination of the settings of mode pins and, if the mode pins are
selecting user boot mode as the operating mode, option byte OPBT2.

When any other operating mode is selected, the setting of OPBT2 has no effect and the I/F that
corresponds to the operating mode is selected. For details, refer to Section 5.2, Operating Mode.
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2.2 Organization of Port Groups

2.21 E1L Port Function

2211 List of the E1L Port Registers

Table 2.30 to Table 2.40 show detailed bitmaps of control registers in each port group. In the bitmap
field, “  ” means an effective bit and “ — » means a reserved one. Reserved areas are always read as
values after reset. The write value also should be a value after reset.

In addition, QFP144 package does not always include port registers. For the bits related to the pins
without port registers, the settings should be fixed to their values after a reset.
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Table 2.30 List of Registers in E1L Port Group 0
Bitmap
Port Group Register Value after A
Name Name R/W Reset Size 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Remarks
0 PO R/W 0000y 16 e e L e
PSRO R/W 00000000y 32 — v N NN NN NN NN N A N Y A Lower 16 bits
— N N AN NN N NN A N N N N Upper 16 bits
PPRO R 00004 16 B A L e e e S A e A
PMO RW  FFFFy 16 — VN AN NN NN NN NN N NN
PMCO R/W 0000y 16 — VN AN NN NN NN NN N NN
PFCO R/W 0000y 16 e e L e
PFCEO RW 00004 16 e L e L L
PFCAEO RW 00004 16 e L e L L e
PNOTO w 00004 16 B A L e e e S A e A
PMSRO R/W 0000 FFFFy 32 — v N NN NN NN NN N A N Y A Lower 16 bits
— v N AN NN NN AN NN N A N N 4 Upper 16 bits
PMCSRO R/W 00000000, 32 — N N NN NN NN NN N Y A N Y Lower 16 bits
— N N N AN NN N NN N N N N N Upper 16 bits
PIBCO RW 00004 16 e L e L N e
PBDCO R/W 0000y 16 B A L e e e S A e A
PIPCO R/W 0000y 16 — v N A = = A = = = = A NN
PUO R/W 0000y 16 — v N AN NN NN NN NN NN
PDO R/W 0000y 16 e e L e
PDSCO R/W 00000000y 32 — v N NN NN NN NN N A N Y A Lower 16 bits
_ = - - = - - - - - — — — — — Upper 16 bits
PUCCO R/W 00000000y 32 — v N NN NN NN NN N N N Y A Lower 16 bits
- - - - - - - - - — — — — — — Upper16 bits
PPROTSO R 004 8 —_ — —m m m m m = = = = = = = = A
PPCMDO W 00y 8 NN N A AN AN
PINVO R/W 00000000y 32 — v N NN NN NN NN N N N Y A Lower 16 bits
- (- - - - - - - - - - — — — — — Upper16 bits
Bitmap
30 25 24 19 18 17 16 12 8 6 5 4 2 1 0
Port Group  Register Value after  Access = 3 2 2 & x Q 9 g 8 o
Name Name R/W Reset Size o 2 E E E E T o & E % E & & &
0 PCR0_0 R/W 00000010y 32 S N N N O A A
PCRO_1 RMW 00000010y 32 R L O R
PCRO_2 RMW 00000010y 32 R e N N
PCRO_3 R/W 00000010y 32 R N N e A )
PCRO_4 R/W 00000010y 32 R N L N e A )
PCRO_5 R/W 00000010y 32 S N N e
PCRO_6 RMW 00000010y 32 R e L e
PCRO_7 RMW 00000010y 32 R A O A
PCRO_8 RMW 00000010y 32 R e N N
PCR0O_9 R/W 00000010y 32 R N L N e A )
PCRO_10 R/W 00000010y 32 R N N N A )
PCRO_11 R/W 00000010y 32 S N N e
PCRO_12 RW 00000010y 32 R O O A
PCRO_13 RW 00000010y 32 R A O A
PCRO_14 R/W 00000010y 32 R N N A
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Table 2.31 List of Registers in E1L Port Group 1
Bitmap
Port Group Register Value after A
Name Name R/W Reset Size 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Remarks
1 P1 R/W 0000y 16 S N
PSR1 R/W 00000000y 32 NN N NN NN Y NN Y Y Y N A Lower 16 bits
vVoNAN N AN YN N Y NV N A Upper 16 bits
PPR1 R 00004 16 R S e e N
PM1 RW  FFFFy 16 R e e N N
PMC1 R/W 0000y 16 R e e N N
PFC1 R/W 0000y 16 R N N
PFCE1 RW 00004 16 R e A A e A
PFCAE1 RW 00004 16 R L e e A e e A
PNOT1 w 00004 16 R S e e N
PMSR1 R/W 0000 FFFFy 32 NN NN AN NN NN Y Y N A Lower 16 bits
NN NN NN NN N A N N Y N W Upper 16 bits
PMCSR1 R/W 00000000, 32 NN AN N AN Y NN Y N N Y A A Lower 16 bits
vVoNAN NN AN NN N Y NV N A Upper 16 bits
PIBC1 RW 00004 16 R L e e A e e A
PBDC1 R/W 0000y 16 R e e N
PIPC1 R/W 0000y 16 NN — — — — NN NN NN A
PU1 R/W 0000y 16 R e e N N
PD1 R/W 0000y 16 S N O e
PDSC1 R/W 00000000y 32 NN NN NN NN Y NN Y Y Y N A Lower 16 bits
_ = - - = - - - - - — — — — — Upper 16 bits
PUCC1 R/W 00000000y 32 NN NN NN N VNN Y Y Y N A Lower 16 bits
- - - - - - - - - — — — — — — Upper16 bits
PPROTS1 R 004 8 —_ — —m m m m m = = = = = = = = A
PPCMD1 W 00y 8 - — — — — — — — A A A AN NN A
PINV1 R/W 00000000y 32 NN NN NN NN Y NN N Y Y N A Lower 16 bits
- (- - - - - - - - - - — — — — — Upper16 bits
Bitmap
30 25 24 19 18 17 16 12 8 6 5 4 2 1 0
Port Group  Register Value after  Access = 3 2 2 & x Q 9 g 8 o
Name Name R/W Reset Size o 2 E E E E T o & E % E & & &
1 PCR1_0 R/W 00000010y 32 S N N N O A A
PCR1_1 RMW 00000010y 32 R L O R
PCR1_2 RMW 00000010y 32 R e N N
PCR1_3 R/W 00000010y 32 R N N L N )
PCR1_4 R/W 00000010y 32 R N N N A )
PCR1_5 R/W 00000010y 32 S N L O e
PCR1_6 RMW 00000010y 32 R O O A
PCR1_7 RMW 00000010y 32 R A O A
PCR1_8 RMW 00000010y 32 R e L A N A . T
PCR1_9 R/W 00000010y 32 R N L N e A )
PCR1_10 R/W 00000010y 32 R N L N e A A )
PCR1_11 R/W 00000010y 32 S N N e
PCR1_12 R/W 00000010y 32 B e N
PCR1_13 RW 00000010y 32 R A O A
PCR1_14 R/W 00000010y 32 R N N A
PCR1_15 R/W 00000010y 32 R e N L N )
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Table 2.32 List of Registers in E1L Port Group 2
Bitmap
Port Group Register Value after Access
Name Name R/W Reset Size 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Remarks
2 P2 R/W 0000y 16 - — — — — — — — A A A AN A AN
PSR2 R/W 0000 0000y 32 - — - — — — — — A AN N N A A v A Lower16bits
- — — — — — — — A AN AN N N N A A Upper16 bits
PPR2 R 00004 16 - — — — — — — — A AN AN NN NN
PM2 R/W  FFFFy 16 - — — — — — — — A AN AN AN AN
PMC2 R/W 00004 16 - — — — — — — — A AN AN AN AN A
PFC2 R/W 0000y 16 - - — — — — — — A A AN A AN AN A
PFCE2 R/W 00004 16 - — - - — — — — A AN AN AN NN
PFCAE2 R/W 00004 16 - - — - — — — — A AN AN NN NN
PNOT2 W 00004 16 . — N N NN AN NN A
PMSR2 R/W 0000 FFFFy 32 - — — — — — — — A AN N N A A v v Lower16bits
- — — — — — — — A A A N N A4~ A Upper16 bits
PMCSR2 R/W 00000000y 32 - — — — — — — — A A AN N A AN AN Lower16bits
- — — — — — — — A AN AN N N N A A Upper16 bits
PIBC2 R/W 00004 16 - - — - — — — — A AN AN NN NN
PBDC2 R/W 00004 16 - — — — — — — — A AN AN AN AN NN
PIPC2 R/W 00004 16 - — — — — — — — A AN AN AN AN A
PU2 R/W 00004 16 - — — — — — — — A AN AN AN AN A
PD2 R/W 0000y 16 - — — — — — — — A A A AN A AN
PDSC2 R/W 0000 0000y 32 - — — — — — — — A AN N N A A v A Lower16bits
- - = = = = = = = = = = — — — Upper 16 bits
PUCC2 R/W 0000 0000y 32 - — — — — — — — A AN N N A A v v Lower16bits
- - - - - - - - - — — — — — — Upper 16 bits
PPROTS2 R 00y 8 - - - - - - - - - - - - - — = A
PPCMD2 w 00y 8 - — — — — — — — A A A AN A AN
PINV2 R/W 0000 0000y 32 - — — — — — — — A AN N N A A v A Lower16bits
- - - - - - - - - - — — — — — — Upper16bits
Bitmap
30 25 24 19 18 17 16 12 8 6 5 4 2 1 0
: 0 o o o < w
N e mw mee e 238288, fFiziig
2 PCR2_0 R/W 00000010y 32 S e N A A
PCR2_1 RMW 00000010y 32 R L O R
PCR2_2 RMW 00000010y 32 R e N N
PCR2_3 R/W 00000010y 32 R N A )
PCR2_4 R/W 00000010y 32 R A )
PCR2_5 R/W 00000010y 32 S e N A A A
PCR2_6 RMW 00000010y 32 R O O A
PCR2_7 RMW 00000010y 32 R A O A
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Table 2.33 List of Registers in E1L Port Group 3
Bitmap
Port Group Register Value after Access
Name Name R/W Reset Size 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Remarks
3 P3 R/W 0000y 16 - — — — — — — — — A A A A A AN
PSR3 R/W 0000 0000y 32 - - - — — — — — — AN A N A A v A Lower16bits
- - — — — — — — — A A N N N A A Upper16 bits
PPR3 R 00004 16 - — — - — — — — — AN AN AN AN
PM3 R/W  FFFFy 16 - — — - — — — — — AN A AN A AN A
PMC3 R/W 00004 16 - — — - — — — — — AN A AN A AN A
PFC3 R/W 0000y 16 - - — = — — — — — A AN A AN AN A
PFCE3 R/W 00004 16 - - - - — — — — — AN AN AN NN
PFCAE3 R/W 00004 16 - - - - — — — — — AN AN AN NN
PNOT3 W 00004 16 . — N NANAN NN A
PMSR3 R/W 0000 FFFFy 32 - — — — — — — — — A A N A A A v Lower16bits
- - — — — — — — — A A N N A4 A A Upper16 bits
PMCSR3 R/W 00000000y 32 - — — — — — — — — A A N A AN A N Lower16bits
- - — — — — — — — A A N N N A A Upper16 bits
PIBC3 R/W 00004 16 - - - - — — — — — AN AN AN NN
PBDC3 R/W 00004 16 - — — - — — — — — AN AN AN AN
PIPC3 R/W 00004 16 - — — - — — — — — AN A AN AN AN A
PU3 R/W 00004 16 - — — - — — — — — AN A AN A AN A
PD3 RW 0000y 16 — NN AN NN AN
PDSC3 R/W 0000 0000y 32 - - - — — — — — — AN A N A A v A Lower16bits
- Y- - - - - - - - - — — — — — — Upper16bits
PUCC3 R/W 0000 0000y 32 - — - — — — — — — A A N A A v v Lower16bits
- - - - - - - - - — — — — — — Upper 16 bits
PPROTS3 R 00y 8 - - - - - - - - - - - - - — = A
PPCMD3 w 00y 8 - — — — — — — — A A A AN A AN
PINV3 R/W 0000 0000y 32 - - - — — — — — — AN A N A A v A Lower16bits
- - - - - - - - - - — — — — — — Upper16bits
Bitmap
30 25 24 19 18 17 16 12 8 6 5 4 2 1 0
: 0 o o o < w
N e mw mee e 238288, fFiziig
3 PCR3_0 R/W 00000010y 32 S e N A A
PCR3_1 RMW 00000010y 32 R L O R
PCR3_2 RMW 00000010y 32 R e N N
PCR3_3 R/W 00000010y 32 R N A )
PCR3_4 R/W 00000010y 32 R A )
PCR3_5 R/W 00000010y 32 S e N A A A
PCR3_6 RMW 00000010y 32 R O O A
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Table 2.34 List of Registers in E1L Port Group 4
Bitmap
Port Group Register Value after A
Name Name R/W Reset Size 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Remarks
4 P4 R/W 0000y 16 S N
PSR4 R/W 00000000y 32 NN N NN NN Y NN Y Y Y N A Lower 16 bits
vVoNAN N AN YN N Y NV N A Upper 16 bits
PPR4 R 00004 16 R S e e N
PM4 RW  FFFFy 16 R e e N N
PMC4 R/W 0000y 16 R e e N N
PFC4 R/W 0000y 16 S N e
PFCE4 RW 00004 16 R e A A e A
PFCAE4 R/W 0000y 16 NN NN NN AN NN NN = — A
PNOT4 w 00004 16 R S e e N
PMSR4 R/W 0000 FFFFy 32 NN NN AN NN NN Y Y N A Lower 16 bits
NN NN NN NN N A N N Y N W Upper 16 bits
PMCSR4 R/W 00000000, 32 NN AN N AN Y NN Y N N Y A A Lower 16 bits
vVoNAN NN AN NN N Y NV N A Upper 16 bits
PIBC4 RW 00004 16 R L e e A e e A
PBDC4 R/W 0000y 16 R e e N
PIPC4 R/W 0000y 16 — — N A = — AN = = — AN AN NN
PU4 R/W 0000y 16 R e e N N
PD4 R/W 0000y 16 S N O e
PDSC4 R/W 00000000y 32 NN NN NN NN Y NN Y Y Y N A Lower 16 bits
_ = - - = - - - - - — — — — — Upper 16 bits
PUCC4 R/W 00000000y 32 NN NN NN N VNN Y Y Y N A Lower 16 bits
- - - - - - - - - — — — — — — Upper16 bits
PPROTS4 R 004 8 —_ — —m m m m m = = = = = = = = A
PPCMD4 W 00y 8 e A L e A N
PINV4 R/W 00000000y 32 NN NN NN NN Y NN N Y Y N A Lower 16 bits
- (- - - - - - - - - - — — — — — Upper16 bits
Bitmap
30 25 24 19 18 17 16 12 8 6 5 4 2 1 0
Port Group  Register Value after  Access = 3 2 2 & x Q 9 g 8 o
Name Name R/W Reset Size o 2 E E E E T o & E % E & & &
4 PCR4_0 R/W 00000010y 32 S N N N O A A
PCR4_1 RMW 00000010y 32 R N L T
PCR4_2 RMW 00000010y 32 R e N A N
PCR4_3 R/W 00000010y 32 R N N L N )
PCR4_4 R/W 00000010y 32 R N N N A )
PCR4_5 R/W 00000010y 32 S N N e
PCR4_6 RMW 00000010y 32 R
PCR4_7 RMW 00000010y 32 R
PCR4_8 RMW 00000010y 32 R e N N
PCR4_9 R/W 00000010y 32 R N N N A )
PCR4_10 R/W 00000010y 32 R N L N e A A )
PCR4_11 R/W 00000010y 32 S N N e
PCR4_12 R/W 00000010y 32 B e N
PCR4_13 RW 00000010y 32 R A O A
PCR4_14 R/W 00000010y 32 R N L N e A )
PCR4_15 R/W 00000010y 32 R N L e A )
R0O1UHO0468EJ0120 Rev.1.20 REN ESNS Page 113 of 2471

May 31, 2017



RH850/E1L

Section 2 Pins

Table 2.35 List of Registers in E1L Port Group 5
Bitmap
Port Group Register Value after A
Name Name R/W Reset Size 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Remarks
5 P5 R/W 0000y 16 — — — — — — A A AN AN A A AN NN
PSR5 R/W 00000000y 32 - — — — — — AN A N AN N N AN N A Lower 16 bits
- — — — — — A A AN A A N A4 N A A Upper16 bits
PPR5 R 0000y 16 - — — — — — A4 A AN AN AN NN NN
PM5 RW  FFFFy 16 - — — — — — A A AN AN NN NN NN
PMC5 RW 00004 16 oy AN AN AN AN A A AN
PFC5 RW 00004 16 N e e N NI
PFCE5 RW 00004 16 oy N AN AN AN A NN A
PFCAE5 RW 00004 16 N N AN AN AN A NN A
PNOT5 W 0000y 16 N N AN AN AN AN A A
PMSR5 R/W 0000 FFFFy 32 — — — — — — A A A N N A AN N A Lower 16 bits
— — — — — — A A AN NN N AN N 4 Upper 16 bits
PMCSR5 R/W 00000000, 32 - — — — — — A A AN A AN A AN A Lower 16 bits
- — — — — — A AN AN AN N AN N N A Upper 16 bits
PIBC5 RW 00004 16 N N AN AN AN A NN A
PBDC5 RW 00004 16 N N AN AN AN AN A A
PIPC5 RW 00004 16 . — oy AN AN AN AN AN AN
PUS RW 00004 16 - — — — — — A A AN AN AN NN NN
PD5 R/W 0000y 16 — — — — — — A A AN AN A A AN NN
PDSC5 R/W 0000 0000y 32 - — — — — — 4 A AN A A AN N N AN Lower 16 bits
- - - - - - - - - — — — — — — — \Upper16 bits
PUCC5 R/W 00000000y 32 - — — — — — AN AN N AN N N A NN A Lower 16 bits
- - — — — — — — — — — — — — — — Upper16bits
PPROTS5 R 00y 8 _ - _— - - — —_ — - — — N
PPCMD5 W 00y 8 NN N A AN AN
PINVS R/W 0000 0000y 32 - — — — — — 4 A AN A A A N N AN Lower 16 bits
- - - - - - - - - — — — — — — — \Upper16 bits
Bitmap
30 25 24 19 18 17 16 12 8 6 5 4 2 1 0
i 9 9 Q o o < wuw
N e mw mee e 238288, fFiziig
5 PCR5_0 R/W 00000010y 32 R e e A A N
PCR5_1 RMW 00000010y 32 R N L O
PCR5_2 R/W 00000010y 32 R A A )
PCR5_3 RMW 00000010y 32 R N
PCR5_4 RMW 00000010y 32 R N
PCR5_5 R/W 000000104 32 R e e L N N
PCR5_6 RMW 00000010y 32 R
PCR5_7 RMW 00000010y 32 R N L O
PCR5_8 R/W 00000010y 32 R A A )
PCR5_9 RMW 00000010y 32 R N
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Table 2.36 List of Registers in E1L Port Group 11
Bitmap
Port Group Register Value after A
Name Name R/W  Reset Size 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Remarks
11 P11 R/W 00004 16 P
PSR11 R/W 00000000y 32 - - - - - - — — — — — — — — A A Lower16bits
- - - - - - —- — — — — — — — A A Upper16bits
PPR11 R 00004 16 T T
PM11 RW  FFFFy 16 —_ = = = = = = = = = = = = 4 A
PMC11 R/W 00004 16 —_ —- = = = = = = = = = = = = A =
PFC11 R/W 00004 16 — — — - - - - - - - - = = = A4 =
PFCEM R/W 0000y 16 B e
PNOT11 w 00004 16 —_ - - = = = = = - = = = = = A A
PMSR11 R/W 0000 FFFF, 32 - - - - - - — — — — — — — — A A Lower16hbits
- - - - - - - — — — — — — — A Upper 16 bits
PMCSR11 R/W 0000 0000y 32 _ —_ = = = = = = = = = = = = Lower 16 bits
- - - - - - - - —- — — — — — A\ — Upper16bits
PIBC11 R/W 0000y 16 —_ - - = = = = = - = = = = = A A
PBDC11 R/W 0000y 16 —_ - - = = = = = - = = = = = A A
PU11 R/W 0000y 16 T T
PD11 R/W 0000y 16 —_ = = = = = = = = = = = = 4 A
PDSC11 R/W 0000 0000y 32 - - - - - - — — — — — — — — A A Lower16hbits
- (- - - - - - - - - - — — — — — Upper16bits
PUCC11 R/W 00000000y 32 - - - - - - — — — — — — — — A A Lower16bits
- (- - - - - - - - - - —- — — — — \Upper16 bits
PPROTS11 R 004 8 —_ - - - = = = = - = = = = = = A
PPCMD11 w 00y 8 — - N NN AN NN NN
PINV11 R/W 00000000y 32 - - - - - - - — — — — — — — A A Lower16bits
- Y- - - - - - - - - —- — — — — — Upper16bits
Bitmap
30 25 24 19 18 17 16 12 8 6 5 4 2 1 0
Port Grou Regi > 8 3 g o 0o © < w
Name P N:ﬂ::ter R/IW \I'\/‘leu:taﬂer gi‘;‘;ess E E E E E E E o E E % E E E E
1 PCR11_0 R/W 000000104 32 NN NN NN = = = = =
PCR11_1 R/W 000000104 32 NN NN NN AN A — N — Y
R0O1UHO0468EJ0120 Rev.1.20 RENESAS Page 115 of 2471

May 31, 2017



RH850/E1L Section 2 Pins
Table 2.37 List of Registers in E1L Port Group 13
Bitmap
Port Group Register Value after Access
Name Name R/W Reset Size 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Remarks
13 P13 R/W 0000y 16 - — — — — — — — — — — A A A A A
PSR13 R/W 0000 0000y 32 - - - - — — — — — — — ~ A A v 4 Lower16bits
- - - - - — — — — — — A A N A A Upper16bits
PPR13 R 00004 16 - — - - - - - — — — = AN AN NN A
PM13 R/W  FFFFy 16 - - - - - — — — — — — A A A AN A
PMC13 R/W 0000y 16 - - — - - = — — — — — AN AN
PFC13 R/W 0000y 16 - — — — — — — — — — — A A A A A
PFCE13 R/W 0000y 16 - - - - — - — — — — — A = = = =
PFCAE13 R/W 0000y 16 U A L A
PNOT13 w 0000y 16 N Y e N
PMSR13 R/W 0000 FFFFy 32 - - - — — — — — — — — N A A A v Lower16bits
- - - — — — — — — — — N A A~ v Upper16bits
PMCSR13 R/W 0000 0000y 32 - - — — — — — — — — — A A4 A A A Lower16bits
- - - - - — — — — — — A A N A A Upper16bits
PIBC13 R/W 0000y 16 U A L A
PBDC13 R/W 0000y 16 - - — — — — — — — — — A A A AN
PIPC13 R/W 0000y 16 - - - - - - - - - - = = = AN =
PU13 R/W 0000y 16 - - - - - — — — — — — A A A AN A
PD13 R/W 0000y 16 A N VA
PDSC13 R/W 0000 0000y 32 - - - - — — — — — — — ~ A A v v Lower16bits
- Y- - - - - - - - - — — — — — — Upper16bits
PUCC13 R/W 0000 0000y 32 - - - - — — — — — — — v A A v v Lower16bits
- - - - - - - - - — — — — — — Upper 16 bits
PPROTS13 R 00y 8 - - - - - = - - - - = = = = =
PPCMD13 w 00y 8 - — — — — — — — A A A AN A AN
PINV13 R/W 0000 0000y 32 - - - - — — — — — — — ~ A A v 4 Lower16bits
- - - - - - - - - - — — — — — — Upper16bits
Bitmap
30 25 24 19 18 17 16 12 8 6 5 4 2 1 0
Port Group  Register Value after  Access = 3 2 2 & x Q 9 g 8 o
Name Name R/W Reset Size o 2 E E E E T o & E % E & & &
13 PCR13_0 R/W 00000010y 32 NN NN NN NN AN — AN —
PCR13_1 RW 00000010y 32 R L O L O
PCR13_2 R/W 00000010y 32 R e N SR
PCR13_3 R/W 00000010y 32 NN NN NN NN — NN —
PCR13_4 R/W 00000010y 32 NN NN N AN NN — NN N
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Table 2.38 List of Registers in E1L Port Group 14
Bitmap
Port Group Register Value after A
Name Name R/W  Reset Size 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Remarks
14 PPR14 R 0000y 16 S N
PMC14 R/W 00004 16 R L N
PFC14 R/W 0000y 16 NG — N — AN NN = NN = = =
PMCSR14 R/W 00000000y 32 NN N NN NN VNN Y Y Y N A Lower 16 bits
NN NN AN NN A N N Y N A W Upper 16 bits
PIBC14 R/W 0000y 16 R e e N N
Bitmap
30 25 24 19 18 17 16 12 8 6 5 4 2 1 0
w
Port Group Register Value after A.ccess 2 § § 5 @ § g g g g = § § Q
Name Name R/W Reset Size o oo & o o & o o o o o o o o
14 PCR14_0 R/W 000000004 32 —_ - - - - — A = N NG — = = = =
PCR14_1 R/W 000000004 32 - - - - = — N IR N o
PCR14_2 R/W 0000 0000y 32 _ - = = = — A — N N o
PCR14_3 R/W 0000 0000y 32 _ - = = = — A — N N _ _ _ _ N
PCR14_4 R/W 00000000, 32 _ _ _ _ N N N
PCR14_5 RW 00000000, 32 _ _ _ _ _ N v N -
PCR14_6 RW 00000000, 32 _ _ - - - -V v v - _—__——cC
PCR14_7 R/W 000000004 32 - - - - = — N IR N _ _ _ _ N
PCR14_8 R/W 0000 0000y 32 _ - = = = — A — N N _ _ _ _ N
PCR14_9 R/W 0000 0000y 32 _ - = = = — A — N N _ _ _ _ N
PCR14_10  RM 00000000, 32 _ _ _ _ v v N -
PCR14_11 R/W 000000004 32 —_ - - - - — A = N N - = = — N
PCR14_12  RMW 00000000y 32 _ _ - - - -V v v - _—__——cC
PCR14_13 R/W 000000004 32 - - - - = — N IR N _ _ _ _ N
PCR14_14 R/W 0000 0000y 32 _ - = = = = A — W v — - - — =
PCR14_15 R/W 0000 0000y 32 _ - = = = — A — N N _ _ _ _ N
Table 2.39  List of Registers in E1L Port Group 16
Value Bitmap
Port Group Register after A
Name Name R/W  Reset Size 15 14 13 12 11 10 9 8 7 6 5 Remarks
16 PPR16 R 0000y 16 - - - - - - - — — — A
PIBC16 R/W 0000y 16 - - - - - = = = = — AN
Bitmap
30 25 24 19 18 17 16 12 8 6 5 4 2 1 0
Port Group Register Value after ~ Access > 38 3 8 o x Q 9 g 8 o
Name Name R/W Reset Size E 2 E E E E E o & E % E & & &
16 PCR16_0 R/W 0000 0000y 32 - - — = — — A = A = = - - —
PCR16_1 R/W 0000 0000y 32 - - - — — — A = A = = = = = =
PCR16_2 R/W 0000 0000y 32 - - - — — — A = A = = = = = =
PCR16_3 R/W 0000 0000, 32 - - - - — — A — N _ - = = = =
PCR16_4 R/W 0000 00004 32 - - - - — — A — N _ - = = = =
PCR16_5 R/W 0000 00004 32 - - - - — — A — N _ - = = = =
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Table 2.40 List of Registers in E1L Port Group 17

Bitmap
Port Group Register Value after Access
Name Name R/W Reset Size 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Remarks
17 PM17 R/W  FFFFy 16 - - - - - - - - = = = = = — A
PMSR17 R/W 0000 FFFFy 32 - = - - - - — — — — — — — — A A Lower16hbits
- = - - - - — — — — — — — — A A Upper16bits
Bitmap
30 25 24 19 18 17 16 12 8 6 5 4 2 1 0
PortGroup  Regi > 8 3 g o x © © < w
Neme " Neme.  RW Resst | s £z 82 e 82 . FFf:zfit
17 PCR17_0 R/W 00000010y 32 —_ — — _ — - _ = = A = = =
PCR17_1 R/W 00000010y 32 —_ - - = = - = = = = = A = = =
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2.2.1.2 Alternative Function List of the E1L-BGA252 and QFP176 pins

Table 2.41 to Table 2.51 show the list of alternative functions of each port pin. In the tables, “—”
means a reserved bit which cannot be selected.
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2.2.1.3 Alternative Function List of the E1L-QFP144 pins

Table 2.52 to Table 2.59 show the list of alternative functions of each port pin. In the tables, “—”
means a reserved bit which cannot be selected.
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2.3 DNF

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

2.3.1

Example of Noise Elimination

Figure 2.7 shows an example of noise elimination in peripheral function DNF and edge detection

DNF. In this example, the sampling clock, the sampling count, and the current output level are set to 1/

2 of the DNF input clock, two (twice), and low, respectively.

detected.

[TP L)

o

in the figure means that high level is

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.

DNF input clock

Sampling clock

Input example 1

Input example 2

Input example 3

Output

uuuyuy

DNF input clock | | |

i

It

Sampling clock

Input example 4

Input example 5

Input example 6

Output

S S

Figure 2.7

Timing Chart of Digital Noise Elimination
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2.3.2 Peripheral Function DNF

2.3.21 Overview of Peripheral Function DNF
This DNF eliminates noise from the input function pins for the peripheral function.
Peripheral Function 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.

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

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

e The conditions for noise elimination can be set by each channel via the registers.
e The DNF input clock of DNF group number 0 is a low-speed peripheral clock.

e The DNF input clock of DNF group number 1 is an unmodulated high-speed peripheral clock.

2.3.2.2 Details of the Control Registers

Table 2.62 shows base addresses of peripheral function DNF. “n” indicates a number of the DNF
group.

Table 2.62 Base Addresses of Peripheral Function DNF

DNFn <DNFn_base> address
DNFO FFC3 0000
DNF1 FFC3 0100
RO1UH0468EJ0120 Rev.1.20 RENESAS Page 132 of 2471

May 31, 2017



RH850/E1L Section 2 Pins

2.3.2.3 DNFP01nCTLm — Digital Noise Elimination Control Register

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

Access: This register is readable/writable in 8-bit units.
Address: <DNFn_base> + 4,; x m (m: channel number)

Value after reset: 00y

Bit 7 6 5 4 3 2 1 0
NFEN SLST[1:0] — — PRSJ[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 2.63 DNFP01nCTLm Register Contents

Bit Position Bit Name Function

7 NFEN Enables/disables digital noise elimination.
0: Digital noise is not eliminated.
1: Digital noise is eliminated.

6,5 SLST[1:0] Specifies 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. The read values are always 0. The write values sholud always be 0.

2t00 PRS[2:0] Specifies 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.

2.3.2.4 Setting Procedures of Peripheral Function DNF

The following shows the procedures to set peripheral function DNF. If the input level to a pin varies
during (4) and (5), 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 in (6).

(1)  Set [2:0]PRS2-0 and [6:5]SLST1-0 in the DNFPO1nCTLm register.
(2) Set [7]NFEN in the DNFPO1nCTLm register. This setting can be made at the same time as (1).
(3) Set a port register to select an alternative function.

(4) Wait for the following time: sampling clock period X number of samples + DNF input clock
period x 2.

(5) Enable an operation of a peripheral function in the destination to which DNF is connected.
(6) Clear the flag of peripheral function, and the like.

To change the setting while the DNF is in operation, clear the NFEN bit (bit 7) in the DNFPO1nCTLm
register first, and then execute the procedure in steps (1) to (6) above to remake the settings.
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2.3.2.5 Peripheral Function Pin intended for DNF insertion

The signals shown in Table 2.64 are the targets of DNF insertion.

Table 2.64 DNF Insertion Targets

DNF Insertion Target Pin

DNF DNF
Group Channel Peripheral
Numbern  Number m Pin Name Pin Function Function BGA252 QFP176 QFP144
0 0 IRQO External interrupt input INTC V V \
1 IRQ1 External interrupt input INTC v v v
2 IRQ2 External interrupt input INTC v v v
3 IRQ3 External interrupt input INTC v v v
4 IRQ4 External interrupt input INTC v v v
5 IRQ5 External interrupt input INTC v v v
6 IRQ6 External interrupt input INTC v v —
7 IRQ7 External interrupt input INTC v v —
10 ESO2 Emergency Hiz request input TAPA2 y y —
(for TSG20 PWM) (via PIC)
1 0 ADTRGO SAR-AD conversion startup SAR-ADO V —
trigger input
1 ADTRGH1 SAR-AD conversion startup SAR-AD1 v v
trigger input
2 TAPTS00 Hall sensor input TSG20 v v —
3 TAPTSO01 Hall sensor input TSG20 v v —
4 TAPTS02 Hall sensor input TSG20 v v —
8 RHSBOEMRG Emergency signal input RHSBO v N —
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2.3.3 Edge Detection DNF

2.3.31 Overview of the Function

This DNF detects an effective edge of a pin input signal. The signals to be used for edge detection can
be selected either before or after noise elimination.

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.

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

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

e The conditions for noise elimination can be set collectively by each DNF group.

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

2.3.3.2 Details of the Control Registers

Table 2.65 shows base addresses of edge detection DNF. “n” indicates a number of the DNF group.

Table 2.65 Base Addresses of Edge Detection DNF

<DNFn_base>

DNFn address BGA252 QFP176 QFP144

DNF2 FFC3 0200 R v J

DNF3 FFC3 0300 J y J

DNF4 FFC3 0400 v v J

DNF6 FFC3 0600 J y J

DNF7 FFC3 0700 v \/ J
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2.3.3.3 DNFP02nCTL — Digital Noise Elimination Control Register

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

Access: This register is readable/writable in 8-bit units.
Address: <DNFn_base> + 00y

Value after reset: 004

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 2.66 DNFP02nCTL Register Contents

Bit Position Bit Name Function
7 — Reserved. The read value is always 0. The write value should always be 0.
6,5 SLST[1:0] Specifies 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. The read values are always 0. The write values should always be 0.

2t00 PRS[2:0] Specifies 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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2.3.3.4 DNFP02nEDCm — Edge Detection Control Register
This register controls edge detection of channel number m in DNF group number n.
Access: This register is readable/writable in 8-bit units.

Address: <DNFn_base> + 4, + 8,; x m (m: channel number)

Value after reset: 00y

Bit 7 6 5 4 3 2 1 0
NFEN — — DMDI[1:0] — — —

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

Table 2.67 DNFP02nEDCm Register Contents

Bit Position Bit Name Function

7 NFEN 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. The read values are always 0. The write values should always be 0.

4,3 DMD[1:0] 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.

2t00 — Reserved. The read values are always 0. The write values should always be 0.
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2.3.3.5 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.

Access: This register is readable/writable in 8-bit units.
Address: <DNFn_base> + 8, + 8;; x m (m: channel number)

Value after reset: 00,

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 w

Table 2.68 DNFP02nEDFm 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: Effective edge has not been detected.
1: Effective edge has been detected.

6to1 — Reserved. The read values are always 0. The write values should always be 0.

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.

2.3.3.6  Setting Procedures of Edge Detection DNF

The following shows the procedures to set edge detection DNF. When edge detection is performed for
signals containing digital noise, the steps with (*) can be skipped. If the input level to a pin varies
during (4) and (5), an unexpected signal may be input to the peripheral function. Therefore, the
corresponding flag at the peripheral function side and the like should be cleared in (6).

(1) Set [2:0]PRS2-0 and [6:5]SLST1-0 in the DNFP02nCTL register. (*)
(2) Set [7INFEN in the DNFP02nEDCm register.
(3) Set a port register to general input port mode.

(4) Wait for the following time: sampling clock period X number of samples + DNF input clock
period x 2. (*)

(5) Enable edge detection in [4:3]DMDI1-0 of the DNFPO2nEDCm register.
(6) Clear an edge detection flag in [0]CLED of the DNFPO2nEDFm register.

Set [4:3]DMD1-0 in the DNFP02nEDCm register to 00B, and then proceed the setting again in the
order from steps (1) to (6), if the setting is to be changed while edge detection DNF is under the
operation.
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2.3.3.7 Pn_m Pins Intended for DNF Insertion

The pins shown in Table 2.69 are the targets of DNF insertion. In the table below, « v ** indicates with
a support function and “—" without. For the registers without support functions, the settings should not
be modified (the settings should be fixed to their values after reset).

Table 2.69 DNF Insertion Targets (1/2)

DNF DNF
Group Number n Channel Number m Pin Name BGA252 QFP176 QFP144

2 0 P20
1 P2_1
P2 2
P2 3
P2 4
P2 5
P2 6
P27
P30
1 P3_1
P3 2
P33
P3 4
P3 5
P3 6
P4 0
P4 1
P4 2
P4 3
P4 4
P4 5
P4 6
P4 7
P4 8
P4 9
P4_10
P4 11
P4_12
P4 13
P4_14
P4 15
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ool Al WIDN

N
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N
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Table 2.69 DNF Insertion Targets (2/2)

DNF DNF
Group Number n Channel Number m Pin Name BGA252 QFP176 QFP144

6 0 P14_0
P14_1
P14 2
P14 3
P14 4
P14 5
P14_6
P14 7
P14_8
P14 9
P14_10
P14_11
P14_12
P14_13
P14_14
P14_15
P16_0
P16_1
P16_2
P16_3
P16_4
P16_5

N

< | 2| < | < | <=

Ol N[O B[ WwW[DN

-
o

=N
N
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N

N
w

N
»

N
[¢;]

~
o

N
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2.4 POD Control

241 Overview of the Function

The output buffer of the related pins shown in Table 2.71 can be controlled according to the POD
(port output disable) pin input level. This function is always available when target pins are set to output
regardless of the selected function. The output buffer is controlled by the POD function independently
of the bus cycle. POD control takes precedence over output settings of a port register and output
designation of each IP, but its priority is lower than reset.

Table 2.70 State of the POD Pin

POD Pin State Description
0 Pin output is not effective (high impedance).
1 Pin output is effective (each setting function).

Table 2.71 List of POD Control Target Pins (1/2)

Port Group

Pin Name (Value after Reset) = BGA252 QFP176 QFP144

PO

PO_11 N
PO_12
PO_13
PO_14

P1

P1_0
P1_1
P12
P13
P14
P15
P16
P17
P1_8
P19
P1_10
P1_11
P1_12
P1_13
P1_14
P1_15

2

< | 2| 2| 2| < | <

P2

P2 0
P2 1
P2 2
P2 3
P2 4
P2 5
P2 6
P2 7

< | 2| 2| 2| <

< | 2| 2| 2| 2| 2| 2| & | & & 2| 2| 2| 2| 2| 2| 2| 2| 2| | 2| | 2| & | & & & =
< | 2| 2| 2| 2| 2| 2| <] 2| <] < | < < <] < | <| < < < | < < | < < <| < < =< =
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Table 2.71 List of POD Control Target Pins (2/2)
Port Group Pin Name (Value after Reset) = BGA252 QFP176 QFP144
P3 P30 \/
P3_1
P32
P3_3
P3_4
P35
P3_6
P4 P4_0
P4_1
P4_2
P4_3
P4_4
P4 5
P4_6
P4_7
P4_8
P4 9
P4_10
P4 11
P4_12
P4_13
P4_14
P4 15
P5 P5_0
P5_1
P5_3
P5 4
P5 5
P5 6
P5 7
P5 8
P59
P11 P11_1

\/
\/
\/

< | 2| 2| <

2| 2| 2| <

< | 2| 2| 2| 2| < | 2| < | < | < < | < < | < | < | < | < | < | <| < | <| < < < | | 2| < <| 2| < <] = =
< | 2| 2| 2| 2| < | 2| < | < | < < | < < | < | < | < | < | < | <| < | < | <| < < | < < <| 2| < <| = =
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2.5 Pin Description

2.51 Overview

This subsection describes pin functions, external pin lists, and external pin states at a reset and in other
each operating status.

2.5.2 List of Pin Functions

Table 2.72 lists functions of each pin.

Table 2.72 Pin Function (1/11)

BGA252
Category Pin Name 10 Function QFP176 QFP144
ATU-IV TCLKA | External clock input \ —
;(:;);r)\mon TCLKB | External clock input \ —
ATU-IV TIA0O I Input capture trigger to each channel of S \
(Timer A) TIAOT | Timer A N N
TIA02 [ J J
TIA03 I v v
TIA04 [ J J
TIA05 I v v
ATU-IV TIOCO00 10 Input capture trigger and output compare \ —
(Timer C) TI0COo1 0 output to Timer C N —
TIOC02 10 J J
TIOCO03 10 v v
TIOC10 10 J J
TIOC11 10 v v
TIOC12 10 J J
TIOC13 10 v R
TIOC20 10 J J
TIOC21 10 v v
TloCc22 10 J J
TIOC23 10 v v
TIOC30 10 J —
TIOC31 10 R —
TIOC32 10 J J
TIOC33 10 v v
TIOC40 10 J J
TIOC41 10 v R
TloCc42 10 J J
TIOC43 10 v v
TIOC50 10 J —
TIOC51 10 v —
TIOC52 10 J —
TIOC53 10 N —
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Table 2.72 Pin Function (2/11)

BGA252
Category Pin Name 10 Function QFP176 QFP144

ATU-IV TODOOA
(Timer D) TODO1A
TODO02A
TODO3A
TOD10A
TOD11A
TOD12A
TOD13A
TOD20A
TOD21A
TOD22A
TOD23A
TOD30A
TOD31A
TOD32A
TOD33A
TODA40A
TOD41A
TOD42A
TOD43A
TODO0B
TODO1B
TODO02B
TODO03B
TOD10B
TOD11B
TOD12B
TOD13B
TOD20B
TOD21B
TOD22B
TOD23B
TOD30B
TOD31B
TOD32B
TOD33B
TOD40B
TOD41B
TOD42B
TOD43B

One-shot pulse output of Timer D \ \

\/
\/
\/

< | < | < | < | < | <=

< | 2| 2| 2| < < & < | 2| <& <& | <& <& | <& <& <& & =

0| 0|0l 0|O0O|O|O|0O|O|O|O|0O|0O|0O|0O|0O|0O|0O|0OC|0O|0O|0O|0OC|O|0O|0O|0OC|O|0O|0O|0OC|O|O|0O|0OC|0O|0O|0O|0O]|O
2| 2| 2| 2| 2| 2| 2| 2] ] 2| 2| 2] 2] 2| | | 2] 2| ] ] 2] 2| ] ] 2] ] ] ] | ] ] ] ] ] 2 | =

<
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Table 2.72 Pin Function (3/11)

BGA252
Category Pin Name 10 Function QFP176 QFP144

ATU-IV TOE00 PWM output of Timer E \ S
(Timer E) TOEO1 N
TOE02 J
TOEO3
TOE10
TOE11
TOE12
TOE13
TOE20
TOE21
TOE22
TOE23
TOE30
TOE31
TOE32
TOE33
TOE40
TOE41
TOE42
TOE43
TOE50
TOE51
TOE52
TOE53
TOE60
TOE61
TOE62
TOE63
ATU-IV TIFOA
(Timer F) TIF1A |
TIF2A [
TIFOB [
TIF1B [
TIF2B [
TIF3 [
TIF4 |
TIF5 [
TIF6 [
TIF7 |
TIF8 [
TIF9 |
TIF10 |
TIF11 |

<2 | 2] 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| <& | =

O|O0|O|0O|0O|O|O|0O|O|O|0O|0O|O|O|0O|O|O|O|0OC|O|O|O|0OC|O|0O|0O|0O]|O

Event input signal to Timer F

< | 2| 2| 2| 2| 2| 2| 2| 2| 2| <

< | 2| 2| 2| 2| <] 2| 2| 2| <] 2| & 2| <] 2| <2 2| < 2| < 2| <] 2| <] 2| < 2| <] < < 2| < < | < < < < <| < < =< =
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Table 2.72 Pin Function (4/11)
BGA252
Category Pin Name 10 Function QFP176 QFP144
ATU-IV TIJO I Input capture trigger of Timer J \/ \
(Timer J) I | N N
T2 [ J —
TIJ3 | \ —
APA APAO O  APA output \ S
APA1 (0] S \
APA2 o] J J
APA3 (0] S S
APA4 o] J —
APA5 (0] S S
APAG o] J J
APA7 (0] S S
APA8 o] J J
APA9 o) J —
APA10 o] J J
APA11 0 J J
APA12 O v v
APA13 0 J J
APA14 O v R
APA15 o v v
TSG20 TS000 O  Timer up/down status output v v
TSO01 O  Timer PWM output \ S
TS002 o] CAUTION J —
TSO03 (0] Output from PIC should be used. S —
TSO04 o] J J
TSO05 o) \ \
TS006 o] J —
TSO07 O A/D trigger diagnosis output \ \
TAPTS00 I Hall sensor input \ —
TAPTSO01 | \ —
TAPTS02 | J —
TAPA ESO2 | Emergency Hiz request input (for TSG20 \ —
(via PIC) PWM)
LINO LRX0 I LINO receive data input \ S
LTX0 O LINO transmit data output v v
Sclo SCIOTXD O  SCIO transmit data output V V
SCIORxD I SCIO receive data input v v
SCI0SCK IO  SCIO serial clock input/output V V
SCI1 SCHTxD O  SCI transmit data output v v
SCIMRxD I SCI1 receive data input V V
SCIM1SCK IO SCI1 serial clock input/output v —
SCI2 SCI2TxD O  SCI2 transmit data output v V
SCI2RxD I SCI2 receive data input v v
SCI2SCK IO  SCI2 serial clock input/output v v
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Table 2.72 Pin Function (5/11)
BGA252
Category Pin Name 10 Function QFP176 QFP144
SCI3 SCI3TxD O  SCI3 transmit data output \ —
SCI3RxD | SCI3 receive data input \/ —
SCI3SCK I0  SCI3 serial clock input/output S —
CSIHO CSIHOTSI I CSIHO receive data input S \
CSIHOTSO O  CSIHO transmit data output S S
CSIHOTSCK IO CSIHO serial clock input/output RN RN
CSIHOTSSI | CSIHO slave select signal input \ —
CSIHOTRY I0  CSIHO handshake signal input/output S —
between master and slave
CSIHOTCSS0 O  CSIHO slave select signal output Y Y
CSIHOTCSS1 ) R R
CSIHOTCSS2 o] J —
CSIHOTCSS3 ) v R
CSIHOTCSS4 o] J J
CSIHOTCSS5 ) v —
CSIH1 CSIH1TSI I CSIH1 receive data input \ \
CSIH1TSO O  CSIH1 transmit data output R v
CSIH1TSCK IO  CSIH1 serial clock input/output \ \
CSIH1TSSI | CSIH1 slave select signal input v —
CSIH1TRY I0  CSIH1 handshake signal input/output S —
between master and slave
CSIH1TCSS0 O  CSIH1 slave select signal output \ \
CSIH1TCSS1 ) ~ _
CSIH1TCSS2 o] J —
CSIH1TCSS3 0] \ —
CSIH2 CSIH2TSI | CSIH2 receive data input J —
CSIH2TSO (6] CSIH2 transmit data output J —
CSIH2TSCK IO CSIH2 serial clock input/output \ —
CSIH2TSSI | CSIH2 slave select signal input v —
CSIH2TRY I0  CSIH2 handshake signal input/output J —
between master and slave
CSIH2TCSSO0 (0] CSIH2 slave select signal output \ —
CSIH2TCSS1 ) \ —
CSIH2TCSS2 o] J —
CSIH2TCSS3 0] \ —
RSCANO CTX0 O  CANO transmit data output \ \
CRX0 I CANO receive data input v v
RSCAN1 CTX1 O  CAN1 transmit data output \ \
CRX1 I CAN1 receive data input v v
RSCAN2 CTX2 O  CAN2 transmit data output RN v
CRX2 I CAN2 receive data input v R
RSCAN3 CTX3 O  CANS3 transmit data output RN v
CRX3 I CAN3 receive data input v v
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Table 2.72 Pin Function (6/11)

BGA252
Category Pin Name 10 Function QFP176 QFP144

RHSBO RHSBOFCLP O  RHSBO differential clock output J J
RHSBOFCLN 0

RHSBOSOP O RHSBO differential data output
o)
0
0

RHSBOSON

RHSBOCSDO

RHSBOCSD1

RHSBO0SI0 I RHSBO serial input

RHSBOSI1 |

RHSBOEMRG | RHSBO emergency signal input
ADCO ANOO0O | ADCO analog input

ANO01 I

ANO002 |

ANO003 I

ANO10 |

ANO11 I

ANO12 |

ANO13 I

ANO020 |

ANO021 I

ANO022 I

ANO023 I

ANO030 I

ANO031 I

ANO032 I

ANO33 I

ANO040 I

ANO041 I

ANO042 I

ANO043 |

RHSBO chip select output

< | 2| 2| 2| < | < | <

2| 2| 2| 2| 2| <

< | 2| 2| 2| <

< | 2| 2| 2| <

ADTRGO | ADCO conversion startup trigger input

< | 2| 2 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| =

ADENDO (6] ADCO conversion timing monitor output
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Table 2.72 Pin Function (7/11)
BGA252
Category Pin Name 10 Function QFP176 QFP144
ADC1 AN100 I ADC1 analog input \ \
AN101 | S —
AN110 [ J J
AN111 | v v
AN120 [ J J
AN121 [ v v
AN130 | V V
AN131 | v —
AN140 | V v
AN141 | v v
AN150 | v v
AN151 | v v
AN160 | v v
AN161 | v v
AN170 | v v
AN1T71 | v v
ADTRGH1 I ADC1 conversion startup trigger input v v
ADEND1 O  ADCH1 conversion timing monitor output N N
DSADCO DSANOP | DSADCO analog input N —
DSANON | v —
DSADTRGO | DSADCO conversion startup trigger input v —
DSADENDO (0] DSADCO conversion timing monitor output N —
DSADC1 DSAN1P I DSADC1 analog input V J
DSAN1N | v v
DSADTRG1 I DSADC1 conversion startup trigger input v v
DSADEND1 O  DSADCH1 conversion timing monitor output v v
Port POD I Port output disable \ \
ECM ERROROUT_M (0] Error output (Master) v —
ERROROUT_C O  Error output (Checker) \ V
Interrupt NMI | Non-maskable interrupt R R
IRQO I External interrupt input S S
IRQ1 | S S
IRQ2 [ J J
IRQ3 I \ \
IRQ4 [ J J
IRQ5 | RN RN
IRQ6 [ V —
IRQ7 [ v —
Clock EXTAL | External clock V v
XTAL O  Crystal v v
CK O  Peripheral clock v v
Reset RES I External reset input v v
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Table 2.72 Pin Function (8/11)

BGA252
Category Pin Name 10 Function QFP176 QFP144
Mode setting  MDO I Mode setting \ N
MD1 I \ v
FLMODE [ J y
Nexus/JTAG  TRST I Reset input v N
TDO O  Serial data output \ N
T™S I Mode select input RN N
TDI I Serial data input \ N
TCK I Clock input v v
DRDY O  Ready output \ N
LPD LPDRST I LPD reset input \ N
LPDO O  LPD4 pin data output \ N
LPDI I LPD4 pin data input R v
LPDCLKO O  LPD4 pin clock output \ N
LPDCLKI I LPD4 pin clock input v N
EVTO O  Event trigger output (pin dedicated for TMS) N
FLSCI FLSCI3TX (FPDT) O  Transmit data output \ N
(writer /F) FLSCI3RX (FPDR) |  Receive data input N N
FLSCI3SCK I Serial clock input S N
(FPCK)
Portgroup0 PO 0 IO  General input/output port S N
PO_1 [o] R v
PO 2 10 S N
P0_3 10 y S
PO_4 10 S N
P0_5 10 \ —
PO_6 10 N N
PO_7 10 \ —
PO_8 10 N N
P0_9 10 \ —
PO_10 10 \ —
PO_11 10 v v
PO_12 [¢) v v
PO_13 10 \ —
PO_14 [¢) v —
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Table 2.72 Pin Function (9/11)

BGA252
Category Pin Name 10 Function QFP176 QFP144
Portgroup1 P10 IO  General input/output port \ N
P1_1 [o] \ v
P12 10 \ N
P1_3 10 v —
P1_4 [o] J —
P15 10 J v
P1_6 10 J V
P17 10 J —
P18 10 \ N
P19 10 N —
P1_10 10 \ N
P1_11 [o] \ N
P1_12 10 RN N
P1_13 [o] v v
P1_14 [o] \ v
P1_15 10 v \
Port group 2 P2_0 I0  General input/output port with edge v —
P2 1 0 detection function N N
P2 2 [o] v v
P2 3 10 v N
P2 4 [o] v v
P2 5 10 v N
P2 6 10 N —
P2 7 [o] v —
Portgroup3 P30 IO  General input/output port with edge v v
P3_1 0 detection function N N
P32 [o] v v
P33 10 \ N
P3_4 10 N —
P3 5 10 \ N
P3_6 10 v —
Portgroup4 P4 0 IO General input/output port with edge \ N
P4_1 0 detection function N N
P4 2 10 N N
P4_3 10 N N
P4_4 10 J —
P4_5 10 \ N
P4 6 10 N N
P4_7 [o] v v
P4 8 10 N N
P4 9 10 N —
P4_10 10 J —
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Table 2.72 Pin Function (10/11)

BGA252
Category Pin Name 10 Function QFP176 QFP144
Portgroup4 P4 11 IO General input/output port with edge \ N
P4 12 0 detection function N N
P4_13 10 J v
P4_14 10 N N
P4 15 (o) N N
Port group 5 P50 I0  General input/output port R —
P5_1 10 v —
P5 2 [o] R V
P5 3 10 v N
P5_4 [o] R d
P5 5 [o] v N
P5_6 10 y y
P57 10 v N
P5_8 [o] v —
P5 9 10 v —
Port group 11 P11_0 I0  General input/output port v —
P11_1 [o) N —
Port group 13 P13 0 IO General input/output port v \/
P13_1 [o] v v
P13_2 [o] RN N
P13 3 [o] v v
P13_4 10 v —
Port group 14 P14_0 | General input port with edge detection v —
P14_1 | function N N
P14 2 I v v
P14 3 I v N
P14_4 I v \
P14 5 [ N N
P14_6 I v —
P14 7 [ N N
P14_8 | v v
P14_9 | v v
P14_10 | v v
P14_11 [ N N
P14_12 | v v
P14_13 [ N N
P14_14 [ J N
P14_15 [ J V
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Table 2.72 Pin Function (11/11)

BGA252

Category Pin Name 10 Function QFP176 QFP144
Port group 16  P16_0 I General input port with edge detection \ N

P16_1 | function N N

P16_2 I \ N

P16_3 | N N

P16_4 | N 1

P16_5 | N N
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2.5.3

Pin State

Definition of Reset State

In description of pin state, each reset state is defined as shown in Table 2.73.

Table 2.73

Definition of Reset State

Reset State

Definition

External reset

Reset state from an external pin (RES = L)

Internal reset

Between external reset release to internal reset release

After internal reset release

State where internal reset is released

Table 2.74 shows detailed pin states. Some pins may be excluded depending on grades and packages
of this product. For the pins included in each product, see Table 1.1, Pin Numbers and Pin
Names (E1L-BGA252), and Table 1.2, Pin Numbers and Pin Names (E1L-QFP176) in

Section 1.5, Pin Connection Diagram (Top View).

Table 2.74 Pin State (1/2)
Pin Function Pin State
RES =L RES = H
Before
Internal After Internal Power-off
External Reset Reset Standby
Category Pin Name (Value after Reset) Reset State Release Release Mode
Clock CK o (e} (e} z
XTAL (e} O O z
EXTAL I I I z
System control RES | (Pull-down) | (Pull-down) | (Pull-down) | (Pull-down)
MDO | (Pull-down) I (Pull-down) I (Pull-down) | (Pull-down)
MD1 | (Pull-down) | (Pull-down) | (Pull-down) | (Pull-down)
FLMODE | (Pull-down) I (Pull-down) I (Pull-down) | (Pull-down)
Interrupt NMI | (Pull-down) | (Pull-down) | (Pull-down)  Z
ECM ERROROUT_M o o o z
General input/ PO_0to P0O_14 VA z z z
output port P1 OtoP1_15 z z z z
P2_0toP2_7 z z z z
P3_0to P3_6 z z z z
P4_0to P4_15 z z z z
P5_0to P5_9 z z z z
P11_0 to P11_1 z z z z
P13_0to P13_4 z z z z
SAR, AZA/D ANOxx/DSANXP z z z z
ANOxx/DSANXN z z z z
ANOXx z z z z
AN1xx z z z z
RHSB RHSBOFCLP z z z z
LVDS bufer RHSBOFCLN z z z z
RHSBOSOP z z z z
RHSBOSON z z z z
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Table 2.74 Pin State (2/2)
Pin Function Pin State
RES =L RES =H
Before
Internal After Internal Power-off
External Reset Reset Standby
Category Pin Name (Value after Reset) Reset State Release Release Mode
Debug system TDI/LPDI/ Nexus: TDI 4 | (Pull-up) | (Pull-up) 4
FLSCISRX 4-pin LPD: LPDI 4 | (Pull-up) | (Pull-up) 4
Writer I/F: FLSCI3RX 4 4 4 z
BSCAN: TDI | (Pull-up) | (Pull-up) | (Pull-up) 4
TDO/LPDO/ Nexus: TDO 4 4 4 4
FLSCISTX 4-pin LPD: LPDO 4 (o] (o] 4
Writer I/F: FLSCI3TX 4 4 4 4
BSCAN: TDO 4 4 4 4
TCK/LPDCLKI/ Nexus: TCK 4 | (Pull-up) | (Pull-up) 4
FLSCI3SCK 4-pin LPD: LPDCLKI 4 | (Pull-up) | (Pull-up) 4
Writer I/F: FLSCI3SCK 4 4 z 4
BSCAN: TCK | (Pull-up) | (Pull-up) | (Pull-up) z
TMS/EVTO Nexus: TMS z | (Pull-up) | (Pull-up) z
4-pin LPD: EVTO 4 (o] o] 4
Writer I/F: (without 4 4 4 4
function)
BSCAN: TMS | (Pull-up) | (Pull-up) | (Pull-up) 4
TRST/LPDRST Nexus: TRST | (Pull-down) | (Pull-down) | (Pull-down) | (Pull-down)
4-pin LPD: LPDRST
Writer I/F: (without
function)
BSCAN: TRST
DRDY/LPDCLKO Nexus: DRDY O O
4-pin LPD: LPDCLKO 4
Writer I/F: (without 4 4
function)
BSCAN: (without 4 z 4 4
function)
Note: [ Input
O: Output
Z: High impedance
Pull-up: On-chip pull-up resistor
Pull-down: On-chip pull-down resistor
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2.54

Handling of Unused Pins

Examples of the handling of unused pins are listed in Table 2.75.

Table 2.75 Examples of the Handling of Unused Pins (1/4)
On-chip pull-down/pull-up
Classification Pin 10 Examples of handling of unused pins resistor
Clock CK (0] e The pin is left open-circuit. None
XTAL (0] e The pin is left open-circuit. None
EXTAL | (This pin will always be used.) None
System control RES | (This pin will always be used.) This pin is equipped with an
internal pull-down resistor.
MDO, FLMODE (These pins will always be used. When This pin is equipped with an
used in user boot mode, it is individually  internal pull-down resistor.
connected to VSS via a resistor.)
MD1 e This pin is individually connected to  This pin is equipped with an
VSS via a resistor. internal pull-down resistor.
Interrupt NMI e This pin is individually connected to  This pin is equipped with an
VSS via a resistor. internal pull-down resistor.
ECM ERROROUT_M (0] e The pin is left open-circuit. None

General input/

PO_m,P1_m,P2_m,P3_m, 10

[Input mode]

The pins are equipped with

output port P4_m, P5_m, P11_m, o These pins are left open-circuit and internal pull-up or pull-down
P13_m the settings are to disable input resistqrs which'can be enabled
(values after reset are PMCn_m =0, DY register settings.
PMn_m =1, PIBCn_m = 0)
¢ These pins are left open-circuit and
the settings are to enable on-chip
pull-up/pull-down resistors (use
PUn_m,PDn_m)
e These pins are individually
connected to power supply or ground
of each pin via a resistor.
[Output mode]
e These pins are left open-circuit.
ADCB, DS-ADC  ANOOO/DSANOP, e These pins are left open-circuit. None
ANOO1/DSANON,
ANO002/DSAN1P,
ANOO3/DSAN1N,
AN10x, AN11x, AN12x,
AN13x, AN14x
(Analog input-only)
ANO10, ANO11, ANO12, e These pins are left open-circuit and None
ANO13, AN020, ANO021, the settings are to disable input
ANO022, AN023, AN030, (values after reset are PMCn_m =0,
ANO031, AN032, AN033, and PIBCn_m = 0)
ANO04x, AN15x, AN16x,
AN17x
(Alternative analog input and
digital input)
RHSB RHSBxSOP, RHSBXxSON, (6] e These pins are left open-circuit and None
LVDS buffer RHSBxFCLP, RHSBxFCLN the settings are to disable output

(value after reset is PM17_m = 1).
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Table 2.75 Examples of the Handling of Unused Pins (2/4)
On-chip pull-down/pull-up
Classification Pin 10 Examples of handling of unused pins resistor
Debug TDI/LPDV/ TDI | e The pin is left open-circuit. This pin is equipped with an
FLSCI3RX o This pin is individually connected to  internal pull-up resistor.
VCC via a resistor.
LPDI e The pin is left open-circuit. This pin is equipped with an
e This pin is individually connected to  internal pull-up resistor.
VCC via a resistor.
FLSCI3RX e Do not select the FLSCI3RX pin The internal pull-up resistor is
function if the pin is not use in use. enabled in booting up by the
boot firmware.
TDO/LPDO/ TDO O e The pin is left open-circuit. None
FLSCISTX LPDO O e The pin is left open-circuit. None
FLSCI3TX O ¢ Do not select the FLSCI3TX pin None
function if the pin is not use in use.
TCK/ TCK e The pin is left open-circuit. This pin is equipped with an
LPDCLKI/ e This pin is individually connected to  internal pull-up resistor.
FLSCI3SCK VCC via a resistor.
LPDCLKI e The pin is left open-circuit. This pin is equipped with an
e This pin is individually connected to  internal pull-up resistor.
VCC via a resistor.
FLSCI3SCK | ¢ Do not select the FLSCI3SCK pin None
function if the pin is not use in use.
TMS/EVTO TMS e The pin is left open-circuit. This pin is equipped with an
e This pin is individually connected to  internal pull-up resistor.
VCC via a resistor.
EVTO O e The pin is left open-circuit. None
TRST/LPDRST | e This pin is individually connected to  This pin is equipped with an
VSS via a resistor. internal pull-down resistor.
DRDY/ DRDY O e The pin is left open-circuit. None
LPDCLKO LPDCLKO O e The pin is left open-circuit. None
NC NC — e The pin is left open-circuit. None
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Table 2.75 Examples of the Handling of Unused Pins (3/4)
On-chip pull-down/pull-up

Classification Pin 10 Examples of handling of unused pins resistor

Power supply EVCC (This pin will always be used.) —
SYSVCC (This pin will always be used.) —
VCC (This pin will always be used.) —
PLLVCC (This pin will always be used.) —
PLLVSS (This pin will always be used.) —
VDD (This pin will always be used.) —
RAMVCL (This pin will always be used.) —
VSS (This pin will always be used.) —
LVDVCC e This pin is connected to VCC. —
LVDVSS e This pin is connected to VSS. —
TTLVCC e This pin is connected to VCC. —
EPTVOUT e The pin is left open-circuit. —
ADSVCC, e Connections when the DS-ADC is —
ADSVSS, not in use but the ADCB module is
ADSVREFH, are listed below.
ADSVREFL, ADSVCC : This pin is connected to
ADSVCL AOVCC.

ADSVSS : This pin is connected to
AOVSS.

ADSVREFH: This pin is connected to
AOVCC.

ADSVREFL: This pin is connected to
AOVSS.

ADSVCL : The pin is left open-circuit.

Connections when neither the DS-
ADC nor the ADCB module is in use
are listed below.

ADSVCC : This pin is connected to
EVCC.

ADSVSS : This pin is connected to
VSS.

ADSVREFH: This pin is connected to
EVCC.

ADSVREFL: This pin is connected to
VSS.

ADSVCL : The pin is left open-circuit.
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Table 2.75

Examples of the Handling of Unused Pins (4/4)

Classification Pin

Examples of handling of unused pins

On-chip pull-down/pull-up

resistor

Power supply AOVCC,
AQVSS,
AOVREFH,
A1VCC,
A1VSS,
A1VREFH

e Connections when the ADCB module
is not in use butthe ADC is are listed
below.

AQVCC : This pin is connected to
ADSVCC.

AOVSS : This pin is connected to
ADSVSS.

AOVREFH : This pin is connected to
ADSVCC.

A1VCC : This pin is connected to
ADSVCC.

A1VSS : This pin is connected to
ADSVSS.

A1VREFH : This pin is connected to
ADSVCC.

¢ Connections when neither the DS-
ADC nor the ADCB module is in use
are listed below.
AQVCC : This pin is connected to
EVCC.
AOQVSS : This pin is connected to
VSS.
AOVREFH : This pin is connected to
EVCC.
A1VCC : This pin is connected to
EVCC.
A1VSS : This pin is connected to
VSS.
A1VREFH : This pin is connected to
EVCC.

Note 1. For the correspondences between the various pins and the power supply or ground, see Section 37,

Electrical Characteristics.

Note 2.  Use a resistor with a value of at least 1 kQ for externally pulling pins up or down.
Note 3.  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.
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Section 3

CPU System

3.1 Overview

3.1.1 Block Configuration

Figure 3.1 shows the block configuration diagram.

Code flash

Emulation RAM

T

T

Flash Interface

Local
INTC1 Rl RAM

3
Local
RAM T ‘ IPG ‘ ‘ INTC1 ‘
MEV ‘ MPU
Icache [ ‘ SEG ‘ ‘ MPU ¢
e E— IPIR
‘ PEG ‘ ‘ FPU ‘ SEG
Global
RAM
Debug DMA CPU1(PE1) PCU (PE3)
System Interconnect
Slave Guard
v ‘
‘ P-Bus ‘
Peripheral ~ Peripheral ~ Peripheral  Peripheral
Data flash Group1 Group2 Group3 Group5
Peripheral
Group0

Figure 3.1 Block Configuration Diagram

CPU1 (PE1)

The RH850 G3M core is included as a main CPU. CPU1 also includes the checker core for safety

assurance.

PCU (PE3)

The RH850 G3K core is included as a PCU to control peripheral IPs (peripheral control unit).

Local RAM

Each PE has a high-speed accessible local RAM.
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Global RAM

The global 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. CPU1 and PCU share the code flash and they are
connected with each other via the code flash interface.

Emulation RAM

It is a RAM to emulate the code flash. The programs can be replaced by controlling from an external
tool without rewriting the code flash.

Data Flash
It is a flash memory being rewritable by the CPU.

P-Bus
The P-Bus connects the peripheral IPs. The P-Bus is divided into five, Peripheral Group 0 to 3, and 5.

For the correspondence between the peripheral groups and the peripheral modules/registers, see
Appendix, List of Registers.

INTC1, INTC2

INTCI1 is an interrupt controller exclusive to each PE. INTC2 is a common interrupt controller that all
PEs share, being able to set the binding destination PE of an interrupt request by the registers.

DMA
Two DMA transfer modules, DMAC and DTS, are included.

Slave Guard

The slave guard is a system to prevent unauthorized access from the specific bus master, consisting of
the following guard structures:

(1) PE Guard (PEG)

The PE guard is a system to prevent unauthorized access to the resources in the PE from the
external master. Access from the PE itself is only enabled but all other accesses are disabled after
release from the reset state.

(2) Global RAM Guard (GRG)

The global RAM guard is a system to prevent unauthorized access to the global RAM from the
external master. The global RAM is in the unprotected state (accessible from all bus masters) after
release from the reset state.

(3) Peripheral Guard (PBG)

The peripheral guard is a system to prevent unauthorized access to peripheral devices from the
external master. Peripheral devices are in the unprotected state (accessible from all bus masters)
after release from the reset state.

RO1UHO0468EJ0120 Rev.1.20 RENESAS Page 161 of 2471
May 31, 2017



RH850/E1L Section 3 CPU System

3.2 CPU

3.21 Core Functions

3.211 Features
Table 3.1 lists features of the RH850G3M core.

Table 3.1 Features of the RH850G3M Core

Item Feature

CPU e Advanced 32-bit architecture for embedded control
e 32-bit internal data bus
o Thirty-two 32-bit general-purpose registers
¢ RISC-type instruction sets
— Long-/short-format load/store instructions
— Three-operand instructions
— Instruction sets based on C language
e CPU operating modes
— User mode, supervisor mode
o Address space: 4-Gbyte linear address space for both data and instructions

o Instructions: A snooze instruction (SNOOZE) is included for temporary suspension by
switching the CPU clock signal (CLK_CPU) off for 32 clock cycles.

Coprocessor * A floating-point operation coprocessor (FPU) mounted
— Supports single precision (32 bits) and double precision (64 bits).
— Supports data types and exceptions conforming to IEEE754.
— Rounding mode: Neighborhood, 0 direction, +« direction, and -« direction
— Handling denormalized numbers: Rounding down to 0 or exception notification to conform

to IEEE754

Exception/ e 16 interrupt priority levels settable for each channel
Interrupt e Vector selection method selectable according to performance request or memory usage

— Direct branching exception vectors

— Indirect branching exception vectors referring to the address table

e Supports the high-speed save/restore processing of the context by the dedicated instructions
(PUSHSP and POPSP) at the generation of an interrupt
Memory e Memory protection function (MPU): 12 areas settable
Management
Cache ¢ Instruction cache
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3.21.2 Register Set

This subsection explains the program registers and system registers incorporated in this CPU.

(1) Program Registers
Program registers include the general-purpose registers (r0 to r31) and program counter (PC).
The general-purpose register r0 always retains 0, but the values of the registers r1 to r31 after reset are

undefined.

Table 3.2 List of Program Registers

Program
Register Name Function Description
General-purpose 10 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 specification
of each software development environment.
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(a) 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, r30, 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.

1. 10, 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 and addressing with base
address being 0.

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.
2. rl,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.

3. 12

This register might be used by a real-time OS in some cases. If the real-time OS that is being used
is not using 12, r2 can be used as a register for address variables or data variables.

(b) PC — Program Counter

The PC retains the address of the instruction being executed.

31 0
PC lllIlllIllllllllaczlﬂ_(l)llllllllllllllValueal‘gerreset
Table 3.3 PC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to1 PC31-1 These bits indicate the address of the instruction being executed. R/W *1
0 PCO This bit is fixed to 0, and branching to an odd number address is disabled. R/wW 0
Note 1. The value after reset depends on the startup area in this product. For details, see Section 4, Address
Space
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(2) Basic System Registers
The basic system registers are used to control CPU status and to retain exception information.
System registers are read from or written to by using the LDSR or STSR instructions and specifying

the system register number, which is made up of a register number and selection ID.

Table 3.4 Basic System Registers

Register No. Access
(reg.ID, sel.ID) 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

SR 5,0 PSW Program status word “

SR 6,0 FPSR Refer to (4) FPU Function Registers CUO and SV
SR7,0 FPEPC Refer to (4) FPU Function Registers CUO and SV
SR8, 0 FPST Refer to (4) FPU Function Registers Cu0

SR9, 0 FPCC Refer to (4) FPU Function Registers Cuo
SR10,0 FPCFG Refer to (4) FPU Function Registers Cu0

SR 11,0 FPEC Refer to (4) FPU Function Registers CUO and SV
SR 13,0 EllC El level exception cause SV

SR 14,0 FEIC FE level exception cause SV

SR 16,0 CTPC CALLT execution status save register um

SR 17,0 CTPSW CALLT execution status save register UM

SR 20,0 CTBP CALLT base pointer UM

SR 28,0 EIWR El level exception working register SV

SR 29,0 FEWR FE level exception working register SV

SR 31,0 (BSEL) (Reserved for backwards compatibility with the V850E2 series)*2 SV

SRO, 1 MCFGO Machine configuration 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 table SV

SR 5,1 MCTL CPU control SV

SR 6, 1 PID Processor ID SV

SR 11,1 SCCFG SYSCALL operation setting SV

SR 12,1 SCBP SYSCALL base pointer SV

SRO, 2 HTCFGO  Thread configuration SV

SR6, 2 MEA Memory error address SV

SR7, 2 ASID Address space ID SV

SR8, 2 MEI Memory error information SV

Note 1.  The access permission differs depending on the bit. For details, see () PSW — Program status word in
(2) Basic System Registers.

Note 2.  Reserved for backwards compatibility with the VB50E2 series. These registers are always read as 0. Writing
to these registers is ignored.
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(a) 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 4.1.3 Types of exceptions in RH850G3M User’s Manual: Software).

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.
31 0
EIPC T T T 1T T T 1T 1T 1T |E||pc;31lol T T Value after reset
) Undefined
Table 3.5 EIPC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to1 EIPC31-1 These bits indicate the PC saved when an El level exception is R/W Undefined
acknowledged.
0 EIPCO This bit indicates the PC saved when an El 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 EIRET instruction is executed is 0.
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(b) 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.
CAUTION
Bits 11 to 9 cannot usually be changed since these bits are associated with debugging.
313029 1918 161514 1211 9876543210
L [T
EIPSW E N I[E |L |S|C|O Value after reset
MO 0|0 (0000|000 |CU2-0 |B|0 [0 [0 |Debug 0 PPIDIAIY |V IS |Z
vi T 0000 00204
Table 3.6 EIPSW Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31 — (Reserved for future expansion. Be sure to clear 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 clear to 0.) R 0
18 to 16 Cu2-0 These bits store the PSW.CU2 to 0 field setting when an El level exceptionis R/W 0
acknowledged. (CU2 and CU1 are reserved for future expansion. Be sure to
clearto 0.)
15 EBV This bit stores the PSW.EBYV bit setting when an El level exception is R/W 0
acknowledged.
14 t0 12 — (Reserved for future expansion. Be sure to clear to 0.) R 0
11t09 Debug These bits store the PSW.Debug field when an El level exception is R/W 0
acknowledged.
8 — (Reserved for future expansion. Be sure to clear to 0.) R 0
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 CYy 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.
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(c) 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 (see
section 4.1.3 Types of exceptions in RH850G3M User’s Manual: Software).

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.
31 0
FEPC Frrrrr T T T T T 1T ||:||5p(|;31|0| T T T T T T Value after reset
) Undefined
Table 3.7 FEPC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to1 FEPC31-1 These bits indicate the PC saved when an FE level exception is R/W Undefined
acknowledged.
0 FEPCO This bit indicates the PC saved when an FE 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 FERET instruction is executed is 0.
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(d) 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.

CAUTION

Bits 11 to 9 cannot usually be changed since these bits are associated with debugging.

313029 1918 161514 1211 9876543210
L [T
FEPSW u E N [E |L |S|C|O Value after reset
OmM/O|0O|j0O|0O |0 00|00 |00 CU2-0$OOO DebugOppDéyst 0000 0020},
Table 3.8 FEPSW Register Contents
Value after

Bit Position Bit Name Function R/W Reset

31 — (Reserved for future expansion. Be sure to clear to 0.) R/W 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 clear to 0.) R 0

18 to 16 Cu2-0 These bits store the PSW.CU2 to 0 field setting when an FE level exception R/W 0
is acknowledged. (CU2 and CU1 are reserved for future expansion. Be sure
to clear to 0.)

15 EBV This bit stores the PSW.EBYV bit setting when an FE level exception is R/W 0
acknowledged.

14 t0 12 — (Reserved for future expansion. Be sure to clear to 0.) R 0

11t09 Debug These bits store the PSW.Debug field when an El level exception is R/W 0
acknowledged.

8 — (Reserved for future expansion. Be sure to clear to 0.) R 0

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 CYy 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.
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(e) 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, CMOYV, etc.)).

CAUTIONS

1. When the LDSR instruction is used to change the contents of bits 7 to 0 in this
register, the changed contents become valid immediately after the completion of
execution of the LDSR instruction.

2. The access permission for the PSW register differs with each bit. All bits can be
read, but some bits can only be written under certain conditions. See Table 3.9,
Access Permission for PSW Register for the access permission for each bit.

Table 3.9 Access Permission for PSW Register

Bit Access Permission When Reading Access Permission When Writing

30 Um UM Sv+!
18to 16  CU2-0 S

15 EBV Sv+!
11109 Debug Special*'!
7 NP Sv+!

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.

313029 1918 161514 1211109 8 7 6 5 4 3 2 1 0
I I
PSW U E NIE L |S|C |O Value after reset
OmM/OlOO[0|0O|0OjO0O[0[0|0]CU20B|0|0|0|Debugi0|PIPIDIAIYIVIS|Z
vi T 0000 0020y

Table 3.10 PSW Register Contents (1/2)

Value after
Bit Position Bit Name Function R/W Reset
31 — (Reserved for future expansion. Be sure to clear to 0.) R 0
30 UM This bit indicates that the CPU is in user mode (UM mode) R/W 0
0: Supervisor mode
1: User mode
2910 19 — (Reserved for future expansion. Be sure to clear to 0.) R 0
18 to 16 CU2-CU0 This bit indicates the coprocessor use permissions. R/W 000
When the bit corresponding to the coprocessor is 0, a coprocessor use
prohibition exception is generated in response to execution of a coprocessor
instruction or access to coprocessor resources (system registers).
CU2 bit 18: (Reserved for future expansion. Be sure to clear to 0.)
CU1 bit 17: (Reserved for future expansion. Be sure to clear to 0.)
CUO bit 16: FPU
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Table 3.10 PSW Register Contents (2/2)

Value after
Bit Position Bit Name Function R/IW Reset

15 EBV This bit indicates the reset vector and exception vector operation. See the R/W 0
descriptions of the RBASE register in (qQ) RBASE — Reset vector base
address register and the EBASE register in (r) EBASE — Exception
handler vector address register.

14 t0 12 — (Reserved for future expansion. Be sure to clear to 0.) R 0

11to9 Debug These bits are used in debugging for development tools. In normal — 0
operation, clear these bits to 0.

8 — (Reserved for future expansion. Be sure to clear to 0.) R 0

7 NP Disables acceptance of FE level exceptions. Once an FE level exceptionis  R/W 0
accepted, this bit is set to 1 and disables acceptance of El level exceptions
or FE level exceptions. For the exceptions disabled by the NP bit, see table
4-1 Exception Cause List in RH850G3M User’s Manual: Software.
0 : An acceptance of FE level exceptions is enabled
1 : An acceptance of FE level exceptions is disabled

6 EP This bit indicates that an exception other than an interrupt is being serviced. R/W 0
It 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 Disables acceptance of El level exceptions. Once an IE level exception or R/W 1
FE level exception is accepted, this bit is set to 1 and disables acceptance of
El level exceptions. For the exceptions disabled by the ID bit, see table 4-1
Exception Cause Listin RH850G3M User’s Manual: Software. 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 EI
instruction is executed. A change in the ID bit by the IE or DI instruction is
effective from the next instruction.

0 : An acceptance of |IE level exceptions is enabled
1 : An acceptance of |IE level exceptions is disabled

4 SAT*! This bit indicates that the operation result is saturated because the resultofa R/W 0
saturated operation instruction operation has overflowed. This is a
cumulative flag, so when the operation result of the saturated operation
instruction becomes saturated, this bit is set to 1, but it is not cleared to 0
when the operation result for a subsequent instruction is not saturated. This
bit is cleared to 0 by the LDSR instruction. This bit is neither set to 1 nor
cleared to 0 when an arithmetic operation instruction is executed.
0: Not saturated
1: Saturated

3 CY 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+! 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+ 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 VA 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 operation result of the saturation processing is determined in accordance with the contents of the OV
flag and S flag during a saturated operation. When only the OV flag is set to 1 during a saturated operation,
the SAT flag is set to 1.
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FER SIS Operation result after
Operation result status SAT oV S saturation processing
Exceeded positive 1 1 0 TFFF FFFFy
maximum value
Exceeded negative 1 1 1 8000 0000y
maximum value
Positive (maximum value Value prior to 0 0 Operation result itself
not exceeded) operation is

- - retained.

Negative (maximum value 1
not exceeded)

(f) ENC — El level exception source register

The EIIC register retains the source of any EI level exception that occurs. The value retained in this
register is an exception code corresponding to a specific exception source.

31 0
EIICIllIllllIllI||E|”C|31|0||II||II||II||Valueafterreset
) 0000 0000y
Table 3.11 ElIC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to0 EIIC31-0 These bits store the exception source code when an El level exception R/wW 0
occurs.
Regarding the stored exception source code, see Table 6.14, Interrupt
Exception Handler and Priority and table 4-1 Exception Cause List in
RH850G3M User’s Manual: Software.
The EIIC31-16 field stores detailed exception source codes defined
individually for each exception. If there is no particular definition, these bits
are setto 0.
(g) FEIC — FE level exception source register
The FEIC register retains the source of any FE level exception that occurs. The value retained in this
register is an exception code corresponding to a specific exception source.
31 0
FEICIlllIllIIllI||F|E|C;31|0||II||II||II||Valueafterreset
) 0000 0000y
Table 3.12 FEIC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 FEIC31-0 These bits store the exception source code when an FE level exception R/W 0
occurs.
Regarding the stored exception source code, see Table 6.14, Interrupt
Exception Handler and Priority and table 4-1 Exception Cause List in
RH850G3M User’s Manual: Software.
The FEIC31-16 field stores detailed exception source codes defined
individually for each exception. If there is no particular definition, these bits
are setto 0.
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(h) CTPC — Status save register when executing CALLT register

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.

31 0
CTPC T T 1T 1T 1T 1T T 1T T/ C'lrpé31l 0 -t 7T 1T T 1T T T 1T T/ Value after reset
- Undefined
Table 3.13 CTPC Register Contents
Value after
Bit Position Bit Name Function R/IW Reset
31to1 CTPC31-1 These bits indicate the PC of the instruction after the CALLT instruction. R/W Undefined
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.

(i) CTPSW — Status save register when executing CALLT register

When a CALLT instruction is executed, some of the PSW (program status word) settings are saved to

CTPSW.
31 543210
CTPSW S |C |O Value after reset
OO00OO000000000000000000000¢sz2 0000 0000,
Table 3.14  CTPSW Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 5 — (Reserved for future expansion. Be sure to clear 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.QV 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 4 This bit stores the PSW.Z bit setting when the CALLT instruction is executed. R/W 0
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(i) CTBP — CALLT base pointer register

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 half word address.

31 0
CTBP -t T 1T T T T T T 1" |C'||'B|'!>31|0| T T T T T T T Value after reset
) Undefined
Table 3.15 CTBP Register Contents
Value after
Bit Position Bit Name Function R/IW Reset
31to1 CTBP31-1 These bits indicate the base pointer address of the CALLT instruction. R/W Undefined
These bits indicate the first address in the table used by the CALLT
instruction.
0 CTBPO These bits indicate the base pointer address of the CALLT instruction. R 0
These bits indicate the first address in the table used by the CALLT
instruction.
Always set this bit to 0.
(k) ASID — Address space ID register
This is the address space ID. This is used to identify the address space provided by the memory
management function.
31 10 9 0
T T T T 1T T
ASID Value after reset
oopopopoOpOOpOIOOMOOOIOMOI|OOI|0OI|0|0]0|0 ASID Undefined
Table 3.16  ASID Register Contents
Value after
Bit Position Bit Name Function R/IW Reset
311010 — (Reserved for future expansion. Be sure to clear to 0.) R 0
9to 0 ASID This is the address space ID. R/W Undefined
() EIWR — El level exception working register
The EIWR register is used as a working register when an El level exception has occurred.
31 0
EIWR Tttt T T 1T 1T 1T T T/ |E||W|£31|0| T T 1T 1T 1T T T 1T/ Value after reset
- Undefined
Table 3.17 EIWR Register Contents
Value after
Bit Position Bit Name Function R/IW Reset
31t00 EIWR31-0 These bits constitute a working register that can be used for any purpose R/wW Undefined

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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(m) FEWR — FE level exception working register

The FEWR register is used as a working register when an FE level exception has occurred.

31 0
FEWR -t rr T T T T T T 1T Féw:aml 0 T T T T T T T T Value after reset
B Undefined
Table 3.18 FEWR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 FEWR31-0 These bits constitute a working register that can be used for any purpose R/W Undefined

during the processing of an FE level exception. Use this register for
purposes such as storing the values of general-purpose registers.

(n) HTCFGO — Thread configuration register

31

1918

161514 0

HTCFGOJjo 0 |0 [0 O 0|0 0|0 |0 |00 |0

L
PEID

1

0

Value after reset

*1

Table 3.19 HTCFGO Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t0 19 — (Reserved for future expansion. Be sure to clear to 0.) R 0
180 16 PEID These bits indicate the processor element number. R *2
15 — (Reserved for future expansion. Be sure to set this bit to 1.) R 1
14t0 0 — (Reserved for future expansion. Be sure to clear to 0.) R 0
Note 1. The value is 0001 8000y in CPU1 (PE1) of this product.
Note 2. The value is 001g in CPU1 (PE1) of this product.
(0) MEA — Memory error address register
31 0
rrrrrrrrrrrrrtrrrrrrrttTrrr1t > T T 1T 17T 1T T T 17T T T/
Value after reset
MEA MEA Undefined
Table 3.20 MEA Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 MEA These bits store an address when a MAE (misaligning) or MPU violation R/wW Undefined

occurs.

RO1UH0468EJ0120 Rev.1.20

RENESAS
May 31, 2017

Page 175 of 2471



RH850/E1L Section 3 CPU System

(p) MEI — Memory error information register

This register is used to store information about the instruction that caused the exception when a
misaligned (MAE) or memory protection (MDP) exception occurs.

31 2120 16 15 11109 8 7 6 5 1
L | [
MEI R Value after reset
ojojojoj0o0j0o|0|0]|0|O REG Oj0oj0oj0o0| DS |U|0|O ITYPE wW Undefined
Table 3.21 MEI Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 21 — (Reserved for future expansion. Be sure to clear to 0.) R 0
20to 16 REG4-0 These bits indicate the number of the source or destination register R/wW Undefined
accessed by the instruction that caused the exception.
For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.
15t0 11 — (Reserved for future expansion. Be sure to clear to 0.) R 0
10,9 DS These bits indicate the type of data handled by the instruction that caused R/W Undefined
the exception.*!
0: Byte (8 bits)
1: Half word (16 bits)
2: Word (32 bits)
3: Double-word (64 bits)
For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.
8 u These bits indicate the sign extension method of the instruction that caused ~R/W Undefined
the exception.
0: Signed
1: Unsigned
For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.
7,6 — (Reserved for future expansion. Be sure to clear to 0.) R 0
5to1 ITYPE4-0 These bits indicate the instruction that caused the exception. R/W Undefined

For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.

0 RW This bit indicates whether the operation of the instruction that caused the R/W Undefined
exception was read (Load-memory) or write (Store-memory)
0: Read (Load-memory)
1: Write (Store-memory)
For details, see Table 3.22, Instructions Causing Exceptions and Values
of MEI Register.

Note 1. Even if the data is divided and access is made several times due to the specifications of the hardware, the
original data type indicated by the instruction is stored.

Table 3.22 Instructions Causing Exceptions and Values of MEI Register (1/2)

Instruction REG DS U RW ITYPE
SLD.B dst 0 (Byte) 0 (Signed) 0 (Read) 000005
SLD.BU dst 0 (Byte) 1 (Unsigned) 0 (Read) 00000g
SLD.H dst 1 (Half-word) 0 (Signed) 0 (Read) 000005
SLD.HU dst 1 (Half-word) 1 (Unsigned) 0 (Read) 00000g
SLD.W dst 2 (Word) 0 (Signed) 0 (Read) 000005
SST.B src 0 (Byte) 0 (Signed) 1 (Write) 00000g
SST.H src 1 (Half-word) 0 (Signed) 1 (Write) 000005
SST.W src 2 (Word) 0 (Signed) 1 (Write) 00000g
LD.B (disp16) dst 0 (Byte) 0 (Signed) 0 (Read) 000015
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Table 3.22 Instructions Causing Exceptions and Values of MEI Register (2/2)

Instruction REG DS U RW ITYPE

LD.BU (disp16) dst 0 (Byte) 1 (Unsigned) 0 (Read) 00001g
LD.H (disp16) dst 1 (Half-word) 0 (Signed) 0 (Read) 000015
LD.HU (disp16) dst 1 (Half-word) 1 (Unsigned) 0 (Read) 00001g
LD.W (disp16) dst 2 (Word) 0 (Signed) 0 (Read) 000015
ST.B (disp16) src 0 (Byte) 0 (Signed) 1 (Write) 00001g
ST.H (disp16) src 1 (Half-word) 0 (Signed) 1 (Write) 000015
ST.W (disp16) src 2 (Word) 0 (Signed) 1 (Write) 00001
LD.B (disp23) dst 0 (Byte) 0 (Signed) 0 (Read) 00010g
LD.BU (disp23) dst 0 (Byte) 1 (Unsigned) 0 (Read) 00010g
LD.H (disp23) dst 1 (Half-word) 0 (Signed) 0 (Read) 00010g
LD.HU (disp23) dst 1 (Half-word) 1 (Unsigned) 0 (Read) 00010g
LD.W (disp23) dst 2 (Word) 0 (Signed) 0 (Read) 00010g
ST.B (disp23) src 0 (Byte) 0 (Signed) 1 (Write) 00010g
ST.H (disp23) src 1 (Half-word) 0 (Signed) 1 (Write) 00010g
ST.W (disp23) src 2 (Word) 0 (Signed) 1 (Write) 00010g
LD.DW (disp23) dst 3 (Double-word) 0 (Signed) 0 (Read) 00010g
ST.DW (disp23) src 3 (Double-word) 0 (Signed) 1 (Write) 00010g
LDL.W dst 2 (Word) 0 (Signed) 0 (Read) 00111g
STC.W src 2 (Word) 0 (Signed) 1 (Write) 00111g
CAXI dst 2 (Word) 1 (Unsigned) 0 (Read)*' 01000g
SET1 — 0 (Byte) 1 (Unsigned) 0 (Read)’*1 01001
CLR1 — 0 (Byte) 1 (Unsigned) 0 (Read)*' 010015
NOT1 — 0 (Byte) 1 (Unsigned) 0 (Read)’k1 01001
TST1 — 0 (Byte) 1 (Unsigned) 0 (Read) 01001
PREPARE — 2 (Word) 1 (Unsigned) 1 (Write) 011005
DISPOSE — 2 (Word) 1 (Unsigned) 0 (Read) 011005
PUSHSP — 2 (Word) 1 (Unsigned) 1 (Write) 011015
POPSP — 2 (Word) 1 (Unsigned) 0 (Read) 01101g
SWITCH — 1 (Half-word) 0 (Signed) 0 (Read) 100005
CALLT — 1 (Half-word) 1 (Unsigned) 0 (Read) 100015
SYSCALL — 2 (Word) 1 (Unsigned) 0 (Read) 10010g
CACHE — — — 0/1*2 101005
Interrupt (table reference)*3 — 2 (Word) 1 (Unsigned) 0 (Read) 10101

Note 1.  This exception occurs when the instruction executes a read access.
Note 2. It depends on actual operation.

Note 3.  An exception occurs when the table reference interrupt vector is read.
Note: dst: destination register number, src: source register number
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(q) RBASE — Reset vector base address register
This register indicates the reset vector address when there is a reset. If the PSW.EBV bit is 0, this
vector address is also used as the exception vector address.
31 9876543210
RBASEIIIIIIIIIIIIIIIIIIIIII —| Value after reset
RBASE31-9 cpoljofOjo0pOI0|=z #1, %
o
Table 3.23 RBASE Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t09 RBASE31-9  These bits indicate the reset vector when there is a reset. When PSW.EBV = R *1
0, this address is also used as the exception vector.
The RBASES to 0 bits are implicitly set to 0.
8to1 — (Reserved for future expansion. Be sure to clear to 0.) R 0
0 RINT When the RINT bit is set, the offset address of the exception handler used R *2
during interrupt servicing is decremented. See (1) Direct vector method in
section 4.5.1 Resets, Exceptions, and Interrupts in RH850G3M User’s
Manual: Software for the details. This bit is valid when PSW.EBV = 0.
Note 1.  The reset vector differs depending on the startup area in this product. For details, see Section 4, Address
Space.
Note 2.  The value is Og in this product.
() EBASE — Exception handler vector address register
This register indicates the exception handler vector address. This register is valid when the PSW.EBV
bitis 1.
31 9 8 10
EBASEIIIIIIIIIIIIIIIIIIIIII | Value after reset
EBASE31-9 opOIlojoj0ol0|0|= U )
£ ndefined
Table 3.24  EBASE Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t09 EBASE31-9  The exception handler routine address is changed to the address resulting R/wW Undefined
from adding the offset address of each exception to the base address
specified for this register.
The EBASES to 0 bits are implicitly set to 0.
8to 1 — (Reserved for future expansion. Be sure to clear to 0.) R 0
0 RINT When the RINT bit is set, the offset address of the exception handler used R/W Undefined
during interrupt servicing is decremented.
See (1) Direct vector method in section 4.5.1 Resets, Exceptions, and
Interrupts in RH850G3M User’s Manual: Software for the details.
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(s) INTBP — Base address of the interrupt handler table register

This register indicates the base address of the address table when the table reference method is selected
as the interrupt handler address selection method.

31 9 8 0
Frrrrrrrrrrtr 1T 1T T 1T T T T T T T T/
INTBP Value after reset
INTBP31-9 Ol0ojoj0o00]010]O Undefined
Table 3.25 INTBP Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t09 INTBP31-9 These bits indicate the base pointer address for an interrupt prescribed inthe  R/W Undefined
expanded specifications.
The value indicated by these bits is the first address in the table used to
determine the exception handler when the interrupt prescribed by the
expanded specifications (EIINTO to EIINT511) is acknowledged.
The INTBPS8 to 0 bits are implicitly set to 0.
8to0 — (Reserved for future expansion. Be sure to clear to 0.) R 0

(t) PID — Processor ID register

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.

Value after reset

*1

PID PID

Table 3.26 PID Register Contents

Value after
Bit Position Bit Name Function R/IW Reset

31to 24 PID Architecture identifier R 05,
This identifier indicates the architecture of the processor.

23t08 Function identifier R 8007y
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 23-11 Reserved
Bit 10  Double-precision floating-point operation function
Bit 9 Single-precision floating-point operation function
Bit 8 Memory protection function (MPU)

7t00 Version identifier R 01y
This identifier indicates the version of the processor.

Note 1. The value is 0580 0701 in this product.
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(u) SCCFG — SYSCALL operation setting register

This register is used to specify 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

SCCFG Value after reset

oopoOopoOlOOOOMOOOI|OOOWOIIO|0O|0|00|]|0]0]O SIZE Undefined

Table 3.27 SCCFG Register Contents
Value after

Bit Position Bit Name Function R/W Reset
31t08 — (Reserved for future expansion. Be sure to clear to 0.) R 0
7t00 SIZE These bits specify the maximum number of entries of a table that the R/W Undefined

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 instruction, the first entry is selected. Place an error processing
routine at the first entry.

(v) SCBP — SYSCALL base pointer register

The SCBP register is used to specify a table address of the SYSCALL instruction and generate a target
address. Be sure to set an appropriate value to this register before using the SYSCALL instruction.

Be sure to set a word address to the SCBP register.

31 0
SCBP T T T 1T T T 1T 1T 1T lsé;|3||331|0| T T Value after reset
) Undefined
Table 3.28 SCBP Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to2 SCBP31-2 These bits indicate the base pointer address of the SYSCALL instruction. R/W Undefined
These bits indicate the first address in the table used by the SYSCALL
instruction.
1,0 SCBP1-0 These bits indicate the base pointer address of the SYSCALL instruction. R 0
These bits indicate the first address in the table used by the SYSCALL
instruction.
Always set this bit to 0.
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(w) MCFGO — Machine configuration register

This register indicates the CPU configuration.

31 24 23 16 15 3210

L
Value after reset
MCFGO Jo o [0 jo fo [o |0 Jo SPID olojofofofojolofojofofofoftfolo| T

Table 3.29 MCFGO Register Contents

Value after

Bit Position Bit Name Function R/W Reset
31to 24 — (Reserved for future expansion. Be sure to clear to 0.) R 0

23t0 16 SPID Bit 23 to 18: These are not supported in this product R/W *2

(Reserved for future expansion. Be sure to clear to 0.)
Bit 17, 16: These bits indicate the system protection number.

15103 — (Reserved for future expansion. Be sure to clear to 0.) R 0

2 — (Reserved for future expansion. Be sure to set this bit to 1.) R 1

1,0 — (Reserved for future expansion. Be sure to clear to 0.) R 0

Note 1. The value is 0001 0004y in CPU1 (PE1) of this product.
Note 2. The value is 01y in CPU1 (PE1) of this product.

(x) MCTL — Machine control register

This register is used to control the CPU.

3130 10
MCTL Ul Vval ft t
110 fofofofolofofojojojojojojolojojolojofolojofolofofolojofolo|r| 80060000,
C
Table 3.30 MCTL Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31 — (Reserved for future expansion. Be sure to set this bit to 1.) R 1
30to1 — (Reserved for future expansion. Be sure to clear to 0.) R 0
0 uic This bit is used to control the interrupt enable/disable operation in user R/W 0
mode. When this bit is set to 1, executing the EI/DI instruction become
possible in user mode.
R0O1UHO0468EJ0120 Rev.1.20 -IENESAS Page 181 of 2471

May 31, 2017



RH850/E1L Section 3 CPU System

(3) Interrupt Function Registers
(a) Interrupt function system registers

The interrupt function system registers are read from or written to by using the LDSR or STSR
instructions and specifying the system register number, which is made up of a register number and
selection ID.

Table 3.31 Interrupt Function System Registers

Register No. Access
(reg.ID, sel.ID) Symbol Function Permission
SR7, 1 FPIPR FPI exception interrupt priority setting SV

SR10, 2 ISPR Priority of interrupt being serviced SV

SR11, 2 PMR Interrupt priority masking SV

SR12,2 ICSR Interrupt control status SV

SR13, 2 INTCFG Interrupt function setting SV

(1) FPIPR — FPI exception interrupt priority setting register

This register is used to set the interrupt priority of the FPI exception.

31 5 4 0

L
FPIPR Value aft t
ollojolojofojofolojolofolojofojofolofolofolojofolofo]| FrPR %0006 0000,

Table 3.32 FPIPR Register Contents

Value after
Bit Position Bit Name Function R/IW Reset

31to5 — (Reserved for future expansion. Be sure to clear to 0.) R 0

4t00 FPIPR These bits specify the priority of the floating-point operation exception R/W 0
interrupt (FPI, indicating imprecision). Values from 0 to 15 should be used;
the settings 16 and higher are prohibited.
FPI exceptions are handled according to this interrupt priority, which is
specified in advance. When generated at the same time as another interrupt
with the same priority level, the FPI takes priority.

CAUTION

If these bits are set to 16 or a higher value, interrupt masking by the PMR
register cannot be applied.
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31

2

ISPR — Priority of interrupt being serviced register

This register holds the priority of the EIINTn interrupt being serviced. This priority value is then used
to perform priority ceiling processing when multiple interrupts are generated.

16 15 0

ISPR

lllllllllllllllValueafterreset

0000 0000y

Table 3.33  ISPR Register Contents

Bit Position

Bit Name

Value after
Function R/W Reset

31to 16

(Reserved for future expansion. Be sure to clear to 0.) R 0

15t0 0

ISP15-0

These bits indicate the acknowledgment status of an EIINTn interrupt with a R* 0
priority"1 that corresponds to the relevant bit position.
0: An interrupt request for an interrupt whose priority corresponds to the
relevant bit position has not been acknowledged.
1: An interrupt request for an interrupt whose priority corresponds to the
relevant position is being serviced by the CPU core.

The bit positions correspond to the following priority levels:

Bit Priority

0 Priority O (highest)

1 Priority 1

14 Priority 14

15 Priority 15

When an interrupt request (EIINTn) is acknowledged, the bit corresponding
to the acknowledged interrupt request is automatically set to 1. If PSW.EP is
0 when the EIRET instruction is executed, the bit with the highest priority
amzong the ISP15-0 bits that are set (0 is the highest priority) is cleared to
0.*

While a bit in this register is set to 1, lower priority interrupts (EIINTn) and
FPI exception*3 are masked. Priority level judgment is therefore not
performed when the system is determining whether to acknowledge an
exception, meaning that exceptions will not be acknowledged. See section
4.1.5 Interrupt Exception Priority and Priority Masking in RH850G3M User’s
Manual: Software for the details.

When performing software-based priority control using the PMR register, be
sure to clear this register by using the INTCFG.ISPC bit.

Note 1.

Note 2.

Note 3.

Note 4.

See section 4.1.5 Interrupt Exception Priority and Priority Masking in RH850G3M User’s Manual: Software
for the details.

Interrupt acknowledgment and auto-updating of values when the EIRET instruction is executed are disabled
by setting the INTCFG.ISPC bit to 1. We recommend auto-updating, so in normal cases, clear the
INTCFG.ISPC bit to 0.

Since FPI exceptions have the same level of priority as this interrupt (EIINTn), they are affected by interrupts
in the same way as the ISPR. The priority of the FPI exception is set by the FPIPR register.

This is R or R/W, depending on the setting of the INTCFG.ISPC bit. It is recommended to use this register
as a read-only (R) register.
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(3) PMR — Interrupt priority masking register
This register is used to mask the specified interrupt priority.
31 16 15 0
PR lobloloblblbllblblbllll " " Awise | || Velueaflrreset
: 0000 0000y
Table 3.34 PMR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 16 — (Reserved for future expansion. Be sure to clear to 0.) R 0
15t00 PM15-0 These bits mask an interrupt request with a priority level that corresponds to  R/W 0
the relevant bit position.
0: Servicing of an interrupt request with a priority that corresponds to the
relevant bit position is enabled.
1: Servicing of an interrupt request with a priority that corresponds to the
relevant bit position is disabled.
The bit positions correspond to the following priority levels:
Bit Priority
0 Priority O (highest)
1 Priority 1
14 Priority 14
15 Priority 15 (lowest)
While a bit in this register is set to 1, interrupts (EIINTn) with the priority
corresponding to that bit and FPI exception*1 are masked. Priority level
judgment is therefore not performed when the system is determining whether
to acknowledge an exception, meaning that exceptions will not be
acknowledged*2.
Note 1.  Since a FPI exception is specified as the same level of priority as that of an interrupt (EIINTn), it is affected
by the PMR like interrupts. The priority of FPI exception is set by the FPIPR register.
Note 2.  Specify the masks by setting the bits to 1 in order from the lowest-priority bit. For example, FF00 can be
set, but FOFOy or 00FFy cannot.
(4) ICSR — Interrupt control status register
This register indicates the interrupt control status in the CPU.
31 210
ICSR A1 5| Value after reset
0 0|0 |0 000000000000000000000000EE 0000 0000},
Table 3.35 ICSR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t02 — (Reserved for future expansion. Be sure to clear to 0.) R 0
1 PMFP This bit indicates that an FPI exception with the priority level masked by the R 0
PMR register exists.
0 PMEI This bit indicates that an interrupt (EIINTn) with the priority level masked by R 0
the PMR register exists
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(5) INTCFG — Interrupt function setting register

This register is used to specify settings related to the CPU’s internal interrupt function.

31 10

INTCFG Value after reset

0000 0000y

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

ISPC

Table 3.36 INTCFG Register Contents

Value after
Bit Position Bit Name Function R/IW Reset

31to1 — (Reserved for future expansion. Be sure to clear to 0.) R 0

0 ISPC This bit changes how the ISPR register is written. R/W 0
0: The ISPR register is automatically updated. Updates triggered by the
program (via execution of LDSR instruction) are ignored.
1: The ISPR register is not automatically updated. Updates triggered by the
program (via execution of LDSR instruction) are performed.
If this bit is cleared to 0, the bits of the ISPR register are automatically set to
1 when an interrupt (EIINTn) is acknowledged, and cleared to 0 when the
EIRET instruction is executed. In this case, the bits are not updated by an
LDSR instruction executed by the program.
If this bit is set to 1, the bits of the ISPR register are not updated by the
acknowledgement of an interrupt (EIINTn) or by execution of the EIRET
instruction. In this case, the bits can be updated by an LDSR instruction
executed by the program.
In normal cases, the ISPC bit should be cleared. When performing software-
based priority control, however, set this bit to 1 and perform priority control
by using the PMR register.
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(4) FPU Function Registers

(a) Floating-point operation registers

The FPU uses the CPU general-purpose registers (r0 to r31). There are no register files used only for
floating-point operations.

e Single-precision floating-point instruction
Thirty-two 32-bit registers can be specified. These general-purpose registers correspond to 10 to
r31.

e Double-precision floating-point instruction
Sixteen 64-bit registers can be specified. Paired general-purpose registers are used as register pairs
({r1, 10}, {r3, r2} ... {r31, 1r30}). Each register pair is specified in the instruction format with an
even numbered register. Because r0 is a zero register (always holds “0”), in principle {r1, r0}
should not be used by a double-precision floating-point instruction.

(b) Floating-point system registers

The FPU can use the following system registers to control floating-point operation. Reading from/
writing to a floating-point system register is performed by specifying the system register number,
which consists of the register number and selection identifier, with the LDSR or STSR instructions. For
details of the registers, see section 3.4.2 Floating-Point Function System Registers in
RH850G3M User’s Manual: Software.

Table 3.37 FPU Function System Registers

Register No. Access

(reg.ID, sel.ID) Symbol Function Permission
SR6, 0 FPSR Floating-point operation setting/status CUO and SV
SR7,0 FPEPC Floating-point operation exception program counter CUO and SV
SR8, 0 FPST Floating-point status Cuo

SR9, 0 FPCC Floating-point operation comparison result Cuo

SR10, 0 FPCFG Floating-point function setting Cuo

SR11,0 FPEC Floating-point operation exception control CUO and SV
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(5) MPU function registers

(a) MPU function system registers

The MPU function system registers are read from or written to by using the LDSR or STSR

instructions and specifying the system register number, which is made up of a register number and

selection ID.

Table 3.38 MPU Function System Registers (1/2)

Register No. Access
(reg.ID, sel.ID) Symbol Function Permission
SRO, 5 MPM Memory protection operation mode setting SV
SR1,5 MPRC MPU region control SV
SR4, 5 MPBRGN  MPU base region number SV
SR5, 5 MPTRGN  MPU end region number SV
SR8, 5 MCA Memory protection setting check address SV
SR9, 5 MCS Memory protection setting check size SV
SR10, 5 MCC Memory protection setting check command SV
SR11, 5 MCR Memory protection setting check result SV
SRO, 6 MPLAO Protection area minimum address sV
SR1, 6 MPUAO Protection area maximum address SV
SR2, 6 MPATO Protection area attribute SV
SR4, 6 MPLA1 Protection area minimum address SV
SR5, 6 MPUA1 Protection area maximum address sV
SR6, 6 MPAT1 Protection area attribute SV
SR8, 6 MPLA2 Lower address of the protection area SV
SR9, 6 MPUA2 Protection area maximum address SV
SR10, 6 MPAT2 Protection area attribute SV
SR12, 6 MPLA3 Protection area minimum address SV
SR13,6 MPUA3 Protection area maximum address SV
SR14, 6 MPAT3 Protection area attribute SV
SR16, 6 MPLA4 Protection area minimum address SV
SR17, 6 MPUA4 Protection area maximum address SV
SR18, 6 MPAT4 Protection area attribute SV
SR20, 6 MPLA5 Protection area minimum address SV
SR21, 6 MPUAS5 Protection area maximum address SV
SR22, 6 MPAT5 Protection area attribute SV
SR24, 6 MPLAG6 Protection area minimum address SV
SR25, 6 MPUAG Protection area maximum address SV
SR26, 6 MPAT6 Protection area attribute SV
SR28, 6 MPLA7 Protection area minimum address SV
SR29, 6 MPUA7 Protection area maximum address SV
SR30, 6 MPAT7 Protection area attribute SV
SRO, 7 MPLAS8 Protection area minimum address SV
SR1,7 MPUAS Protection area maximum address SV
SR2,7 MPAT8 Protection area attribute SV
SR4,7 MPLA9 Protection area minimum address SV
SR5, 7 MPUA9 Protection area maximum address SV

RO1UHO0468EJ0120 Rev.1.20
May 31, 2017

RENESAS

Page 187 of 2471



RH850/E1L

Section 3 CPU System

Table 3.38 MPU Function System Registers (2/2)

Register No. Access

(reg.ID, sel.ID) Symbol Function Permission

SRe, 7 MPAT9 Protection area attribute SV

SR8, 7 MPLA10 Protection area minimum address SV

SR9, 7 MPUA10 Protection area maximum address SV

SR10,7 MPAT10 Protection area attribute sV

SR12,7 MPLA11 Protection area minimum address SV

SR13,7 MPUA11 Protection area maximum address SV

SR14,7 MPAT11 Protection area attribute SV

SR16, 7 MPLA12 (Not implemented. A value of 0 is returned when read and writingis SV
ignored.)

SR17,7 MPUA12 (Not implemented. A value of 0 is returned when read and writingis SV
ignored.)

SR18, 7 MPAT12 (Not implemented. A value of 0 is returned when read and writingis SV
ignored.)

SR20, 7 MPLA13 (Not implemented. A value of 0 is returned when read and writing is SV
ignored.)

SR21,7 MPUA13 (Not implemented. A value of 0 is returned when read and writing is SV
ignored.)

SR22,7 MPAT13 (Not implemented. A value of 0 is returned when read and writingis SV
ignored.)

SR24,7 MPLA14 (Not implemented. A value of 0 is returned when read and writing is SV
ignored.)

SR25, 7 MPUA14 (Not implemented. A value of 0 is returned when read and writing is SV
ignored.)

SR26, 7 MPAT14 (Not implemented. A value of 0 is returned when read and writing is SV
ignored.)

SR28, 7 MPLA15 (Not implemented. A value of 0 is returned when read and writingis SV
ignored.)

SR29, 7 MPUA15 (Not implemented. A value of 0 is returned when read and writing is SV
ignored.)

SR30, 7 MPAT15 (Not implemented. A value of 0 is returned when read and writingis SV
ignored.)

Note 1.  The number of the MPLAn, MPUAN, and MPATn registers incorporated is dependent on the product. The

number of the protection area in this product is 12 (n = 0 to 11).
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(1) MPM — Memory protection operation mode register

The memory protection mode register is used to define the basic operating state of the memory

protection function.

31 1109 8 7 210
MPM D D |D S |[M| Value after reset
0O ||o]0 oopOlojojojo0o0O|0O|0O|0O0|0|X|WIR[OO|O]0O]0]0|VIP
P lE 0000 0000y
Table 3.39 MPM Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 11 — (Reserved for future expansion. Be sure to clear to 0.) R 0
10 DX This bit is not supported in this product. R 0
(DX is reserved for future expansion. Be sure to clear to 0.)
9 DW This bit is not supported in this product. R 0
(DW is reserved for future expansion. Be sure to clear to 0.)
8 DR This bit is not supported in this product. R 0
(DR is reserved for future expansion. Be sure to clear to 0.)
7t02 — (Reserved for future expansion. Be sure to clear to 0.) R 0
1 SVP In SV mode. (when PSW.UM = 0), this bit is used to specify whether to R/wW 0
restrict access according to the SX, SW, and SR bits of the MPAT register
for each protection area.*’
0: As usual, implicitly enable all access in SV mode.
1: Restrict access according to the SX, SW, and SR bits even in SV
mode.*?
0 MPE This bit is used to specify whether to enable or disable MPU function. R/wW 0
0: Disable
1: Enable

Note 1. If the SVP bit is set to 1, access will be restricted in accord with the setting for each protection area, even
in SV mode. Therefore, specify the protection area before setting the SVP bit to prevent restriction of
access by the program itself.

Note 2. If access is restricted in SV mode, execution of MDP exceptions or the MIP exception handling itself might
not be possible depending on the settings. Be careful to specify settings so that access to the memory area
necessary for the exception handler and exception handling is permitted.

R0O1UHO0468EJ0120 Rev.1.20 -IENESAS Page 189 of 2471

May 31, 2017



RH850/E1L Section 3 CPU System

(2) MPRC — MPU region control register

Bits used to perform special memory protection function operations are located in this register.

31 161514131211109 8 7 6 5 4 3 2 1 0
MPRC EIEIEIEIEIEIEIEIEIE |E [E [E E |E |E Value after reset
0joij0o0|0|0O|0[0]0|0|0]|0|0]0|0 |15/14(13|12[11|10|9 [8 |7 |6 |5 |4 [3 |2 |1 |0
0000 0000y
Table 3.40 MPRC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to0 16 — (Reserved for future expansion. Be sure to clear to 0.) R 0
15t012 E15-E12 These are not supported in this product. R 0
(Reserved for future expansion. Be sure to clear to 0.)
11to0 E11-EOQ These are the enable bits for each protection area. Bit En is a copy of bit R/wW 0

MPATN.E (where n = 11 to 0). The number of the protection areas in this
product is 12.

(3) MPBRGN — MPU base region register

This register indicates the minimum usable MPU area number.

31 5 4 0
NN Value after reset
MPBRGN|IO 0O jO0OO0OO0OO0OO0O|O0O|0O[0|0[0]|0 0|0 0|0 0]O0|0]O MPBRGN 0000 0000},
Table 3.41 MPBRGN Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 5 — (Reserved for future expansion. Be sure to clear to 0.) R 0
4t00 MPBRGN These bits indicate the smallest number of an MPU area. R 0
These bits are always read as 0.
(4) MPTRGN — MPU end region register
This register indicates the maximum usable MPU area number + 1.
31 5 4 0
L
MPTRGN Val
SNlalololofofojolofolofofolofolofofolofolofofolofolofolo]| mpTReN aols(e);g%ro?:et
Table 3.42 MPTRGN Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to5 — (Reserved for future expansion. Be sure to clear to 0.) R 0
4t00 MPTRGN These bits indicate the largest number of an MPU area plus one. R 12
These bits always indicate the maximum number of MPU areas that the
hardware can support.
The number of the protection areas in this product is 12.
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(5) MCA — Memory protection setting check address register

This register is used to specify the base address of the area for which a memory protection setting
check is to be performed.

31 0
MCA T rr T T 1T T T T T ’\/:CAI31I0 1Tt T T T T T T T Value after reset
B Undefined
Table 3.43 MCA Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 0 MCA31-0 These bits are used to specify the start address of the memory area subject R/W Undefined

to a memory protection setting check in bytes.

(6) MCS — Memory protection setting check size register

This register is used to specify the size of the area for which a memory protection setting check is to be

performed.
31 0
MCSlllllllIlll|||“/:CS|31|0||||||||||||||Valueafterreset
B Undefined
Table 3.44 MCS Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 MCS31-0 These bits specify the size of the target area to specify the size of memory R/wW Undefined
area subject to a memory protection setting check in bytes. These bits
specify the size in bytes of a memory area that is subject to a memory
protection setting. Checking in areas below the address value in the MCS
register is not possible because the specified size is handled as an unsigned
integer.
Do not set 0000 00004 in the MCS register.
(7) MCC — Memory protection setting check command register
This command register is used to start a memory protection setting check.
31 0
MCClllIlllIlllIll,\/:CCI31|0||I|||I|||I|||Valueafterreset
) 0000 0000y
Table 3.45 MCC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 MCC31- When any value is written to the MCC register, a memory protection setting  R/W 0
MCCO check starts. Setting the MCA and MCS registers and then writing to this
register leads to storage of the result of checking in the MCR register.
Since writing any value to this register starts the check, doing so does not
require any extra registers when r0 is used as a source register.
The result of checking is reflected in MCR according to any area setting
regardless of the setting of the PSW.UM bit.
The value read from the MCC register is always 0000 0000,.
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®)

MCR — Memory protection setting check result register

This register is used to store the results of a memory protection setting check.

Be sure to clear bit 31 t0o 9, 7, and 6.

CAUTIONS

1. If the area for which checking is specified crosses 0000 0000, the area is judged
to have been specified incorrectly, and the MCR.OV bit is set to 1. For this reason,
in access to the results of checking, check the MCR.OV bit and confirm that the
result is valid (OV = 0) before using any results of checking.

2. With the default settings (for MPM.DX, MPM.DW, MPM.DR) of 1, the correct result
may not be obtained. If the specified default is to be enabled, do not use the
memory protection setting check function.

31 9876543210
MCR o] S|S|S|U|U|U]| Value after reset
000000000OOOOOOOOOOOOOOVOO)E(VEIE)E(VEVE Undefined
Table 3.46 MCR Register Contents
Value after

Bit Position Bit Name Function R/W Reset

31t09 — (Reserved for future expansion. Be sure to clear to 0.) R 0

8 ov If the specified area includes 0000 0000y or 7FFF FFFFy, 1 is stored in this R/W Undefined
bit. In other cases, 0 is stored in this bit.

7,6 — (Reserved for future expansion. Be sure to clear to 0.) R 0

5 SXE If the specified area is contained within one protection area and executionis R/W Undefined
permitted for that area in supervisor mode, 1 is stored in this bit. In other
cases, 0 is stored in this bit.

4 SWE If the specified area is contained within one protection area and writing to R/W Undefined
that area is permitted in supervisor mode, 1 is stored in this bit. In other
cases, 0 is stored in this bit.

3 SRE If the specified area is contained within one protection area and reading from R/W Undefined
that area is permitted in supervisor mode, 1 is stored in this bit. In other
cases, 0 is stored in this bit.

2 UXE If the specified area is contained within one protection area and executionis R/W Undefined
permitted for that area in user mode, 1 is stored in this bit. In other cases, 0
is stored in this bit.

1 UWE If the specified area is contained within one protection area and writing to R/W Undefined
that area is permitted in user mode, 1 is stored in this bit. In other cases, 0 is
stored in this bit.

0 URE If the specified area is contained within one protection area and reading from R/W Undefined
that area is permitted in user mode, 1 is stored in this bit. In other cases, 0 is
stored in this bit.
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(9) MPLAn — Protection area minimum address register
These registers indicate the minimum address of area n (where n = 0 to 11). The number of the
protection areas in this product is 12.
31 210
MPLAN L T T T ||\/|p:_AI -t T 1T T T T T T 1" oo Value after reset
n Undefined
Table 3.47  MPLAnN Register Contents
Value after
Bit Position Bit Name Function R/IW Reset
31t02 MPLA31-2 These bits indicate the minimum address of area n. R/W Undefined
The MPLA1-0 bits are implicitly set to 0.
1,0 — Reserved for future expansion. Be sure to clear these bits to 0. R 0
(10) MPUAn — Protection area maximum address register
These registers indicate the maximum address of area n (where n =0 to 11). The number of the
protection areas in this product is 12.
31 210
rrrrrrrrrrtrtrr -ttt Tt T T T 1T 1T T T T/
MPUAR Value after reset
MPUAN 010 Undefined
Table 3.48 MPUAnN Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to2 MPUA31-2 These bits indicate the maximum address of area n. R/W Undefined
The MPUA1-0 bits are implicitly set to 1.
1,0 — Reserved for future expansion. Be sure to clear these bits to 0. R 0
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(11) MPATn — Protection area attribute register

These registers indicate the attributes of area n (where n =0 to 11). The number of the protection areas
in this product is 12.

31 26 25 16 15 876 543210
T T T T 1T 171

MPATnN S|S[S|U|U|U Value after reset

o000 0|0 ASID Ol0ojojoj0oj0oj0]0|EIGIX WIRIXIWIR Undefined

Table 3.49 MPATnN Register Contents
Value after

Bit Position Bit Name Function R/W Reset
31to 26 — (Reserved for future expansion. Be sure to clear to 0.) R 0
2510 16 ASID These bits indicate the ASID value to be used as the area match condition. R/W Undefined
15t0 8 — (Reserved for future expansion. Be sure to clear to 0.) R 0
7 E This bit indicates whether area n is enabled or disabled. R/W 0

0 : Area n is disabled.
1: Area n is enabled.

6 G 0: ASID match is the condition. R/W Undefined
1: ASID match is not the condition.
When this bit is 0, the condition of the area match is MPATn.ASID =
ASID.ASID. When this bit is 1, the area match of the values of MPATn.ASID
and ASID.ASID is not the condition.

5 SX This bit indicates the execution privilege in supervisor mode.*! R/W  Undefined
0 : Execution is disabled.
1 : Execution is enabled.

4 SW This bit indicates the write permission in supervisor mode.*! R/W Undefined
0 : Writing is disabled.
1 : Writing is enabled.

3 SR This bit indicates the read permission in supervisor mode*" R/W Undefined
0 : Reading is disabled.
1 : Reading is enabled.

2 UX This bit indicates the execution privilege in user mode. R/W  Undefined
0 : Execution is disabled.
1 : Execution is enabled.

1 uw This bit indicates the write permission in user mode. R/W  Undefined
0 : Writing is disabled.
1 : Writing is enabled.

0 UR This bit indicates the read permission in user mode. R/W  Undefined
0 : Reading is disabled.
1 : Reading is enabled.

Note 1.  If access is restricted in SV mode, execution of MDP exceptions or the MIP exception handling itself might
not be possible depending on the settings. Be careful to specify settings so that access to the memory area
necessary for the exception handler and exception handling is permitted.
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(6) Cache Operation Function registers
(a) Cache control function system registers

The cache control function system registers are read from or written to by using the LDSR or STSR
instructions and specifying the system register number, which is made up of a register number and
selection ID.

Table 3.50 Cache Control System Registers

Register No. Access

(reg.ID, sel.ID) Symbol Function Permission

SR16, 4 ICTAGL Instruction cache tag Lo access SV

SR17,4 ICTAGH Instruction cache tag Hi access SV

SR18, 4 ICDATL Instruction cache data Lo access SV

SR19, 4 ICDATH Instruction cache data Hi access SV

SR24, 4 ICCTRL Instruction cache control SV

SR26, 4 ICCFG Instruction cache configuration SV

SR28, 4 ICERR Instruction cache error SV
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(1) ICTAGL — Instruction cache tag Lo access register
This register is used for CIST and CILD instructions for the instruction cache. This register holds
values to be stored in the tag RAM of the instruction cache by the execution of CIST instructions and
values read from the tag RAM of the instruction cache by the execution of CILD instructions.
31 10 9 6 543210
L T rr T T T T 1T T 1T T l
ICTAGL Value after reset
LPN 00|00 |LRU |0 0 |V Undefined
Table 3.51 ICTAGL Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t0 10 LPN These bits hold the values of bits 24 to 11, i.e. the physical page numbers. R/wW Undefined
When writing, always write 0 to bits 31 to 25 and to bit 10.
9to 6 — Reserved for future expansion. When writing, always write O to these bits. R 0
54 LRU These bits indicate the LRU information of the specified cache line. The R/W Undefined
CIST instruction cannot be used to change the LRU information to desired
values.
3 — (Reserved for future expansion. Be sure to clear to 0.) R 0
2 L This bit holds the lock information. R/W Undefined
1 — (Reserved for future expansion. Be sure to clear to 0.) R 0
0 \% This bit retains whether the specified cache line is enabled or disabled. R/W Undefined

2

ICTAGH — Instruction cache tag Hi access register

This register is used for a CIST or CILD instruction for the instruction cache. This register stores the

value to be stored in the instruction cache tag RAM on CIST execution and the value read from the

instruction cache tag RAM on CILD execution.

313029 28 27 24 23 16 15 8 76 5 2 0
Frrr 1T 1T 1 1T 1T T 1T 1T T/
ICTAGH |wW WP Un Value after reset
D TIT|O 0 DATAECC TAGECC 0 (defi0 [0 |0 0 |V Undefined
Table 3.52 ICTAGH Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31 WD When this bit is set to 1, executing a CIST instruction updates the cache data R/W Undefined
RAM.
30 PD When this bit is set to 1, executing a CIST instruction writes the value in the R/W Undefined
DATAECC field of this register to the ECC field of the data RAM.
29 WT This bit updates the cache tag RAM when this bit is set to 1 before CIST R/W Undefined
execution.
28 PT This bit writes the value in TAGECC field to ECC for tag RAM when this bitis R/W Undefined
set to 1 before CIST execution.
271024 — (Reserved for future expansion. Be sure to clear to 0.) R 0
23t0 16 DATAECC These bits retain ECC of the data RAM. R/W Undefined
15t08 TAGECC These bits retain ECC of the tag RAM. Be sure to clear bit 15 to 0. R/W Undefined
7 — (Reserved for future expansion. Be sure to clear to 0.) R 0
6 — (Reserved for future expansion. Be sure to clear to 0.) R Undefined
5to2 — (Reserved for future expansion. Be sure to clear to 0.) R 0
1,0 — (Reserved for future expansion. Be sure to clear to 0.) R Undefined
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(3) ICDATL — Instruction cache data Lo access register

This register is used for a CIST or CILD instruction for the instruction cache. This register stores the
value to be stored in the instruction cache data RAM on CIST execution and the value read from the

instruction cache data RAM on CILD execution.

ICDATL rrrrrr 1t 117111 17 17 1 17 17 17T 17T 1T 17T 17T 1T T T T T T T T Value after reset
DATAL )
Undefined

Table 3.53 ICDATL Register Contents

Value after
Bit Position Bit Name Function R/IW Reset
31t00 DATAL These bits retain the values of bits 31 to 0 or of bit 95 to 64 from the R/W Undefined

instruction data of the block within the specified cache line. The offset of the
index specifies the target range of bit numbers.

Index offset = 0000: bits 31 to 0

Index offset = 1000: bits 95 to 64

(4) ICDATH — Instruction cache data Hi access register

This register is used for a CIST or CILD instruction for the instruction cache. This register stores the
value to be stored in the instruction cache data RAM on CIST execution and the value read from the

instruction cache data RAM on CILD execution.

31 0
ICDA-I-HIIIIIIIIIIIIIIIIDA_:_A'-IlllIIIIIIIIIIIIValueafte”eset
Undefined
Table 3.54  ICDATH Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 DATAH These bits retain the values of bit 63 to 32 or those of bit 127 to 96 from the = R/W Undefined
instruction data of the block within the specified cache line. The index offset
specifies the bit number to be retained.
Index offset = 0000: bit 63 to 32
Index offset = 1000: bit 127 to 96
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(5) ICCTRL — Instruction cache control register

This register controls the instruction cache.

31 1817 16 15 9 8 7 3210
ICCTRL &% > |2 Value after reset
OOOOOOOOOOOOOO510000000300000LLIEE .
w z Z|5|35 0001 00034
=y O 000
Table 3.55 ICCTRL Register Contents
Value after
Bit Position Bit Name Function R/IW Reset
311018 — (Reserved for future expansion. Be sure to clear to 0.) R 0
17 D1EIV This bit selects the operation in response to 1-bit errors in the data RAM. R/W 0
0: The error is corrected and then processing continues, but the address of
the entry that had an error is retained.
1: The error is not corrected, the entry is cleared, and fetching is repeated.
This bit is read as the previous value until the setting is actually reflected in
the instruction cache.
16 — (Reserved for future expansion. Be sure to set to 1.) R 1
15109 — (Reserved for future expansion. Be sure to clear to 0.) R 0
8 ICHCLR Setting this bit to 1 selects clearing of the whole instruction cache in a single R/W 0
operation. After this bit has been set to 1, it will be read as 1 until clearing is
completed. The bit is cleared to 0 once clearing of the cache is completed.
7t03 — (Reserved for future expansion. Be sure to clear to 0.) R 0
2 ICHEIV Setting this bit to 1 allows the instruction cache to be automatically disabled R/W 0
(ICHEN bit to be cleared to 0) when a cache error occurs.
1 ICHEMK Setting this bit to 1 selects masking of cache error exception notifications for R/W 1
the CPU when cache errors are encountered.
0 ICHEN This bit disables or enables the instruction cache. R/W 1
0: Instruction cache is disabled.
1: Instruction cache is enabled.
This bit is read as the previous value until the setting is actually reflected in
the instruction cache.
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(6)

ICCFG — Instruction cache configuration register

This register shows the configuration of the instruction cache.

31 17 16 15 14 8 7 4 3 0
L L L
ICCFG Value after reset
010 |0|0 oOpOOIlojoj00||1]0 ICHSIZE ICHLINE | ICHWAY 0001 0844,
Table 3.56 ICCFG Register Contents
Value after
Bit Position Bit Name Function R/W Reset
311017 — (Reserved for future expansion. Be sure to clear to 0.) R 0
16 — (Reserved for future expansion. Be sure to set to 1.) R 1
15 — (Reserved for future expansion. Be sure to clear to 0.) R 0
14t0 8 ICHSIZE These bits indicate the capacity (in Kbytes) of the instruction cache. R 084
The setting is 8 Kbytes in this product.
000 1000: 8 Kbytes
7to4 ICHLINE These bits indicate the number of lines per 1 way in the instruction cache. R 4y
The setting is 128 lines in this product.
0100: 128 lines
3to0 ICHWAY These bits indicate the number of ways of the instruction cache. R 44
The setting is 4 ways in this product.
0100: 4 ways
(7) ICERR — Instruction cache error register
This register stores cache error data of the instruction cache.
Once the ICHERR bit is set to 1, subsequent cache error data is not stored in this register until the
ICHERR bit is cleared to 0.
313029 28 27 26 2524 232221201918 17 16 15 14 13 12 543210
Wi | T T 1T T [vd
=z |85 N ofw Slg|lu|d|8|H gla|+ & Value after reset
El0|S|a|E| | alalo]o £lE|lg|=2|S|0|ICHE ICHEIX FlUlwol|g )
Table 3.57 ICERR Register Contents (1/2)
Value after
Bit Position Bit Name Function R/W Reset
31 CISTW This bit is set to indicate that the destination way specified for a CISTI R/W 0
instruction was in error. Although the entry information is overwritten so that
writing is completed, the V bit will be cleared the next time the cache line is
read (i.e. reading will be judged to have missed the cache). However, setting
of this bit is not accompanied by an exception for the CPU.
30 — (Reserved for future expansion. Be sure to clear to 0.) R 0
29 ESMH Error status: multi-hit R/W Undefined
28 ESPBSE Error status: way error R/W Undefined
27 ESTE1 Error status: 1-bit error in the tag RAM R/W Undefined
26 ESTE2 Error status: 2-bit error in the tag RAM R/W Undefined
25 ESDC Error status: 1-bit correction in the data RAM R/W Undefined
24 ESDE Error status: 2-bit error in the data RAM R/W Undefined
23,22 — (Reserved for future expansion. Be sure to clear to 0.) R 0
21 ERMMH Error exception notification mask: multi-hit R/W 0
20 ERMPBSE Error exception notification mask: way error R/W 0
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Table 3.57 ICERR Register Contents (2/2)
Value after
Bit Position Bit Name Function R/W Reset
19 ERMTE1 Error exception notification mask: 1-bit error in the tag RAM R/W 0
18 ERMTE2 Error exception notification mask: 2-bit error in the tag RAM R/W 0
17 ERMDC Error exception notification mask: 1-bit correction in the data RAM R/W 0
16 ERMDE Error exception notification mask: 2-bit error in the data RAM R/W 0
15 — (Reserved for future expansion. Be sure to clear to 0.) R 0
14,13 ICHEWY These bits retain a way number where a cache error occurs. R/W Undefined
12to 5 ICHEIX These bits retain a cache index where a cache error occurs. R/W Undefined
4 ICHERQ Setting of this bit to 1 indicates that the CPU is being notified of a cache error R/W 0
exception. If cache error exceptions are masked, however, the CPU is not
notified of an exception even when this bit is set to 1.
3 ICHED This bit indicates that an error occurs in the data RAM. R/W 0
2 ICHET This bit indicates that an error occurs in the tag RAM. R/W 0
1 — (Reserved for future expansion. Be sure to clear to 0.) R 0
0 ICHERR This bit is set to 1 when a cache error occurs. R/W 0
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(7) Data Buffer Operation Function Registers
(a) Data buffer control function system registers

The data buffer control function system registers are read from or written to by using the LDSR or
STSR instructions and specifying the system register number, which is made up of a register number
and selection ID.

Table 3.58 Data Buffer Operation Function Registers

Register No. Access
(reg.ID, sel.ID) Symbol Function Permission
SR24,13 CDBCR Data buffer control register SV

(1) CDBCR — Data Buffer Control Register

This register controls the data buffer.

31 210
zlz] Val ft t
COBCR b lofofojofofolofolofofofofolofofofolofofolofofolololfolofolfo|g|E| Vaueaterrese
g 3 0000 0001
Table 3.59 CDBCR Register Contents
Value after
Bit Position Bit Name Function R/IW Reset
31to2 — (Reserved for future expansion. Be sure to clear to 0.) R 0
1 CDBCLR When this bit is set to 1, the data buffer is cleared at a time. This bit is always W 0
read as 0.
0 CDBEN This bit disables or enables the data buffer. R/W 1
0: Data buffer is disabled.
1: Data buffer is enabled.
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3.2.2 Instruction Cache and Data Buffer

3.2.21 Features
An 8-Kbyte and 4-way set-associative instruction cache is mounted between the CPU1 and the code
flash. The instruction cache and the code flash are connected to each other via a 128-bit dedicated bus
to minimize penalties caused by a cache miss-hit. Also a data buffer is mounted between the CPU1 and
the code flash to achieve high-speed data access. The 32-MB area from 0000 0000 to 01FF FFFFy in
the address space is intended for the instruction cache and data buffer.

PE
/\ CPU1

o [ Instruction cache [4
g

Code flash |« £
E
L |q Data buffer

Figure 3.2 Instruction Cache and Data Buffer
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3.2.2.2 Instruction Cache Function
The 8-Kbyte and 4-way set-associative cache includes four ways consisting of 128-entry blocks of four
words per line, amounting to 8-Kbyte capacity in total. The ways are divided into two groups, way
group 0 consisting of way 0 and way 1 and way group 1 consisting of way 2 and way 3. The way group
can be selected and used by decoding of the address information of the access destination. If a cache
error occurs, each line is refilled by a replace algorithm using LRU. CPU instruction fetches from the
code flash are performed via the instruction cache.
31 25 24 11 10 4 3 0
Addresses 0000000 I I |
' |
WafGroup 1 (Way 2 and 3) )
/ T Ty Tomaliminl o [ 1 LRU
Way Group 0 (Way 0 and 1) |
I I | N IS — —
0 I v[ L[| TAG |ECC LR
Entry selection Tag array LRU
m
Address 24 to 11 | |
(ITAG) 127 |1 bit]1 bit| 14 bits | 7 bits |7 1 bit |
|_SED/DED B SEC/DED SEC/DED
vy v —
ITAG comparison  [—» Way selection
o /

Hit signal in way group 0

| Decoder [————>
Way group selection

Read-out data in
way group 1

Read-out data in
way group 0 ¥

Hit signal in
way group 1

Way group selection

Hit signal Read-out data

Figure 3.3
Tag Array
V bit

L bit

TAG

ECC

Instruction Cache Configuration

This bit indicates whether valid data is stored in the cache line. Setting of this bit to 1 makes
the cache line data valid. The V bit is initialized to O by reset.

This bit indicates whether a cache line is locked or not. Setting of this bit to 1 locks the cache
line and it cannot be replaced with new data. The L bit is valid only when the V bitis 1, and it is
not initialized by reset.

Among 32 bits in the operable addresses of the data line to be cached, bits 24 to 11 are stored
in this bit. The TAG bit is not initialized by reset.

The ECC of the tag array is stored in this bit. The ECC bit is not initialized by reset.
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Data Array

DATH_H,
DATL_H,
DATH_L,
DATL_L

ECC_H, ECC_L

LRU

LRU

The 128-bit cache line data is stored per 32 bits as follows: the bits [127:96], [95:64], [63:32],
[31:0] in the DATH_H, DATL_H, DATH_L, and DATL_L, respectively. In the CIST or CILD
operation in response to a cache instruction, the ICDATH register is used for DATH_H and
DATH_L and ICDATL is used for DATL_H and DATL_L.

The ECC of the data in bits [127:64] and [63:0] are stored in ECC_H and ECC_L, respectively.

The LRU information in the same way group is stored in this data array. The LRU is initialized
by reset.

CAUTION

When an instruction is fetched from an applicable line after issuing a CIST instruction for
writing test data to the tag array of the instruction cache, the tag information must be written in
a group unit. For example, when writing tag information to a line on the way 0 side of way
group 0, also write tag information for the same line to way 1, and then execute the instruction
fetch

e When writing to way group 0 (way 0 and way 1), write a value such that the exclusive OR
of the ICTAGL.LPN bit is 0.
e When writing to way group 1 (way 2 and way 3), write a value such that the exclusive OR
of the ICTAGL.LPN bit is 1.
Fetching an instruction after a value that does not follow the above rule has been written to the
tag array causes a way error and setting of the ICERR.ESPBSE bit to 1. Fetching an
instruction after the same tag information has been written to the same lines of both ways in a
way group causes a multi-hit error and setting of the ICERR.ESMH bit to 1.

3.2.2.3 Data Buffer Function

The four-line buffer with 128 bits per line is mounted as a data buffer. The data of 128 bits per line read
from the code flash is stored in the data buffer. The data is read out from the data buffer after the next
access to the same address, so the code flash is not accessed again.
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3.2.3 Inter-Processor Interrupts

Registers (IPIR_CHn) for interrupt communication between PEs are provided for four channels.

IPIR_CHO to IPIR _CH3 are assigned to CHO to CH3 of user interrupt (EIINT). An interrupt for
specific PEs (including own PE) can be requested by manipulating bits corresponding to respective
PEs.

3.2.3.1 Inter-Processor Interrupt Control Registers

This register is located in the CPU peripheral of each PE. IPIR_CHO to IPIR_CH3 registers are
assigned to each PE which are accessible only from their own PE.

Table 3.60 List of Registers

Register Value after DI

Symbol Register Name R/W Reset 1 8 16 32 Address
IPIR_CHO Inter-PE interrupt register 0 R/W 00000000y \ \/ v FFFE EC80
IPIR_CH1 Inter-PE interrupt register 1 R/W 00000000, S N v FFFE EC84y
IPIR_CH2 Inter-PE interrupt register 2 R/W 00000000y \ \/ v FFFE EC88
IPIR_CH3 Inter-PE interrupt register 3 R/W 00000000, S N v FFFE EC8Cy

(1) IPIR_CHn — Inter-PE Interrupt Register n (n =0 to 3)

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

Value afterreset 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
— — — — — — — — — — — — — PE3 — PE1
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 R/W R R/W

Table 3.61 IPIR_CHn Interrupt Register Contents

Bit Position Bit Name Function

2 PE3 Inter-PE Interrupt Request to PE3
Writing 1 to this bit makes an interrupt request to PE3. This bit is automatically
cleared to 0 when the interrupt request has been notified.
0: Inter-PE interrupt request output is not specified or an interrupt request is
not being output.
1: Interrupt request output is specified or an interrupt request is being output.

0 PE1 Inter-PE Interrupt Request to PE1
Writing 1 to this bit makes an interrupt request to PE1. This bit is automatically
cleared to 0 when the interrupt request has been notified.
0: Inter-PE interrupt request output is not specified or an interrupt request is
not being output.
1: Interrupt request output is specified or an interrupt request is being output.
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3.24 Reliability Functions

3.2.41 PE Guard Function (PEG)

(1) Overview of the PEG Function

The PEG is a constituent of the slave guard system to prevent unauthorized access to the resources in

the PE from the external master. This function protects access to the local RAM in the PE. In the initial
state after a reset, all access by masters other than the PE itself is disabled. Setting the registers listed in
(3) List of PEG Protection Setting Registers, enables access by masters other than the PE itself.

(1) Detecting PE guard violation

If the external master outside the PE makes an unauthorized access to the resource area in the PE for
which PE guard is set, the access is detected as a PE guard violation.

(2) Blocking unauthorized accesses

When a PE guard violation is detected, unauthorized accesses to the internal resources of the PE are
blocked to prevent the contents of PE resources from being modified illegally.

(3) Notifying occurrence of violation

When a PE guard violation is detected, it is notified to ECM. When the DMAC or DTS makes an
unauthorized access, a DMA transfer error is detected.

(2) Protection Made by SPID
e Setting PEG Protection
— Up to four areas can be set depending on the local RAM address of the own PE.
— The area range is specified by the base address and the mask bit (4 Kbytes to 4 Gbytes).
— “Read enable” and “write enable” can be set for each area.

— “Enable” or “disable” can be selected on each system protection identifier (SPID) basis for
each area.

e Access permission by the system protection identifier (SPID) (see Figure 3.4)

1. When the local RAM area is to be accessed, go to step 2.
Otherwise, return an error response.

2. When any of enabled area 0 to area 3 is to be accessed, go to step 3.
Otherwise, return an error response.

3.  Whether or not all the conditions below for the relevant area are met.

— The system protection identifier (SPID) is enabled.

— Required operations (read/write) are enabled.
Otherwise, return an error response.
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Normal access i
‘ Decide enabled areas out of four areas (in parallel). ‘
[
|
SPID match method is valid 0 @
ves_J YES YES YES YES
Protection Protection Protection Protection
RePD Noy ne TePiD oy ne fePiD oy ne o) Ne
YES YES YES YES
Operatlon7 psr_aﬂur; psrahon7 peratlon7
W enabiegy dwenaveg i enaegy —© i anaegy "
YES YES YES YES
‘ Area: OK ‘ ‘ ‘ Area: NO ‘ ‘ ‘ Area: OK ‘ ‘ ‘ Area: NO ‘ ‘ ‘ Area: OK ‘ ‘ ‘ Area: NO ‘ ‘ ‘ Area: OK ‘ ‘ ‘ Area: NO ‘ ‘
I I I I I I I
Wher:sag?area True-
[revess ]
Figure 3.4 Access Permission by the System Protection Identifier (SPID)
(3) List of PEG Protection Setting Registers
Make necessary settings for the following registers to protect PE resources from unauthorized accesses
by the external master.
e Accesses to the local RAM in the PE are permitted as detection targets.
e For accesses to the register set, no access restriction is provided independently for the PEG
function. Set access protections such as IPG at the user side as necessary.
e PEG protection can be set by following the procedure below.
1. Set the PE guard area n mask setting register as PEGGnMK.
2. Set the PE guard area n base setting register (n = 0 to 3) as PEGGnBA.
Table 3.62 Base Address of PEG Register: FFFE_E600y
Address Size el Value after
Offset (Byte) Register Name Abbreviation Right R/W 1 8 16 32 Reset
+00CH 2 PE guard SPID master decision control PEGSP — RW — v N — 0000y
register
+080y 4 PE guard area 0 mask setting register PEGGOMK — RW — + N + 000000004
+084y 4 PE guard area 0 base setting register PEGGOBA — RW — v v + 00000000,
+090y 4 PE guard area 1 mask setting register PEGG1MK — RW — + N + 000000004
+094, 4 PE guard area 1 base setting register PEGG1BA — RW — v v + 00000000,
+0A0y 4 PE guard area 2 mask setting register PEGG2MK — RW — + N + 000000004
+0A4y 4 PE guard area 2 base setting register PEGG2BA — RW — v v + 00000000,
+0B0y 4 PE guard area 3 mask setting register PEGG3MK — RW — + N + 000000004
+0B4y 4 PE guard area 3 base setting register PEGG3BA — RW — v v + 00000000,
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(4) Register Set

(a) PEGSP — PE Guard SPID Master Decision Control Register

This register is used to enable or disable access by an external master to the resources in the PE. The
initial value of the SPEN bit is 0, which disables access to PE resources by an external master. Setting
the SPEN bit to 1 enables access by an external master under the conditions set by PEGGnBA and
PEGGnMK.

Bit 15 14 13 12 11 10 6 5 4 3 2 1 0
— — — — — — — — — — — — | SPEN
Value afterreset 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R RIW
Table 3.63 PEGSP Register Contents
Bit Position Bit Name Function
15to1 — Reserved
These bits are always read as 0. The write value should always be 0.
0 SPEN This bit enables or disables detection of accesses by the external master having
SPID.
0: Detection of accesses by the external master having SPID is disabled.
1: Detection of accesses by the external master having SPID is enabled.
(b) PEGGNMK — PE Guard Area n Mask Setting Register
In combination with the PEGGnBA register, this register specifies a range or ranges within PE guard
protection area n. Setting a GnMASK bit to 1 masks the corresponding address bit in the PEGGnBA
register and places the corresponding area or areas inside the range of PE guard area n. The minimum
size of the PE guard protection area is 4 KB.
Ex.) With the settings of PEGGnBA[31:12] = FEBF6y and PEGGnMK[31:12] = 00008y, the PE guard
protection area n is specified within the ranges from FEBF 6000y to FEBF 6FFFy and FEBF E000g to
FEBF EFFFy.
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
GnMASK
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
GnMASK — — — — — — — — — — — —
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW RW RW RW RW R R R R R R R R R R R R
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Table 3.64 PEGGnMK Register Contents

Bit Position Bit Name Function

31to012 GnMASK These bits determine whether to mask the base address PEGGnBA[31:12] that
specifies the range of PE guard protection area n.
0: Target address bits are not compared when determining the PE guard area.
1: Target address bits are compared when determining the PE guard area.

11100 — Reserved
These bits are always read as 0. The write value should always be 0.

(c) PEGGNnBA — PE Guard Area n Base Setting Register

In combination with the PEGGnMK register, this register specifies a range or ranges within PE guard
protection area n and sets the access enable conditions for the specified area. Setting the GnEN bit to 1
brings the address enable conditions specified by this register and the PEGGnMK register into effect.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
GnBASE
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W  R/W R/W R/IW R/W R/IW R/IW R/IW RIW R/W R/W R/IW R/IW R/IW R/IW R/W R/W

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
GnBASE — — — — |GnSP3|GnSP2|GnSP1|GnSPO0| — | GnWR | GnRD | GnEN

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R/W R R R R R/W R/W R/W R/W R R/W R/W R/W
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Table 3.65 PEGGnBA Register Contents

Bit Position Bit Name Function

31t012 GnBASE Base address that specifies PE guard protection arean

11to8 — Reserved

7 GnSP3 Enables accesses to PE guard protection area n by the external master.
0: Access by an external master having SPID = 3 is disabled.
1: Access by an external master having SPID = 3 is enabled.

6 GnSP2 Enables accesses to PE guard protection area n by the external master.
0: Access by an external master having SPID = 2 is disabled.
1: Access by an external master having SPID = 2 is enabled.

5 GnSP1 Enables accesses to PE guard protection area n by the external master.
0: Access by an external master having SPID = 1 is disabled.
1: Access by an external master having SPID = 1 is enabled.

4 GnSPO Enables accesses to PE guard protection area n by the external master.
0: Access by an external master having SPID = 0 is disabled.
1: Access by an external master having SPID = 0 is enabled.

3 — Reserved

This bit is always read as 0. The write value should always be 0.

2 GnWR Enables write access to PE guard protection arean.
0: Write access is disabled.
1: Write access is enabled.

1 GnRD Enables read access to PE guard protection arean.
0: Read access is disabled.
1: Read access is enabled.

0 GnEN PE guard protection arean enable
0: Settings for access enable conditions are disabled
1: Settings for access enable conditions are enabled

CAUTION

PEGGnBA.GnEN is cleared by writing to the PEGGnMK register.
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3.24.2 PE’s Internal Peripheral Device Protection Function (IPG)

(1)

(2)

Overview of the IPG Function

The IPG is a system to prevent unauthorized accesses to peripheral devices from the CPU core equipped
with the IPG. The IPG achieves the following functions. The IPG covers accesses to resources except
the ROM and the local RAM.

(1) Detecting violation of peripheral device protection

If the CPU makes an unauthorized access to an area (peripheral device) for which peripheral device
protection is set, the access is detected as “violation of peripheral device protection.”

(2) Storing unauthorized-access information

When a violation of peripheral device protection is detected, the unauthorized-access information is
stored in the IPG's internal register.

(3) Blocking unauthorized accesses

When a violation of peripheral device protection is detected, unauthorized accesses to peripheral
devices are blocked to prevent contents of peripheral devices from being modified illegally.

(4) Notifying violation

When a violation of peripheral device protection is detected, a system error exception (SYSERR
exception) request for generating an exception is made to ask the CPU to stop the processing.

For system error exceptions (SYSERR exceptions), see Section 3.2.4.3, System Error
Notification Control Function (SEG).

(5) Invalidating subsequent accesses

When a violation of peripheral device protection is detected, subsequent accesses (regardless of
authorized or unauthorized accesses) are blocked until instructions from the CPU are received.

NOTE

Even if a request for generating an exception is immediately sent to the CPU in step (4)
above, a subsequent access issued (before receiving a request from the IPG) by the CPU
that does not know an occurrence of violation may illegally modify contents of peripheral
devices. (Accesses after a violation has occurred result in unauthorized accesses.)

IPG Function

(1) This function invalidates accesses according to their attributes (including address, transfer type,
and access right).

(2)  After an access right violation is detected until the error flag (described later) is cleared by
writing by the software, subsequent accesses are invalidated. However, invalidation is applied
only to accesses from the CPU and is not applied to accesses from outside the CPU core.
Invalidation is performed independently of addresses.

(3) When a request for accessing different peripheral devices simultaneously is made due to
misalignment or double-word access, the access is executed when all such accesses are enabled.
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(3) IPG Protection Setting Registers for lllegal Users

To protect peripheral devices from unauthorized accesses by programs in user mode, the registers
below require the settings listed in the table.

e Accesses in user mode are to be detected.

o This register set is intended for IPG settings related to user mode and reading of the IPG settings
within its own machine.

Table 3.66 Base Address of IPG Register: FFFE E000,

Address Size Right e B Value after
Offset (Byte) Register Name Abbreviation *! R/W 1 8 16 32 Reset
+002y 2 Peripheral device protection violation access IPGECRUM SV RW — — v — Undefined
information register (retained)
+008y 4 Peripheral device protection violation access IPGADRUM SV RW — — — + Undefined
address register (retained)
+00Dy 1 Peripheral device protection enable register IPGENUM SV RW v  — — 004
+020y 1 Peripheral device protection setting register0 IPGPMTUMO SV RW +  — — 00y
+021y 1 Peripheral device protection setting register1  IPGPMTUM1 SV RW v v — — 004
+022y 1 Peripheral device protection setting register2 IPGPMTUM2 SV RW v v — — 004
+023, 1 Peripheral device protection setting register3  IPGPMTUM3 SV RW ~  — — 004
+024y 1 Peripheral device protection setting register4 IPGPMTUM4 SV RW v  — — 004
Note 1.  Registers for which “SV” is described are accessible by SV right (UM = 0).
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(4) Register Set

(a) IPGECRUM — Peripheral Device Protection Violation Access Information Register

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — DS EX WR RD VD
Value afterreset 0 0 X X X X X X X X X X X X X X
RW R R R R R R R R R/W R/W R/W R/W R/W R/W R/W R/W

x: Undefined (retained)

Table 3.67 Register Contents of IPGECRUM

Bit Position Bit Name Function
15, 14 — Reserved

These bits are always read as 0. The write value should always be 0.
13to 8 — Reserved

These bits are read as an undefined value. The write value should always be 0.

7to4 DS These bits store the data size of access that made a violation.
1000: Double-word (8 bytes)
0100: Word (4 bytes)
0010: Half-word (2 bytes)
0001: Byte Other than above: RFU

3 EX This bit is set to 1 when a violation occurred in an instruction fetch read access.
In other cases, this bit is cleared to 0.

2 WR This bit is set to 1 when a violation occurred in a write access or bit operation or
CAXI. In other cases, this bit is cleared to 0.

1 RD This bit is set to 1 when a violation occurred in a read access or bit operation or
CAXI. In other cases, this bit is cleared to 0.

0 VD This bit is set to 1 when a violation of peripheral device protection is detected by
a program with the relevant right. Even if another violation of peripheral device
protection is detected while this bit is 1, data of this IPGECR register and the
IPGADR register is not updated and is retained.

NOTE

When the IRE bit value of the IPGENUM register (described later) is 0 and violation of peripheral device
protection by a program operating in user mode is an instruction fetch read access, no bit of this register
is updated.
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(b) IPGADRUM — Peripheral Device Protection Violation Access Address Register

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

EADR

Value after reset X X X X X X X X X X X X X X X X

R/W  R/W R/W R/IW R/W R/W R/IW R/IW R/W R/W R/W RIW R/IW R/W R/IW R/W R/W

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

EADR

Value afterreset  x X X X X X X X X X X X X X X X
RW RW RW R/W RW RW RW RW RW RW RW RW RW RW RW R/W R/W

x: Undefined (retained)

Table 3.68 Register Contents of IPGADRUM

Bit Position Bit Name Function
31t00 EADR These bits store the address of the access in which a violation occurred.
NOTE

When the IRE bit value of the IPGENUM register (described later) is 0 and violation of peripheral device
protection by a program operating in user mode is an instruction fetch read access, no bit of this register
is updated.

(c) IPGENUM — Peripheral Device Protection Enable Register

Bit 7 6 5 4 3 2 1 0

— — — — — — IRE E

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

Table 3.69 Register Contents of IPGENUM

Bit Position Bit Name Function

7to2 — Reserved
These bits are always read as 0. The write value should always be 0.

1 IRE This bit sets whether to store the access information in the peripheral device
protection violation access address register and the peripheral device protection
violation access information register when a violation of peripheral device
protection occurred in an instruction fetch access.

0: Instruction fetch access information is not stored.
1: Instruction fetch access information is stored.

CAUTION

If you do not want to detect speculative instruction fetches (no instruction is
executed in some cases), clear this bit to 0.

0 E This bit enables or disables the peripheral devices protection function against
accesses by the relevant access right.
0: The peripheral device protection function is disabled.
1: The peripheral device protection function is enabled.
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(d) IPGPMTUMO — Peripheral Device Protection Setting Register 0

Bit 7 6 5 4 3 2 1 0
— X1 w1 R1 — — — —

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

Table 3.70 Register Contents of IPGPMTUMO

Bit Position Bit Name Function

7 — Reserved
This bit is always read as 0. The write value should always be 0.

6 X1 This bit sets whether to enable instruction fetch read access to Peripheral
Groups 0 to 3 and 5.
0: Instruction fetch read access to Peripheral Groups 0 to 3 and 5 is treated as
violation.
1: Instruction fetch read access to Peripheral Groups 0 to 3 and 5 is not
restricted.

5 W1 This bit sets whether to enable write access to Peripheral Groups 0 to 3 and 5.
0: Write access to Peripheral Groups 0 to 3 and 5 is treated as violation.
1: Write access to Peripheral Groups 0 to 3 and 5 is not restricted.

4 R1 This bit sets whether to enable read access to Peripheral Groups 0 to 3 and 5.
0: Read access to Peripheral Groups 0 to 3 and 5 is treated as violation.
1: Read access to Peripheral Groups 0 to 3 and 5 is not restricted.

3to0 — Reserved
This bit is always read as 0. The write value should always be 0.
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Value after reset

(e) IPGPMTUM1 — Peripheral Device Protection Setting Register 1
Bit 7 6 5 4 3 2 1 0
— X1 — — — X0 — —
0 0 0 0 0 0 0
R/W R R/W R R R R/W R R
Table 3.71 Register Contents of IPGPMTUMA1
Bit Position Bit Name Function
7 — Reserved
This bit is always read as 0. The write value should always be 0.
6 X1 This bit sets whether to enable instruction fetch read access to GRAM Bank#1.
0: Instruction fetch read access to GRAM Bank#1 is treated as violation.
1: Instruction fetch read access to GRAM Bank#1 is not restricted.
5t03 — Reserved
These bits are always read as 0. The write value should always be 0.
2 X0 This bit sets whether to enable instruction fetch read access to GRAM Bank#0.
0: Instruction fetch read access to GRAM Bank#0 is treated as violation.
1: Instruction fetch read access to GRAM Bank#0 is not restricted.
1,0 — Reserved

These bits are always read as 0. The write value should always be 0.
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(f) IPGPMTUM2 — Peripheral Device Protection Setting Register 2

Bit 7 6 5 4 3 2 1 0

— — w1 R1 — — Wo RO

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

Table 3.72 Register Contents of IPGPMTUM2

Bit Position Bit Name Function
7,6 — Reserved
These bits are always read as 0. The write value should always be 0.
5 WA1 This bit sets whether to enable write access to IPIR, MEV, and COMPTEST.

0: Write access to IPIR, MEV, and COMPTEST is treated as violation.
1: Write access to IPIR, MEV, and COMPTEST is not restricted.

4 R1 This bit sets whether to enable read access to IPIR, MEV, and COMPTEST.
0: Read access to IPIR, MEV, and COMPTEST is treated as violation.
1: Read access to IPIR, MEV, and COMPTEST is not restricted.

3,2 — Reserved
These bits are always read as 0. The write value should always be 0.

1 WO This bit sets whether to enable write access to INTC1.
0: Write access to INTC1 is treated as violation.
1: Write access to INTC1 is not restricted.

0 RO This bit sets whether to enable read access to INTC1.
0: Read access to INTC1 is treated as violation.
1: Read access to INTC1 is not restricted.
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(9) IPGPMTUMS3 — Peripheral Device Protection Setting Register 3

Bit 7 6 5 4 3 2 1 0
— — w1 R1 — — — —

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

Table 3.73 Register Contents of IPGPMTUM3

Bit Position Bit Name Function

7,6 — Reserved
These bits are always read as 0. The write value should always be 0.

5 W1 This bit sets whether to enable write access to SysErrGen.
0: Write access to SysErrGen is treated as violation.
1: Write access to SysErrGen is not restricted.

4 R1 This bit sets whether to enable read access to SysErrGen.
0: Read access to SysErrGen is treated as violation.
1: Read access to SysErrGen is not restricted

3to0 — Reserved
These bits are always read as 0. The write value should always be 0.

(h) IPGPMTUM4 — Peripheral Device Protection Setting Register 4

Bit 7 6 5 4 3 2 1 0

— — — — — — WO RO

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

Table 3.74 Register Contents of IPGPMTUM4

Bit Position Bit Name Function

7t02 — Reserved
These bits are always read as 0. The write value should always be 0.

1 WO This bit sets whether to enable write access to the PEG.
0: Write access to the PEG is treated as violation.
1: Write access to the PEG is not restricted.

0 RO This bit sets whether to enable read access the PEG.
0: Read access to the PEG is treated as violation.
1: Read access to the PEG is not restricted
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3.24.3 System Error Notification Control Function (SEG)

Errors due to an instruction fetch or data access can be the sources of system error exceptions. A
system error exception is an FE level exception from which return or recovery is not possible.

For source codes (FEIC) of the system error exceptions and error handling, see Table 3.77, Error
Factor Codes and Handling of G3M Core System Error Exceptions.

SEG (SysErrGen) controls the notification and recording of the error by data access.

Errors due to instruction-fetch access are not conveyed via the SEG block, but the SEG block is
notified of errors in RAM that has been cached in the instruction cache. For details, see (2) Register
Set, (a) SEGCONT — Error Notification Control Register, and (3) SEG Function, (c)
Supplementary information on SYSERR exception.

Multiple error occurrence inputs are categorized according to error factors, and are processed
sequentially from the highest-priority error factor, generating an FE-level asynchronous exception
(SYSERR).

The bit position of the SEGFLAG register becomes the priority of error factors. Error factors of lower
bits take precedence over error factors of upper bits.

Error information is recorded once regardless of error frequency.

The error with the highest priority of error factor (in case errors occurred simultaneously) is valid.
Recorded error information is not overwritten by subsequent errors.

(1) List of SEG Function Control Registers

Table 3.75  Base Address of SEG Register: FFFE E980,

Operable Bit

Address Size Value after
Offset (Byte) Register Name Abbreviation Right R/W 1 8 16 32 Reset
+00y 2 Error notification control register SEGCONT — RW* — — 4 — C774y
+024 2 Error occurrence retention register SEGFLAG — RW* — — 4 — 0000y
+08 4 Error factor retention register (address) ~ SEGADDR — RW* — — + v Undefined
(retained)

Note 1.  Write accesses from user mode are ignored.
NOTES
e |f an access is made with an address offset or operable bits other than those specified

above, an error response is returned.

e Write access is only possible with the supervisor mode (UM = 0). Attempting to write, if
these conditions do not hold, leads to an error response being returned.

¢ No restriction is provided for read accesses.
— Read accesses to ranges permitted by other protection systems are enabled at any
time.
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(2) Register Set
(a) SEGCONT — Error Notification Control Register
e This register is used to enable (= 1) or disable (= 0) notification of SYSERR request in response
to error flags that store error occurrence status according to factors.
Bit 15 14 13 12 1 10 9 8 7 6 5 4 2 1 0
SS1E — — — — — VPGE | VCRE — TCME | ROME | VCIE ICCE — —
Value afterreset 1 1 0 0 1 1 1 1 1 1 1 0
R/W R/W R R R R R R/W R/W R R/W R/W R/W R/W R R
Table 3.76 SEGCONT Register Contents (1/2)
Bit Position Bit Name Function
15 SS1E Notification of an address parity error in access to data in the local RAM for the
given processor.
14 — Reserved
This bit is always read as 1. The write value should always be 1
13to 11 — Reserved
These bits are always read as 0. The write value should always be 0.
10 — Reserved
This bit is always read as 1. The write value should always be 1.
9 VPGE Notification of a response to an error in the P-Bus.
The error includes the followings:

e P-Bus guard error in writing access (P-bus guarding also applies to the
guarding of all registers in the INTC2 module, and to all registers for
peripheral DMA and the GRAM)

8 VCRE Notification of the detection of illegal access by the IPG and subsequent access
blocking.*?

7 — Reserved
This bit is always read as 0. The write value should always be 0.

6 TCME Notification of an error in access to data in the local ROM for the given
processor.
The error includes the following cases:

e When an ECC error which cannot be corrected occurs

o When an access to the RAM-unimplemented area in the local RAM is
detected

5 ROME Notification of an error in access to the code flash when a table reference is

read in response to a table reference interrupt.
The error includes the following cases:

e When an ECC error which cannot be corrected occurs

e When an address parity error occurs

RO1UH0468EJ0120 Rev.1.20

May 31, 2017

RENESAS

Page 220 of 2471



RH850/E1L Section 3 CPU System

Table 3.76 SEGCONT Register Contents (2/2)

Bit Position Bit Name Function

4 VCIE * Notification of a response to an error in the P-Bus (excluding errors in writing
to the P-Bus).
The error includes the following cases:

— When an unimplemented area (FFFF 7900 to FFFF 7EFFy) is
accessed

— P-Bus guard error in writing access ((P-bus guarding also applies to the
guarding of all registers in the INTC2 module, and to all registers for
peripheral DMA and the GRAM)

— P-Bus data parity error (for a peripheral function which the data parity is
applied to)

— An error when DTSRAM is read

* Notification of a response to an error in the code flash
The error includes the following cases:

— When an ECC error which cannot be corrected occurs
— When an address parity error occurs

* Notification of a response to an error in GRAM
The error includes the following cases:

— When an address parity error occurs
— When an access protection violation occurs
— When an ECC error which cannot be corrected occurs

* Notification of a response to an error in data flash
The error includes the following cases:

— The occurrence of ECC error that cannot be corrected*’
* Notification of the detection of access to an interconnect reserved area
— FFFF 0000y to FFFF 4FFFy
— FFFE 0000y to FFFE BFFFy
— FBO00 0000y to FEOF FFFFy
— F300 0000y to F8FF FFFFy

* Notification of the detection of illegal access by the IPG and subsequent
access blocking*2

* Notification of violation of access permission

— Read or write access to an IPG protection setting register in user mode
(PSW.UM = 1)

— Write access to an SEG function control register in user mode (PSW.UM
= 1)

3 — Reserved
This bit is always read as 0. The write value should always be 0.

2 ICCE Instruction cache error notification enable
The error occurred in the instruction cache is handled when the instruction
cache system register, ICCTRL.ICHEMK, is set to O (the value after reset is 1):
Regarding the error occurred in the instruction cache, see Section 3.2.1.2,
Register Set, (7) ICERR — Instruction cache error register.

1,0 — Reserved
These bits are always read as 0. The write value should always be 0.

Note 1.  This is a case where an uncorrectable ECC error has occurred while ECC error notification is enabled.
Note 2.  For the address where an error occurred, see the description of the IPGADRUM register in Section 3.2.4.2,
PE’s Internal Peripheral Device Protection Function (IPG).
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Table 3.77 Error Factor Codes and Handling of G3M Core System Error Exceptions

Zi(::; Error Contents

10 Reserved

11 Instruction fetch errors (from code flash memory)

12 Errors in which their notification is enabled by the SEGCONT second bit

13 Instruction fetch errors (from other than code flash memory)

14 Errors in which their notification is enabled by the SEGCONT fourth bit

15 Errors in which their naotification is enabled by the SEGCONT fifth bit

16 Errors in which their notification is enabled by the SEGCONT sixth bit

17 Reserved

18 Errors in which their notification is enabled by the SEGCONT eighth bit

19 Errors in which their notification is enabled by the SEGCONT ninth bit

1A Reserved

1B Reserved

1C Reserved

1D Reserved

1E Reserved

1F Errors in which their notification is enabled by the SEGCONT fifteenth bit
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(b) SEGFLAG — Error Occurrence Retention Register
o This register sets the flags of error occurrence, that store each error occurrence status by factors.
Those are not automatically cleared (return to 0).
e Writing to the register enables both setting and clearing.
Bit 15 14 13 12 1" 10 9 8 6 5 4 2 1 0
SS1F — — — — — VPGF | VCRF TCMF | ROMF | VCIF ICCF — —
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0
R/W  R/W R R R R R R/W R/W R/W R/W R/W R/W R R
Table 3.78 SEGFLAG Register Contents
Bit Position Bit Name Function
15 SS1F Flag corresponding to bit 15 of the SEGCONT register
14 to 10 — Reserved
These bits are always read as 0. The write value should always be 0.
9 VPGF Flag corresponding to bit 9 of the SEGCONT register
8 VCRF Flag corresponding to bit 8 of the SEGCONT register
7 — Reserved
This bit is always read as 0. The write value should always be 0.
6 TCMF Flag corresponding to bit 6 of the SEGCONT register
5 ROMF Flag corresponding to bit 5 of the SEGCONT register
4 VCIF Flag corresponding to bit 4 of the SEGCONT register
3 — Reserved
This bit is always read as 0. The write value should always be 0.
2 ICCF Flag corresponding to bit 2 of the SEGCONT register
1,0 — Reserved

These bits are always read as 0. The write value should always be 0.
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(c) SEGADDR — Error Factor Retention Register (Address)

This register records information of an error factor that notifies a SYSERR request (only one history is
recorded). It records the addresses where the error factors for the VCIF, ROMF, and TCMF bits of the
SEGFLAG register were found. For the error factors which are not recorded, 0000 0000y is stored.
The value cannot be modified while the error occurrence flag to enable notification is set.

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

Address[31:16]

Value after reset X X X X X X X X X X X X X X X X
rRW RW*" rRW*" rRW*' RW RWY RW* RW* RW RW RW RWT RWT RWT RWT RWHT R

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

Address[15:0]

Value after reset X X X X X X X X X X X X X X X X
RW RW*" rRW*" rRW' RW RW* RW* RW* RW* RW RW' RWT RWT RWT RWT RWHT R

x: Undefined (retained)
Note 1.  This cannot be modified when the error occurrence flag to enable notification is set.

Table 3.79 SEGADDR Register Contents

Bit Position Bit Name Function

31t00 Address[31:0] These bits retain the address at which SYSERR source occurred. (If an error
occurred by accessing to the local RAM area, the addresses of the 17 lower-
order bits are retained and the addresses of the 15 higher-order bits are cleared
to 0.)
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(3) SEG Function

(@)

(c)

SEG function: Notifying a SYSERR request due to an error flag
Setting an error flag takes precedence over clearing the same flag.

— Simultaneous clearing operation is ignored.

Priority of error factors

— The bit position of the notification-enabled SEGFLAG register becomes the priority of error
factors. Error factors of lower bits take precedence over error factors of upper bits.
Notification is made from the highest-priority error factor.

— The bit position of error factors is notified as a “SYSERR factor code.”
Conditions for starting SYSERR request notification

— Even if a notification-disabled flag is set to 1, notification is not made.
— Notification is made immediately after a notification-enabled flag is set to 1.

— After clearing, notification is made depending on the flag state (re-arbitration).
Finishing notification at a SYSERR request response

— Even after notification is finished, the flag is not cleared automatically.
— Notification is not made until re-arbitration is performed by setting or clearing the flag.

— If an error flag that is prioritized higher than the error factor is set prior to a request response,
the notification information may be replaced with an upper SYSERR factor code.

SEG function: Recording error factor information

When notification-enabled error occurrence is input, the error address is retained in the above
register.

— No information is retained by setting or clearing an error flag described in (a) SEG
function: Notifying a SYSERR request due to an error flag above.

— When multiple error occurrence inputs are present simultaneously, information other than the
prioritized error factor is not retained.

While the notification-enabled error flag described in (a) SEG function: Notifying a
SYSERR request due to an error flag above is set to 1, overwrite to the above register is
inhibited

— If error occurrence input continues, information of subsequent error factors is not retained.

— To reset the inhibition of overwrite to the register, clear either SEGCONT or SEGFLAG
register (or both of them).

Supplementary information on SYSERR exception

The PSW.EBYV bit retains its value and the base address for the exception handler is not changed
even when a SYSERR exception is generated.

Detection of errors in the instruction cache

Even when an error is detected in the instruction cache, a rerun-typed SYSERR exception caused
by instruction fetch does not occur. Execution of the instruction by the CPU still proceeds; the
instruction cache automatically invalidates the entry which lead to the error and fetching is
repeated, this time from the code flash memory. The SEG block will be informed that a cache
error has occurred if the setting of the ICHEMK bit of the ICCTRL cache-control system register
is 0. See (7) ICERR — Instruction cache error register in Section 3.2.1.2, Register Set
for the details on instruction cache error.
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3.24.4 Checker Core

The CPUI has the checker core for safety assurance, resulting in a highly reliable system. Monitoring
the outputs from the CPU1 and the checker core with the comparator all the time enables immediate
detection of the CPU1 abnormal operations. Duplication by the checker core covers the CPU core,
FPU, MPU, PEQG, IPG, SEG, and INTC1. The CPUI can also conduct a fault diagnosis test of its own
comparator through a pseudo-error generated by the COMPTEST module. For details of the
COMPTEST module, see Section 29, Safety.

CAUTION

Reading of any register with an undefined value after a reset in a PE or writing to
memory or a register outside the PE may cause a lock step comparison error. The
values of some program registers and system registers are undefined after a reset, so
pay attention to this when saving register values on the stack in RAM.
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3.3 PCU

3.3.1 Core Functions

3.3.11 Features
Table 3.80 lists features of the RH850G3K core.

Table 3.80

Features of the RH850G3K Core

Item

Feature

CPU

Advanced 32-bit architecture for embedded control
32-bit internal data bus
Thirty-two 32-bit general-purpose registers
RISC-type instruction sets
— Long-/short-format load/store instructions
— Three-operand instructions
— Instruction sets based on C language
CPU operating modes
— User mode and supervisor mode
Address space: 128-Mbyte linear address space for both data and instructions

Instructions: A snooze instruction (SNOOZE) is included for temporary suspension by
switching the high-speed peripheral clock signal (CLK_HSB) off for 32 clock cycles.

Coprocessor

Coprocessor is not incorporated

Exception/
Interrupt

8 interrupt priority levels settable for each channel

Vector selection method selectable according to performance request or memory usage
— Direct branching exception vectors

— Indirect branching exception vectors referring to the address table

Supports the high-speed save/restore processing of the context by the dedicated
instructions (PUSHSP and POPSP) at the generation of an interrupt

Memory
Management

Memory protection function (MPU): four areas settable

Cache

Cache is not incorporated
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3.3.1.2 Register Set

(1) Program Registers
Program registers include the general-purpose registers (r0 to r31) and the program counter (PC).
The general-purpose register r0 always retains 0, but the values of the registers rl to r31 after reset are

undefined.

Table 3.81 Program Registers

Program
Register Name Function Description
General-purpose  r0 Zero register Always retains “0”
registers r1 Assembler reserved register Used as a 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 specification of each software development environment.
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(a) General-Purpose Registers

A total of 32 general-purpose registers (r0 to r31) are provided. All of these registers can be used for
either data variables or address variables. Of the general-purpose registers, 10 to r5, r30, 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.

1. 10,13, and r30
These registers are implicitly used by instructions.

10 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.
2. rl, 14,15, 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.

3. 12

This register might be used by a real-time OS in some cases. If the real-time OS that is being used
is not using r2, 12 can be used as a register for address variables or data variables.

(b) PC — Program Counter

The PC retains the address of the instruction being executed.

31 0
rrrrrrrrrrtrrrrrr T 11ttt T T 1 1T T T 1T T 1T T 7T/
PC PC31-0 Value afger reset
Table 3.82 PC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to1 PC31-1 These bits indicate the address of the instruction being executed. R/W *1
0 PCO This bit is fixed to 0, and branching to an odd number address is disabled. R/W 0
Note 1. In this product, the value after reset differs depending on the startup area. For details, see Section 4,
Address Space.
CAUTION
For a CPU whose instruction addressing range is 128 MB, a value resulting from a sign-extension of bit
26 is automatically set to bits 31 to 27.
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(2) Basic System Registers
The basic system registers are used to control CPU status and to retain exception information.
System registers are read from or written to by using the LDSR or STSR instructions and specifying

the system register number, which is made up of a register number and selection ID.

Table 3.83 Basic System Registers

Register No. Access
(reg.ID, sel.ID) Symbol Function Permission
SRO, 0 EIPC*! Status save registers when acknowledging El level SV
exception
SR1,0 EIPSW Status save registers when acknowledging El level SV
exception
SR2,0 FEPC*! Status save registers when acknowledging FE level SV
exception
SR3, 0 FEPSW Status save registers when acknowledging FE level SV
exception
SR 5,0 PSW Program status word *2
SR 13,0 ElC El level exception cause SV
SR 14,0 FEIC FE level exception cause S\
SR 16,0 cTPC *! CALLT execution status save register UM
SR 17,0 CTPSW CALLT execution status save register um
SR 20, 0 CTBP *! CALLT base pointer UM
SR 28,0 EIWR El level exception working register SV
SR 29,0 FEWR FE level exception working register SV
SR 31,0 (BSEL) (Reserved for backwards compatibility with the V850E2 S\
series)*3
SRO, 1 MCFGO Machine configuration 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 table SV
SR 5, 1 MCTL CPU control SV
SR 6, 1 PID Processor ID SV
SR 11,1 SCCFG SYSCALL operation setting SV
SR 12, 1 SCBP*! SYSCALL base pointer SV
SRO, 2 HTCFGO Process number SV
SR6, 2 MEA*" Memory error address SV
SR7, 2 ASID Address space ID SV
SR8, 2 MEI Memory error information SV

Note 1. For a CPU whose instruction addressing range is 128 MB, a value resulting from a sign-extension of bit 26
is automatically set to bits 31 to 27.

Note 2.  The access permission differs depending on the bit. For details, see Table 3.88, Access Permission for
PSW Register.

Note 3.  Reserved for backwards compatibility with the VB50E2 series. These registers are always read as 0. Writing
to these registers is ignored.
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(a) EIPC — Status save register when acknowledging El level exception register

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 4.1.3 Types of Exceptions in RH850G3K User’s Manual: Software) .

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.
31 0
rrrrrrrrrrrtrrr -t rr T T T T T T T T T
EIPC Value after reset
EIPC31-0 Undefined
Table 3.84 EIPC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to1 EIPC31-1 These bits indicate the PC saved when an El level exception is R/W Undefined
acknowledged.
0 EIPCO This bit indicates the PC saved when an El 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 EIRET instruction is executed is 0.
CAUTION
For a CPU whose instruction addressing range is 128 MB, a value resulting from a sign-extension of bit
26 is automatically set to bits 31 to 27 of EIPC.
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(b) EIPSW — Status save register when acknowledging El level exception register
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.

CAUTION

Bits 11 to 9 cannot usually be changed since these bits are associated with debugging.

313029 1918 161514 1211 9876543210
L [T
EIPSW u E N I[E |L |S|C|O Value after reset
OmM/O|0O|j0o|0O|0 00|00 |00 CU2-0$OOO DebugOppDéyvsV 0000 0020},
Table 3.85 EIPSW Register Contents
Value after

Bit Position Bit Name Function R/W Reset

31 —_ (Reserved for future expansion. Be sure to clear 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 clear to 0.) R 0

18 to 16 Cu2-0 These bits store the PSW.CU2 to 0 field setting when an El level exceptionis R 0
acknowledged.
(Reserved for future expansion. Be sure to clear to 0.)

15 EBV This bit stores the PSW.EBYV bit setting when an El level exception is R/W 0
acknowledged.

14 t0 12 — (Reserved for future expansion. Be sure to clear to 0.) R 0

11t09 Debug These bits store the PSW.Debug field when an El level exception is R/W 0
acknowledged.

8 — (Reserved for future expansion. Be sure to clear to 0.) R 0

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 CYy 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 V4 This bit stores the PSW.Z bit setting when an El level exception is R/W 0
acknowledged.
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(c) FEPC — Status save register when acknowledging FE level exception register

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 (see
section 4.1.3 Types of Exceptions in RH850G3K User’s Manual: Software) in the Software
Manual.

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.

31 0
FEPClllIlllIlllIllﬂ'gpéy'()"""""""Valueafterreset
. Undefined
Table 3.86 FEPC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to1 FEPC31-1 These bits indicate the PC saved when an FE level exception is R/W Undefined
acknowledged.
0 FEPCO This bit indicates the PC saved when an FE 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 FERET instruction is executed is 0.
CAUTION
For a CPU whose instruction addressing range is 128 MB, a value resulting from a sign-extension of bit
26 is automatically set to bits 31 to 27 of FEPC.
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(d) FEPSW — Status save register when acknowledging FE level exception register
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.

CAUTION

Bits 11 to 9 cannot usually be changed since these bits are associated with debugging.

313029 1918 161514 1211 9876543210
L [T
FEPSW u E N [E |L |S|C|O Value after reset
OmM/O|0O|j0O|0O |0 00|00 |00 CU2-0$OOO DebugOppDéyvsV 0000 0020},
Table 3.87 FEPSW Register Contents
Value after

Bit Position Bit Name Function R/W Reset

31 — (Reserved for future expansion. Be sure to clear 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 clear to 0.) R 0

18 to 16 Cu2-0 These bits store the PSW.CU2 to O field setting when an FE level exception R 0
is acknowledged.
(Reserved for future expansion. Be sure to clear to 0.)

15 EBV This bit stores the PSW.EBYV bit setting when an FE level exception is R/W 0
acknowledged.

14 t0 12 — (Reserved for future expansion. Be sure to clear to 0.) R 0

11t09 Debug These bits store the PSW.Debug field when an FE level exception is R/W 0
acknowledged.

8 — (Reserved for future expansion. Be sure to clear to 0.) R 0

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 CYy 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 V4 This bit stores the PSW.Z bit setting when an FE level exception is R/W 0
acknowledged.
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(e) PSW — Program status word register

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, CMOYV, etc.)).

When the LDSR instruction is used to change the contents of each bit in this register, the changed
contents become valid from the instruction following the LDSR instruction.

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 3.88, Access Permission for PSW
Register for the access permission for each bit.

Table 3.88  Access Permission for PSW Register

Access Permission Access Permission
Bit When Reading When Writing

30 UM UM s+

18 to 16 CU2-0 Um sv+!

15 EBV UM Ssy+1

11t09 Debug UM Special*!

7 NP UM Ssy+1

6 EP UM S\Vall

5 ID UM Ssy+1

4 SAT Um UM

3 (3% uMm UM

2 oV Um UM

1 S uMm UM

0 z Um 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.

313029 1918 161514 1211109 8 7 6 5 4 3 2 1 0
[ I
PSW u E NIE L[S |C |O Value after reset
0OmMOI|0O|0O|0O|0 00|00 |00 CU2-0\E;OOO DebugOPP[)évaV 0000 0020},
Table 3.89 PSW Register Contents (1/2)
Value after
Bit Position Bit Name Function R/W Reset
31 — (Reserved for future expansion. Be sure to clear to 0.) R 0
30 UM This bit indicates that the CPU is in user mode (UM mode) R/W 0
0: Supervisor mode
1: User mode

29t0 19 — (Reserved for future expansion. Be sure to clear to 0.) R 0
18 to 16 Cu2-0 (Reserved for future expansion. Be sure to clear to 0.) R 000
15 EBV This bit indicates the reset vector and exception vector operation. See the R/W 0

descriptions of the RBASE register in (q) RBASE — Reset vector base

address register and the EBASE register in (r) EBASE — Exception

handler vector address register.
14 t0 12 — (Reserved for future expansion. Be sure to clear to 0.) R 0
11t09 Debug These bits are used in the debugging functions of development tools. In — 0

normal operation, clear these bits to 0.
8 — (Reserved for future expansion. Be sure to clear to 0.) R 0
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Table 3.89 PSW Register Contents (2/2)
Value after
Bit Position Bit Name Function R/IW Reset
7 NP Disables acceptance of FE level exceptions. Once an FE level exceptionis  R/W 0
accepted, this bit is set to 1 and disables acceptance of El level exceptions
or FE level exceptions. For the exceptions disabled by the NP bit, see table
4-1 Exception Cause List in RH850G3K User’s Manual: Software.
0 : An acceptance of FE level exceptions is enabled
1 : An acceptance of FE level exceptions is disabled
6 EP Disables acceptance of El level exceptions. Once an IE level exception or R/W 0
FE level exception is accepted, this bit is set to 1 and disables acceptance of
El level exceptions. For the exceptions disabled by the ID bit, see table 4-1
Exception Cause List in RH850G3K User’s Manual: Software. This bit does
not affect acknowledging an exception request even when it is setto 1. A
change in the ID bit by the IE or DI instruction is enabled from the next
instruction.
0: An interrupt is not being serviced.
1: An exception other than an interrupt is being serviced.
5 ID Disables acceptance of El level exceptions. Once an IE level exception or R/W 1
FE level exception is accepted, this bit is set to 1 and disables acceptance of
El level exceptions. For the exceptions disabled by the ID bit, see table 4-1
Exception Cause Listin RH850G3K User’s Manual: Software. 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. A change in the ID bit by the IE or DI instruction is enabled from
the next instruction.
0 : An acceptance of IE level exceptions is enabled
1 : An acceptance of IE level exceptions is disabled
4 SAT*! This bit indicates that the operation result is saturated because the resultofa R/W 0
saturated operation instruction operation has overflowed. This is a
cumulative flag, so when the operation result of the saturated operation
instruction becomes saturated, this bit is set to 1, but it is not cleared to 0
when the operation result for a subsequent instruction is not saturated. This
bit is cleared to 0 by the LDSR instruction. This bit is neither set to 1 nor
cleared to 0 when an arithmetic operation instruction is executed.
0: Not saturated
1: Saturated
3 CY 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+! 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+ 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 VA 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 operation result of the saturation processing is determined in accordance with the contents of the OV
flag and S flag during a saturated operation. When only the OV flag is set to 1 during a saturated operation,
the SAT flag is set to 1.
AEYEELE Operation result after
Operation result status SAT ov S saturation processing
Exceeded positive 1 1 0 7TFFF FFFFy
maximum value
Exceeded negative 1 1 1 8000 0000y
maximum value
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FER SIS Operation result after
Operation result status SAT ov S saturation processing
Positive (maximum value Value prior to 0 Operation result itself
not exceeded) operation is
- - retained.
Negative (maximum value 1
not exceeded)
(f) ENC — El level exception cause register
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.
31 0
EIIClllIlllIlllIl|E|”C|31|0||||||||||||||Valueafterreset
) 0000 0000y
Table 3.90 ElIC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 EIIC31-0 These bits store the exception cause code when an El level exception R/W 0
occurs.
Regarding the stored exception source code, see Table 6.14, Interrupt
Exception Handler and Priority and table 4-1 Exception Cause List in
RH850G3K User’s Manual: Software.
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.
(g) FEIC — FE level exception cause register
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.
31 0
FEIClllIlllIlllIl|F|E|C|31|0||I|||I|||I|||Valueafterreset
) 0000 0000y
Table 3.91 FEIC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 FEIC31-0 These bits store the exception cause code when an FE level exception R/W 0
occurs.
Regarding the stored exception source code, see Table 6.14, Interrupt
Exception Handler and Priority and table 4-1 Exception Cause List in
RH850G3K User's Manual: Software.
The FEIC31-16 field stores detailed exception cause codes defined
individually for each exception. If there is no particular definition, these bits
are setto 0.
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(h) CTPC — Status save register when executing CALLT register

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.

31 0
CTPC T 1T T T T T T 11 |C'||'pé31|0| T T T T T T Value after reset
- Undefined
Table 3.92 CTPC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to1 CTPC31-1 These bits indicate the PC of the instruction after the CALLT instruction. R/wW Undefined
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.
CAUTION
For a CPU whose instruction addressing range is 128 MB, a value resulting from a sign-extension of bit
26 is automatically set to bits 31 to 27 of CTPC.
(iy CTPSW — Status save register when executing CALLT register
When a CALLT instruction is executed, some of the PSW (program status word) settings are saved to
CTPSW.
31 543210
CTPSW S |C|O Value after reset
0 0000000000000000000000000¢YVSZ 0000 0000,
Table 3.93 CTPSW Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to5 — (Reserved for future expansion. Be sure to clear 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.QV bit setting when the CALLT instruction is R/W 0
executed.
1 This bit stores the PSW.S bit setting when the CALLT instruction is executed. R/W 0
0 This bit stores the PSW.Z bit setting when the CALLT instruction is executed. R/W 0
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(i) CTBP — CALLT base pointer register

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 half word address.

31 0
CTBP -t T 1T T T T T T 1" |C'||'B|'!>31|0| T T T T T T T Value after reset
) Undefined
Table 3.94 CTBP Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to1 CTBP31-1 These bits indicate the base pointer address of the CALLT instruction. R/W Undefined
These bits indicate the first address in the table used by the CALLT
instruction.
0 CTBPO These bits indicate the base pointer address of the CALLT instruction. R 0
These bits indicate the first address in the table used by the CALLT
instruction.
Always set this bit to 0.
CAUTION
For a CPU whose instruction addressing range is 128 MB, a value resulting from a sign-extension of bit
26 is automatically set to bits 31 to 27 of CTBP.
(k) ASID — Address space ID register
This is the address space ID. This is used to identify the address space provided by the memory
management function.
31 10 9 0
T T T T T
ASID Value after reset
oopopoOopoOpOOOIOOOOIOOI|0/|0O]|0|0]0 |0 ASID Undefined
Table 3.95 ACID Register Contents
Value after
Bit Position Bit Name Function R/W Reset
311010 — (Reserved for future expansion. Be sure to clear to 0.) R 0
9to 0 ASID This is the address space ID. R/W Undefined
() EIWR — El level exception working register
The EIWR register is used as a working register when an El level exception has occurred.
31 0
EIWR T T T T T T 1T IEIIWéMIOI T T T T T T T Value after reset
. Undefined
Table 3.96 EIWR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 EIWR31-0 These bits constitute a working register that can be used for any purpose R/W Undefined
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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(m) FEWR — FE level exception working register

The FEWR register is used as a working register when an FE level exception has occurred.

31 0
FEWR -t rr T T T T T T 1T Féw:aml 0 T T T T T T T T Value after reset
B Undefined
Table 3.97 FEWR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 FEWR31-0 These bits constitute a working register that can be used for any purpose R/W Undefined
during the processing of an FE level exception. Use this register for
purposes such as storing the values of general-purpose registers.
(n) HTCFGO — Thread configuration register
31 1918 161514
HTCFGO T Value aft1er reset
ojojojojojojojof0|0O|O|O|0O| PEID 0 )

Table 3.98 HTCFGO Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 19 — (Reserved for future expansion. Be sure to clear to 0.) R 0
18 to 16 PEID These bits indicate the processor element number. R *2
15 — (Reserved for future expansion. Be sure to set this bit to 1.) R 1
14t0 0 — (Reserved for future expansion. Be sure to clear to 0.) R 0
Note 1. The value is 0003 8000y in PCU (PE3) of this product.
Note 2. The value is 011g in PCU (PE3) of this product.
(0) MEA — Memory error address register
31 0
MEA IIIIIIIIIIIIIIIMIIEAIIIIIIIIIIIIIII Value after reset
Undefined
Table 3.99 MEA Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t00 MEA These bits store the address when an MAE (misaligned) or MPU exception R/wW Undefined
occurs.
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(p) MEI — Memory error information register

This register is used to store information about the instruction that caused the exception when a
misaligned (MAE) or memory protection (MDP) exception occurs. This information is used during

emulation.
31 2120 16 15 11109 8 7 6 5 10
L | [
MEI R Value after reset
oOpOi0oOI|0O|0|0]0|0]O REG oj0oj0oj0o0| DS |U|O|O ITYPE W Undefined
Table 3.100 MEI Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 21 — (Reserved for future expansion. Be sure to clear to 0.) R 0
20to 16 REG4-0 These bits indicate the number of the source or destination register R/W Undefined
accessed by the instruction that caused the exception.
For details, see Table 3.101, Instructions Causing Exceptions and
Values of MEI Register.
15 to 11 — (Reserved for future expansion. Be sure to clear to 0.) R 0
10,9 DS These bits indicate the type of data handled by the instruction that R/W Undefined
caused the exception.*!
0: Byte (8 bits)
1: Half word (16 bits)
2: Word (32 bits)
3: Double-word (64 bits)
For details, see Table 3.101, Instructions Causing Exceptions and
Values of MEI Register.
8 U These bits indicate the sign extension method of the instruction that R/W Undefined
caused the exception.
0: Signed
1: Unsigned
For details, see Table 3.101, Instructions Causing Exceptions and
Values of MEI Register.
7,6 — (Reserved for future expansion. Be sure to clear to 0.) R 0
5to01 ITYPE4-0 These bits indicate the instruction that caused the exception. R/W Undefined
For details, see Table 3.101, Instructions Causing Exceptions and
Values of MEI Register.
0 RW This bit indicates whether the operation of the instruction that caused the R/W Undefined

exception was read (Load-memory) or write (Store-memory)

0: Read (Load-memory)

1: Write (Store-memory)
For details, see Table 3.101, Instructions Causing Exceptions and
Values of MEI Register.

Note 1. Even if the data is divided and access is made several times due to the specifications of the hardware, the
original data type indicated by the instruction is stored.

Table 3.101 Instructions Causing Exceptions and Values of MEI Register (1/2)

Instruction REG DS U RW ITYPE
SLD.B dst 0 (Byte) 0 (Signed) 0 (Read) 00000g
SLD.BU dst 0 (Byte) 1 (Unsigned) 0 (Read) 00000
SLD.H dst 1 (Half word) 0 (Signed) 0 (Read) 00000g
SLD.HU dst 1 (Half word) 1 (Unsigned) 0 (Read) 00000g
SLD.W dst 2 (Word) 0 (Signed) 0 (Read) 00000g
SST.B src 0 (Byte) 0 (Signed) 1 (Write) 00000g
SST.H src 1 (Half word) 0 (Signed) 1 (Write) 00000g
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Table 3.101 Instructions Causing Exceptions and Values of MEI Register (2/2)

Instruction REG DS U RW ITYPE

SSTW src 2 (Word) 0 (Signed) 1 (Write) 00000g
LD.B (disp16) dst 0 (Byte) 0 (Signed) 0 (Read) 00001
LD.BU (disp16) dst 0 (Byte) 1 (Unsigned) 0 (Read) 00001g
LD.H (disp16) dst 1 (Half word) 0 (Signed) 0 (Read) 000015
LD.HU (disp16) dst 1 (Half word) 1 (Unsigned) 0 (Read) 00001g
LD.W (disp16) dst 2 (Word) 0 (Signed) 0 (Read) 000015
ST.B (disp16) src 0 (Byte) 0 (Signed) 1 (Write) 00001g
ST.H (disp16) src 1 (Half word) 0 (Signed) 1 (Write) 000015
ST.W (disp16) src 2 (Word) 0 (Signed) 1 (Write) 00001g
LD.B (disp23) dst 0 (Byte) 0 (Signed) 0 (Read) 00010g
LD.BU (disp23) dst 0 (Byte) 1 (Unsigned) 0 (Read) 00010g
LD.H (disp23) dst 1 (Half word) 0 (Signed) 0 (Read) 00010g
LD.HU (disp23) dst 1 (Half word) 1 (Unsigned) 0 (Read) 00010g
LD.W (disp23) dst 2 (Word) 0 (Signed) 0 (Read) 00010g
ST.B (disp23) src 0 (Byte) 0 (Signed) 1 (Write) 00010g
ST.H (disp23) src 1 (Half word) 0 (Signed) 1 (Write) 00010g
ST.W (disp23) src 2 (Word) 0 (Signed) 1 (Write) 00010g
LD.DW (disp23) dst 3 (Double-word) 0 (Signed) 0 (Read) 00010g
ST.DW (disp23) src 3 (Double-word) 0 (Signed) 1 (Write) 00010g
LDL.W dst 2 (Word) 0 (Signed) 0 (Read) 00111g
STC.W src 2 (Word) 0 (Signed) 1 (Write) 00111g
CAXI dst 2 (Word) 1 (Unsigned) 0 (Read)*’ 01000
SET1 — 0 (Byte) 1 (Unsigned) 0 (Read)*1 01001
CLR1 — 0 (Byte) 1 (Unsigned) 0 (Read)*’ 010015
NOT1 — 0 (Byte) 1 (Unsigned) 0 (Read)*1 01001
TST1 — 0 (Byte) 1 (Unsigned) 0 (Read) 010015
PREPARE — 2 (Word) 1 (Unsigned) 1 (Write) 01100g
DISPOSE — 2 (Word) 1 (Unsigned) 0 (Read) 011005
PUSHSP — 2 (Word) 1 (Unsigned) 1 (Write) 01101g
POPSP — 2 (Word) 1 (Unsigned) 0 (Read) 011015
SWITCH — 1 (Half word) 0 (Signed) 0 (Read) 10000g
CALLT — 1 (Half word) 1 (Unsigned) 0 (Read) 10001g
SYSCALL — 2 (Word) 1 (Unsigned) 0 (Read) 10010g
Interrupt (table — 2 (Word) 1 (Unsigned) 0 (Read) 10101g
reference)*2

Note 1. This exception occurs when the instruction executes a read access.
Note 2. An exception occurs when the table reference interrupt vector is read.

NOTE

dst: destination register number, src: source register number
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(q) RBASE — Reset vector base address register

This register indicates the reset vector address when there is a reset. If the PSW.EBV bit is 0, this

vector address is also used as the exception vector address.

31 9876543210
RBASEIIIIIIIIIIIIIIIIIIIIII | Value after reset
RBASE31-9 ocjojpjojofol0|0|=z *
o
Table 3.102 RBASE Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t09 RBASE31-9  These bits indicate the reset vector when there is a reset. When PSW.EBV = R *1
0, this address is also used as the exception vector.
The EBASES to 0 bits are implicitly set to 0.
8to1 — (Reserved for future expansion. Be sure to clear to 0.) 0
0 RINT When the RINT bit is set, the offset address of the exception handler used R 0
during interrupt servicing is decremented. This bit is valid when PSW.EBV =
0.
Note 1.  The reset vector differs depending on the startup area. For details, see Section 4, Address Space.
() EBASE — Exception handler vector address register
This register indicates the exception handler vector address. This register is valid when the PSW.EBV
bitis 1.
31 9 8 10
EBASEIIIIIIIIIIIIIIIIIIIIII | Value after reset
EBASE31-9 000|000 |0]O 5 Undefined
Table 3.103 EBASE Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t0 9 EBASE31-9  The exception handler routine address is changed to the address resulting R/W Undefined
from adding the offset address of each exception to the base address
specified for this register.
The EBASES to 0 bits are implicitly set to 0.
8to1 — (Reserved for future expansion. Be sure to clear to 0.) R 0
0 RINT When the RINT bit is set, the offset address of the exception handler used R/W Undefined
during interrupt servicing is decremented.
CAUTION
For a CPU whose instruction addressing range is 128 MB, a value resulting from a sign-extension of bit
26 is automatically set to bits 31 to 27 of EBASE.
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(s) INTBP — Base address of the interrupt handler table register

This register indicates the base address of the address table when the table reference method is selected
as the interrupt handler address selection method.

31 9 8 0
Frrrrrrrrrrtr 1T 1T T 1T T T T T T T T/
INTBP Value after reset
INTBP31-9 Ol0ojoj0oO0f0]010]O Undefined
Table 3.104 INTBP Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t09 INTBP31-9 These bits indicate the base pointer address for an interrupt prescribed inthe  R/W Undefined
expanded specifications.
The value indicated by these bits is the first address in the table used to
determine the exception handler when the interrupt prescribed by the
expanded specifications (EIINTO to EIINT511) is acknowledged.
The EBASES to 0 bits are implicitly set to 0.
8to0 — (Reserved for future expansion. Be sure to clear to 0.) R 0

CAUTION

For a CPU whose instruction addressing range is 128 MB, a value resulting from a sign-extension of bit
26 is automatically set to bits 31 to 27 of INTBP.

(t) PID — Processor ID register

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
rrrrrrrrrrrrrrrrr T 1T T T T T 1T 1T 1T T T/
PID PID Value aﬁer reset
Table 3.105 PID Register Contents
Value after
Bit Position Bit Name Function R/W Reset
311024 PID Architecture identifier R Fby
This identifier indicates the architecture of the processor.
23t08 Function identifier R 00014
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 to 11 : Reserved
Bit 10 : Double-precision floating-point operation function
Bit 9 : Single-precision floating-point operation function
Bit 8: Memory protection unit (MPU) function
7to0 Version identifier R 304
This identifier indicates the version of the processor.
Note 1. The value is F500 0130y in this product.
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(u) SCCFG — SYSCALL operation setting register

This register is used to specify 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

SCCFG Value after reset

ooopoOpOIOOOO0OO0O0O0|0[0|0[0]|0[0]|0]0]O SIZE Undefined

Table 3.106 SCCFG Register Contents
Value after

Bit Position Bit Name Function R/W Reset
31t08 — (Reserved for future expansion. Be sure to clear to 0.) R 0
7t00 SIZE These bits specify the maximum number of entries of a table that the R/W Undefined

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 instruction, the first entry is selected. Place an error processing
routine at the first entry.

(v) SCBP — SYSCALL base pointer register

The SCBP register is used to specify a table address of the SYSCALL instruction and generate a target
address. Be sure to set an appropriate value to this register before using the SYSCALL instruction.

Be sure to set a word address to the SCBP register.

31 0
SCBP IlllIllIllllllsé;|3||331|0|lllllllllllll Value after reset
) Undefined
Table 3.107 SCBP Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to2 SCBP31-2 These bits indicate the base pointer address of the SYSCALL instruction. R/W Undefined
These bits indicate the first address in the table used by the SYSCALL
instruction.
1,0 SCBP1-0 These bits indicate the base pointer address of the SYSCALL instruction. R 0
These bits indicate the first address in the table used by the SYSCALL
instruction.

Always set this bit to 0.

CAUTION

For a CPU whose instruction addressing range is 128 MB, a value resulting from a sign-extension of bit
26 is automatically set to bits 31 to 27 of SCBP.

RO1UHO0468EJ0120 Rev.1.20 RENESAS Page 245 of 2471
May 31, 2017



RH850/E1L

Section 3 CPU System

(w) MCFGO — Machine configuration register

This register indicates the CPU configuration.

31 24 23 16 15 3210
T T T T
MCFGO Val ft t
olo|o olo SPID ololololo|o o|1]o|of YEUeaPTeSE
Table 3.108 MCFGO Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 24 — (Reserved for future expansion. Be sure to clear to 0.) R 0
2310 16 SPID Bit 23 to 18: These are not supported in this product. R/W *2
(Reserved for the future expansion. Be sure to clear to 0)
Bit 17, 16: These bits indicate the system protection number.
15t0 3 — (Reserved for future expansion. Be sure to clear to 0.) R 0
2 — (Reserved for future expansion. Be sure to set this bit to 1.) 1
1,0 — (Reserved for future expansion. Be sure to clear to 0.) 0
Note 1. The value is 0003 0004y in PCU (PE3) of this product.
Note 2. The value is 03y in PCU (PE3) of this product.
(x) MCTL — Machine control register
This register is used to control the CPU.
3130 210
MCTL M |U Value after reset
110 (0 [0 OO |OIjojo|o0|0 O(||ojojo|0 0|0 00A|C 8000 0000},
Table 3.109 MCTL Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31 EN (Reserved for future expansion. Be sure to set this bit to 1.) R 1
30to2 MT (Reserved for future expansion. Be sure to clear to 0.) R 0
1 MA This bit specifies the operation when a misaligned access occurs. R/W 0
0: An exception is generated in response to a misaligned access.
1: A misalignment exception is not generated and access still proceeds.*k1
0 uiC This bit is used to control the interrupt enable/disable operation in user R/W 0
mode. When this bit is set to 1, executing the EI/DI instruction in user mode
becomes possible.
Note 1.  This bit does not control the generation of misalignment exceptions in response to access by double-word

instructions.
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(3) Interrupt function registers

Table 3.110 Interrupt Function System Registers

Register No. Access
(reg.ID, sel.ID) Symbol Function Permission
SR10, 2 ISPR Priority of interrupt being serviced SV

SRM, 2 PMR Interrupt priority masking SV

SR12, 2 ICSR Interrupt control status SV

SR13, 2 INTCFG Interrupt function setting SV

(a) ISPR — Priority of interrupt being serviced register

This register holds the priority of the EIINTn interrupt being serviced. This priority value is then used
to perform priority ceiling processing when multiple interrupts are generated.

31 8 7 0
T T T T T
ISPR Value after reset
oool|oj0oj0Oj0O0OO0O|0|0|00|0]O 0 0 0 0 ISP7-0 0000 0000,
Table 3.111  ISPR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t08 — (Reserved for future expansion. Be sure to clear to 0.) R 0
7t00 ISP7-0 These bits indicate the acknowledgment status of an EIINTn interrupt witha  R*3 0

priority*1 that corresponds to the relevant bit position.
0: An interrupt request for an interrupt whose priority corresponds to the
relevant bit position has not been acknowledged.
1: An interrupt request for an interrupt whose priority corresponds to the
relevant position is being serviced by the CPU core.

The bit positions correspond to the following priority levels:

Bit Priority

0 Priority 0 (highest)
1 Priority 1

6 Priority 6

7 Priority 7

When an interrupt request (EIINTn) is acknowledged, the bit corresponding
to the acknowledged interrupt request is automatically set to 1. If PSW.EP is
0 when the EIRET instruction is executed, the bit with the highest priority
an;ong the ISP7 to 0 bits that are set (0 is the highest priority) is cleared to
0*“.

While a bit in this register is set to 1, lower priority interrupts (EIINTn) are
masked. Priority level judgment is therefore not performed when the system
is determining whether to acknowledge an exception, meaning that
exceptions will not be acknowledged. See section 4.1.5 Interrupt Exception
Priority and Priority Masking in RH850G3K User’s Manual: Software.

When performing software-based priority control using the PMR register, be
sure to clear this register by using the INTCFG.ISPC bit.

Note 1.  See section 4.1.5 Interrupt Exception Priority and Priority Masking in RH850G3K User's Manual: Software
for the details.

Note 2. Interrupt acknowledgment and auto-updating of values when the EIRET instruction is executed are disabled
by setting the INTCFG.ISPC bit to 1. We recommend auto-updating, so in normal cases, clear the
INTCFG.ISPC bit to 0.

Note 3.  This is R or R/W, depending on the setting of the INTCFG.ISPC bit. It is recommended to use this register
as a read-only (R) register.
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(b) PMR — Interrupt priority masking register

This register is used to mask the specified interrupt priority.

31 8 7 0
T T T T
PMR Value after reset
oopoOoOl0oj0O0O0OOIOO|O0O0OOO|0|0|00|0]|0]O0]O PM7-0 0000 0000,
Table 3.112 PMR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31t0 8 — (Reserved for future expansion. Be sure to clear to 0.) R 0
7t00 PM7-0 These bits mask an interrupt request with a priority level that corresponds to  R/W 0

the relevant bit position.
0: Servicing of an interrupt request with a priority that corresponds to the
relevant bit position is enabled.
1: Servicing of an interrupt request with a priority that corresponds to the
relevant bit position is disabled.

The bit positions correspond to the following priority levels:

Bit Priority

0 Priority 0 (highest)
1 Priority 1

6 Priority 6

7 Priority 7 (lowest)

While a bit in this register is set to 1, interrupts (EIINTn) with the priority
corresponding to that bit are masked. Priority level judgment is therefore not
performed when the system is determining whether to acknowledge an
exception, meaning that exceptions will not be acknowledged”.

Note 1. Specify the masks by setting the bits to 1 in order from the lowest-priority bit. For example, FO, can be set,
but CCy or OFy cannot.

(c) ICSR — Interrupt control status register

This register indicates the interrupt control status in the CPU.

31 10
ICSR | Value after reset
OOO0000000000000000000000000000E 0000 0000},
Table 3.113 ICSR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to1 — (Reserved for future expansion. Be sure to clear to 0.) R 0
0 PMEI This bit indicates that an interrupt (EIINTn) with the priority level masked by R 0
the PMR register exists
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(d) INTCFG — Interrupt function setting register

This register is used to specify settings related to the CPU’s internal interrupt function.

31 10

Value after reset

INTCFG[ojojo0o0O00OOOOO|0|0|0OOC[0|0|0|00[0|0|0]|0 |0 [0]|0]0]O 0000 0000

ISPC

Table 3.114 INTCFG Register Contents

Value after
Bit Position Bit Name Function R/IW Reset

31to1 — (Reserved for future expansion. Be sure to clear to 0.) R 0

0 ISPC This bit changes how the ISPR register is written. R/W 0
0: The ISPR register is automatically updated. Updates triggered by the
program (via execution of LDSR instruction) are ignored.
1: The ISPR register is not automatically updated. Updates triggered by the
program (via execution of LDSR instruction) are performed.

If this bit is cleared to 0, the bits of the ISPR register are automatically set to
1 when an interrupt (EIINTn) is acknowledged, and cleared to 0 when the
EIRET instruction is executed. In this case, the bits are not updated by an
LDSR instruction executed by the program. If this bit is set to 1, the bits of
the ISPR register are not updated by the acknowledgement of an interrupt
(EIINTR) or by execution of the EIRET instruction. In this case, the bits can
be updated by an LDSR instruction executed by the program.

In normal cases, the ISPC bit should be cleared. When performing software-
based priority control, however, set this bit to 1 and perform priority control
by using the PMR register.
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(4) FPU Function Registers

This product does not include an FPU.

(5) MPU Function Registers

(a) MPU function system registers

The MPU function system registers are read from or written to by using the LDSR or STSR

instructions and specifying the system register number, which is made up of a register number and

selection ID.

Table 3.115 MPU Function System Registers (1/2)

Register No. Access
(reg.ID, sel.ID) Symbol Function Permission
SRO, 5 MPM Memory protection operation mode setting SV

SR1,5 MPRC MPU region control SV

SR4, 5 MPBRGN MPU base region number SV

SR5, 5 MPTRGN MPU end region number SV

SR11, 5 MCR Memory protection setting check result SV

SRO, 6 MPLAO Protection area minimum address sV

SR1, 6 MPUAO Protection area maximum address SV

SR2, 6 MPATO Protection area attribute SV

SR4, 6 MPLA1 Protection area minimum address SV

SR5, 6 MPUA1 Protection area maximum address SV

SR6, 6 MPAT1 Protection area attribute SV

SR8, 6 MPLA2 Lower address of the protection area SV

SR9, 6 MPUA2 Protection area maximum address SV

SR10, 6 MPAT2 Protection area attribute SV

SR12,6 MPLA3 Protection area minimum address SV

SR13, 6 MPUA3 Protection area maximum address SV

SR14, 6 MPAT3 Protection area attribute SV
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Table 3.115 MPU Function System Registers (2/2)

Register No. Access
(reg.ID, sel.ID) Symbol Function Permission
SR16, 6 MPLA4 Not implemented. A value of 0 is returned when read SV
SR17.6 MPUA4 and writing is ignored. Y,
SR18, 6 MPAT4 S)Y
SR20, 6 MPLA5 S)Y
SR21, 6 MPUA5 SYY
SR22, 6 MPAT5 S)Y
SR24, 6 MPLAG6 SYY
SR25, 6 MPUA6 S)Y
SR26, 6 MPAT6 S\
SR28, 6 MPLA7 SV
SR29, 6 MPUA7 S)Y
SR30, 6 MPAT7 SV
SRO, 7 MPLA8 SYY
SR1,7 MPUAS SV
SR2,7 MPAT8 SV
SR4,7 MPLA9 SV
SR5, 7 MPUA9 SV
SR6, 7 MPAT9 SV
SR8, 7 MPLA10 SYY
SR9, 7 MPUA10 SV
SR10, 7 MPAT10 SV
SR12,7 MPLA11 SV
SR13,7 MPUA11 SV
SR14,7 MPAT 11 SV
SR16, 7 MPLA12 SV
SR17,7 MPUA12 SV
SR18, 7 MPAT12 SV
SR20, 7 MPLA13 SV
SR21,7 MPUA13 SV
SR22,7 MPAT13 SV
SR24,7 MPLA14 SV
SR25,7 MPUA14 SV
SR26, 7 MPAT14 SV
SR28, 7 MPLA15 SV
SR29, 7 MPUA15 SV
SR30, 7 MPAT15 SV
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(1) MPM — Memory protection operation mode register

The memory protection mode register is used to define the basic operating state of the memory
protection function.

31 1109 8 7 2

MPM D D |D
oooO0pQOlpOoOOMOWOGOIOOOWOIRWIIOOIO|O[OW0IW]|XI|W|RIO|]OI]O

-

Value after reset
0000 0000y

mu= | o

o
o<m

Table 3.116 MPM Register Contents

Value after
Bit Position Bit Name Function R/W Reset

31to 11 — (Reserved for future expansion. Be sure to clear to 0.) R 0

10 DX This bit specifies the default operation when an instruction is executed atan R/W 0
address that does not exist in a protection area.
0: Disable executing an instruction at an address that does not exist in a
protection area.
1: Enable executing an instruction at an address that does not exist in a
protection area.

9 DW This bit specifies the default operation when writing to an address that does R/W 0
not exist in a protection area.
0: Disable writing to an address that does not exist in a protection area.
1: Enable writing to an address that does not exist in a protection area.

8 DR This bit specifies the default operation when reading from an address that R/W 0
does not exist in a protection area.
0: Disable reading from an address that does not exist in a protection area.
1: Enable reading from an address that does not exist in a protection area.

7to2 — (Reserved for future expansion. Be sure to clear to 0.) R 0

1 Syp*3.+4 In SV mode (when PSW.UM = 0), this bit is used to specify whether to RW* 0
restrict access according to the SX, SW, and SR bits of the MPAT register
for each protection area.*!
0: As usual, implicitly enable all access in SV mode.
1: Restrict access according to the SX, SW, and SR bits even in SV mode.

*2

0 MPE This bit is used to specify whether to enable or disable MPU function. R/W 0
0: Disable
1: Enable

Note 1.  When the SVP bit is set to 1, access will become restricted after a certain number of clock cycles, even in
SV mode. Therefore, specify the protection area before setting the SVP bit to prevent restriction of access
by the program itself.

Note 2.  If access is restricted in SV mode., execution of MDP exceptions or the MIP exception handling itself might
not be possible depending on the settings. Be careful to specify settings so that access to the memory area
necessary for the exception handler and exception handling is permitted.

Note 3.  Access by the CPU in supervisor mode is not restricted during the processing of SYSCALL instructions
while SVP = 1 and in table references in response to EIINT interrupts involving table reference.

Note 4.  When the SVP bit is set to 1 to use the debugger, enable execution of instruction by SV mode in the
FE60 0000y to FE7F FFFF area. When a debugger manufactured by a third party executes instructions
by downloading code to the global RAM area or local RAM area of PE1, enable instructions for SV mode
in said areas.

RO1UHO0468EJ0120 Rev.1.20 RENESAS Page 252 of 2471
May 31, 2017



RH850/E1L Section 3 CPU System

(2) MPRC — MPU region control register

Bits used to perform special memory protection function operations are located in this register.

31 16 15 4 3
MPRC EIEIEIEIEIEIEIEIEIE |E|E E |E [E |E Value after reset
0o 0|0 0|0 0|0 0|00 |0 |15(14{13|12[11(10|9 [8 |7 |6 |5 |4 |3 [2 |1 |0 0000 0000
H
Table 3.117 MPRC Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 16 — (Reserved for future expansion. Be sure to clear to 0.) R 0
15t0 4 E15-E4 These bits are not supported in this product. R 0
(Reserved for future expansion. Be sure to clear to 0.)
3to0 E15-E0 These are the enable bits for each protection area. Bit En is a copy of bit R/wW 0
MPATN.E (where n = 3 to 0). The number of the protection areas in this
product is 4.
(3) MPBRGN — MPU base region register
This register indicates the minimum usable MPU area number.
31 5 4 0
L
MPBRGN Value after reset
oopopoOpoOpO OO OO0 O|0[00|0|0]0]|0]0 MPBRGN 0000 0000,
Table 3.118 MPBRGN Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 5 — (Reserved for future expansion. Be sure to clear to 0.) R 0
4t00 MPBRGN These bits indicate the smallest number of an MPU area. R 0000

(4) MPTRGN — MPU end region register

This register indicates the maximum usable MPU area number.

31 543 0
L

MPTRGN Value after reset

oopopoOpoOpOOOOOOOOO O[O OO|0[00|0|0]0]|0]0 MPTRGN 0000 0003,

Table 3.119 MPTRGN Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to5 — (Reserved for future expansion. Be sure to clear to 0.) R 0
4t00 MPTRGN These bits indicate the largest number of an MPU area. R 0011
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(5) MCR — Memory protection setting check result

This product does not incorporate the memory protection setting function.

This register is reserved for the future expansion.

31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
MCR| 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Value after reset
0 0 0 0 0 0 0 0 0 0 1 1 1 1 1 1 0000 003F
Table 3.120 MCR Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 0 — (Reserved for future expansion) 0000 003Fy
(6) MPLAn — Protection area minimum address register
These registers indicate the minimum address of area n (n = 0 to 3).
31 1
MPLAN -t T 1T T T T T T 1" ||\/|p:_AI T 1T T T T | o Value after reset
n Undefined
Table 3.121 MPLAnN Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to2 MPLA31-2 These bits indicate the minimum address of area n. R/W Undefined
The MPLA1-0 bits are implicitly set to 0.
1,0 — Reserved for future expansion. Be sure to clear these bits to 0. 0
CAUTION

For a CPU whose instruction addressing range is 128 MB, a value resulting from a sign-extension of bit
26 is automatically set to bits 31 to 27 of MPLAN.
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(7) MPUAn — Protection area maximum address register
These registers indicate the maximum address of area n (n = 0 to 3).
31 210
MPUAnR IIIIIIIIIIII,{/IPlIJAIIIIIIIIIIIIIIOOValueaﬂerreset
n Undefined
Table 3.122 MPUAnN Register Contents
Value after
Bit Position Bit Name Function R/W Reset
31to 2 MPUA31-2 These bits indicate the maximum address of area n. R/W Undefined
The MPUA1-0 bits are implicitly set to 1.
1,0 — Reserved for future expansion. Be sure to clear these bits to 0. R 0
CAUTION
For a CPU whose instruction addressing range is 128 MB, a value resulting from a sign-extension of bit
26 is automatically set to bits 31 to 27 of MPUAN.
(8) MPATn — Protection area attribute register
These registers indicate the attributes of area n (where n =0 to 3).
31 26 25 16 15 876543210
T T T T Tl
MPATn SS|S|U|U U Value after reset
0 010 (0|0 ASID OO0 |0|0|EIGIXWIRIX|WIR Undefined
Table 3.123 MPATnN Register Contents (1/2)
Value after
Bit Position Bit Name Function R/W Reset
31to 26 — (Reserved for future expansion. Be sure to clear to 0.) R 0
2510 16 ASID These bits indicate the ASID value to be used as the area match condition. ~ R/W Undefined
15t0 8 — (Reserved for future expansion. Be sure to clear to 0.) R 0
7 E This bit indicates whether area n is enabled or disabled. R/W 0
0: Area n is disabled.
1: Area n is enabled.
6 G 0: ASID match is the condition. R/W Undefined
1: ASID match is not the condition.
When this bit is 0, the condition of the area match is MPATN.ASID =
ASID.ASID. When this bit is 1, the area match of the values of MPATn.ASID
and ASID.ASID is the condition.
5 SX This bit indicates the execution privilege for supervisor mode.*! R/W Undefined
0: The execution is disabled.
1: The execution is enabled.
4 SW This bit indicates the write permission for supervisor mode.*’ R/W Undefined
0: Writing is disabled.
1: Writing is enabled.
3 SR This bit indicates the read permission for supervisor mode*" R/wW Undefined
0: Reading is disabled.
1: Reading is enabled.
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Table 3.123 MPATnN Register Contents (2/2)

Value after
Bit Position Bit Name Function R/IW Reset
2 ux This bit indicates the execution privilege for user mode. R/wW Undefined
0: The execution is disabled.
1: The execution is enabled.
1 uw This bit indicates the write permission for user mode. R/W Undefined
0: Writing is disabled.
1: Writing is enabled.
0 UR This bit indicates the read permission for user mode. R/W Undefined
0: Reading is disabled.
1: Reading is enabled.
Note 1. If access is restricted in SV mode, execution of MDP exceptions or the MIP exception handling itself might

not be possible depending on the settings. Be careful to specify settings so that access to the memory area
necessary for the exception handler and exception handling is permitted.

(6) Cache operation function registers

The RH850/E1x does not have cache processing function registers.

(7) Data buffer operation function registers

The RH850/E1x does not have data buffer operation function registers.

3.3.2 Inter-Processor Interrupts

The PCU includes an inter-processor interrupt control register (IPIR_CHO-3). It is a CPU peripheral
and its functions and addresses are the same as those of the CPU1. IPIR_CHO to IPIR_CH3 registers
are assigned to each PE which are accessible only from their own PE. For details, see Section 3.2.3,
Inter-Processor Interrupts.
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3.3.3 Reliability Functions

3.3.3.1  System Error Notification Control Function (SEG)

(1)

Errors due to an instruction fetch or data access can be the sources of system error exceptions. A
SYSERR exception is an FE level exception from which return or recovery is not possible.

For source codes (FEIC) of the SYSTEM exceptions and error handling, see Table 3.125, Error
Factor Codes and Handling of G3K Core SYSERR Exceptions. When a system error
exception is accepted, the PSW.EBV bit is cleared to 0 and the exception handler always refers to
RBASE.

SEG (SysErrGen) controls interrupt notification and recording after a system error occurred by a data
access.

Register Set

(@) SEG_CONT — System Error Control Register

This register enables and disables the error notification of each SYSERR source. When the bit is set to
1, SYSERR notification of error occurrence is enabled. When it is cleared to 0, SYSERR notification is
disabled although the error flag in response to the error factor occurrence is set.

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
— RMWE — RAME — EXTE | FCHE —
Value after reset 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/W R R/W R R/W R/W R
Table 3.124 SEG_CONT Register Contents
Bit Position Bit Name Function
15t07 — Reserved
These bits are always read as 0. The write value should always be 0.
6 RMWE Local RAM Read/Modify/Write Error Notification Enable:
This bit enables SYSERR notification of an ECC error that occurs when a read
access is made to the local RAM during read/modify/write operation after a byte
or half word write is made to the local RAM.
5 — Reserved
This bit is always read as 0. The write value should always be 0.
4 RAME Local RAM ECC Error Notification Enable:
This bit enables the SYSERR notification of an ECC error occurred when the
CPU accesses the data in the local RAM area.
3 — Reserved
This bit is always read as 0. The write value should always be 0.
2 EXTE P-Bus/GRAM Area Error Notification Enable:
This bit enables SYSERR noatification of an error occurring when the P-Bus/
GRAM area is accessed. Such errors include:
e P-Bus: Data Parity Error, Guard Error
e GRAM: Data ECC Error, Address Parity Error, Guard Error
1 FCHE Code Flash Error Notification Enable:
This bit enables the SYSERR notification of an error occurred when the CPU
accesses the data in the code flash. Such errors include:
e Data ECC Error
e Address Parity Error
0 — Reserved
This bit is always read as 0. The write value should always be 0.
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Table 3.125 Error Factor Codes and Handling of G3K Core SYSERR Exceptions

Factor Code Error Contents
10 Reserved
11 Instruction fetch errors
12 Reserved
13 Reserved
14 Errors in which their notification is enabled by the SEG_CONT register.
Errors that have occurred can be identified by reading the SEG_FLAG register
15 Reserved
16 Reserved
17 Reserved
18 Reserved
19 Reserved
1A Reserved
1B Reserved
1C Reserved
1D Reserved
1E Reserved
1F Reserved
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(b) SEG_FLAG — System Error Flag Register

This register indicates the flags to store the status under which each SYSERR factor occurs. When a
SYSERR factor occurs, the corresponding error factor flag is set to 1. The SYSERR can also be
generated by direct writing to the register and setting the flag to 1. Each flag can be cleared by writing
0 after reading the state of 1.

Even if 0 is written in a subsequent write operation to a flag already set to 0 during reading, the flag is
set in response to an error occurring between the read and the write.

Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — — |RMWF| — RAMF — EXTF | FCHF —

Value afterreset 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/W R R/W R R/W R/W R

Table 3.126 SEG_FLAG Register Contents

Bit Position Bit Name Function
15to 7 — Reserved
These bits are always read as 0. The write value should always be 0.
6 RMWF Flag corresponding to bit 6 of the SEG_CONT register
5 — Reserved

This bit is always read as 0. The write value should always be 0.

4 RAMF Flag corresponding to bit 4 of the SEG_CONT register
3 — Reserved
This bit is always read as 0. The write value should always be 0.
2 EXTF Flag corresponding to bit 2 of the SEG_CONT register
1 FCHF Flag corresponding to bit 1 of the SEG_CONT register
0 — Reserved

This bit is always read as 0. The write value should always be 0.
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3.4 Inter-CPU Functions

3.41 Processor Element Identifier

The PEID, each processor element ID number, can be read from the PEID field in the HTCFGO
register. Which CPU core performs a specific program can be understood by referring to the PEID. The
following shows the PEID of this product.

CPU core PEID

CPU1 (PE1) 001g

PCU (PE3) 011y
3.4.2 Inter-Processor Interrupt Function

Both CPU1 and the PCU individually have IPIR registers as their own peripheral functions. Setting of
the IPIR register enables an El-level interrupt request from a PE to another PE. For details, see
Section 3.2.3, Inter-Processor Interrupts.

3.4.3 Exclusive Function

The local RAM, global RAM, and exclusive control register (MEV) are available as a resource for
exclusive control. As atomic operation instruction, the instructions of LDL/STC, CAXI, SET1, CLRI1,
and NOT1 can be performed for the local RAM and global RAM, and the instructions of CAXI, SET]I,
CLR1, and NOT1 can be performed for the exclusive control register (MEV). These registers are also
accessible by the LD and ST instructions but not regarded as atomic operation.

CAUTION

Access to the local RAM of the PCU or an MEV register by using the CAXI, SET1, CLR1,
or NOT1 instructions are atomic operations, but access to the local RAM of CPU1 or
global RAM by the same instructions is not. Use the MEV for exclusive control of PCU
and CPU1.
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3.4.3.1 Exclusive Control Register (MEV)
This register supports exclusive control for variables shared between PEs (common resources).
(MEV = Mutual Exclusion Variable Register)
e 32 32-bit MEV registers are included.
e 1-, 8-, 16-, and 32-bit accesses are available for each MEV.
e Accesses from CPUI1 (PE1) and the PCU (PE3) can be made.
e Atomic operation instructions of CAXI, SET1, CLR1, and NOT1 can be performed.
CPUI1 and the PCU each have an independent access path for the MEV registers. Therefore, when
CPUI and the PCU each access different MEV registers, they do not need to wait for access. When
they access the same MEV register, however, waiting for access is required.
Table 3.127 Base Address of SEG Register: FFFE EC00y
Register Value after Operable Bit Access
Symbol Register Name R/W Reset 1 8 16 32 Size
GOMEV0 Exclusive Control Register 0 RW 000000004 v v v v +004
GOMEV1 Exclusive Control Register 1 R/W 00000000y J J J +04y
GOMEV2 Exclusive Control Register 2 RW 000000004 Y v v v +08y
GOMEV3 Exclusive Control Register 3 R/W 00000000y J J J +0Cq
GOMEV31  Exclusive Control Register 31 R/W 00000000y J J J +7Cq
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3.4.3.2 Operation of the LDL.W and STC.W Instructions

The LDL.W and STC.W instructions can be used to obtain atomic read-modify-write operations for
accurate processing in the updating of memory by multicore systems. The LDL.W and STC.W
instructions operate as follows. The LDL.W and STC.W instructions are only in the instruction set for
the CPU (G3M) and not in that for the PCU (G3K). For the operation of the LDL.W and STC.W
instructions, refer to the RH850G3M User’s Manual: Software.

e Link generation: The CPU is capable of generating links to both the local RAM and global RAM.
Executing the LDL.W instruction on the target RAM for the operation leads to link address being
registered, the link flag being set, and a link being generated in response to reading by the
instruction. Two link flag systems are provided, one each for the following two areas of RAM.

(1) The local RAM for the given processor: 1
(2) The global RAM: 1

Since these link flags are generated independently of each other, a link that was previously
generated (e.g. by the CPU to the local RAM) is not lost when the CPU executes the LDL.W
instruction for the other RAM (e.g. the global RAM).

e Success in storing: After a link has been generated, storing will only proceed in response to
executing an STC.W instruction corresponding to the generated link.

e Failure in storing: If a link is lost, storing does not proceed even when an STC.W instruction for
the corresponding address is processed. Storing also does not proceed when an STC.W instruction
that does not correspond to the link is processed.

e Condition for successful storing: If the following condition is met, the STC.W instruction is
judged to be for the address corresponding to the link.

— The address for the LDL.W instruction which generated the link matches that for the STC.W
instruction.

e Loss of the link: If any of the following occurs, the link flag is cleared and the link is lost.

— Any of the following processing by the CPU for which the link was generated:

— An STC.W instruction being executed. The corresponding link (for (1) or (2) above) will
be lost irrespective of the success or failure of storing.

— Occurrence of an exception or the CPU executing an instruction to return from an
exception processing routine (FERET or EIRET). The link for the linked RAM area and
the link flag are cleared.

— A successive LDL.W instruction being executed for a location corresponding to the link
flag for the linked RAM.

The link generated in response to the preceding LDL.W instruction will be lost. Do not
execute such processing.

— Storing operations other than execution of a STC.W instruction for the address*
indicated by the link. Do not execute such processing.
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— Access as described below by another bus master:

— Any storing operation, including execution of an STC.W instruction for the address™
indicated by the link. The corresponding link will be lost.

Note. Refers to the addresses of locations that match the 27 higher-order address bits
of the address for which the link was created.

Success of the STC.W instruction means that the LDL.W and STC.W instructions have realized an
atomic Read-Modify-Write operation.
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3.5 Usage Notes

3.51 Synchronization of Store Instruction Completion and Subsequent
Instruction Generation

When a control register is updated by a store instruction, there is a time lag from execution of the store
instruction by the CPU to actual updating of the control register. Therefore, appropriate
synchronization processing is required to ensure the control register reflects updated contents before
execution of a subsequent instruction. How to perform synchronization processing is shown below.

For details of the procedure regarding updating of the system registers by the LDSR instruction and
synchronization with subsequent instructions, refer to APPENDIX A, HAZARD RESOLUTION
PROCEDURE FOR SYSTEM REGISTERS in the RH850G3M User s Manual: Software or the
RH850G3K User s Manual: Software.

3.5.1.1  When updated results in the control registers are reflected in the implementation of
a subsequent instruction:

Example 1: An interrupt may be enabled by implementation of an EI instruction after an interrupt
request is cleared by access from the control register in the INTC2 and the peripheral circuits. Proceed
as follows in this case.

(1) Store instruction to update a control register (ST.W, etc.)

(2) Dummy reading of the above-mentioned control register (LD.W, etc.)*1
(3) SYNCP

(4) Subsequent instruction (EI, etc.)

Example 2: Implement the same processing even when the access required after waiting to secure the
updating of a given control register (register A) is to another control register (register B). This includes
the following cases: the interlinked operation of different peripheral modules and when releasing the
interrupt mask in INTC after making peripheral module settings.

However, this processing is unnecessary if control registers A and B are in the same peripheral group.

For the correspondence between the peripheral groups and the peripheral modules/registers, see
Appendix, List of Registers.

(1) Issue the instruction for storage to update control register A (TS.W, etc.)
(2) Dummy-read the above control register (LD.W, etc.)*1

(3) Issue SYNCP.

(4) Issue the instruction to access control register B (ST.W, LD.W, etc.)

The same processing is also required when access to control registers and memory within the scope of
protection starts after waiting for the completion of settings for safety functions such as memory
protection, ECC checking, and so on.

Note 1. Dummy reading of any register of the same peripheral group can be used instead.
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3.5.1.2 When the updated results in the control registers and memories are reflected in the
instruction fetch of a subsequent instruction:

(a) If you wish to write an instruction to the RAM and then branch to the RAM to execute the
written instruction, handle this as follows.
(1) Store instruction to update a memory (ST.W, etc.)
(2) Dummy read of the above-mentioned memory (LD.W, etc.)
(3) SYNCP
(4) SYNCI

(5) Subsequent instruction (branch instruction, etc.)

(b) When branching to a target memory after waiting for the completion of updating the
control registers for memory protection and ECC, handle this as follows.

(1) Store instruction to update a control register (ST.W, etc.)
(2) Dummy reading of the control register (LD.W, etc.)

(3) SYNCP

(4) SYNCI

(5) Subsequent instruction (branch instruction, etc.)

3.5.1.3 When switching the code flash area

In this case, refer to (7) Updating the FCUFAREA Register, in section 9, Usage Notes, in the RH850/
ElIx Flash Memory User’s Manual: Hardware Interface.

3.5.1.4 When executing the SYNCM instruction to wait for the completion of update by the
store instruction

When executing the SYNCM instruction to wait for the completion of updating the destination for
access by the preceding store instruction, the CPU that executes the store instruction and the
destination for access must be as follows.

CPU that Executes the Store Instruction Destination for Access by the Store Instruction
CPU1 Local RAM (self), Local RAM (PE1), Global RAM
RO1UH0468EJ0120 Rev.1.20 RENESAS Page 265 of 2471

May 31, 2017



RH850/E1L Section 3 CPU System

3.5.2 Accesses to Registers by Bit-Manipulation Instructions

Processing of a bit-manipulation instruction takes the form of atomic reading, modification, and
writing of an eight-bit unit. Thus, access by a bit-manipulation instruction is only possible for registers
for which reading and writing in 8-bit units is possible. However, take care in the cases of registers that
contain multiple flag bits, since the read-modify-write cycle may also clear flags other than that which
was the target for clearing.

3.5.3 Ensuring Coherency after Code Flash Programming

The CPU has an efficient instruction cache and data buffer for the code flash area.

Therefore, after using self-programming to program the code flash memory, clear the instruction cache
and data buffer to ensure coherency. The instruction cache and data buffer can be cleared by using the
ICCTRL register and the CDBCR register, respectively. The instruction cache and data buffer can also
be cleared at the same time by using the TM_CC register. For details of the TM_CC register, see
Section 35.4.5, TM_CC — Cache Clear Operation Register.

When the PCU is in use, the TM_CC register can also be used in the same way to clear the cache and
buffer after programming the code flash memory.

3.54 Overwriting Context when Acknowledging Multiple Exceptions

Exceptions may be acknowledged regardless of the states of the ID or NP bits of the PSW register. This
depends on the type of exception. When multiple exceptions occur, the contents of the system registers
which hold the context information are overwritten. Regarding the conditions for acknowledging
exceptions from each source and the possibility of return and recovery, see the list of exception sources
in RH850G3M User's Manual: Software and RH850G3K User's Manual: Software.
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3.5.5 Usage Notes on Prefetching

CPU executes speculative instruction fetching from locations later than the current value of the
program counter to maintain the throughput of instruction fetches. Reading from memory due to such
prefetching may proceed even from locations to which instruction codes have not been assigned (note 1
in Figure 3.5). Please note the following. The CPU does not execute values read in such cases.

These notes apply to instruction fetching from memory in general.
e Occurrence of ECC errors due to values in memory being undefined

This prefetching may lead to an ECC error in case of reading from the code flash memory after it
has been erased or from the local RAM or global RAM before initialization. When instruction
codes are assigned to memory, initialize said area with values as desired (note 1 in Figure 3.5).

¢ Detection of illegal access by the GRG or IPG

The GRG or IPG may detect such prefetching as illegal access. To prevent prefetching being
detected as an illegal access, do not allow any region of overlap area with said areas (note 1 in
Figure 3.5) and areas to which access is prohibited by the GRG or IPG. Reading from an area
protected by the MPU does not cause a memory protection exception.

e Access to Access Prohibited Area

Assign instruction codes to memory without allowing any overlap between said area (note 1 in
Figure 3.5) and an access-prohibited area.

Example of program  Memory for

execution instruction fetches
/\/
//\_‘/
Area where no instruction
A code are assigned
48 bytes'
Branch *

Area where instruction codes
are assigned

/[\ Execute an instruction

Area where no instruction/'i\ Execute no instruction: read-only
code are assigned

Branch 48 bytes™

are assigned

T Area where instruction codes
//_\__/
/X/

Note 1.  Area from final address of instruction code to final address + 48 bytes. Even if instruction codes are not
placed in this area, requests for prefetching may lead to reading from memory at the time of branching.

Figure 3.5 Area that Requires Attention Regarding Prefetching
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Section 4

Address Space

Table 4.1 shows the address space of the RH850/E1L.

When making an access to the on-chip I/O register space, access the addresses shown in Appendix,
List of Registers. Do not access an address that is not specified in Table 4.1 and an area where any
access is prohibited. If an unspecified address or reserved area is accessed, operation is not guaranteed.

41 Address Space

Table 4.1 Address Space
Address Address Space Type Size
0000 0000y to 001F FFFF Code Flash (user area read) 2MB
(0001 70004 to 0001 7FFFy) (FCU firmware area (Map is switched by FCUFAREA (4 KB)

register.))*®

0020 0000y to OOFF FFFFy Access prohibited
0100 00004 to 0100 7FFFy Code flash (user boot area read) 32 KB
0100 8000y to OFFF FFFFy Access prohibited
1000 0000y to 1FFF FFFFy On-chip I/O register 256 MB
2000 0000y to FEBF 3FFFy Access prohibited
FEBF 4000y to FEBF FFFFy Local RAM (PE1) 48 KB
FECO 0000y to FEDF 3FFFy Access prohibited
FEDF 40004 to FEDF FFFFy Local RAM (self) *! 48 KB
FEEO 0000, to FEEE FFFFy Access prohibited
FEEF 0000 to FEFO BFFFy Global RAM area 112 KB

FEFO CO00y to FEFF FFFF

Access prohibited

FF00 0000y to FFFD FFFFy

On-chip /O register

16 MB to 128 KB

(FF20 00004 to FF20 FFFFy) (Data flash (read/write)) (64 KB)
(FFA1 2000y to FFA1 2FFFy) (FCU RAM) (4 KB)
FFFE 0000y to FFFE DFFFy Access prohibited

FFFE EO00y to FFFE FFFFy On-chip I/O register (self*2) 8 KB
FFFF 0000 to FFFF 4FFFy Access prohibited

FFFF 50004 to FFFF FFFFy On-chip I/O register 44 KB

Note 1.

When accessing a local RAM from PE1 or other unit, accessing the local RAM (PE1) allows access to the

local RAM in PE1 and accessing the local RAM (self) allows access to the local RAM in each PE (PE1/
PCU). The local RAM (self) areas have the following differences because the local RAM (self) capacity
differs between PE1 and the PCU.

- PE1 local RAM (self): FEDF 40004 to FEDF FFFFy (48 KB)
- PCU local RAM (self): FEDF 8000y to FEDF FFFFy (32 KB)

Also note that some tools do not support access to the local RAM of PE1 via the local RAM (self) area. If
this is the case, access to the local RAM area for PE1 is via the local RAM (PE1) area and access to the
local RAM of the PCU is via the local RAM (self) area.

The on-chip I/O register (self) has CPU peripheral function. CPU peripheral function is typically unique to
each PE and no access is allowed to the CPU peripheral of other PE. However, the exclusive control register
(MEV) is an exception and shares the function between PEs.

For details, see the RH850/E1x Flash Memory User’s Manual: Hardware Interface.

Note 2.

Note 3.
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4.2 Address Space Viewed from Each Bus Master

Figure 4.1 shows address spaces viewed from each bus master.

4.2.1 Space in which instructions can be fetched

1. Instructions of PEI and the PCU can be fetched from the code flash, local RAM and global
RAM.

2. The reset vector (RBASE initial value) of PE1 and the PCU:
e When starting up from the user boot area, its head address is 0100 0000y;.

e When starting up from the user area, its head address is 0000 0000y.

4.2.2 Data space accessible by PE1

All spaces are accessible.

4.2.3 Data space accessible by PCU

All spaces are accessible. However, an access from PE1 to the on-chip I/O register, 1000 0000y to
IFFF FFFFy is not available. Use FC00 0000y to FESF FFFFy for such access.

4.2.4 Data space accessible by DMA (DMAC, DTS)

See Figure 4.1 for the accessible spaces from the DMA.
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Access from PE1 Access from PCU Access from DMA

FFFF_FFFF,
On-chip /O register On-chip /O register On-chip 1/O register

FFFF_5000,
FFFF_4FFF,

FFFF_0000,
FFFE_FFFF,

On-chip /O register On-chip /O register
(self) (self)

FFFE_E000,
FFFE_DFFF,

FFFE_0000,,

FFFD_FFFF,,
On-chip /O register On-chip /O register On-chip /O register
FF00_0000,,

FEFF_FFFF,

FEF0_C000,,
FEFO_BFFF,,

Global RAM

FEEF_0000,,
FEEE_FFFF,

FEE0_0000,,
FEDF_FFFF,,

FEDF_8000,,
FEDF_7FFF,

FEDF_4000,,
FEDF_3FFF,

FECO0_0000,

FEBF_FFFF,

- " Local RAM Local RAM
FEBF_4000,, (A=) (GED)
FEBF_3FFF,

FE60_0000,,

FESF_FFFF, Use FC00_0000,, to
FESF_FFFF, for an
access from the PCU to
the on-chip I/0 register
area, 1000_0000,, to

FC00_0000, 1FFF_FFFF,.

FBFF_FFFF,

2000_0000,,
1FFF_FFFF,

On-chip /O register Not accessible On-chip I/O register

1000_0000,,
OFFF_FFFF,,

0400_0000,,
03FF_FFFF,,

0100_8000,,
0100_7FFF,,

0100_0000,,
00FF_FFFF,

0020_0000,,
001F_FFFF,, oo o
0000_0000,, (user mat)

Note: The following color coding is used in the map above.

Data access available.
Not accessible

Figure 4.1

Address Space Viewed from Each Bus Master
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4.3 Global RAM and Retention RAM

The global RAM is divided into two, bank A and bank B. Different banks can be accessed
concurrently. The upper 32 Kbytes of bank A is the retention RAM that retains data even during power-
off standby state.

FEFO_BFFF,,

Bank B

(48 KB)
FEF0_0000,,
FEEF_FFFF,

Retention RAM

(32 KB)
FEEF_8000,| |
FEEF_7FFF,,

Bank A

(64 KB)
FEEF_0000,,

Figure 4.2 Global RAM
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Section 5  Operating Mode

5.1 Features

e This LSI has three mode pins to determine the operating mode (MDO, MD1, and FLMODE).

5.2 Operating Mode

This LSI has multiple operating modes, which can be selected with the three pins (MD1, MDO, and
FLMODE) and the setting of STMSEL1/STMSELDO in option byte 0. For the procedures to set
STMSEL1/STMSELDO, see Section 33, Flash Memory. Table 5.1 shows the list of the operating
modes.

Table 5.1 Selection of Operating Mode

Value Set in Option Byte 0
Value Set in the Pin OPBTO

Operating Startup

MD1 MDO FLMODE STM SEL1 STM SELO Mode Area Types of I/F*! Remarks

0 0 0 0 0 User boot User area Itis possible to select  On-chip debug
mode I/F by OPBT2 in option is available.

byte.

0 ! rlizzreboot grzzr boot See Section 33.10.2,

OPBT2 — Option
Byte 12 to 9 Bits
Arrangement for the
details.

1 x Serial Boot area  Writer I/F Serial
programming (2-line UART) programming is
mode available

0 0 1 x x Boundary scan — JTAG Boundary scan
mode is available.

0 1 0 x x Serial Boot area  Writer I/F Serial
programming (2-line UART) programming is
mode available

0 1 1 x x Serial Boot area  Writer I/F Serial
programming (3-line clock programming is
mode synchronization) available

Note: X =don't care.

Note 1.  For the correspondence between the pin function and pin state in each interface, see Section 2.5.3, Pin
State.

5.2.1 User Boot Mode
After release from the reset state, instruction fetch is carried out from the user boot area or the user
area.

5.2.2 Serial Programming Mode

After release from the reset state, the LSI boots up from the on-chip boot program and starts connection
in the specified transmission method. For details, see Section 33, Flash Memory.

5.2.3 Boundary Scan Mode

This is a mode to use the boundary scan function in accordance with the standard of IEEE1149.1. For
details, see Section 36, Boundary Scan.
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Section 6

Interrupt

The interrupt controller (INTC) determines priority of interrupt sources and controls interrupt requests

to the CPU. The INTC has a register to set priority of each interrupt. Interrupt requests are processed

according to the priority set in this register by the user.

6.1 Overview

Simultaneous distribution of interrupt sources to multiple cores

— A single interrupt source can be distributed to multiple CPU cores.
(Distribution target cores: CPU1/PCU)

— Target interrupt sources: Nonmaskable interrupt 1 source, FE level interrupt 1 source, EI level
interrupts 21 sources

Interrupt sources

— Nonmaskable interrupt:
External pin NMI interrupt (FENMI) 1 source

— FE level interrupt:
ECM interrupt (FEINT) 1 source

— El level interrupt (maskable) (EIINT)
high-speed interrupts (EIINTO to 31) 21 sources
* Inter-processor interrupts
* ECM interrupts
* External pin IRQ interrupts
* Software interrupts
* Constant-cycle timer (OSTM)

* DMA error interrupts

Low-speed interrupts (EIINT32 to 511) 332 sources
* Timer

* Communication

* A/D converter

* DMAC/DTS, etc.

Priority levels for Interrupt
Priority levels of IRQ (external interrupts) and maskable interrupts can be set in 512 interrupt
control registers according to interrupt requests, up to 16 levels for CPU1 and 8 levels for PCU.

Detecting methods of external interrupt (NMI/IRQ)

A method of detecting NMI sources can be selected from two types: rising edge and falling edge.
A method of detecting IRQ sources can be selected from four types: high level, low level, rising
edge, and falling edge.

Direct branching method or table referencing method is selectable by setting two types of
interrupt handler address setting registers.

Inter-processor interrupts
High-speed inter-processor interrupts are enabled.

Software interrupts (SINT)
Interrupts of desired priority can be generated from the program by setting software interrupt
registers.
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e Sharing interrupt sources
The number of exception handler addresses can be decreased by merging multiple interrupt
sources.

Interrupts are controlled by the following interrupt controllers:

e INTCI
CPUI and PCU have their own interrupt controllers.
Each PE accesses to the INTC1 register that corresponds to respective PEs.
INTCI1 controls High-speed interrupt and has the following functions:
— Priority setting
— Interrupt mask setting
e [INTC2
INTC2 is a common interrupt controller that CPU1 and PCU share.
INTC2 controls low-speed interrupts and has the following functions.
— Priority setting
— Interrupt mask setting

— Binding setting
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6.2 Register Specifications

6.2.1

The INTC has registers listed in tables below. These registers are mainly used to set interrupt priority

and to control detection of external interrupt input signals.

Register Configuration

Table 6.1 Interrupt Control
Register
Address Symbol Register Name R/W  Value after Reset
FFFE EAOO,-FFFE EA3E, (EICO to 31)  EICn*' El level interrupt control RW  008Fy*®
FFFF B040y-FFFF B3FE (EIC32 to 511) register 808F*6
FFFE EAFO4 (IMRO) IMRn*2 El level interrupt mask R/W  FFFF FFFFy
FFFF B404y-FFFF B43Cy (IMR1 to register
IMR15)
FFFE EB00y-FFFE EB7Cy (EIBDO to 31) EIBDn*3  El level interrupt bind RW **

FFFF B880-FFFF BFFCy (EIBD32 to

511)

register

Note 1.
Note 2.
Note 3.
Note 4.

Note 5.
Note 6.

n=0to 511
n=0to 15
n=0to 511

n = 0 to 31: the same value as that of the PEID bit

n =32 to 511: 0000 0001y

When an edge is detected (The PCU register of EICn (n = 0 to 31) is located at 0087,.)
When a level signal is detected (The PCU register of EICn (n = 0 to 31) is located at 8087.)

Among the registers shown in Table 6.1, the EICO to 31, IMRO, and EIBDO to 31 are located in
INTCI1 of the CPU peripheral field included in each CPU. Each register of these only can be accessed
from CPUI or PCU which includes it. Writing is only possible in supervisor mode (PSW.UM = 0).

Of the registers listed in Table 6.1, EIC32 to EIC511, IMR1 to IMR15, and EIBD32 to EIBD511 are
located in INTC2, the controller for interrupts from peripheral group 0. Writing to these registers is
only possible for a PE bound to EIBDn (n =32 to 511) or in supervisor mode (UM = 0) by CPU1.
When writing to IMR1 to IMR15, only the bits corresponding to the conditions described above are

overwritten; other bits are not updated.

In the register areas listed in Table 6.1, the values of those listed as reserved for the given channel
numbers in Table 6.14, Interrupt Exception Handler and Priority, must retain their values after

a reset.
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Table 6.2 External Interrupts, Software Interrupts, and NMI
Value after

Address Register Symbol Register Name R/W  Reset
FFCO 0000y NMICTL NMI interrupt control register R/W 00y
FFCO 0010y EXINTCTL External interrupt control register R/W 00004
FFCO 0014y EXINTSTR External interrupt status register R 004
FFCO 0018y EXINTSTC External interrupt status clear register W 004
FFCO 0020y SINTRO Software interrupt register 0 R/W 00y
FFCO0 0024y SINTR1 Software interrupt register 1 R/W 004
FFCO 0028y SINTR2 Software interrupt register 2 R/W 00y
FFCO0 002Cy SINTR3 Software interrupt register 3 R/W 004

Table 6.3 Interrupt Merge Function
Address Register Symbol  Register Name R/W Value after Reset
FFF9 8000y PINTO Peripheral interrupt status register 0 R 0000 0000y
FFF9 8004y PINT1 Peripheral interrupt status register 1 R 0000 0000y
FFF9 8008y PINT2 Peripheral interrupt status register 2 R 0000 0000y
FFF9 800CH PINT3 Peripheral interrupt status register 3 R 0000 0000y
FFF9 8010y PINT4 Peripheral interrupt status register 4 R 0000 0000y
FFF9 8014y PINTS Peripheral interrupt status register 5 R 0000 0000y
FFF9 8018y PINT6 Peripheral interrupt status register 6 R 0000 0000y
FFF9 801CH PINT7 Peripheral interrupt status register 7 R 0000 0000y
FFF9 8020y PINTCLRO Peripheral interrupt status clear register 0 W 0000 0000y
FFF9 8024y PINTCLR1 Peripheral interrupt status clear register 1 W 0000 0000y
FFF9 8028y PINTCLR2 Peripheral interrupt status clear register2 W 0000 0000y
FFF9 802CH PINTCLR3 Peripheral interrupt status clear register 3 W 0000 0000y
FFF9 8030y PINTCLR4 Peripheral interrupt status clear register 4 W 0000 0000y
FFF9 8034y PINTCLRS Peripheral interrupt status clear register 5 W 0000 0000y
FFF9 8038y PINTCLRG6 Peripheral interrupt status clear register 6 W 0000 0000y
FFF9 803CH PINTCLR7 Peripheral interrupt status clear register 7 W 0000 0000y

Table 6.4 ATU-IV Interrupt Control
Address Register Symbol  Register Name R/W Value after Reset
FFF9 8040y TIMER Timer interrupt mask enable register R/W 00y
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6.2.2 EICO to EIC511 — El Level Interrupt Control Registers 0 to 511

These registers are used to set interrupt control conditions for each EI level interrupt source, and one
register is provided for each source of this type. For each source, see Table 6.14, Interrupt
Exception Handler and Priority.

CAUTION

If 0 is written to the EIRFn bit immediately after a peripheral module generates the
corresponding interrupt request upon detection of an edge (before an interrupt is
accepted by the CPU), the request may be lost.

Writing 1 to the EIRFn bit immediately after an interrupt is accepted by the CPU may
lead to re-issuing of the request.
This includes the use of bit-manipulation instructions (set1, clr1, and not1) for writing

to any of these registers. For bit-manipulation instructions, see also Section 3.5.2,
Accesses to Registers by Bit-Manipulation Instructions.

Executing a bit-manipulation instruction to the lower bytes including the EIMKn bit has
no effect on the EIRFn bit.

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
EICTn — — EIRFn — — — — EIMKn | EITBn — — EIPn
Value after reset " 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1
RW R R R R/W R R R R RW R/W R R RW RW R/W R/W
Note 1.  0: Edge detection, 1: Level detection
Table 6.5 EIC Register Contents (1/2)
Bit Position Bit Name Function
15 EICTn Interrupt Channel Type
The following values are read according to the interrupt input interface. This is a
read-only bit.

0: Edge detection
1: Level detection
The write value should be the value after reset.

14,13 — Reserved
These bits are always read as 0. The write value should always be 0.

12 EIRFn Interrupt Request Flag
Operation varies with the interrupt input interface.
0: No interrupt request (Initial value)
1: Interrupt request present

e Edge detection
This flag is automatically cleared to 0 when an interrupt request of the self-
channel is accepted by the CPU core. When the EIRFn bit is set to 1, an El
level maskable interrupt n (EIINTn) is generated in the same way as
acceptance of an interrupt request.

¢ Level detection
This bit cannot be set or cleared by the software. This is a read-only bit.

11108 — Reserved
These bits are always read as 0. The write value should always be 0.
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Table 6.5 EIC Register Contents (2/2)

Bit Position Bit Name Function

7 EIMKn Interrupt Mask

While this bit is set to 1, interrupt requests set in the interrupt request flag
(EIRFn) are masked to inhibit interrupt requests from the channel to the CPU
core. Notification of presence of unprocessed interrupts is not made and the
PMEI bit in ICSR is not set from channels for which this bit is set to 1. Even
when interrupt processing is disabled by the setting of this bit, an input of
interrupt signal is not masked and the interrupt request flag is set. Setting this bit
is also reflected in the setting of corresponding bit of the interrupt mask register
(IMR).

0: Interrupt processing is enabled.

1: Interrupt processing is disabled. (Initial value)

6 EITBn Interrupt Vector Method Select
0: Direct branching method based on priority
1: Table referencing method

54 — Reserved
These bits are always read as 0. The write value should always be 0.

3to0 EIPn’ These bits specify 16 interrupt priority levels (0: highest priority, 15: lowest
priority).
If two or more El level interrupt requests are generated simultaneously, a source
with higher priority specified by these bits is selected and is sent to the CPU
core. If the priority specified by these bits is equal, a source of smaller channel
number is selected as fixed priority.

Note: n=0to 511
The values of those listed as reserved for the given channel numbers in Table 6.14, Interrupt Exception
Handler and Priority, must retain their values after a reset.
Note 1. In the case of the EICO to EIC31 registers of the PCU, bits EIPn 2 to EIPn 0 are used to specify eight
interrupt priority levels. (Set EIPn 3 to 0).
When interrupts corresponding to EIC32 to EIC511 are bound to the PCU, however, the interrupt priority is
judged from the three bits of EIPn 3 to EIPn 1, which the PCU handles as if they were bits EIPn 2 to EIPn
0. (When an interrupt is bound to the PCU, the setting of EIPn 0 in the corresponding EICn is ignored.).
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6.2.3 IMRO to IMR15 — EI Level Interrupt Mask Registers 0 to 15

These registers are aggregation of the EIMK bit in the EIC register. Setting of the corresponding EIMK
bit is reflected in each bit in the IMRn register. Furthermore, setting of the IMRn register is reflected in
the corresponding EIMK bit.

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

IMROH|EIMK31|EIMK30|EIMK29|EIMK28|EIMK27 |[EIMK26|EIMK25|EIMK24|EIMK23|EIMK22(EIMK21|EIMK20|EIMK19|EIMK18|EIMK 17 [EIMK16

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

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

IMROYEIMK15(EIMK14|EIMK13|EIMK12(EIMK11|EIMK10| EIMK9 | EIMK8 | EIMK7 | EIMK6 | EIMK5 | EIMK4 | EIMK3 | EIMK2 | EIMK1 | EIMKO

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

IMR1
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

IMR1H|EIMK63|EIMK62|EIMK61|EIMK60|EIMKS9|EIMK58|EIMK57 |[EIMK56|EIMKS5|EIMKS4 ([EIMK53|EIMK52|EIMK51|EIMKS0|EIMK49 [EIMK48

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

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

IMR1EIMK47 EIMK46|EIMK45|EIMK44 [EIMK43|EIMK42|EIMK41|EIMK40| EIM39 (EIMK38|EIMK37|EIMK36|EIMK35|EIMK34 |[EIMK33|EIMK32

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

IMR15
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16

EIMK51|EIMK51|EIMK50|EIMK50|EIMKS0(EIMK50|EIMKS0|EIMK50|EIMK50|EIMKS0 |EIMKS0|EIMKS0|EIMK49|EIMK49|EIMK49 ([EIMK49

IMRT5H 4 0 9 8 7 6 5 4 3 2 1 0 9 8 7 6

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

Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
IMR15L EIMK49|EIMK49|EIMK49|EIMK49|EIMK49|EIMK49|EIMK48|EIMK48|EIMK48|EIMK48|EIMK48|EIMK48|EIMK48|EIMK48|EIMK48|EIMK48|
5 4 3 2 1 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
RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW RW

Note: The value of EIMK bit listed as reserved for the given channel numbers in Table 6.14, Interrupt Exception
Handler and Priority, must be set to 1.
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6.2.4 EIBDO to EIBD511 — EIl Level Interrupt Bind Registers 0 to 511

These registers are provided for each EI level interrupt source to make correspondence between each
source and PE. For each source, see Table 6.14, Interrupt Exception Handler and Priority.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
EIBDnH] — — — — — — — — — — — — — — GPID
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 R R/W R/W
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
EIBDnL| — — — — — — — — — — — — — PEID
Value afterreset 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/W R/W R/W

Table 6.6 EIBDO to EIBD511 Registers Contents

Bit Position Bit Name Function
31t0 18 — Reserved
The write value should always be 0.
17,16 GPID These bits are provided only in EIBD32 to EIBD511. Set either of the following

values for these bits according to the PEID setting.

00: When CPU1 is selected by PEID as a bind destination

01: When PCU is selected by PEID as a bind destination
These bits are reserved for EIBDO to EIBD31. The write value should always be
0. These bits are always read as 0.

15t0 3 — Reserved
The write value should always be 0.

2t00 PEID These bits specify an interrupt bind (request) destination.
However, these bits are fixed in EIBDO to EIBD31 and cannot be modified.
001: Interrupts are bound to CPU1.
011: Interrupts are bound to the PCU.
To execute interrupt of the corresponding source, be sure to set either value
above.

Note: The values of those listed as reserved for the given channel numbers in Table 6.14, Interrupt Exception
Handler and Priority, must retain their values after a reset.

Note 1.  EIBD32 to EIBD511: 001

NOTE
Changing the corresponding EIBDn register during the processing of an EIINT request is prohibited.
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6.2.5 NMICTL — NMI Interrupt Control Register

NMICTL is an 8-bit register to set the detection mode of falling edge, or rising edge for the NMI
interrupt input.

Bit 7 6 5 4 3 2 1 0
— — — — — — NMIS
Value after reset 0 0 0 0 0 0 0 0
R/W R R R R R R R/W R/W

Table 6.7 NMICTL Register Contents

Bit Position Bit Name Function
7to2 — Reserved
1,0 NMIS NMI Interrupt Detecting Method Select

These bits select an NMI interrupt signal detecting method from low level, high
level, falling edge, and rising edge.

0 0: An interrupt request is detected by the NMI input falling edge.

0 1: An interrupt request is detected by the NMI input rising edge.

1 0: Setting prohibited

1 1: Setting prohibited
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6.2.6 EXINTCTL — External Interrupt Control Register

EXINTCTL is a 16-bit register to specify a low level, high level, falling edge, or rising edge detection
mode individually for external interrupt input pins IRQ7 to IRQO.

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

IRQ7S IRQ6S IRQ5S IRQ4S IRQ3S IRQ2S IRQ18 IRQ1S

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

Table 6.8 EXINTCTL Register Contents

Bit Position Bit Name Function

15, 14 IRQ7S External Interrupt Detecting Method Select
These bits select an IRQ7 to IRQO interrupt signal detecting method from low
13,12 IRQ6S . . -
level, high level, falling edge, and rising edge.
11,10 IRQ5S 0 0: An interrupt request is detected by the IRQn input low level.*!
0 1: An interrupt request is detected by the IRQn input high level.*!

98 IRQ4S 1 0: An interrupt request is detected by the IRQn input falling edge.
7,6 IRQ3S 1 1: An interrupt request is detected by the IRQn input rising edge.
54 IRQ2S
3,2 IRQ1S
1,0 IRQOS

Note 1. When level detection is selected, the active level should be retained until an interrupt request is accepted.
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6.2.7 EXINTSTR — External Interrupt Status Register

EXINTSTR is an 8-bit register that indicates interrupt requests of external interrupt input pins IRQ7 to
IRQO. When edge detection is specified for IRQ7 to IRQO interrupts, interrupt requests retained in the
EXINTSTC register can be cleared.

Bit 7 6 5 4 3 2 1 0
IRQ7F IRQ6F IRQ5F IRQ4F IRQ3F IRQ2F IRQ1F IRQOF
Value after reset 0 0 0 0 0 0 0
R/W R R R R R R R R

Table 6.9 EXINTSTR Register Contents

Bit Position Bit Name Function
7 IRQ7F External Interrupt Request
6 IRQ6F These bits indicate IRQ7 to IRQO interrupt request status.
e When level detection is selected
5 IRQ5F . .
0: No IRQn interrupt request is present.
4 IRQ4F 1: IRQn interrupt requests are present.
3 IRQ3F [Clearing condition]
The IRQn input is not the level corresponding to IRQN1S and IRQNOS in
2 IRQ2F EXINTCTL.
1 IRQ1F [Setting condition]
The IRQn input is the level corresponding to IRQN1S and IRQNOS in
0 IRQOF EXINTCTL

e When edge detection is selected

0: No IRQn interrupt request has been detected.

1: IRQn interrupt requests have been detected.

[Clearing condition]

Writing 1 to the IRQNC bit in EXINTSTC

[Setting condition]

An edge corresponding to IRQn1S and IRQNOS in EXINTCTL is generated.

Note 1. n=0to7
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6.2.8 EXINTSTC — External Interrupt Status Clear Register

EXINTSTC is an 8-bit register to clear IRQnF in EXINTSTR in case edge detection is selected as an
IRQn detecting method. Writing 1 to IRQnC clears the corresponding IRQnF bit in EXINTSTR.

Bit

Value after reset

R/W

7 6 5 4 3 2 1 0
IRQ7C IRQ6C IRQ5C IRQ4C IRQ3C IRQ2C IRQ1C IRQOC
0 0 0 0 0 0 0 0
w w w w w w w W
Table 6.10 EXINTSTC Register Contents

Bit Position Bit Name

Function

7 IRQ7C External Interrupt Request Clear
5 IRQ6C These bits clear the interrupt request status in case edge detection method is
selected for detecting IRQ7 to IRQO interrupts.
5 IRQ5C e When level detection is selected
4 IRQ4C These bits have no function.
3 IRQ3C e When edge detection is selected
Writing 1 clears the corresponding IRQnF bit in the EXINTSTR register.
2 IRQ2C
1 IRQ1C
0 IRQOC
Note 1. n=0to7
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6.2.9 SIN

Bit

TRO to SINTR3 — Software Interrupt Registers

SINTRO to SINTR3 are 8-bit registers to control software interrupts 0 to 3 (SINTO to SINT3).

Writing 01y to these registers increments the value of a counter; writing 00y decrements it. When the
value of the counter for any of these registers is one or more, the corresponding interrupt from among
software interrupts 0 to 3 (SINTO to SINT3) is generated. When reading the value from any of these
registers, it is the current value of the counter.

Value after reset
R/W

7 6 5 4 3 2 1 0
SINTCn[7:0]
0 0 0 0 0 0 0 0
RIW RIW RIW RIW RIW RIW RIW RIW

Table 6.11 SINTRO to SINTR3 Register Contents

Bit Position Bit Name Function

7t00 SINTCn[7:0] Software Interrupt Request
This bit generates a software interrupt.
[Reading operation]
The number of SINTn interrupt request counts is read out.
[Writing operation]
Writing 01y: increments the counter.*
Writing 00y: decrements the counter.*?

Note 1. When 01 is written to the register while the value of the counter is FF}, the counter is not incremented
and its value remains FFy

Note 2.  When 00y is written to the register while the value of the counter is 004, the counter is not decremented
and its value remains 00y.
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6.2.10 PINTO to PINT7, PINTCLRO to PINTCLR7 — Peripheral Interrupt Status
Registers and Peripheral Interrupt Status Clear Registers

The DTS transfer completion interrupt and transfer count match interrupt are merged in 32-channel
units. PINTO to PINT7 contain the interrupt status flags to indicate the originating channels for these
interrupts. When multiple interrupt sources are generated within the same register among PINTO to
PINT?7, only bit 1 on the lower-order side of the bits is set.

Writing the value read from the peripheral interrupt status register (PINTO to PINT?7) to the interrupt
clear register (PINTCLRO to PINTCLR7) of the same channel in the interrupt handler clears interrupts.

PINTn+x(n=0to 3,x=0)

Bit 31 30 29 28 27 26 25 24
INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS
[31+32*n] [30+32*n] [29+32*n] [28+32*n] [27+32*n] [26+32*n] [25+32*n] [24+32*n]
Value after reset 0 0 0 0 0 0 0
R/W R R R R R R R R
Bit 23 22 21 20 19 18 17 16
INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS
[23+32*n] [22+32*n] [21+32*n] [20+32*n] [19+32*n] [18+32*n] [17+32*n] [16+32*n]
Value after reset 0 0 0 0 0 0 0
R/W R R R R R R R R
Bit 15 14 13 12 11 10 9 8
INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS
[15+32*n] [14+32*n] [13+32*n] [12+32*n] [11+32*n] [10+32*n] [9+32*n] [8+32*n]
Value after reset 0 0 0 0 0 0 0
R/W R R R R R R R R
Bit 7 6 5 4 3 2 1 0
INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS INTDTS
[7+32*n] [6+32*n] [5+32*n] [4+32*n] [3+32*n] [2+32*n] [1+32*n] [0+32*n]
Value after reset 0 0 0 0 0 0 0
R/W R R R R R R R R
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PINTn+x(n=0to3,x=4)

Bit 31 30 29 28 27 26 25 24
INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS
[31+32*n] [30+32*n] [29+32*n] [28+32*n] [27+32*n] [26+32*n] [25+32*n] [24+32%]
Value after reset 0 0 0 0 0 0 0
R/W R R R R R R R R
Bit 23 22 21 20 19 18 17 16
INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS
[23+32*n] [22+32*n] [21+32*n] [20+32*n] [19+32*n] [18+32*n] [17+32*n] [16+32*n]
Value after reset 0 0 0 0 0 0 0
R/W R R R R R R R R
Bit 15 14 13 12 11 10 9 8
INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS
[15+32*n] [14+32*n] [13+32*n] [12+32*n] [11+32*n] [10+32*n] [9+32*n] [8+32*n]
Value after reset 0 0 0 0 0 0
R/W R R R R R R R R
Bit 7 6 5 4 3 2 1 0
INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS INTCTDTS
[7+32*n] [6+32*n] [5+32*n] [4+32*n] [3+32*n] [2+32*n] [1+32*n] [0+32*n]
Value after reset 0 0 0 0 0 0 0
R/W R R R R R R R R

PINTCLRn +x (n=01t0 3, x = 0)

Bit 31 30 29 28 27 26 25 24

INTCLR INTCLR INTCLR INTCLR INTCLR INTCLR INTCLR INTCLR

[31+32*n] [30+32*n] [29+32*n] [28+32*n] [27+32*n] [26+32*n] [25+32*n] [24+32*n]
Value after reset 0 0 0 0 0 0 0 0
R/W w w w w w W W w
Bit 23 22 21 20 19 18 17 16

INTCLR INTCLR INTCLR INTCLR INTCLR INTCLR INTCLR INTCLR

[23+32*n] [22+32*n] [21+32*n] [20+32*n] [19+32*n] [18+32*n] [17+32*n] [16+32*n]
Value after reset 0 0 0 0 0 0 0 0
R/W w w w w w w w w
Bit 15 14 13 12 11 10 9 8

INTCLR INTCLR INTCLR INTCLR INTCLR INTCLR INTCLR INTCLR

[15+32*n] [14+32*n] [13+32*n] [12+32*n] [11+32*n] [10+32*n] [9+32*n] [8+32*n]
Value after reset 0 0 0 0 0 0 0 0
R/W w w w w w w w w
Bit 7 6 5 4 3 2 1 0

INTCLR INTCLR INTCLR INTCLR INTCLR INTCLR INTCLR INTCLR

[7+32*n] [6+32*n] [5+32*n] [4+32*n] [3+32*n] [2+32*n] [1+32*n] [0+32*n]
Value after reset 0 0 0 0 0 0 0 0
R/W w w w w w w w w
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PINTCLRn+x(n=0to0 3, x=4)

Bit 31 30 29 28 27 26 25 24
INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR
[31+32*n] [30+32*n] [29+32*n] [28+32*n] [27+32*n] [26+32*n] [25+32*n] [24+32%]
Value after reset 0 0 0 0 0 0 0 0
R/W w w w w w w w w
Bit 23 22 21 20 19 18 17 16
INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR
[23+32*n] [22+32*n] [21+32*n] [20+32*n] [19+32*n] [18+32*n] [17+32*n] [16+32*n]
Value after reset 0 0 0 0 0 0 0 0
R/W w W W W w w w w
Bit 15 14 13 12 11 10 9 8
INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR
[15+32%] [14+32*n] [13+32*n] [12+32*n] [11+32*n] [10+32*n] [9+32*n] [8+32*n]
Value after reset 0 0 0 0 0 0 0 0
R/W w w w w Wi w w w
Bit 7 6 5 4 3 2 1 0
INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR INTCTCLR
[7+32*n] [6+32*n] [5+32*n] [4+32*n] [3+32*n] [2+32*n] [1+32*n] [0+32*n]
Value after reset 0 0 0 0 0 0 0 0
R/W w W W W w w w w
PINTO
Bit Position Bit Name Function
31t00 INTDTS[31:0] DTS transfer completion interrupt status on ch31 to ch0
PINT1
Bit Position Bit Name Function
31t00 INTDTS[63:32] DTS transfer completion interrupt status on ch63 to ch32
PINT2
Bit Position Bit Name Function
31t00 INTDTS[95:64] DTS transfer completion interrupt status on ch95 to ch64
PINT3
Bit Position Bit Name Function
31t00 INTDTS[127:96] DTS transfer completion interrupt status on ch127 to ch96
PINT4
Bit Position Bit Name Function
31t00 INTCTDTS[31:0] DTS transfer count match interrupt status on ch31 to chO
PINT5
Bit Position Bit Name Function
31t00 INTCTDTS DTS transfer count match interrupt status on ch63 to ch32
[63:32]
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PINT6
Bit Position Bit Name Function
31t00 INTCTDTS DTS transfer count match interrupt status on ch95 to ch64
[95:64]
PINT7
Bit Position Bit Name Function
31t00 INTCTDTS DTS transfer count match interrupt status on ch127 to ch96
[127:96]
PINTCLRO
Bit Position Bit Name Function
31t00 INTCLR[31:0] These bits clear the DTS transfer completion interrupt status on ch31 to chO.
These bits write the read value of the PINTO in the interrupt handler.
PINTCLR1
Bit Position Bit Name Function
31t00 INTCLR[63:32] These bits clear the DTS transfer completion interrupt status on ch63 to ch32.
These bits write the read value of the PINT1 in the interrupt handler.
PINTCLR2
Bit Position Bit Name Function
31t00 INTCLR[95:64] These bits clear the DTS transfer completion interrupt status on ch95 to ch64.
These bits write the read value of the PINT2 in the interrupt handler.
PINTCLR3
Bit Position Bit Name Function
31t00 INTCLR[127:96] These bits clear the DTS transfer completion interrupt status on ch127 to ch96.
These bits write the read value of the PINT3 in the interrupt handler.
PINTCLR4
Bit Position Bit Name Function
31t00 INTCTCLR[31:0] These bits clear the DTS transfer count match interrupt status on ch31 to chO.
These bits write the read value of the PINT4 in the interrupt handler.
PINTCLR5
Bit Position Bit Name Function
31t0o0 INTCTCLR These bits clear the DTS transfer count match interrupt status on ch63 to ch32.
[63:32] These bits write the read value of the PINT5 in the interrupt handler.
PINTCLR6
Bit Position Bit Name Function
31t00 INTCTCLR These bits clear the DTS transfer count match interrupt status on ch95 to ch64.
[95:64] These bits write the read value of the PINT6 in the interrupt handler.
PINTCLR7
Bit Position Bit Name Function
31t00 INTCTCLR These bits clear the DTS transfer count match interrupt status on ch127 to ch96.
[127:96] These bits write the read value of the PINT7 in the interrupt handler.
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6.2.11 TIMER — Timer Interrupt Mask Enable Register

TIMER is an 8-bit readable/writable register to enable or disable interrupt requests of subblocks 4 to 6
of the ATU-IV timer D. Table 6.13, TIMER Register Target Interrupts lists applicable interrupts.

Since these interrupts are merged with the TSG2 interrupts and input to the INTC, set the
corresponding IME2 bits to 1 when using the TSG2. Do not modify these bits while subblock 4 of the

ATU-IV timer D is operating.
TIMER can be read and written on a byte basis.

TIMER is initialized to 00y by a reset.

Bit 7 6 5 4 3 2 1 0
— — — — — IME2 IME1 IMEO
Value after reset 0 0 0 0 0 0
R/W R R R R R R/W R/W R/W
Table 6.12  TIMER Register Contents
Bit Position Bit Name Function
7t03 — Nothing is allocated to these bits. These bits should always be 0.
2 IME2 This bit enables or disables interrupt requests of subblock 4 of ATU-IV timer D.
0: Interrupt requests are enabled.
1: Interrupt requests are disabled.
1 IME1 Reserved
The write value should always be 0.
0 IMEO Reserved
The write value should always be 0.
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The following lists the target interrupts.

Table 6.13 TIMER Register Target Interrupts
TIMER Register  ATU-IV Timer D Interrupt

Target Bit Subblock Channel Interrupt Name
IME2 4 180 DCNTD40 down-counter underflow interrupt
181 DCNTD41 down-counter underflow interrupt
182 DCNTD42 down-counter underflow interrupt
183 DCNTD43 down-counter underflow interrupt
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6.3 Interrupt Sources

Interrupt sources are grouped into five: external interrupt (NMI/IRQ), ECM interrupt, inter-processor
interrupt, software interrupt, and peripheral module interrupt.

6.3.1 NMI Interrupts

NMI interrupts are external interrupts input from the NMI pin. Falling edge or rising edge is selectable
by the setting of the NMI Interrupt Detecting Method Select bits (NMIS) in the NMI interrupt control
register (NMICTL).

NMI interrupts are accepted at the high priority even when other FE level interrupt has been generated.
NMI interrupts cannot be masked regardless of the state of PSW.NP in the CPU system register. NMI
interrupts are non-maskable interrupts from which return or recovery is not possible.

6.3.2 IRQ Interrupts

IRQ interrupts are input from IRQ7 to IRQO pins. For IRQ interrupts, low level, high level, falling
edge, or rising edge is selectable for each pin by the setting of the External Interrupt Detecting Method
Select bits (IRQ7S to IRQOS) in the external interrupt control register (EXINTCTL). Furthermore,
interrupt priority levels can be set for each source in interrupt control registers, 16 levels for CPU1 and
8 levels for PCU.

When low level is selected as an IRQ interrupt detecting method, an interrupt request signal is sent to
the INTC while IRQ7 to IRQO pins are low level. When IRQ7 to IRQO pins become high level, no
interrupt request signal is sent to the INTC. The active level should be retained until an interrupt
request is accepted. Interrupt requests can be checked by reading IRQ Interrupt Request bits (IRQ7F to
IRQOF) in the external interrupt status register (EXINTSTR).

When edge detection is selected as an IRQ interrupt detecting method, an interrupt request is detected
by a change in IRQ7 to IRQO pins, and an interrupt request signal is sent to the INTC. Reading bits
EXINTSTR.IRQ7F to EXINTSTR.IRQOF checks whether the corresponding IRQ interrupt request is
detected. In addition, the IRQ interrupt request can be cleared by writing 1 to the bit corresponding to
EXINTSTC when an edge is detected.

When returning from the IRQ interrupt exception handler, clear the external interrupt status register
(EXINTSTR) to prevent re-acceptance by mistake, and then issue an instruction to return from
interrupt.

6.3.3 ECM Interrupts

The Error Control Module (ECM) generates ECM interrupt requests by merging error interrupts from
multiple sources. For details, see Section 30, Error Control Module (ECM).

6.3.4 Inter-Processor Interrupts
Four registers (IPIR_CHn) for conveying interrupts between PEs are provided.
IPIR_CHO to IPIR _CH3 are assigned to CHO to CH3 of user interrupt (EIINT). An interrupt for

specific PEs (including own PE) can be requested by manipulating bits corresponding to respective
PEs. Interrupt priority levels can be set for each source in interrupt control registers, 16 levels for
CPUI and 8 levels for PCU.
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6.3.5 Software Interrupts

6.3.6 On-Chip Peripheral Module Interrupts

The software interrupts (SINT) are generated by the setting of the SINTRO to SINTR3 registers.
Multiple interrupt requests can be queued.

Interrupt priority levels can be set for each source in interrupt control registers, 16 levels for CPU1 and
8 levels for PCU.

On-chip peripheral module interrupts occur in on-chip peripheral modules listed below.

Code flash/Data flash

Serial communication interface 3 (SCI3)
OS timer (OSTM)

Window watchdog timer (WDTA)
Advanced timer unit IV (ATU-1V)

Motor control timer (TSG2)
Autonomous pulse control adapter (APA)
AD converter (ADCB)

AD addition function (ASF)

Delta-sigma AD converter (DS-ADC)
Serial communication interface H (CSIH)
CAN interface (RS-CAN)

LIN master interface (RLIN2)

Renesas high-speed bus (RHSB)

Direct memory access controller (DMAC, DTS)

Digital filter engine (DFE)

Since different interrupt vectors are assigned to each source, the interrupt exception handler need not

decide sources. Interrupt priority levels can be set for each source in interrupt control registers, 16
levels for CPU1 and 8 levels for PCU.
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6.4 Interrupt Exception Handler and Priority Operations

Table 6.14 lists interrupt sources, source codes, exception handler offset addresses, and interrupt
priority.

There are two specifications for exception handler addresses: (1) standard specifications where
exception handler addresses are determined by the PSW.EBV bit in the CPU core, RBASE register, and
EBASE register and (2) extended specifications where exception handler addresses for interrupts are
specified individually for each channel.

In the standard specifications, an offset address is added to the base address (RBASE register /EBASE
register) in the CPU core to generate an exception handler address. The following two methods are
provided for giving an interrupt offset address. For channels other than the interrupt channel, the
specified offset address is given.

e An offset address is determined within a range of +100 to +1F0p according to the priority level
(0 to 15) specified for each channel, regardless of interrupt channels (Note 1 in Table 6.14).

e Every offset address is + 100y regardless of the priority level. This is a function to reduce the
memory occupation size of the exception handler (Note 2 in Table 6.14).

In the extended specifications, a table for reading exception handler addresses for each interrupt
channel is provided. The handler address is extracted by referencing the table. The table reference
position is obtained by the following calculation formula (Note 3 in Table 6.14). The INTBP register
exists in the CPU core.

Exception handler address read position = INTBP + channel number * 4-byte

For RH850 G3M and G3K exceptions, refer to “RH850G3M User's Manual: Software and RH§50G3K
User's Manual: Software”.

For system error exceptions, see Section 3, CPU System.

Priority can be set for each channel. If specified priority levels are equal, an interrupt source of smaller
channel number is selected as fixed priority.

CAUTION

Be sure to place a SYNCP instruction at the start of handlers for the FENMI, FEINT,
EIINT (direct vector method) and SYSERR and FPI exceptions.

For details, refer to the RH850G3M User’s Manual: Software.
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Table 6.14 Interrupt Exception Handler and Priority (1/13)
Offset Address
Number
of Direct Branch Interrupt
Level Interrupt Table Priority
Functional Interrupt Channel Source RINT=0 RINT =1 Reference  (Value Default
Module Interrupt Source Name i (EINT)  Code  Notel pot2 it after reset)  Priority
Non-maskable NMI interrupt (FENMI) EOy +0EOy +0EOy — High
interrupt
FE level interrupt  Error control module (ECM) FE level interrupt (FEINT) FOy +0F0y +0F0y — A
Inter-processor IPIR_CHO 0 1000  The offset The offset +000y 0to 15(15)
interrupt address is address is
IPIR_CH1 1 1001 determined  always +004y 0 to 15(15)
within a +100y
IPIR_CH2 2 1002 range of regardless +008y 0 to 15(15)
+100y to of priority.
IPIR_CH3 3 1003 +1FO, +00Cy 0 to 15(15)
Reserved 4 1004  according to
the priority,
Reserved 5 1005  regardless
of interrupt
Reserved 6 1006 channels.
Reserved 7 1007
Error control Error control module (ECM) maskable interrupt 8 1008 +020y 0 to 15(15)
module
IRQ IRQO interrupt v 9 1009 +024y 0 to 15(15)
(External
interrupts) IRQ1 interrupt N 10 100A +028y 0to 15(15)
IRQ2 interrupt V 11 100B +02CH 0 to 15(15)
IRQ3 interrupt x/ 12 100C +0304 0to 15(15)
IRQ4 interrupt \/ 13 100D +034y 0 to 15(15)
IRQ5 interrupt \/ 14 100E +038y 0 to 15(15)
IRQ6 interrupt v 15 100F +03CH 0 to 15(15)
IRQ7 interrupt v 16 1010 +040y 0 to 15(15)
SINT SINTO interrupt v 17 1011 +044y 0 to 15(15)
(software
interrupts) SINT1 interrupt v 18 1012 +048y 0 to 15(15)
SINT2 interrupt v 19 1013 +04Cy 0 to 15(15)
SINT3 interrupt v 20 1014 +050y 0 to 15(15)
Reserved 21 1015
Reserved 22 1016
Reserved 23 1017
Reserved 24 1018
OST™M OSTMO interrupt (OSTMOTINT) 25 1019 +064y 0 to 15(15)
OSTM1 interrupt (OSTM1TINT) 26 101A +068y 0 to 15(15)
OSTM2 interrupt (OSTM2TINT) 27 101B +06CH 0 to 15(15)
Reserved 28 101C
DMA DMA transfer error (DMAERR) 29 101D +074y 0 to 15(15)
Reserved 30 101E
Reserved 31 101F
Reserved 32 1020
CodeFlash/Data  Flash sequencer processing end interrupt*! 33 1021 +084y 0 to 15(15)
Flash
Reserved 34 1022
Reserved 35 1023
Reserved 36 1024
Reserved 37 1025
DMAC Cho transfer end interrupt / chO transfer count match 38 1026 +098y 0 to 15(15)
interrupt
Ch1 transfer end interrupt / ch1 transfer count match 39 1027 +09Cy 0 to 15(15)
interrupt
Ch2 transfer end interrupt / ch2 transfer count match 40 1028 +0A0y 0 to 15(15)
interrupt
Ch3 transfer end interrupt / ch3 transfer count match 41 1029 +0Ady 0 to 15(15)
interrupt
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Table 6.14 Interrupt Exception Handler and Priority (2/13)

Offset Address
Number
of Direct Branch Interrupt
Level Interrupt Table Priority
Functional Interrupt Channel Source RINT=0 RINT =1 Reference  (Value Default
Module Interrupt Source Name i (EINT)  Code  Notel pot2 potes after reset)  Priority
DMAC Ch4 transfer end interrupt / ch4 transfer count match 42 102A  The offset The offset +0A8y 0 to 15(15) High
interrupt address is address is
determined  always
Ch5 transfer end interrupt / ch5 transfer count match 43 102B within a +100y +0ACH 0to 15(15) A
interrupt range of regardless
N +100y to of priority.
Ch6 transfer end interrupt / ch6 transfer count match 44 102C 49 FOy +0B0y 0 to 15(15)
interrupt according to
. the priority,
Ch7 transfer end interrupt / ch7 transfer count match 45 102D regardiess +0B4y 0 to 15(15)
interrupt of interrupt
Reserved 46 1026 channels.
Reserved 47 102F
Reserved 48 1030
Reserved 49 1031
Reserved 50 1032
Reserved 51 1033
Reserved 52 1034
Reserved 53 1035
WDTA WDTAOTIT interval timer interrupt (75% interrupt) 54 1036 +0D8y 0 to 15(15)
WDTA1TIT interval timer interrupt (75% interrupt) 55 1037 +0DCy 0 to 15(15)
Reserved 56 1038
ATU-IV timer A ICRAO input capture interrupt 57 1039 +0E4y 0to 15(15)
ICRA1 input capture interrupt 58 103A +0E8y 0to 15(15)
ICRA2 input capture interrupt 59 103B +0ECy 0 to 15(15)
ICRA3 input capture interrupt 60 103C +0F0y 0 to 15(15)
ICRA4 input capture interrupt 61 103D +0F4y 0 to 15(15)
ICRAS input capture interrupt 62 103E +0F8y 0 to 15(15)
Reserved 63 103F
TCNTA overflow interrupt 64 1040 +100y 0to 15(15)
ATU-IV timer B OCRBO compare match interrupt 65 1041 +104y 0 to 15(15)
OCRB1 compare match interrupt 66 1042 +108y 0 to 15(15)
OCRB6 compare match interrupt 67 1043 +10Cy 0 to 15(15)
OCRB10 compare match interrupt 68 1044 +110y 0 to 15(15)
OCRB11 compare match interrupt 69 1045 +114y 0to 15(15)
OCRB12 compare match interrupt 70 1046 +118y 0to 15(15)
Comparison between TCNTB6M and ICRB6 condition 71 1047 +11Cy 0 to 15(15)
match interrupt
AND/OR condition of CMFB6 and CMFB6M condition 72 1048 +120y 0 to 15(15)
match interrupt
ICRBO input capture interrupt 73 1049 +124y 0to 15(15)
ATU-IV timer C GRCO00 input capture/compare match interrupt/ 74 104A +128y 0 to 15(15)
OCRCO00 compare match interrupt
GRCO01 input capture/compare match interrupt/ 75 104B +12Cy 0 to 15(15)
OCRCO01 compare match interrupt
GRCO02 input capture/compare match interrupt/ 76 104C +130y 0 to 15(15)
OCRCO02 compare match interrupt
GRCO3 input capture/compare match interrupt/ 77 104D +134y 0 to 15(15)
OCRCO03 compare match interrupt
TCNTCO overflow interrupt 78 104E +138y 0 to 15(15)
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Table 6.14 Interrupt Exception Handler and Priority (3/13)

Offset Address
Number
of Direct Branch Interrupt
Level Interrupt Table Priority
Functional Interrupt Channel Source RINT=0 RINT =1 Reference  (Value Default
Module Interrupt Source Name i (EINT)  Code  Notel pot2 it after reset)  Priority
ATU-IV timer C GRC10 input capture/compare match interrupt/ 79 104F  The offset The offset +13Ch 0 to 15(15) High
OCRC10 compare match interrupt address is address is
determined  always
GRC11 input capture/compare match interrupt/ 80 1050  within a +100y +140y 0 to 15(15) A
OCRC11 compare match interrupt range of regardless
- - +100y to of priority.
GRC12 input capture/compare match interrupt/ 81 1051 +1F0y +144y 0 to 15(15)
OCRC12 compare match interrupt according to
K R the priority,
GRC13 input capture/compare match interrupt/ 82 1052 regardiess +148y 0 to 15(15)
OCRC13 compare match interrupt of interrupt
TCNTCA overflow interrupt 83 1053  channels. +14Cy  Oto 15(15)
GRC20 input capture/compare match interrupt/ 84 1054 +150y 0 to 15(15)
OCRC20 compare match interrupt
GRC21 input capture/compare match interrupt/ 85 1055 +154y 0 to 15(15)
OCRC21 compare match interrupt
GRC22 input capture/compare match interrupt/ 86 1056 +158y 0 to 15(15)
OCRC22 compare match interrupt
GRC23 input capture/compare match interrupt/ 87 1057 +15Cy 0 to 15(15)
OCRC23 compare match interrupt
TCNTC2 overflow interrupt 88 1058 +160y 0 to 15(15)
GRC30 input capture/compare match interrupt/ 89 1059 +164y 0 to 15(15)
OCRC30 compare match interrupt
GRC31 input capture/compare match interrupt/ 90 105A +168y 0to 15(15)
OCRC31 compare match interrupt
GRC32 input capture/compare match interrupt/ 91 105B +16Cy 0 to 15(15)
OCRC32 compare match interrupt
GRC33 input capture/compare match interrupt/ 92 105C +170y 0 to 15(15)
OCRC33 compare match interrupt
TCNTC3 overflow interrupt 93 105D +174y 0to 15(15)
GRCA40 input capture/compare match interrupt/ 94 105E +178y 0 to 15(15)
OCRC40 compare match interrupt
GRC41 input capture/compare match interrupt/ 95 105F +17Cy 0 to 15(15)
OCRC41 compare match interrupt
GRCA42 input capture/compare match interrupt/ 96 1060 +180y 0to 15(15)
OCRC42 compare match interrupt
GRC43 input capture/compare match interrupt/ 97 1061 +184y 0 to 15(15)
OCRC43 compare match interrupt
TCNTC4 overflow interrupt 98 1062 +188y 0 to 15(15)
GRC50 input capture/compare match interrupt/ 99 1063 +18Ch 0 to 15(15)
OCRC50 compare match interrupt
GRC51input capture/compare match interrupt/ 100 1064 +190y 0to 15(15)
OCRC51 compare match interrupt
GRC52 input capture/compare match interrupt/ 101 1065 +194y 0 to 15(15)
OCRC52 compare match interrupt
GRC53 input capture/compare match interrupt/ 102 1066 +198y 0 to 15(15)
OCRCS53 compare match interrupt
TCNTC5 overflow interrupt 103 1067 +19Cy 0 to 15(15)
Reserved 104 1068
Reserved 105 1069
Reserved 106 106A
Reserved 107 106B
Reserved 108 106C
Reserved 109 106D
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Table 6.14 Interrupt Exception Handler and Priority (4/13)

Offset Address
Number
of Direct Branch Interrupt
Level Interrupt Table Priority
Functional Interrupt Channel Source RINT=0 RINT =1 Reference  (Value Default
Module Interrupt Source Name i (EINT)  Code  Notel pot2 it after reset)  Priority
Reserved 110 106E  The offset The offset High
address is address is
Reserved 1M1 106F  determined  always
within a +100y A
Reserved 112 1070  range of regardless
+100y to of priority.
Reserved 13 1071 +1F0y
according to
ATU-IV timerD  OCR1D00 compare match interrupt 114 1072 the priority, +1C8y 0 to 15(15)
regardless
OCR2D00 compare match interrupt 115 1073 of interrupt +1CCqh 0 to 15(15)
channels.
OCR1DO01 compare match interrupt 116 1074 +1D0y 0 to 15(15)
OCR2D01 compare match interrupt 117 1075 +1D4y 0 to 15(15)
OCR1D02 compare match interrupt 118 1076 +1D8y 0 to 15(15)
OCR2D02 compare match interrupt 119 1077 +1DCqh 0 to 15(15)
OCR1D03 compare match interrupt 120 1078 +1E0y 0to 15(15)
OCR2D03 compare match interrupt 121 1079 +1E4y 0 to 15(15)
TCNT1DO overflow interrupt 122 107A +1E8y 0 to 15(15)
TCNT2DO0 overflow interrupt 123 107B +1ECy 0 to 15(15)
DCNTDOO down-counter underflow interrupt 124 107C +1F0y 0 to 15(15)
DCNTDO1 down-counter underflow interrupt 125 107D +1F4y 0to 15(15)
DCNTDO02 down-counter underflow interrupt 126 107E +1F8y 0to 15(15)
DCNTDO03 down-counter underflow interrupt 127 107F +1FCy 0 to 15(15)
OCR1D10 compare match interrupt 128 1080 +200y 0 to 15(15)
OCR2D10 compare match interrupt 129 1081 +204y 0 to 15(15)
OCR1D11 compare match interrupt 130 1082 +208y 0 to 15(15)
OCR2D11 compare match interrupt 131 1083 +20CH 0to 15(15)
OCR1D12 compare match interrupt 132 1084 +210y 0to 15(15)
OCR2D12 compare match interrupt 133 1085 +214y 0 to 15(15)
OCR1D13 compare match interrupt 134 1086 +218y 0 to 15(15)
OCR2D13 compare match interrupt 135 1087 +21Cy 0 to 15(15)
TCNT1D1 overflow interrupt 136 1088 +220y 0 to 15(15)
TCNT2D1 overflow interrupt 137 1089 +224y 0to 15(15)
DCNTD10 down-counter underflow interrupt 138 108A +228y 0to 15(15)
DCNTD11 down-counter underflow interrupt 139 108B +22Cy 0 to 15(15)
DCNTD12 down-counter underflow interrupt 140 108C +230y 0 to 15(15)
DCNTD13 down-counter underflow interrupt 141 108D +234y 0 to 15(15)
OCR1D20 compare match interrupt 142 108E +238y 0 to 15(15)
OCR2D20 compare match interrupt 143 108F +23Cy 0to 15(15)
OCR1D21 compare match interrupt 144 1090 +240y 0 to 15(15)
OCR2D21 compare match interrupt 145 1091 +244y 0 to 15(15)
OCR1D22 compare match interrupt 146 1092 +248y 0 to 15(15)
OCR2D22 compare match interrupt 147 1093 +24Ch 0 to 15(15)
OCR1D23 compare match interrupt 148 1094 +250y 0 to 15(15)
OCR2D23 compare match interrupt 149 1095 +254y 0to 15(15)
TCNT1D2 overflow interrupt 150 1096 +258y 0 to 15(15)
TCNT2D2 overflow interrupt 151 1097 +25Cy 0 to 15(15)
DCNTD20 down-counter underflow interrupt 152 1098 +260y 0 to 15(15)
DCNTD21 down-counter underflow interrupt 153 1099 +264y 0 to 15(15)
DCNTD22 down-counter underflow interrupt 154 109A +268y 0 to 15(15)
DCNTD23 down-counter underflow interrupt 155 109B +26CH 0to 15(15)
OCR1D30 compare match interrupt 156 109C +270y 0 to 15(15)
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Table 6.14 Interrupt Exception Handler and Priority (5/13)

- Offset Address
of Direct Branch Interrupt
Level Interrupt Table Priority

Functional Interrupt Channel Source RINT=0 RINT =1 Reference  (Value Default

Module Interrupt Source Name i (EINT)  Code  Notel pot2 potes after reset)  Priority

ATU-IV timerD  OCR2D30 compare match interrupt 157 109D  The offset The offset +274y 0 to 15(15) High

address is address is
OCR1D31 compare match interrupt 158 109E  determined  always +278y 0 to 15(15)
- within a +100y A

OCR2D31 compare match interrupt 159 109F range of regardless +27Cy 0to 15(15)
OCR1D32 compare match interrupt 160 1040 :123: to. ofpriority. +280;  Oto15(15)
OCR2D32 compare match interrupt 161 10A1 f;:%rr?;?i?yfo +284y 0 to 15(15)
OCR1D33 compare match interrupt 162 10A2 :)?gl:tf:r'reusst +288), 0 to 15(15)
OCR2D33 compare match interrupt 163 10A3  channels. +28Ch 0 to 15(15)
TCNT1D3 overflow interrupt 164 10A4 +290y 0 to 15(15)
TCNT2D3 overflow interrupt 165 10A5 +294y 0to 15(15)
DCNTD30 down-counter underflow interrupt 166 10A6 +298y 0 to 15(15)
DCNTD31 down-counter underflow interrupt 167 10A7 +29Cy 0 to 15(15)
DCNTD32 down-counter underflow interrupt 168 10A8 +2A0y 0 to 15(15)
DCNTD33 down-counter underflow interrupt 169 10A9 +2Ady 0 to 15(15)
OCR1D40 compare match interrupt 170 10AA +2A8y 0to 15(15)
OCR2D40 compare match interrupt 171 10AB +2ACH 0to 15(15)
OCR1D41 compare match interrupt 172 10AC +2B0y 0 to 15(15)
OCR2D41 compare match interrupt 173 10AD +2B4y 0 to 15(15)
OCR1D42 compare match interrupt 174 10AE +2B8y 0 to 15(15)
OCR2D42 compare match interrupt 175 10AF +2BCh 0 to 15(15)
OCR1D43 compare match interrupt 176 10B0 +2C0y 0to 15(15)
OCR2D43 compare match interrupt 177 10B1 +2C4y 0to 15(15)
TCNT1D4 overflow interrupt 178 10B2 +2C8y 0 to 15(15)
TCNT2D4 overflow interrupt 179 10B3 +2CCqh 0 to 15(15)

ATU-IV timer D DCNTD40 down-counter underflow interrupt 180 10B4 +2D0y 0 to 15(15)

TSG2_0 TSG20 compare match interrupt 1 (INTTSG20I1)

ATU-IV timer D DCNTD41 down-counter underflow interrupt 181 10B5 +2D4y 0 to 15(15)

TSG2_0 TSG20 compare match interrupt 2 (INTTSG2012)

ATU-IV timer D DCNTD42 down-counter underflow interrupt 182 10B6 +2D8y 0 to 15(15)

TSG2_0 TSG20 compare match interrupt 3 (INTTSG2013)

ATU-IV timer D DCNTD43 down-counter underflow interrupt 183 10B7 +2DCyh 0to 15(15)

TSG2_0 TSG20 compare match interrupt 4 (INTTSG2014)

ATU-IV timer D Reserved 184 10B8 +2E0y 0 to 15(15)

TSG2_0 TSG20 compare match interrupt 5 (INTTSG2015)

ATU-IV timer D Reserved 185 10B9 +2E4y 0 to 15(15)

TSG2_0 TSG20 compare match interrupt 6 (INTTSG2016)

ATU-IV timer D Reserved 186 10BA +2E8y 0 to 15(15)

TSG2_0 TSG20 compare match interrupt 7 (INTTSG2017)

ATU-IV timer D Reserved 187 10BB +2ECy 0 to 15(15)

TSG2_0 TSG20 compare match interrupt 8 (INTTSG2018)

ATU-IV timer D Reserved 188 10BC +2F0y 0 to 15(15)

TSG2_0 TSG20 compare match interrupt 9 (INTTSG2019)

ATU-IV timer D Reserved 189 10BD +2F4y 0 to 15(15)

TSG2_0 TSG20 compare match interrupt 10 (INTTSG20110)

ATU-IV timer D Reserved 190 10BE +2F8y 0 to 15(15)

TSG2_0 TSG20 compare matchinterrupt 11 (INTTSG20I11)
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Section 6 Interrupt

Table 6.14 Interrupt Exception Handler and Priority (6/13)

Offset Address
Number
of Direct Branch Interrupt
Level Interrupt Table Priority
Functional Interrupt Channel Source RINT=0 RINT =1 Reference  (Value Default
Module Interrupt Source Name i (EINT)  Code  Notel pot2 it after reset)  Priority
ATU-IV timer D Reserved 191 10BF  The offset The offset +2FCy 0 to 15(15) High
address is address is
TSG2_0 TSG20 compare match interrupt 12 (INTTSG20112) determined always
- within a +100y A
ATU-IV timer D Reserved 192 10C0O range of regardless +300y 0to 15(15)
TSG2_0 TSG20 error interrupt (INTTSG20IER) :123: to of priority.
ATU-IVtimer D Reserved 193 10cq  according to +304,  Oto 15(15)
the priority,
TSG2_0 TSG20 warning interrupt (INTTSG20IWN) regardless
of interrupt
Reserved 194 10C2 channels.
Reserved 195 10C3
Reserved 196 10C4
Reserved 197 10C5
Reserved 198 10C6
Reserved 199 10C7
Reserved 200 10C8
Reserved 201 10C9
Reserved 202 10CA
Reserved 203 10CB
Reserved 204 10CC
Reserved 205 10CD
Reserved 206 10CE
Reserved 207 10CF
Reserved 208 10D0
Reserved 209 10D1
Reserved 210 10D2
Reserved 211 10D3
Reserved 212 10D4
Reserved 213 10D5
Reserved 214 10D6
Reserved 215 10D7
Reserved 216 10D8
Reserved 217 10D9
Reserved 218 10DA
Reserved 219 10DB
Reserved 220 10DC
Reserved 221 10DD
Reserved 222 10DE
Reserved 223 10DF
Reserved 224 10E0
Reserved 225 10E1
Reserved 226 10E2
Reserved 227 10E3
Reserved 228 10E4
Reserved 229 10E5
Reserved 230 10E6
Reserved 231 10E7
Reserved 232 10E8
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RH850/E1L Section 6 Interrupt
Table 6.14 Interrupt Exception Handler and Priority (7/13)
Offset Address
Number
of Direct Branch Interrupt
Level Interrupt Table Priority
Functional Interrupt Channel Source RINT=0 RINT =1 Reference  (Value Default
Module Interrupt Source Name i (EINT)  Code  Notel pot2 it after reset)  Priority
Reserved 233 10E9  The offset The offset High
address is address is
Reserved 234 10EA  determined  always
within a +100y A
Reserved 235 10EB  range of regardless
+100y to of priority.
Reserved 236 10EC  +1FOy
according to
Reserved 237 10ED  the priority,
regardless
Reserved 238 10gg  Of interrupt
channels.
Reserved 239 10EF
Reserved 240 10F0
Reserved 241 10F1
ATU-IV timer E CYLREOO cycle compare match interrupt / v 242 10F2 +3C8y 0 to 15(15)
DTREOO duty compare match interrupt 00
CYLREO1 cycle compare match interrupt / \ 243 10F3 +3CCy 0 to 15(15)
DTREO1 duty compare match interrupt 01
CYLREO2 cycle compare match interrupt / v 244 10F4 +3D0y 0 to 15(15)
DTREO2 duty compare match interrupt 02
CYLREO3 cycle compare match interrupt / N 245 10F5 +3D4y 0to 15(15)
DTREO3 duty compare match interrupt 03
CYLRE10 cycle compare match interrupt / \/ 246 10F6 +3D8y 0 to 15(15)
DTRE10 duty compare match interrupt 10
CYLRE11 cycle compare match interrupt / v 247 10F7 +3DCy 0 to 15(15)
DTRE11 duty compare match interrupt 11
CYLRE12 cycle compare match interrupt / N 248 10F8 +3E0y 0to 15(15)
DTRE12 duty compare match interrupt 12
CYLRE13 cycle compare match interrupt / \/ 249 10F9 +3E4y 0 to 15(15)
DTRE13 duty compare match interrupt 13
CYLREZ20 cycle compare match interrupt / v 250 10FA +3E8y 0 to 15(15)
DTRE20 duty compare match interrupt 20
CYLRE21 cycle compare match interrupt / N 251 10FB +3ECH 0to 15(15)
DTRE21 duty compare match interrupt 21
CYLRE22 cycle compare match interrupt / \/ 252 10FC +3F0y 0 to 15(15)
DTRE22 duty compare match interrupt 22
CYLRE23 cycle compare match interrupt / v 253 10FD +3F4y 0 to 15(15)
DTRE23 duty compare match interrupt 23
CYLRES30 cycle compare match interrupt / N 254 10FE +3F8y 0to 15(15)
DTRE30 duty compare match interrupt 30
CYLRES31 cycle compare match interrupt / \/ 255 10FF +3FCy 0 to 15(15)
DTRE31 duty compare match interrupt 31
CYLRE32 cycle compare match interrupt / v 256 1100 +400y 0 to 15(15)
DTRE32 duty compare match interrupt 32
CYLRES33 cycle compare match interrupt / N 257 1101 +404y 0to 15(15)
DTRES33 duty compare match interrupt 33
CYLREA40 cycle compare match interrupt / \/ 258 1102 +408y 0 to 15(15)
DTREA40 duty compare match interrupt 40
CYLRE41 cycle compare match interrupt / v 259 1103 +40CH 0 to 15(15)
DTRE41 duty compare match interrupt 41
CYLRE42 cycle compare match interrupt / N 260 1104 +410y 0to 15(15)
DTREA42 duty compare match interrupt 42
CYLREA43 cycle compare match interrupt / \/ 261 1105 +414y 0 to 15(15)
DTREA43 duty compare match interrupt 43
CYLRES5O0 cycle compare match interrupt / v 262 1106 +418y 0 to 15(15)
DTRES0 duty compare match interrupt 50
CYLRES51 cycle compare match interrupt / N 263 1107 +41Ch 0to 15(15)
DTRES1 duty compare match interrupt 51
CYLRES2 cycle compare match interrupt / \/ 264 1108 +420y 0 to 15(15)
DTRES52 duty compare match interrupt 52
CYLRES53 cycle compare match interrupt / v 265 1109 +424y 0 to 15(15)
DTRES3 duty compare match interrupt 53
CYLREBG0 cycle compare match interrupt / N 266 110A +428y 0to 15(15)

DTREG0 duty compare match interrupt 60
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Section 6 Interrupt

Table 6.14 Interrupt Exception Handler and Priority (8/13)

Offset Address
Number
of Direct Branch Interrupt
Level Interrupt Table Priority
Functional Interrupt Channel Source RINT=0 RINT =1 Reference  (Value Default
Module Interrupt Source Name i (EINT)  Code  Notel pot2 potes after reset)  Priority
ATU-IV timer E CYLRE61 cycle compare match interrupt / v 267 110B  The offset The offset +42Cy 0 to 15(15) High
DTRE61 duty compare match interrupt 61 address is address is
determined  always
CYLREG2 cycle compare match interrupt / v 268 110C  within a +100y +430y 0 to 15(15) A
DTRE62 duty compare match interrupt 62 range of regardless
- +100y to of priority.
CYLREB3 cycle compare match interrupt / v 269 110D +1F0y +434y 0 to 15(15)
DTREG3 duty compare match interrupt 63 according to
ATU-IV timer F - Timer FO overflow interrupt N 270 110E e priority, +438, 0to 15(15
-IV timer imer FO overflow interrup regardiess H 0 15(15)
Timer F1 overflow interrupt N 271 110F  ofinterrupt +43Cy 0 to 15(15)
channels.
Timer F2 overflow interrupt N 272 1110 +440y 0to 15(15)
Timer F3 overflow interrupt v 273 111 +444y, 0 to 15(15)
Timer F4 overflow interrupt v 274 1112 +448y 0 to 15(15)
Timer F5 overflow interrupt v 275 1113 +44Cy 0 to 15(15)
Timer F6 overflow interrupt v 276 1114 +450y 0 to 15(15)
Timer F7 overflow interrupt N 277 1115 +454y 0 to 15(15)
Timer F8 overflow interrupt N 278 1116 +458y 0to 15(15)
Timer F9 overflow interrupt N 279 1117 +45Cy 0 to 15(15)
Timer F10 overflow interrupt v 280 1118 +460y 0 to 15(15)
Timer F11 overflow interrupt v 281 1119 +464y 0 to 15(15)
Reserved 282 1M11A
Reserved 283 111B
Reserved 284 111C
Reserved 285 111D
ATU-IV timer F Timer FO input capture interrupt 286 1M11E +478y 0 to 15(15)
Timer F1 input capture interrupt 287 111F +47Cy 0 to 15(15)
Timer F2 input capture interrupt 288 1120 +480y 0 to 15(15)
Timer F3 input capture interrupt 289 1121 +484y 0to 15(15)
Timer F4 input capture interrupt 290 1122 +488y 0to 15(15)
Timer F5 input capture interrupt 291 1123 +48Cy 0 to 15(15)
Timer F6 input capture interrupt 292 1124 +490y 0 to 15(15)
Timer F7 input capture interrupt 293 1125 +494y 0 to 15(15)
Timer F8 input capture interrupt 294 1126 +498y 0 to 15(15)
Timer F9 input capture interrupt 295 1127 +49Cqh 0to 15(15)
Timer F10 input capture interrupt 296 1128 +4A0y 0to 15(15)
Timer F11 input capture interrupt 297 1129 +4Ady 0 to 15(15)
Reserved 298 112A
Reserved 299 112B
Reserved 300 112C
Reserved 301 112D
ATU-IV timer G~ OCRGO compare match interrupt 302 112E +4B8y 0 to 15(15)
OCRG1 compare match interrupt 303 112F +4BCy 0 to 15(15)
OCRG2 compare match interrupt 304 1130 +4C0y 0 to 15(15)
OCRG3 compare match interrupt 305 1131 +4C4y 0 to 15(15)
OCRG4 compare match interrupt 306 1132 +4C8 0 to 15(15)
OCRG5 compare match interrupt 307 1133 +4CCyy 0to 15(15)
OCRG6 compare match interrupt 308 1134 +4D0y 0 to 15(15)
OCRG7 compare match interrupt 309 1135 +4D4y 0 to 15(15)
Reserved 310 1136
Reserved 311 1137
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Section 6 Interrupt

Table 6.14 Interrupt Exception Handler and Priority (9/13)
- Offset Address
of Direct Branch Interrupt
Level Interrupt Table Priority
Functional Interrupt Channel Source RINT=0 RINT =1 Reference  (Value Default
Module Interrupt Source Name i (EINT)  Code  Notel pot2 it after reset)  Priority
ATU-IV timer H OCR1H compare match interrupt 312 1138  The offset The offset +4E0y 0 to 15(15) High
address is address is
ATU-IV timer J FIFOJO FIFO data full interrupt 313 1139 determined  always +4E4y 0 to 15(15)
FIFOJ1 FIFO data full interrupt 314 113A :::122 2f :;goa?rZIess +4E8y 0 to 15(15) A
FIFOJ2 FIFO data full interrupt 315 1138 :123: to. ofpriority. +4EC,  Oto 15(15)
FIFOJ3 FIFO data full interrupt 316 113C ?ﬁiﬁ?‘.’é?.?ym +4F0,  Oto 15(15)
Reserved 317 113D  regardless
of interrupt
Reserved 318 113E  channels.
Reserved 319 113F
Reserved 320 1140
ATU-IV timer J TCNTJO overflow interrupt 321 1141 +504y 0 to 15(15)
TCNTJ1 overflow interrupt 322 1142 +508y 0 to 15(15)
TCNTJ2 overflow interrupt 323 1143 +50CH 0 to 15(15)
TCNTJ3 overflow interrupt 324 1144 +510y 0 to 15(15)
Reserved 325 1145
Reserved 326 1146
Reserved 327 1147
Reserved 328 1148
ATU-IV timer J FIFOJO FIFO data overflow interrupt 329 1149 +524y 0 to 15(15)
FIFOJ1 FIFO data overflow interrupt 330 114A +528y 0 to 15(15)
FIFOJ2 FIFO data overflow interrupt 331 114B +52Ch 0to 15(15)
FIFOJ3 FIFO data overflow interrupt 332 114C +530y 0to 15(15)
Reserved 333 114D
Reserved 334 114E
Reserved 335 114F
Reserved 336 1150
TSG2_0 TSG20 compare match interrupt 0 (INTTSG2010) 337 1151 +544 0to 15(15)
TSG20 peak interrupt (INTTSG20IPEK) 338 1152 +548y 0 to 15(15)
TSG20 trough interrupt (INTTSG20IVLY) 339 1153 +54Ch 0 to 15(15)
Reserved 340 1154
Reserved 341 1155
Reserved 342 1156
APA PWM output ch.0 status change interrupt 343 1157 +55CH 0to 15(15)
PWM output ch.1 status change interrupt 344 1158 +560y 0 to 15(15)
PWM output ch.2 status change interrupt 345 1159 +564y 0 to 15(15)
PWM output ch.3 status change interrupt 346 115A +568y 0 to 15(15)
PWM output ch.4 status change interrupt 347 115B +56CH 0 to 15(15)
PWM output ch.5 status change interrupt 348 115C +570y 0 to 15(15)
PWM output ch.6 status change interrupt 349 115D +574y 0to 15(15)
PWM output ch.7 status change interrupt 350 115E +578y 0 to 15(15)
PWM output ch.8 status change interrupt 351 115F +57Cy 0 to 15(15)
PWM output ch.9 status change interrupt 352 1160 +580y 0 to 15(15)
PWM output ch.10 status change interrupt 353 1161 +584y 0 to 15(15)
PWM output ch.11 status change interrupt 354 1162 +588y 0 to 15(15)
PWM output ch.12 status change interrupt 355 1163 +58Ch 0to 15(15)
PWM output ch.13 status change interrupt 356 1164 +590y 0 to 15(15)
PWM output ch.14 status change interrupt 357 1165 +594y 0 to 15(15)
PWM output ch.15 status change interrupt 358 1166 +598y 0 to 15(15)
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Section 6 Interrupt

Table 6.14 Interrupt Exception Handler and Priority (10/13)
Offset Address
Number
of Direct Branch Interrupt
Level Interrupt Table Priority

Functional Interrupt Channel Source RINT=0 RINT =1 Reference  (Value Default
Module Interrupt Source Name i (EINT)  Code  Notel pot2 it after reset)  Priority
DFE CHO output data interrupt / 359 1167  The offset The offset +59CH 0 to 15(15) High

CHO condition match interrupt address is address is

determined  always
CH1 output data interrupt / 360 1168 within a +100y +5A0y 0 to 15(15) A
CH1 condition match interrupt range of regardless
- +100y to of priority.

CH2 output data interrupt / 361 1169 +1F0y +5A4y 0 to 15(15)

CH2 condition match interrupt according to

CH3 output data interrupt / 362 116A :ZZ;:;CIZSZ +5A8,,  Oto 15(15)

CH3 condition match interrupt of interrupt

CH4 output data interrupt / 363 1168 channels. +5AC  Oto 15(15)

CH4 condition match interrupt

CH5 output data interrupt / 364 116C +5B0y 0 to 15(15)

CH5 condition match interrupt

CHB6 output data interrupt / 365 116D +5B4y 0 to 15(15)

CH6 condition match interrupt

CH7 output data interrupt / 366 116E +5B8y 0to 15(15)

CH?7 condition match interrupt

CH8 output data interrupt / 367 116F +5BCy 0 to 15(15)

CH8 condition match interrupt

CHO9 output data interrupt / 368 1170 +5C0H 0 to 15(15)

CH9 condition match interrupt

CH10 output data interrupt 369 1171 +5C4y 0to 15(15)

CH11 output data interrupt 370 1172 +5C8y 0 to 15(15)

CH12 output data interrupt 371 1173 +5CCy 0 to 15(15)

CH13 output data interrupt 372 1174 +5D0y 0 to 15(15)

CH14 output data interrupt 373 1175 +5D4y, 0 to 15(15)

CH15 output data interrupt 374 1176 +5D8y 0to 15(15)
ADCB ADIO0 ADCO scan group 0 end interrupt 375 177 +5DCh 0 to 15(15)

ADIO0 ADCO scan group 1 end interrupt 376 1178 +5E0y 0 to 15(15)

ADIO0 ADCO scan group 2 end interrupt 377 1179 +5E4y 0 to 15(15)

ADIO0 ADCO scan group 3 end interrupt 378 1M7A +5E8y 0 to 15(15)

ADI04 ADCO scan group 4 end interrupt 379 117B +5ECH 0 to 15(15)

ADI10 ADC1 scan group 0 end interrupt 380 117C +5F0y 0to 15(15)

ADI11 ADC1 scan group 1 end interrupt 381 117D +5F4, 0to 15(15)

ADI12 ADC1 scan group 2 end interrupt 382 1M7E +5F8y 0 to 15(15)

ADI13 ADC1 scan group 3 end interrupt 383 117F +5FCy 0 to 15(15)

ADI14 ADC1 scan group 4 end interrupt 384 1180 +600y 0 to 15(15)

ADCO MPX interrupt (ADMPXI0) 385 1181 +604y 0 to 15(15)

ADC1 MPX interrupt (ADMPXI1) 386 1182 +608y 0 to 15(15)

ADEO ADCOAD error interrupt 387 1183 +60CH 0 to 15(15)

ADE1 ADC1AD error interrupt 388 1184 +610y 0 to 15(15)
ASF ASIO0 ch0 integration end interrupt 389 1185 +614y 0 to 15(15)
(AD addition
function) ASI1 ch1 integration end interrupt 390 1186 +618y 0 to 15(15)

ASI2 ch2 integration end interrupt 391 1187 +61CH 0 to 15(15)

ASI3 ch3 integration end interrupt 392 1188 +620y 0to 15(15)

ASI4 ch4 integration end interrupt 393 1189 +624y 0 to 15(15)

ASI5 ch5 integration end interrupt 394 118A +628y 0 to 15(15)

ASI6 ch6 integration end interrupt 395 118B +62CH 0 to 15(15)

ASI7 ch7 integration end interrupt 396 118C +630y 0 to 15(15)

ASI8 ch8 integration end interrupt 397 118D +634y 0 to 15(15)

ASI9 ch9 integration end interrupt 398 118E +638y 0to 15(15)

ASI10 ch10 integration end interrupt 399 118F +63CH 0 to 15(15)
DS-ADC DSADEn DSADCNAD error interrupt (n = 0 to 7) 400 1190 +640y 0 to 15(15)
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Section 6 Interrupt

Table 6.14 Interrupt Exception Handler and Priority (11/13)

Offset Address
Number
of Direct Branch Interrupt
Level Interrupt Table Priority
Functional Interrupt Channel Source RINT=0 RINT =1 Reference  (Value Default
Module Interrupt Source Name i (EINT)  Code  Notel pot2 it after reset)  Priority
Reserved 401 1191 The offset The offset High
address is address is
Reserved 402 1192 determined  always
within a +100y A
Reserved 403 193 range of regardless
+100y to of priority.
Reserved 404 1194 +1FO
Reserved 405 1195 accor(ljlnlg to
the priority,
Reserved 406 1196  regardiess
of interrupt
Reserved 407 1197  channels.
Reserved 408 1198
Reserved 409 1199
Reserved 410 119A
Reserved 411 119B
RS-CAN Receive FIFO interrupt v 412 119C +670y 0 to 15(15)
Global error interrupt v 413 119D +674y 0to 15(15)
RS-CAN-ChO Transmit/receive FIFO reception completion interrupt N 414 119E +678y 0 to 15(15)
Error interrupt v 415 119F +67Ch 0 to 15(15)
CAN ch0 transmission interrupt v 416 11A0 +680y 0 to 15(15)
RS-CAN-Ch1 Transmit/receive FIFO reception completion interrupt v 417 11A1 +684y 0 to 15(15)
Error interrupt v 418 11A2 +688y 0to 15(15)
Transmission interrupt v 419 11A3 +68CH 0to 15(15)
RS-CAN-Ch2 Transmit/receive FIFO reception completion interrupt N 420 11A4 +690y 0 to 15(15)
Error interrupt v 421 11A5 +694 0 to 15(15)
Transmission interrupt v 422 11A6 +698y 0 to 15(15)
RS-CAN-Ch3 Transmit/receive FIFO reception completion interrupt v 423 11A7 +69CH 0 to 15(15)
Error interrupt v 424 11A8 +6A0y 0to 15(15)
Transmission interrupt v 425 11A9 +6A4y 0to 15(15)
Reserved 426 11AA
Reserved 427 11AB
Reserved 428 11AC
LIN (RLIN2_0) Transmission end interrupt / reception end interrupt / v 429 11AD +6B4y 0 to 15(15)
error detection interrupt
Reserved 430 11AE
Reserved 431 11AF
Reserved 432 11B0
Reserved 433 11B1
RHSB_0 Data frame transmission start interrupt / data frame v 434 11B2 +6C8 0 to 15(15)
transmission execution interrupt
Transmission start interrupt / command frame \/ 435 11B3 +6CCy 0 to 15(15)
transmission execution interrupt
Emergency frame transmission execution interrupt v 436 11B4 +6D0y 0 to 15(15)
Data reception interrupt v 437 11B5 +6D4y 0 to 15(15)
Upstream error interrupt / time-out detection interrupt / v 438 11B6 +6D8 0 to 15(15)
data loss interrupt
Reserved 439 11B7
Reserved 440 11B8
Reserved 441 11B9
Reserved 442 11BA
Reserved 443 11BB
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Section 6 Interrupt

Table 6.14 Interrupt Exception Handler and Priority (12/13)

- Offset Address
of Direct Branch Interrupt
Level Interrupt Table Priority
Functional Interrupt Channel Source RINT=0 RINT =1 Reference  (Value Default
Module Interrupt Source Name i (EINT)  Code  Notel pot2 potes after reset)  Priority
SCI_0 ERI (reception error) v 444 11BC  The offset The offset +6F0y 0 to 15(15) High
address is address is
RXI (receive data full) 445 11BD  determined  always +6F4y 0 to 15(15)
- within a +100y A
TXI (transmit data empty) 446 11BE range of regardless +6F8 0to 15(15)
TEI (transmission end) N 447 11BF ﬂgg: to. ofpriority. +6FCy  Oto 15(15)
SCl_1 ERI (reception error) N 448 11c0 ?ﬁiﬁ?‘.’é?.?ym +7004  Oto 15(15)
RXI (receive data full) 449 11C1 :)?gl:tf:r'reusst +704y 0 to 15(15)
TXI (transmit data empty) 450 11C2  channels. +708y 0 to 15(15)
TEI (transmission end) v 451 11C3 +70Ch 0 to 15(15)
SCI_2 ERI (reception error) v 452 11C4 +710y 0to 15(15)
RXI (receive data full) 453 11C5 +714y 0 to 15(15)
TXI (transmit data empty) 454 11C6 +718y 0 to 15(15)
TEI (transmission end) v 455 11C7 +71Cy 0 to 15(15)
SCI_3 ERI (reception error) v 456 11C8 +720y 0 to 15(15)
RXI (receive data full) 457 11C9 +724y 0 to 15(15)
TXI (transmit data empty) 458 11CA +728y 0to 15(15)
TEI (transmission end) \/ 459 11CB +72Cy 0 to 15(15)
CSIH_0 Communication status interrupt (INT_CSIHTIC) 460 11CC +730y 0 to 15(15)
Receive status interrupt (INT_CSIHTIR) 461 11CD +734y 0 to 15(15)
Communication error interrupt (INT_CSIHTIRE) 462 11CE +738y 0 to 15(15)
Job end interrupt (INT_CSIHTIJC) 463 11CF +73CH 0 to 15(15)
CSIH_1 Communication status interrupt (INT_CSIHTIC) 464 11D0 +740y 0to 15(15)
Receive status interrupt (INT_CSIHTIR) 465 11D1 +744y 0 to 15(15)
Communication error interrupt (INT_CSIHTIRE) 466 11D2 +748y 0 to 15(15)
Job end interrupt (INT_CSIHTIJC) 467 11D3 +74Cy 0 to 15(15)
CSIH_2 Communication status interrupt (INT_CSIHTIC) 468 11D4 +750y 0 to 15(15)
Receive status interrupt (INT_CSIHTIR) 469 11D5 +754y 0to 15(15)
Communication error interrupt (INT_CSIHTIRE) 470 11D6 +758y 0to 15(15)
Job end interrupt (INT_CSIHTIJC) 471 11D7 +75Cy 0 to 15(15)
Reserved 472 11D8
Reserved 473 11D9
Reserved 474 11DA
Reserved 475 11DB
Reserved 476 11DC
Reserved 477 11DD
Reserved 478 11DE
Reserved 479 11DF
DTS Ch31-0 transfer end interrupt v 480 11E0 +780y 0 to 15(15)
Ch63-32 transfer end interrupt v 481 11E1 +784y 0to 15(15)
Ch95-64 transfer end interrupt N 482 11E2 +788y 0 to 15(15)
Ch127-96 transfer end interrupt \/ 483 11E3 +78Cy 0 to 15(15)
Ch31-0 transfer count match interrupt v 484 11E4 +790y 0 to 15(15)
Ch63-32 transfer count match interrupt v 485 11E5 +794y 0 to 15(15)
Ch95-64 transfer count match interrupt v 486 11E6 +798y 0 to 15(15)
Ch127-96 transfer count match interrupt N 487 1E7 +79Ch 0to 15(15)
Reserved 488 11E8
DFE Error interrupt 489 1ME9 +7Ady 0 to 15(15)
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Table 6.14 Interrupt Exception Handler and Priority (13/13)

Offset Address
Number
of Direct Branch Interrupt
Level Interrupt Table Priority
Functional Interrupt Channel Source RINT=0 RINT =1 Reference  (Value Default
Module Interrupt Source Name i (EINT)  Code  Notel pot2 it after reset)  Priority

Reserved 490 11EA  The offset The offset High

address is address is
Reserved 491 1EB  determined  always

within a +100y A
Reserved 492 11EC  range of regardless

+100y to of priority.
Reserved 493 1ED  +1F0y

according to
Reserved 494 11Eg  the priority,

regardless
Reserved 495 11EF  of interrupt

channels.
Reserved 496 11F0
Reserved 497 11F1
Reserved 498 11F2
Reserved 499 11F3
Reserved 500 11F4
Reserved 501 11F5
Reserved 502 11F6
Reserved 503 11F7
Reserved 504 11F8
Reserved 505 11F9
Reserved 506 11FA
Reserved 507 11FB
Reserved 508 11FC
Reserved 509 11FD
Reserved 510 11FE
Reserved 511 1MFF

Note: To clear an interrupt request of level interrupt, the status register in each module should be cleared during
interrupt processing by software . To clear the status register, see Section 3.5.1, Synchronization of Store
Instruction Completion and Subsequent Instruction Generation. The EICTn bit in EICn is setto 1. The
EIRFn bit in EICn cannot be cleared by software.

Notes 1, 2, and 3: See Section 6.4, Interrupt Exception Handler and Priority Operations.

Note 1. See RH850/E1x Flash Memory User’s Manual Hardware Interface.
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6.5 Operation
6.5.1 External Interrupts (NMI/IRQ)
NMI and IRQ interrupts are input from external devices. Four detection methods for these interrupts
are selectable (2 types for NMI and 4 types for IRQ). For the interrupt detection flow, see Section
6.5.6, Interrupt Processing Flow.
6.5.2 Inter-Processor Interrupt
For the operation of software interrupts, see Section 3.2.3.1, Inter-Processor Interrupt Control
Registers and Section 6.5.6, Interrupt Processing Flow.
6.5.3 Software Interrupt
For the operation of software interrupts, see Section 6.2.9, SINTRO to SINTR3 — Software
Interrupt Registers and Section 6.5.6, Interrupt Processing Flow.
6.5.4 DTS Interrupt Merge Function
Up to 128 transfer end interrupts and up to 128 transfer count match interrupts are aggregated into one
interrupt in units of 32 interrupts.
When multiple interrupt source conditions are satisfied, only the single bit on the lower-order side of
the corresponding bits in the status registers (PINTO to PINT7) is set to judge which interrupt is
accepted. For the flow of interrupts in the merging of DTS interrupts, see Section 6.5.6, Interrupt
Processing Flow.
Table 6.15 DTS Interrupt-Related Registers
Interrupt Source CH Status Register Clear Register
DTS transfer end interrupt 0to 31 PINTO PINTCLRO
32t0 63 PINT1 PINTCLR1
64 to 95 PINT2 PINTCLR2
96 to 127 PINT3 PINTCLR3
DTS transfer count match interrupt 0 to 31 PINT4 PINTCLR4
321063 PINTS PINTCLRS
64 to 95 PINT6 PINTCLR6
96 to 127 PINT7 PINTCLR7
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6.5.5 ATU-IVITSG2 Merge Function

ATU-IV timer interrupts and TSG2 interrupts are shared, and functional restrictions shown in Table
6.16 are provided for these interrupts.

Table 6.17 shows combinations of share.

Table 6.16 Functional Restrictions for Interrupts when Using ATU-IV Timer D and TSG2

ATU-IV timerD (ch4) TSG2*!

1) (2)

ch4 TSG2_0 Functional Restriction

\ x Compare matching interrupts 1 to 4 (TSTINT1 to TSTINT4) of
TSG2 (ch0) is not available when down-counter underflow
interrupt of ATU-IV timer D4 is used.

x v Down-counter underflow interrupt of ATU-IV timer D4 is not

available when compare matching interrupts 1 to 4 (TSTINT1 to
TSTINT4) of TSG2 (ch0) is used.

Note 1.  Cycle interrupt, peak interrupt, and trough interrupt of TSG2 are not merged and can be independently
used.

Table 6.17 Sharing of ATU-IV and TSG2

ATU-IV TSG2*! Sharing
M 2 OR
Note 1.  Cycle interrupt, peak interrupt, and trough interrupt of TSG2 are not merged and can be independently
used.
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6.5.6 Interrupt Processing Flow

6.5.6.1 NMI Processing Flow

Figure 6.1 shows an example of NMI processing flow.
e Select an NMI detecting method (falling edge or rising edge) by setting the NMICTL register.
e After an NMI has been detected, an interrupt request is sent to the INTC.

e NMI interrupts are accepted at the high priority even when other FE level interrupt has been
generated. NMI interrupts cannot be masked regardless of the state of PSW.NP in the CPU system
register. NMI interrupts are non-maskable interrupts from which return or recovery is not

possible.

( Start )
v

Set registers in the NMICTL
(Set detection mode)

v

Wait for an NMI

An NMI detected?

NMI Interrupt processing

v

Reset handling, etc.™

Note 1.  The system registers (FEPC and FEPSW) are overwritten upon NMI acceptance. For branching to user
processing after NMI acceptance, set the FEPC and FEPSW registers according to use application and
execute an FERET instruction.

Figure 6.1 Example of NMI Processing Flow
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6.5.6.2 External Interrupt Processing Flow

Figure 6.2 shows an example of IRQ (external interrupt) processing flow.

e Select an IRQ detecting method (edge detection or level detection) by setting the EXINTCTL
register.

e After detection of an IRQ, an interrupt request is issued to the INTC.

e After recovery on completion of interrupt processing within the INTC in the case of level
detection, confirm that the IRQn pin is negated before issuing the instruction to return from the
interrupt.

e After recovery on completion of interrupt processing within the INTC in the case of edge
detection, clear the interrupt request bit in the EXINTSTR register, and then issue the instruction
to return from the interrupt.
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Set registers in the port

v

Set registers in the INTC.
(interrupt vector method, priority, etc)

v

Set detection mode in
EXINTCTL register*

v

Write 0 to the EICx.EIMKXx bit
(x: 9 to 16) to enable
interrupt processing

Is the IRQn pin
asserted?
n:0to7

L
det

Edge detection or

Note: Clear the external interrupt
status as required.

Edge detection

evel detection?

evel
ection

Y

Inte

rrupt processing

Interrupt processing

s the IRQn pin
negated?
(n: 0to7)

interrupt Instruction

Return from

A

Write 1 to the
EXINSTC.IRQNC bit (n: 0 to 7)
to clear the external
interrupt status

|

Dummy-read
the EXINTSTR.IRQnNF bit
(n:0to 7)

!

SYNCP Instruction

|

Return from
interrupt Instruction

Figure 6.2

Example of External Interrupt Processing Flow
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6.5.6.3 Inter-Processor Interrupt Flow
Figure 6.3 shows a flow example of inter-processor interrupt processing.

e Inter-processor interrupting generates an interrupt request by writing 1 to applicable bits of PE to
which interrupts of the inter-PE interrupt registers (IPIRO to IPIR3) are requested.

e The settings of interrupt request of the inter-PE interrupt registers (IPIRO to IPIR3) are
automatically cleared to 0 after notification of an interrupt request is complete.

Interrupt issuing PE Interrupt receiving PE
[ Start ] [ Start ]
Set registers in the INTC
(interrupt vector method, priority, etc)
A 4 Interrupt request
to other PE core
Set IPIR register Pic
v
Is an interrupt detected?
Interrupt processing
Return-from-interrupt instruction
N4
[ End ]
Figure 6.3 Example of Inter-Processor Interrupt Processing Flow
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6.5.6.4 Software Interrupt Processing Flow

Figure 6.4 shows the flow example of software interrupt processing.

e Software interrupt requests are controlled by writing 00y or 01 to the counter registers (SINTRO
to SINTR3).

e Writing 00 leads to the counter’s value being decremented by 1.
e Writing 01y leads to the counter’s value being incremented by 1.
e Ifthe incremented counter value is 1 or above, an interrupt request for the INTC is generated.

e Decrement the counter by 1 during interrupt processing in the INTC, and if SINTRn is 00y after
issuing the instruction to return from the interrupt, wait for the writing of 01y to SINTRn.

RO1UHO0468EJ0120 Rev.1.20 RENESAS Page 314 of 2471
May 31, 2017



RH850/E1L

Section 6 Interrupt

( Start )
v

(interrupt vector method, priority, etc)

Set registers in the INTC

[
»

A 4

Set SINTRn register
(n: 0to 3)

A

Interrupt processing

v

Set SINTRn register
(n: 0to 3)

!

Dummy-read
the SINTRn register
(n: 0 to 3)

SYNCP instruction

v

Return-from-interrupt
instruction

Figure 6.4

Example of Software Interrupt Processing Flow
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6.5.6.5 DTS Interrupt Processing Flow
Figure 6.5 shows an example of DTS interrupt processing flow.
e When only one interrupt request is generated out of bundled 32 interrupt sources
— The bit corresponding to the interrupt request in the PINTn register is set to 1 and an interrupt
request is output.

— On completion of other interrupt processing, write 1 to the interrupt clear register
(PINTCLRn) to clear the interrupt request before issuing the return from interrupt instruction,
then wait for the next one.

e  When multiple interrupt sources are generated out of bundled 32 interrupt sources
— The bit on the lower-order side is extracted out of bits with interrupt request and only the
extracted bit in the PINTn register is set to 1, and an interrupt request is output.

— On completion of other interrupt processing, write 1 to the target bit in the interrupt clear
register (PINTCLRn) to clear the interrupt request, then issue the return from interrupt
instruction.

— After clearing the interrupt request bits for which interrupt processing has proceeded, in the
same way as the previous time, the bit on the lower-order side of the PINTn register that
corresponds to an interrupt request is extracted and an interrupt request is issued.

— These steps are repeated until all interrupt sources bundled into 32 bits are cleared.
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Set registers in the INTC
(interrupt vector method, priority, etc)

DTS interrupt
detected ?

A 4

Read PINTn register (n: 0 to 7)

v

Interrupt processing

!

Write 1 to the interrupt processing

target bit in the PINTCLRn register

n: 0 to 7) to clear the DTS interrupt
source status.

!

Dummy-read the PINTn register
(n: 0to7)

v

SYNCP instruction

v

Return-from-interrupt instruction

Figure 6.5

Example of DTS Interrupt Processing Flow
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6.6

Table 6.18

Interrupt Response Times

Interrupt Response Times (min.)

Interrupt Request Source

Number of Cycles for Processing

INTC Synchro- In CPU1/
Target Connection Operating Clock nization INTC2 INTC1 PCU Total*!
CPU1  Directly inputto  High-speed/low-speed 0 — 2x 1o Refer to the 7 %1
INTC1 peripheral clock <1 x1¢>  descriptions
Unmodulated high- — under CPU1 —
i below
speed peripheral clock
Unmodulated low-speed 5x Po 5xPo+7xIo
peripheral clock <2 x P>
Input via INTC2  High-speed/low-speed 0 3xPo+1xIo — 3xPo+6x1d
peripheral clock <2xPo+1xlp>
Unmodulated high- 4 x P¢ 7xPo+6xl1op
speed peripheral clock <2 x P¢>
Unmodulated low-speed 5% P¢ 8xPp+6xIlp
peripheral clock <2 x P¢>
PCU Directly inputto  High-speed/low-speed 0 — 2 xP¢ Refer to the 9 x P¢
INTCA1 peripheral clock <1 x P¢> descriptions
Unmodulated high- — under PCU —
i below
speed peripheral clock
Unmodulated low-speed 5 x Po 14 x Po
peripheral clock <2 x Pp>
Input via INTC2  High-speed/low-speed 0 4 x Po — 11 x Po
peripheral clock <3 x P¢>
Unmodulated high- 4 x P¢ 15 x Po
speed peripheral clock <2 x P¢>
Unmodulated low-speed 5x Po 16 x Po
peripheral clock <2 x P¢>
Notes 1. The numbers in < > indicate the numbers of cycles in the case of level detection.
Notes 2. 1y = CLK_CPU
P =3 I¢ at 240 MHz,
=2l¢p at 160 MHz
Note 1. In the case of edge detection by fixed vector method a)
In CPU1 In CPU1 In PCU In PCU
Vector method Cache HIT/MISS (240MHz) (160MHz) Vector method (240 MHz) (160 MHz)
Fixed vector a) ISR entry I$ hit 5x1¢ 5x1¢ a) Fixed vector method 8 x P¢ 7 x P
thod
memo b) ISR entry I1$ missed 10 x 1o 8 x o
Vector table c) Vector code Flash 14 x |¢ 12 x 19 b) Vector table 15 x P¢ 14 x P¢
reference method assigned, ISR entry I$ reference method
hit Code flash assigned
d) Vector code Flash 19 x 19 15 x 19
assigned, ISR entry I$
missed
Note: ¢ =CLK_CPU
P¢ = 3 1¢ at 240 MHz,
=2l¢ at 160 MHz
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6.7 Using Interrupt Request Signals to Initiate Data Transfer

An interrupt request signal activates the DMAC/DTS to perform data transfer.
For details, see Section 7, DMA.
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Section 7 DMA

71 Overview

711 Overview

Direct memory access (DMA) is used to access data without going through the CPU.

DMA consists of two types of DMA transfer modules: DMAC and DTS. A DMAC includes registers
for storing transfer information, and a DTS stores transfer information in the dedicated RAM
(DTSRAM). DMA has one 8-channel DMAC modules and one 128-channel DTS module.

In this manual, DTFR denotes the function to select among hardware DMA transfer sources for a
DMAC and retain the DMA transfer request, and DTSFSL denotes the function to retain a DMA
transfer request for each DTS channel. The DTFR can handle 128 types of hardware DMA transfer
sources, and the DTSFSL can handle 128 types of them.

The address space that can be used for DMA transfer is a 4 GB address space represented by a 32-bit
address. For information about which resource is assigned to a particular area in the 4 GB address
space and which area is accessible from DMA, see Section 4, Address Space.
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71.2 Term Definition
Table 7.1 shows the terms used in this section.
Table 7.1 List of Term Definitions
Term Meaning
DMA transfer A general term for data transfer carried out by DMA.
DMA cycle A series of actions that consist of reading an amount of data specified by the transfer size (8/16/

32/64/128 bits) from the address specified by the source address and writing it to the address
specified by the destination address. The first half of the DMA cycle (reading part) is called a
read cycle, and the second half (writing part) is called a write cycle.

Hardware DMA transfer source

A trigger for a DMA transfer request given by an internal peripheral device.

Hardware DMA transfer request

A DMA transfer request generated by a hardware DMA transfer source.

Software DMA transfer request

A DMA transfer request generated by software writing to a register.

DMA transfer request

A trigger to start DMA transfer with a DMAC and DTS.

Transfer information (TI)

The information required for DMA transfer, including the source address, destination address,
transfer data size, and transfer count. The transfer information for a DTS is specifically termed
as Tl

DTSRAM

RAM used by a DTS to store the transfer information.

Single transfer

DMA transfer consisting of one DMA cycle started by one DMA transfer request.

Block transfer 1

DMA transfer consisting of a number of DMA cycles specified by the transfer count in the
transfer information, started by one DMA transfer request.

Block transfer 2

DMA transfer consisting of a number of DMA cycles specified by the address reload count in the
transfer information, started by one DMA transfer request.

Block transfer

A general term for both block transfer 1 and block transfer 2.

Last transfer

The DMA cycle carried out when the transfer count in the transfer information is 1.

Address reload transfer

The DMA cycle carried out when the address reload count in the transfer information is 1 if the
reload function 2 is used.

Suspension An action of pausing DMA transfer during block transfer. You can resume DMA transfer after
suspension.
Resume An action of resuming suspended DMA transfer.

Aborting transfer

An action of aborting DMA transfer in the middle. You cannot resume DMA transfer after that.
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7.2 DMA Function

7.21 Basic Operation of DMA Transfer

7.21.1 Transfer Mode

DMA has three transfer modes.

Single Transfer

One DMA cycle is executed when a DMA transfer request is accepted.

Block Transfer 1

A number of DMA cycles specified in the transfer count register are executed when a DMA transfer
request is accepted.

Block Transfer 2

A number of DMA cycles specified by the address reload count are executed when a DMA transfer
request is accepted. If the address reload count is larger than the value in the transfer count register, a
number of DMA cycles specified in the transfer count register are executed.

7.21.2 Executing a DMA Cycle

In a DMA cycle, dual-address transfer (two-cycle transfer) proceeds.

The DMA controller always executes a write cycle after a read cycle is complete. For example, if the
transfer data size is 128 bits, a write cycle is executed after a read cycle for the 128-bit data is finished.
A write cycle never starts in the middle of a read cycle.

7.21.3 Updating Transfer Information

When a DMA cycle is executed, DMA updates transfer information as follows.

Source Address and Destination Address

Transfer information will be updated as described in Table 7.2 according to the settings for the source
address and destination address and the settings in the transfer control register such as the count
directions of source address and destination address and transfer data size.

Table 7.2 Updating the Source Address and the Destination Address

Direction of Transfer Data

Counting Size Address after Update

Increment 8 bit (address before update) + 0000 0001
16 bit (address before update) + 0000 0002y
32 bit (address before update) + 0000 0004
64 bit (address before update) + 0000 0008y
128 bit (address before update) + 0000 0010
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Table 7.2 Updating the Source Address and the Destination Address
Direction of Transfer Data
Counting Size Address after Update
Decrement 8 bit (address before update) — 0000 0001y
16 bit (address before update) — 0000 0002y
32 bit (address before update) — 0000 0004y
64 bit (address before update) — 0000 0008y
128 bit (address before update) — 0000 0010y
Fixed — Same as the address before update.

When you use the reload function, a special update rule is applied other than the one described in
Table 7.2 for the last transfer and the address reload transfer. For details, see Section 7.2.3, Reload

Function.

Transfer Count/Address Reload Count

The transfer count is decremented by one for every DMA cycle.

The address reload count is decremented by one for every DMA cycle when the reload function 2 or

block transfer 2 is used. When the reload function 2 or block transfer 2 is not used, it is not updated.

When you use the reload function, a special update rule is applied for the last transfer and the address
reload transfer. For details, see Section 7.2.3, Reload Function.

Other transfer information

Other transfer information is not updated during execution of a DMA cycle.

7.21.4 Last Transfer and Address Reload Transfer

The last transfer means a DMA cycle executed when the value in the transfer count register, which

shows the remaining number of transfers, is one. The last transfer differs in operation compared to
other DMA cycles as follows.

e The transfer completion flag (DCSTn.TC) is set when the last transfer is complete. (Only
applicable for a DMAC)

e The channel operation enable (DCENn.DTE) bit is cleared when the last transfer is complete.

(Only applicable for a DMAC. When the continuous transfer is disabled.)

e  When the transfer completion interrupt output enable is set, a transfer completion interrupt is

output when the last transfer is complete.

e When the reload function 1 is enabled, the reload function 1 is executed at the timing of the last
transfer. For details, see Section 7.2.3, Reload Function.

The address reload transfer means a DMA cycle executed when the reload function 2 is enabled and the

address reload count is one. The reload function 2 is executed during the address reload transfer. For
details, see Section 7.2.3, Reload Function.
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Transfer Completion Interrupt and Transfer Count Match Interrupt Outputs

DMA can output a transfer completion interrupt and a transfer count match interrupt.

Transfer Completion Interrupt Output

When the transfer completion interrupt output enable (DTCTn.TCE) is set in the transfer control
register, a DMAC requests a transfer completion interrupt when the last transfer is complete.

When the transfer completion interrupt output enable (DTTCTn.TCE) is set in the transfer control
register, a DTS requests a DTS transfer completion interrupt when the last transfer is complete.

Transfer Count Match Interrupt Output

When the transfer count match interrupt enable (DTCTn.CCE) is set in the transfer control register, a
DMAC requests a DMAC transfer count match interrupt when the DMA cycle in which the transfer
count compare register and the transfer count have the same value is complete.

When the transfer count match interrupt enable (DTTCTn.CCE) is set in the transfer control register, a
DTS requests a DTS transfer count match interrupt at the completion of the DMA cycle in which the
transfer count compare register and the transfer count have the same value.

Figure 7.1 shows the operation of the transfer completion interrupt and the transfer count match
interrupt.

Single transfer Last transfer
DMA transfer request 3 3 3 3 = :
n : .
DMA cycle | | | | L b | | | :
Transfer count match interrupt :x ,,,,,,,,,,,
Transfer completion interrupt
Transfer count [ 5 1 4 | 3 1 2 1 1 1 0 |
[\ 1
Transfer count compare [ 11 3 |
v
Notification at the completion Notification at the completion
of the DMA cycle where "(transfer count) of the DMA cycle where "(transfer count)
= (transfer count compare)". = 1" (last transfer).
Block transfer
DMA transfer request [} _Last transfer
DMA cycle | 1 1 |l IS | 1 |

Transfer count match interrupt % N K

Transfer completion interrupt

Transfer count | 8 | z | 6 1 5 | 4 1 3 1 2 1 1 | 0 |
Transfer count compare | I 5 |
Figure 7.1 Transfer Completion Interrupt and Transfer Count Match Interrupt

Continuous Transfer

If the continuous transfer is not used, a DMAC sets the transfer completion flag (DCSTn.TC) and
clears the channel operation enable (DCENn.DTE) bit when the last transfer is complete. In this case, a
DMA transfer request is not accepted when the request is generated after the completion of the last
transfer.

If the continuous transfer is used, the channel operation enable (DCENn.DTE) bit is not cleared when
the last transfer is complete, and a DMA transfer request can be accepted even when the transfer
completion flag is set. If DMA is used for a case where a specified number of DMA transfers are
executed repetitively, software overhead associated with clearing the transfer completion flag and
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setting the channel operation enable bit after the completion of the last transfer can be reduced by using
the continuous transfer.

The continuous transfer is enabled by setting the continuous transfer enable (DTCTn.MLE) in the
DMAC transfer control register.

The continuous transfer is designed to work with the reload function 1. The continuous transfer
function itself does not update the source address register, destination address register, and transfer
count register. If, after the last transfer is complete, you want to restore the source address register,
destination address register, and transfer count register to the state before the DMA transfer starts, use
the reload function 1 and set the values of the source address register, destination address register, and
the transfer count register before the DMA transfer starts to the reload source address register, reload
destination address register, and reload transfer count register respectively.

A DTS does not have a setting corresponding to the continuous transfer enable (DTCTn.MLE) for a
DMAC. This is because a DTS does not have bits like the transfer completion flag (DCSTn.TC) and
the channel operation enable (DCENn.DTE) a DMAC has.

A DTS does not start DMA transfer when a DMA transfer request is generated while the transfer count
is 0. (This corresponds to the case for a DMAC where the continuous transfer is not used.)

If the reload function 1 is used for a DTS and the value other than 0 is reloaded to the transfer count
when the last transfer is complete, DMA transfer can start when the next DMA transfer request is
accepted. (This corresponds to the case for a DMAC where the continuous transfer is used.)

Figure 7.2 shows an operation of continuous transfer by a DMAC.

Continuous transfer is disabled I

Anew transfer request
is not accepted after the last transfer.
Last transfer

DMA transfer request | D L ]

DMA cycle L J((L I L ]

Notification of transfer completion o D
Transfer count (DTCn.TRC)[_N_ | N-1___J\\ 1 | 0 | 0 |
Transfer completion flag (DCSTn.TC)| 0 /l/l 1 1 |
Channel operation enable (DCENn.DTE)| il /I/I | 0 |

VA
Channel operation is stopped after the last transfezl

Reload function 1 + Continuous transfer enabled I

Last transfer

Last transfer

DMA transfer request D D D D D
DMA oyce O O =3 =3
Notification of transfer completion 777777777 D “. 777777777 D
Transfer count (DTCn.TRC)LN_1T_ N1 J\\ 1 1 N N1 ) 1 1 N N1 |
Transfer completion flag (DCSTn.TC)| 0 I’IJ 1 /}/} 1 /f |
Channel operation enable (DCENN.DTE) | //// 1 /7 |

From the reload register

Channel operation is not stopped after the last transfer ->
A transfer request can be accepted and transfer
can be started after the last transfer

Figure 7.2 Operation of Continuous Transfer by a DMAC
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7.2.2 Channel Priority Order

This subsection explains arbitration between multiple DMA channels.

7.2.21 DMAC Channel Arbitration

A DMAC selects one channel out of eight channels with arbitration. Arbitration is done according to
the fixed priority order. The priority order is “channel 0 > channel 1 > channel 2 > channel 3 > channel
4 > channel 5 > channel 6 > channel 7”” for DMACO.

Arbitration is done for every DMA cycle. No arbitration occurs between the read and write of a DMA
cycle.

If, at the timing when one DMA cycle in the middle of a block transfer by a channel is complete, there
is a DMA transfer request from a channel with a higher priority than the channel, a DMA cycle of the
channel with the higher priority will be executed next as the result of arbitration.

If a DMAC executes the block transfer 1 or block transfer 2, DMAC channel arbitration is done for
every DMA cycle, and possibly a DMA cycle of another DMAC channel with a higher priority can cut
in.

Cycle 1 2 3 4 5 6 7 8 9 10 11 1213 14 15 16 17 18 19
Channel 0 DMA transfer request ] —/—/
(single transfer) - p\A transfer request L] 3
acceptance
Channel 1 DMA transfer request L ]
(block transfer)  p\A transfer request —
acceptance
Channel 2 DMA transfer request ———1
(single transfer) - piA transfer request -
acceptance
Channel executing [ Channel 0] Channel 2] Channel 1 [ Channel 0] Channel 1]
DMACO DMA transfer
DMA cycle Lread | write | read | write | read | write | read | write | read | write | read | write |

Figure 7.3 DMAC Channel Arbitration

Cycle numbers shown in Figure 7.3 are for explanation purpose only. They do not indicate an actual
number of cycles necessary for executing DMA transfer.

In Figure 7.3, DMA transfer requests for channels 0 and 2 are generated at Cycle 1. As a result of
arbitration, a DMA cycle for channel 0 starts because its priority is higher. At Cycle 4, a DMA cycle
for channel 2 starts. At Cycle 5, a DMA transfer request for channel 1 is generated. The DMA cycle for
channel 2 is still ongoing and no arbitration is done at this point. At Cycle 7, a DMA cycle for channel
1 starts. Channel 1 uses block transfer. Another DMA cycle continues at Cycle 10 because there are no
DMA transfer requests from other channels. At Cycle 11, a DMA transfer request for channel 0 is
generated. The DMA cycle for channel 1 is still ongoing and no arbitration is done at this point. At
Cycle 12, the DMA cycle for channel 1 is complete. At Cycle 13, a DMA cycle for channel 0 starts as
a result of arbitration between DMA channels 0 and 1.

It should be noted that, even though a block transfer by channel 1 has been already started, a DMA
cycle of not channel 1 but channel 0 is executed at Cycle 13 because the priority of the latter is higher.
At Cycle 15, the DMA cycle for channel 0 is complete. At Cycle 16, a DMA cycle for channel 1 starts
again. At Cycle 18, the last DMA cycle of the block transfer by channel 1 is complete.
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7.2.2.2 DTS Channel Arbitration

Note 1.

If there are DMA transfer requests from multiple DTS channels, the DTSFSL arbitrates those DTS
channels. For each DTS channel, a priority can be selected from four levels using DTS channel priority
setting registers.

If there are DMA transfer request from multiple DTS channels, the arbitration is done as follows.

1. A channel with a higher priority level in the setting of DTS channel priority setting registers has a
priority.

2. If two channels have the same priority level in the setting of DTS channel priority setting
registers, a channel with a lower channel number has a priority.

The DTSFSL sends the DTS a DMA transfer request for the channel selected by arbitration. The DTS
executes DMA transfer when it accepts the DMA transfer request.

Unlike DMA transfer with a DMAC, DMA transfer with a DTS does not allow arbitration between
DTS channels in the middle of a block transfer. That means, even if a DMA transfer request with a
higher priority comes during a block transfer for a channel with a lower priority, the DMA transfer with
a higher priority does not start until the current block transfer for the channel with a lower priority is
complete*1 .

The timing of completion of the block transfer is when the last transfer for the block transfer 1
or the last transfer or address reload transfer for the block transfer 2 occurs.

When a DTS executes the block transfer 1 or block transfer 2, a DMA cycle of a DTS channel with a
higher priority does not take over the ongoing block transfer until the last transfer.

Cycle 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
Channel 0 DMA transfer request — | ]
(single trar?sf.er, DMA transfer request — ||
channel priority 0) acceptance
Channel 1 DMA transfer request | ]
(block tran_sfgr, DMA transfer request [
channel priority 3) acceptance
Channel 2 DMA transfer request ———— 1
(single transfer, DMA transfer request —

channel priority 0) acceptance

g:\‘/la:;‘e' e}‘ew“”g [Channel0 [ Channel 21 Channel 1 [ Channel0]
DTS ranster : : : : . .
DMA cycle Lread | write | read | write | read | write | read | write | read | write | read | write |

Figure 7.4 DTS Channel Arbitration

Cycle numbers shown in Figure 7.4 are for explanation purpose only. They do not indicate an actual
number of cycles necessary for executing DMA transfer.
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In Figure 7.4, DMA transfer requests for channels 0, 1, and 2 are generated at Cycle 1. The channel
priority for channels 0 and 2 is 0 and is higher than the channel priority for channel 1, which is 3. In
addition, if two channels have the same priority, the channel with the smaller channel number has a
higher priority. Consequently, the priority order for arbitration is “channel 0 > channel 2 > channel 1”7,
and a DMA cycle for channel 0 starts because its priority is the highest At Cycle 4, as a result of
arbitration between channels 1 and 2, a DMA cycle for channel 2 starts. At Cycle 7, a DMA cycle for
channel 1 starts. Channel 1 uses block transfer. Another DMA cycle continues at Cycle 10 because
there are no DMA transfer requests from other channels. At Cycle 11, a DMA transfer request for
channel 0 is generated. The DMA cycle for channel 1 is still ongoing and no arbitration is done until
the block transfer by channel 1 is complete.

At Cycle 15, the block transfer by channel 1 is complete. At Cycle 16, a DMA cycle for channel 0
starts.

7.2.2.3 Interface Arbitration

DMACO and DTS work independently and execute DMA transfer.

When DMACO, DMACI, and DTS requests are in contention, the interface arbitrates this in round-

robin fashion.
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7.2.3 Reload Function

7.2.3.1 Overview of the Reload Function
The reload function updates a portion of transfer information, more specifically, the source address,
destination address, transfer count, and address reload count, to the predefined values during DMA
transfer.
The reload function has two types of functions: reload function 1 and reload function 2.

7.2.3.2 Operation of Reload Function 1

When the reload function 1 is enabled, actions described in Table 7.3 are executed at the timing of the

last transfer according to the reload function 1 setting.

Table 7.3

Operation of Reload Function 1

Reload Function 1 Setting
(DTCTn.RLD1M[1:0])

Register

Action at the Last Transfer

00
(Reload function 1 disabled.)

Source address

Not reloaded.

Destination address

Not reloaded.

Transfer count

Not reloaded.

Address reload count

Not reloaded.

01

(Reload function 1 enabled.
Reloading source address and
transfer count.)

Source address

The reload source address is copied to this.

Destination address

Not reloaded.

Transfer count

The reload transfer count is copied to this.

Address reload count

o If the reload function 2 is disable: Not reloaded.

o |[f the reload function 2 is enabled: The reload address reload
count is copied to this.

10

(Reload function 1 enabled.
Reloading destination address and
transfer count.)

Source address

Not reloaded.

Destination address

The reload destination address is copied to this.

Transfer count

The reload transfer count is copied to this.

Address reload count

o If the reload function 2 is disable: Not reloaded.

o If the reload function 2 is enabled: The reload address reload
count is copied to this.

11

(Reload function 1 enabled.
Reloading source address,
destination address, and transfer
count.)

Source address

The reload source address is copied to this.

Destination address

The reload destination address is copied to this.

Transfer count

The reload transfer count is copied to this.

Address reload count

o |If the reload function 2 is disable: Not reloaded

o |If the reload function 2 is enabled: The reload address reload
count is copied to this.
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Figure 7.5 shows an operation of the reload function 1.
Single transfer + Reload function 1 I Last transfer
DMA transfer request =3 =3 // =3 =3
DMA cycle | | 1 | | | |
Notification 1\ D
of transfer completion STttt
Transfer count [ N N-1 \ 1 1 M | M-1 |
|
Source address | 100H 104H / 13CH 1 200H 1 __204H |
. 7]
estination address | 3000 3040 /7 I 33cH I Z00H | Y|
e
at the last transfer.
Reload registers
Reload transfer count M |
Reload source address 200H |
Reload destination address 400H |
Figure 7.5 Operation of Reload Function 1
7.2.3.3 Reload Function 2

When the reload function 2 is enabled, actions described in Table 7.4 are executed at the timing of the

address reload transfer according to the reload function 2 setting.

Table 7.4

Operation of Reload Function 2

Reload Function 2 Setting
(DTCTn.RLD2M[1:0])

Register

Action at the Address Reload Transfer

00
(Reload function 2 disabled.)

Source address

Not reloaded.

Destination address

Not reloaded.

Address reload count

Not reloaded.

01
(Reload function 2 enabled.
Reloading source address.)

Source address

The reload source address is copied to this.

Destination address

Not reloaded.

Address reload count

The reload address reload count is copied to this.

10
(Reload function 2 enabled.
Reloading destination address.)

Source address

Not reloaded.

Destination address

The reload destination address is copied to this.

Address reload count

The reload address reload count is copied to this.

11

(Reload function 2 enabled.
Reloading source address and
destination address.)

Source address

The reload source address is copied to this.

Destination address

The reload destination address is copied to this.

Address reload count

The reload address reload count is copied to this.
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Figure 7.6 shows an operation of the reload function 2.

Single transfer + Reload function 2 I

DMA transfer request  [] [} D O O D (| D

DMA cycle OO /|3 /|3 /3
Notification : : : : :

of transfer completion REREEEE ‘ e c e

Transfer count L 8 1 7 | 6 | 5 | 4 | 3! | 2 | 1 | 0 |
Source address [ooH T 7048 T 7fosH T foom T foad T 7fosH T qoom T 7fo4n T doed ]

Destination address L300H | 304H | 308H | 300H | 304H | 308H | 300H | 304H | 308H |

Address reload count L 3 1 2 | 1 1 3 1 2 | 1 1 8 | 2

1

4

I

Reload registers ,’
\ [

Reload source address | 100H |

Reload destination address L 300H |

Reload address reload count

Not reloaded if the address reload
counter is not 0.

Reloaded at the transfer where
the address reload counter is 0.

The values to be reloaded

are set up in the reload registers
beforehand.

Figure 7.6 Operation of Reload Function 2

Figure 7.7 shows an operation when both the reload function 1 and the reload function 2 are used

simultaneously.

Single transfer + Reload function 1 + Reload function 2|

DMA transfer request  [] (| D D (| D D D
oM ycl Y s s [ e Y s s [ s [

Notification : :
of transfer completion Teeeeaon . e B

Transfer count L 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 8 |

Source address L_tooH | 1o4H | 1o8H | 10oH | 104H | 108H | 100H | 104H | 100H |

Destination address L3000 1 304H | 3084 I 300H | 304H 1 308H | 300H | 304H | 300H |

Address reload count L 3 | 2 | 1 1 3 1 2 1 1 3 1 2 = |

1 1
f \ Reload Funcion 2 f fReload Funcliona f iReload Funclionﬂ
|

Reload registers

Reload transfer count [ 8

Reload source address [ 1001 ]
Reload destination address L 300H, |
Reload address reload count L 3 1

Operation when combining the reload function 1 and
the reload function 2

Figure 7.7
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7.2.3.4 Timing of Setting DMAC Reload Registers

You can set up the reload source address register, reload destination address register, and reload
transfer count register any time (even during DMA transfer). As an exception, if you update the reload
source address register, reload destination address register, and reload transfer count register during
DMA transfer, there may be a conflict between reloading at the last transfer or address reload transfer
and updating the reload register. In order to avoid this conflict, setting up reload registers must be
completed before the last transfer or address reload transfer starts.

If you need to update the reload source address register, reload destination address register, and reload
transfer count register during DMA transfer, one way to know the right timing of update is to use a
DMA transfer count match interrupt. In this case, you must set up the DMA transfer count compare
register (DTCCn) so that you can have enough margin for the time necessary to update the reload

registers.

7.2.3.5 Timing of Setting DTS Reload Registers

It should be noted that the right timing of setting up the reload source address information, reload
destination address information, and reload transfer count information differs depending on the transfer
mode.

In the single transfer mode, the TI fetched at the beginning of the last transfer or address reload transfer
is used for reload at the completion of the DMA cycle. Therefore, if you use the reload function for
single transfer, the reload source address information, reload destination address information, and
reload transfer count information in the TI must be set up before the beginning of the last transfer or
address reload transfer.

During block transfer, TI is fetched only at the beginning of DMA transfer. The TI fetched at the
beginning of the DMA transfer is used for reload at the last transfer or address reload transfer.
Therefore, if you use the reload function for block transfer, the reload source address information,
reload destination address information, and reload transfer count information in the TI must be set up
before the beginning of the DMA transfer. If you update the reload source address information, reload
destination address information, and reload transfer count information in the TI in the middle of a block
transfer, those new settings will not be used for reload at the completion of the block transfer.
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7.2.4 Chain Function

7.2.4.1 Overview

DMA offers a function called chain function. If you use the chain function, the completion of the DMA
cycle or last transfer for one channel can trigger a DMA transfer request for another channel. A DMA
transfer request for another channel initiated by the chain function is called a chain request.

You can select the condition for generating a chain request from the following two options.

e Always chain: A chain request is generated at the completion of every DMA cycle.

e Chain at the last transfer: A chain request is generated at the completion of the last transfer.

Figure 7.8 shows an operation of the case “always chain”.

Always chain

First channel in the chain (single transfer)

Last transfer

DMA transfer request (| (|

DMA cycle

Notification

of transfer completion

Transfer count L 3 ) 4 2 Y 1 |

Second channel in the chain (single traCsfer)

[

I:\

DMA transfer request

DMA cycle

Notification
of transfer completion

Transfer count L 3 ) 4 2 ) 4 1 0 |
Third channel in the chain (block transfer + reload(unction 1) :

DMA transfer request

DMA cycle I | | | | 1 | | CT—T1]

Notification

of transfer completion D D D

Transfer count | 3l 121 11 03 1 2111 0-3 1 21 11 031

Figure 7.8 Operation of the Case “Always Chain”
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Figure 7.9 shows an operation of the case “chain at the last transfer”.

Chain at the last transferl

First channel in the chain (block transfer + reload function 1)

Last transfer Last transfer Last transfer

DMA transfer request [ !’ : | O ;

DMA cycle ‘ I — —
Notification : 1

of transfer completion \ = . 2 P, D
Transfer count L 3 1 21 1Y 03 121 1V 0-3 1 21 11 053 1
Second channel in the chain (single transfer)

DMA transfer request

DMA cycle E

Notification

of transfer completion

Transfer count I 2 | 1 ] ]
Third channel in the chain (block transfer)

Last transfe

DMA transfer request

DMA cycle N I —
Notification : |:|‘

of transfer completion L= -
Transfer count [ 4 1 3 121 11 o |

Figure 7.9 Operation of the Case “Chain at the Last Transfer”.

7.24.2 Setting Up the Chain Function

For a DMAC, you need to write to the chain enable (DTCTn.CHNE) and the next channel in the chain
selection (DTCTn.CHNSEL) in the DMAC transfer control register in order to set up the type of chain

function and the next channel number in the chain.

For a DTS, you need to write to the chain enable (DTTCTnnn.CHNE) and the next channel in the chain
selection (DTTCTnnn.CHNSEL) in the DTS transfer control register in order to set up the type of
chain function and the next channel number in the chain.

7.2.4.3 Caution for Using the Chain Function

The chain function sets the software DMA transfer request flag of the next channel in the chain as a
part of its function. Therefore, you need to set up the channel settings of the next channel in the chain in
the same way as when the software DMA transfer request is used. If you specify a channel using the
hardware DMA transfer request for the next channel in the chain, the chain function does not work.

A channel and its next channel in the chain must belong to the same module (DMACO and DTS). You
cannot specify a channel in another module for its next channel in the chain.
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7.25 DMAC Operation

7.2.51 Types of DMA Transfer Requests and Assigning DMA Transfer Requests

A DMAC starts DMA transfer by accepting a hardware DMA transfer request or software DMA
transfer request. The DMA transfer request selection assignment (DRS) bit in the DMAC transfer
control register (DTCTn) determines whether a hardware DMA transfer request or a software DMA
transfer request is used.

In the case of a hardware DMA transfer request for a DMAC, one out of 128 hardware DMA transfer
sources is selected and assigned for each channel of the DMAC in the DTFR. This assignment is
configured in the DTFR setting registers.

7.25.2 Generating and Accepting a Software DMA Transfer Request

By setting the software DMA transfer request flag (SR) in the DMAC transfer status register (DCSTn)
using the DMAC transfer status set register (DCSTSn), a software DMA transfer request can be
generated.

The software DMA transfer request flag is automatically cleared when the DMAC processes the DMA
transfer request. The timing when the software DMA transfer request flag is automatically cleared
differs depending on the transfer mode of the DMA transfer to be executed.

e In the single transfer mode, the software DMA transfer request flag is cleared whenever the
software DMA transfer request is accepted.

e In the block transfer 1 mode, the software DMA transfer request flag is cleared when the last
transfer starts.

o In the block transfer 2 mode, the software DMA transfer request flag is cleared when the last
transfer or address reload transfer starts.

The software DMA transfer request flag can also be cleared by software using the DMAC transfer
status clear register (DTSTCn). When you abort a DMA transfer by a DMAC channel, you must clear
the software DMA transfer request flag.
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7.2.6 DTS Operation

7.2.6.1 Types of DMA Transfer Requests and Assigning DMA Transfer Requests

A DTS starts DMA transfer by accepting a hardware DMA transfer request or software DMA transfer
request. A transfer request for a DTS is retained in the transfer request pending bit of the DTSFSL for
each channel.

As for the DTSFSL, both a hardware DMA transfer request and a software DMA transfer request are
retained in the same transfer request pending bit. When executing DMA transfer, a DTS does not care
whether a DMA transfer request is a hardware DMA transfer request or software DMA transfer
request.

In the case of a hardware DMA transfer request for a DTS, each of 128 hardware DMA transfer sources
is assigned to one of 128 channels in the DTSFSL in the fixed manner. You cannot change this
assignment by, for example, register settings.

7.2.6.2 Generating and Accepting a DMA Transfer Request

When the DTSFSL detects a hardware DMA transfer source input, the DTSFSL sets the transfer
request pending bit and retains the hardware DMA transfer source as a DMA transfer request. If the
transfer request pending bit is set and the transfer request enable bit (DTFSLnnn.REQEN) in the
DTSFSL operation setting register is set, the DTSFSL notifies the DTS of the DMA transfer request.

Software can also generate a DMA transfer request by setting the transfer request pending bit
(DTFSTnnn.DRQ) using the DTSFSL transfer request set register (DTFSSnnn).

The DTSFSL can retain only one DMA transfer request per channel. If, while the transfer request
pending bit for a channel is set, a new hardware DMA transfer source input for the same channel
comes, the new hardware DMA transfer source input is ignored.

When the DTS accepts a DMA transfer request, it notifies of the acceptance of the DMA transfer
request.

The transfer request pending bit is automatically cleared when the DTS accepts the DMA transfer
request. The DTSFSL clears the transfer request pending bit automatically when the DTS accepts the
DMA transfer request regardless of the type of the DMA transfer to be executed by the DTS.

The transfer request pending bit can also be cleared using the DTSFSL transfer request clear register
(DTFSCnnn). If the transfer request pending bit of a channel is cleared before the DTS accepts the
DMA transfer request, DMA transfer by the channel is not executed.

7.2.6.3 Executing DMA Transfer

When the DTS accepts a DMA transfer request for a channel, the DTS executes DMA transfer on the
channel. If there are DMA transfer requests from multiple channels, the DTSFSL arbitrates the DTS
channels and picks up one channel for a DMA transfer request.

While the DTS is executing DMA transfer, the DTS transfer status (DTSSTS.DTSACT) bit in the DTS
status register is set. In addition, the channel number of the currently ongoing DMA transfer is set in
the DTS transfer channel (DTSSTS.DTSACH).

When the DMA transfer is complete or aborted because of DMA transfer error or writing to registers
and no channel is currently executing DMA transfer, the DTS transfer status (DTSSTS.DTSACT) bit is
cleared.
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7.2.6.4 DTSRAM Access

A DTS accesses the DTSRAM when DMA transfer starts and finishes.

A DTS's action of reading transfer information from the DTSRAM when DMA transfer starts is called
TI fetch.

A DTS's action of updating the transfer information on the DTSRAM when DMA transfer finishes is
called TI write back.

A single transfer performs a TI fetch at the beginning of a DMA cycle and a TI write back at the end of
a DMA cycle.

A block transfer performs a TI fetch at the beginning of the first DMA cycle and a TI write back at the
end of the DMA cycle that satisfies the block transfer completion condition (the last transfer or address
reload transfer).

Therefore, in the case of single transfer, the transfer information on the DTSRAM is updated for each
DMA cycle. In the case of block transfer, the transfer information on the DTSRAM is updated after the
completion of the block transfer. If software reads the transfer information on the DTSRAM during
execution of a block transfer, the transfer information at the beginning of the block transfer is read.
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7.3 Suspending, Resuming, and Aborting DMA Transfer and Clearing
the DMA Transfer Request

7.31 Suspending and Resuming DMA Transfer by Software Control

The DMA control register (DMACTL) is used to suspend DMA transfer for all channels.

When the DMA suspension bit (DMACTL.DMASPD) in the DMA control register is set, DMA puts
all channels into the suspended state If all channels are in the suspended state and the DMA suspension
bit (DMACTL.DMASPD) in the DMA control register is cleared, DMA restores all channels from the
suspended state to the normal state and resumes the DMA transfer on the suspended channel.

When all channels are put into the suspended state, DMA transfer is suspended for all channels without
changing the value of the DCENn.DTE bit of each DMAC channel and the DTSCTL1.DTSUST bit of
the DTS.

CAUTION

To suspend or resume currently ongoing DMA transfer by the DTS, the DMA transfer
request enable bit (DTFSLnnn.REQEN) must be switched to disable and enable
arbitration for the given channel. For details, refer to the notes in Section 7.3.3,
Suspending, Resuming, and Aborting Transfer by the DTS.

7.3.2 Suspending, Resuming, and Aborting Transfer by a DMAC Channel

You can suspend DMA transfer by a DMAC channel by clearing the channel operation enable bit in the
DMAC channel operation enable setting register (DCENn.DTE) or setting the DMA suspension bit in
the DMA control register (DMACTL.DMASPD). If a DMA cycle is ongoing, DMA transfer is
suspended after the currently ongoing DMA cycle is finished. If you set the DCENn.DTE bit again or
clear the DMACTL.DMASPD bit while DMA transfer is suspended, the suspended DMA transfer by
the DMAC channel is resumed.

If you want to abort currently ongoing DMA transfer by a DMAC channel, clear the channel operation
enable bit in the DMAC channel operation enable setting register (DCENn.DTE), and then clear the
hardware DMA transfer request in the DTFR in the case of a hardware DMA transfer request, and clear
the software DMA transfer request flag (DCSTn.SR) by using the DMAC transfer request flag clear bit
in the DMAC transfer status clear register (DCSTCn.SRC) in the case of a software DMA transfer
request.

While the continuous transfer enable bit (DTCTn.MLE) is set, the channel operation enable bit
(DCENn.DTE) remains set. Even if the channel operation enable bit (DCENn.DTE) is cleared by
software during the DMA cycle of the last transfer, the function of the continuous transfer enable bit
(DTCTn.MLE) is given priority and the channel operation enable bit (DCENn.DTE) is set again after
the completion of the last transfer.

If you want to suspend the DMAC channel while continuous transfer is in use, clear the continuous
transfer enable bit (DTCTn.MLE) of the DMAC transfer control register, and then clear the channel
operation enable bit (DCENn.DTE) of the DMAC channel operation enable setting register to suspend
the DMA transfer. When and only when this operation is performed, writing to the DMAC transfer
control register (DTCTn) is allowed while channel operation is enabled (DCENn.DTE = 1).
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7.3.3

Note 1.

Figure 7.10 shows an example of suspending, resuming, and aborting transfer by a DMAC channel.

In Figure 7.10, both channels 0 and 1 are executing block transfer. At time tick 1, DMA transfer by
channel 1 starts. At time tick 2, a DMA transfer request for channel 0 is accepted. As a result of DMAC
channel arbitration, DMA transfer by channel 0 starts because channel 0 has a higher priority than
channel 1. At time tick 3, the last transfer by channel 0 is complete, and the remaining DMA transfer in
the block transfer by channel 1 starts. At time tick 4, the last transfer by channel 1 is complete. After
time tick 5, DMA transfer by channel 0 and DMA transfer by channel 1 are executed similarly. At time
tick 7, the DMA transfer by channel 0 is suspended and, as a result of DMAC channel arbitration, the
DMA transfer by channel 1 starts. At time tick 8, the last transfer by channel 1 is complete, and then, at
time tick 9, the DMA transfer by channel 0 resumes. At time tick 10, the last transfer by channel 0 is
suspended again, and then, at time tick 11, the DMA transfer by channel 0 is aborted. At time tick 12,
the suspended state for channel 0 is cleared, but DMA transfer is not executed because the DMA
transfer is aborted at time tick 11.

' 2 34 s e A I U
DMA transfer request ‘ ‘ ‘ ‘ ‘ ‘
High H H .
prli%ri?; Channel 0 : D : D
Channel 1 D D
DMA transfer
Higher ; HOR S —-eend
priority ~ Channel 0 : :[ ............ :[ ...... 4
L:ast trans:fer :
Channel 1 [ ln.-.-_-_-::: ---- | | L | | |
3 3 AN 1 3 a
Last transfer Last transfer
gzz:;tierls: | : Ojoeralinq | Susgenéed j|°p vvvvv 9- SusEjended -OPe