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Notice

Descriptions of circuits, software and other related information in this document are provided only to illustrate the operation of
semiconductor products and application examples. You are fully responsible for the incorporation or any other use of the circuits,
software, and information in the design of your product or system. Renesas Electronics disclaims any and all liability for any losses and
damages incurred by you or third parties arising from the use of these circuits, software, or information.

Renesas Electronics hereby expressly disclaims any warranties against and liability for infringement or any other claims involving patents,
copyrights, or other intellectual property rights of third parties, by or arising from the use of Renesas Electronics products or technical
information described in this document, including but not limited to, the product data, drawings, charts, programs, algorithms, and
application examples.

No license, express, implied or otherwise, is granted hereby under any patents, copyrights or other intellectual property rights of Renesas
Electronics or others.

You shall not alter, modify, copy, or reverse engineer any Renesas Electronics product, whether in whole or in part. Renesas Electronics
disclaims any and all liability for any losses or damages incurred by you or third parties arising from such alteration, modification,
copying or reverse engineering.

Renesas Electronics products are classified according to the following two quality grades: “Standard” and “High Quality”. The intended

applications for each Renesas Electronics product depends on the product’s quality grade, as indicated below.

“Standard”: Computers; office equipment; communications equipment; test and measurement equipment; audio and visual equipment;
home electronic appliances; machine tools; personal electronic equipment; industrial robots; etc.

“High Quality”: Transportation equipment (automobiles, trains, ships, etc.); traffic control (traffic lights); large-scale communication
equipment; key financial terminal systems; safety control equipment; etc.

Unless expressly designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other

Renesas Electronics document, Renesas Electronics products are not intended or authorized for use in products or systems that may pose a

direct threat to human life or bodily injury (artificial life support devices or systems; surgical implantations; etc.), or may cause serious

property damage (space system; undersea repeaters; nuclear power control systems; aircraft control systems; key plant systems; military

equipment; etc.). Renesas Electronics disclaims any and all liability for any damages or losses incurred by you or any third parties arising

from the use of any Renesas Electronics product that is inconsistent with any Renesas Electronics data sheet, user’s manual or other

Renesas Electronics document.

When using Renesas Electronics products, refer to the latest product information (data sheets, user’s manuals, application notes, “General
Notes for Handling and Using Semiconductor Devices” in the reliability handbook, etc.), and ensure that usage conditions are within the
ranges specified by Renesas Electronics with respect to maximum ratings, operating power supply voltage range, heat dissipation
characteristics, installation, etc. Renesas Electronics disclaims any and all liability for any malfunctions, failure or accident arising out of
the use of Renesas Electronics products outside of such specified ranges.

Although Renesas Electronics endeavors to improve the quality and reliability of Renesas Electronics products, semiconductor products
have specific characteristics, such as the occurrence of failure at a certain rate and malfunctions under certain use conditions. Unless
designated as a high reliability product or a product for harsh environments in a Renesas Electronics data sheet or other Renesas
Electronics document, Renesas Electronics products are not subject to radiation resistance design. You are responsible for implementing
safety measures to guard against the possibility of bodily injury, injury or damage caused by fire, and/or danger to the public in the event
of a failure or malfunction of Renesas Electronics products, such as safety design for hardware and software, including but not limited to
redundancy, fire control and malfunction prevention, appropriate treatment for aging degradation or any other appropriate measures.
Because the evaluation of microcomputer software alone is very difficult and impractical, you are responsible for evaluating the safety of
the final products or systems manufactured by you.

Please contact a Renesas Electronics sales office for details as to environmental matters such as the environmental compatibility of each
Renesas Electronics product. You are responsible for carefully and sufficiently investigating applicable laws and regulations that regulate
the inclusion or use of controlled substances, including without limitation, the EU RoHS Directive, and using Renesas Electronics
products in compliance with all these applicable laws and regulations. Renesas Electronics disclaims any and all liability for damages or
losses occurring as a result of your noncompliance with applicable laws and regulations.

Renesas Electronics products and technologies shall not be used for or incorporated into any products or systems whose manufacture, use,
or sale is prohibited under any applicable domestic or foreign laws or regulations. You shall comply with any applicable export control
laws and regulations promulgated and administered by the governments of any countries asserting jurisdiction over the parties or
transactions.

It is the responsibility of the buyer or distributor of Renesas Electronics products, or any other party who distributes, disposes of, or
otherwise sells or transfers the product to a third party, to notify such third party in advance of the contents and conditions set forth in this
document.

This document shall not be reprinted, reproduced or duplicated in any form, in whole or in part, without prior written consent of Renesas
Electronics.

Please contact a Renesas Electronics sales office if you have any questions regarding the information contained in this document or
Renesas Electronics products.

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

controlled subsidiaries.

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

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

Waveform distortion due to input noise or a reflected wave may cause
malfunction. If the input of the CMOS device stays in the area between VIL
(MAX) and VIH (MIN) due to noise, etc., the device may malfunction. Take
care to prevent chattering noise from entering the device when the input level
is fixed, and also in the transition period when the input level passes through
the area between VIL (MAX) and VIH (MIN).

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

A strong electric field, when exposed to a MOS device, can cause destruction
of the gate oxide and ultimately degrade the device operation. Steps must be
taken to stop generation of static electricity as much as possible, and quickly
dissipate it when it has occurred. Environmental control must be adequate.
When it is dry, a humidifier should be used. It is recommended to avoid using
insulators that easily build up static electricity. Semiconductor devices must be
stored and transported in an anti-static container, static shielding bag or
conductive material. All test and measurement tools including work benches
and floors should be grounded. The operator should be grounded using a
wrist strap. Semiconductor devices must not be touched with bare hands.
Similar precautions need to be taken for PW boards with mounted
semiconductor devices.

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

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

Do not input signals or an I/O pull-up power supply while the device is not
powered. The current injection that results from input of such a signal or 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.



Readers

Purpose

Organization

How to read this
manual

How to Use This Manual

This manual is intended for users who wish to understand the functions of the
RH850/C1x and design application systems using the following RH850/C1x
microcontrollers:

This manual is intended to give users an understanding of the hardware
functions of the RH850/C1x shown in the Organization below.

This manual is divided into two parts: Hardware (this manual) and Architecture
(RH850G3M User’s Manual: Software (RO1US0123E)).

| Hardware | Software |
Pin functions Overview

CPU function Processor Model

On-chip peripheral functions Register Reference

Flash memory programming Exceptions and Interrupts

Memory Management
Instruction Reference
Reset

Appendix

It is assumed that the readers of this manual have general knowledge in the fields of
electrical engineering, logic circuits, and microcontrollers.

To understand the overall functions of the RH850/C1x.
— Read this manual according to the Contents.
To understand the details of an instruction function

— See RH850G3M Family User’s Manual: Software (R0O1US0123E) available
separately.



Conventions Data significance: Higher digits on the left and lower digits on the right
Active low representation: xxx (overscore over pin or signal name)
Memory map address: Higher addresses on the top and lower addresses on the bottom
Note: Footnote for item marked with Note in the text
Caution: Information requiring particular attention
Remark: Supplementary information
Numeric representation:  Binary ... XXXX or XXxXxXg
Decimal ... xxxx
Hexadecimal ... XXXXy
Prefix indicating power of 2 (address space, memory capacity):
K (kilo): 210 = 1,024
M (mega): 220 = 1,0242
G (giga): 230 = 1,0243



Description of Registers

Each register description includes register access, register address, and register value after a reset, a
bit chart, illustrating the arrangement of bits, and a table of bits, describing the meaning of the bit
settings.

The standard format for bit charts and tables are described below.

2 21 20 19 18 17 16
| _ | _ lecsen| _ |csien
DIR DAP
Value afterreset 0 0 0 0 5.0/ 0 0 0 0 0 0 0 0 0 0 0
RW R R RW | RW RW |RW iRMW: R R R R R RW R RW
Bt 15| 14 13 | 12 1 10 9 8 7 6 5 4 3 2 1 0
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R R R

(4) ® © O (8)

Table 14.19 CSIGnCFGO Register Contents (1/2)

Bjt Position qit Name Function
23130
29, 28 Specifies parity.
CSIGn CSIGn
Ps1 PS0 Transmission Reception
0 0 No parity transmitted No parity is waited for.
0 1 Add parity bit fixed at 0 Parity bit is waited for but not
judged.
1 0 Add odd parity Odd parity bit is waited for.
1 1 Add even parity Even parity bit is waited for.
27 to 24 CSIGnDLS Specifies data length.
[3:0] 0: Data length is 16 bits
1: Data length is 1 bit
2: Data length is 2 bits
15: Data length is 15 bits
CAUTION
Do not set bits CSIGNCFG0.CSIGnDLS[3:0] for a value 1 to 6 when the
extended data length function is disabled with bit CSIGnCTL1.CSIGnEDLE set
to 0.
It is forbidden to transmit two consecutive data with a data length of less than 7
bits.
019 Reserved When read, the value after reset is returi it bits, write

the value after res:

(1) Access

The register can be accessed in the bit unit indicated here.

(2) Address

This is the register address.
For base address, see description of base address in each section.



(3) Value after a reset (in hexadecimal notation)

This is the value of all bits of the register after a reset. Values for bytes are given as numbers in the
range from 0 to 9 and letters from A to F or as X where they are undefined.

(4) Bit position

This is the bit number.
The bits are numbered from 31 to 0 for 32-bit registers, 15 to 0 for 16-bit registers, and 7 to O for 8-
bit registers.

(5) Bit name

Bit name or field name is indicated.

When clearly identifying the digits of a bit field is required, do so by using a form such as
CSIGNnDLS[3:0] above.

Indicate reserved bits by using a dash (—).

(6) Value after a reset (in binary notation)

This is the bit values after a reset.

0 : The value after a reset is 0.
1 : The value after a reset is 1.

— : The value after a reset is undefined.

(7) RIW
This is the bit attribute of all bits of the register.

R/W : The bit or field is readable and writable.

R . The bit or field is readable.
Note that all reserved bits are indicated as R. When written, the value specified in the bit chart or the
value after a reset should be written.

W . This bit or field is writable. When read, the value is undefined. If a value is indicated in the bit chart,
the value is returned.

(8) Function

This is function of the bit.

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

The RH850/C1x is a series of single-chip microcomputers in the RH850 Family from Renesas
Electronics. This section covers the features of the RH850/C1x.

1.1 Features of RH850/C1x Products

The CPU of these products is the G3M of the RH850 Family running at 240 MHz for high-speed
processing.

The set of peripheral functions in these products is optimized for HEV and EV motor control and
includes ROM, RAM, a DMAC, various timers including timers for motor control, various serial
interfaces including a CAN interface, a 12-bit A/D converter (ADCC), an R/D converter (RDC2) that
converts the signal output by a resolver into digital values representing angles, and a motor control unit
(EMU?2) that is capable of operating in parallel with the CPU.

Two variants, the C1H for controlling two motors and the C1M for controlling one motor, are available.
The products are provided in 252-pin BGA (C1H) and 144-pin QFP (C1M) packages.

Applications

Automotive (motor control for HEVs and EVs)

1.1.1 Functions of the RH850/C1x

Table 1.1 Overview of Products (1/2)

Item RH850/C1H RH850/C1M
CPU CPU system G3M (LSDC) + G3M G3M (LSDC)
CPU frequency 240 MHz
PE internal peripheral device protection function (IPG) Provided
System error notification control function (SEG) Provided
Memory protection unit (MPU) Provided
Floating-point unit (FPU) Provided
Mutual Exclusion Control Registers (MEV) Provided Not provided
On-chip Code flash 2MB x 2 2 MB
Memory Instruction cache (Icache) 8 KB x 2 8 KB
Local RAM 64 KB x 2 64 KB
Data flash 32 KB
Global RAM 112 KB 64 KB
External Maskable interrupt (IRQ) 8
interrupt Non-Maskable Interrupt (NMI) 1
DMA, DTS 16 channels, 128 channels
Clock Main oscillator (main OSC) 20 MHz
PLL Provided
1/0O ports 87 66
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Table 1.1 Overview of Products (2/2)

Item

RH850/C1H RH850/C1M

Timers

Timer array unit D (TAUD)

2 units (16 timers/unit)

Timer array unit J (TAUJ)

1 unit (4 timers/unit)

Motor control timer (TSG3) 2 units

Timer option (TAPA) 4 units

Timer pattern buffer (TPBA) 2 units 1 unit

OS timer (OSTM) 3 units 2 units

Encoder timer (ENCA) 2 units

Watchdog timer (WDTA) 2 units ‘ 1 unit
Serial interface | Clocked Serial Interface H (CSIH) 2 channels

CAN interface (RS-CAN)

4 channels (256 message buffers in total)

LIN master interface (RLIN2) 3 channels ‘ Not provided
Serial Communication Interface (SCI3) 3 channels
A/D converter 12-bit A/D core 2 units
ADCCO Number of input pins 16 10
Number of T&H 6 6
ADCCA1 Number of input pins 21 15
Number of T&H 6 6
Motor control R/D converter (RDC2) 2 units 1 unit

Enhanced motor control unit (EMUZ2)

1unit (2 channels)

Other functions | Error control module (ECM) Provided
Clock Monitor (CLMA) Provided
Data CRC (DCRA) 2 units
Error correction coding (ECC) Provided
On-chip debug (OCD) Provided
Boundary scan Provided Not provided
Peripheral interconnection 1 (PIC1A) 1 unit
Peripheral interconnection 2 (PIC2B) 1 unit
Power supply Internal power supply’*2 1.25V £ 0.1V, 3.3V £ 0.3V
voltage 1/0 power supply 5.0V £ 0.5V
R/D converter power supply 5.0V £ 0.5V
A/D converter power supply 5.0V £ 0.5V
Temperature Junction temperature (Tj) -40°C to 150°C
Package 252-pin BGA 144-pin QFP

Note 1.  LSDC (Lock Step Dual Core)
Note 2.

voltages are provided to the chip.
Table 1.2 List of Products

The core has two internal power supply voltages. Thus, including the 1/0 power supply, three power supply

Group Name Part Number

Wafer Process
Manufacturing Site

Package

RH850/C1H R7F701270EABG #x*0 RSMC Naka Factory 252-pin plastic BGA (0.8-mm ball pitch)
(17 x 17 mm)
R7F701270EABG-C #x+4 TSMC
RH850/C1M  R7F701271EAFP #xx0 RSMC Naka Factory 144-pin plastic QFP (0.5-mm pin pitch)
(20 x 20 mm)
R7F701271EAFP #x+4 TSMC

Note: “x*” are replaced by letters of the alphabet.
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11.2 Development and Debugging

Table 1.3 List of Development Tools
Function Outline
On-chip debug (OCD) e On-chip debug interfaces
— |EEE 1149.1 standard JTAG interface for NEXUS class 3 compliant
debugging
— Low pin debug (LPD) interface: 4 pins
On-chip debug emulator e E1 emulator
RAM monitor e Advanced user debugger | RAM monitor function (252-pin BGA only)
o NEXUS RAM monitor function (in all products)
Compiler/Debugger e CubeSuite+
e MULTI environment from Green Hills
Application support hardware e RHB850 evaluation platform
Flash programming o PG-FP5 flash programmer

¢ RFP (Renesas flash programmer) + E1 emulator
o Self programming library

Software tool (optional) o AUTOSAR MCAL
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1.1.3

Internal Block Diagram

CPU1 and CPU2 include their own CPU peripherals. The CPU peripherals can be accessed only by
CPU1 and CPU2. The same address is assigned to both the CPU peripherals of CPU1 and CPU2, but
CPUI1 always accesses the CPU peripheral of CPU1, and CPU2 always accesses the CPU peripheral of

CPU2.

2 MB
code

2 MB
code

64 KB
local
RAM

8 KB
Icache

-

CPU Peripheral
IPG

SEG

MPU
CPU1 (PE1)

Note:
Group Configuration.

INTC1

PEG

FPU

Flash Interface

Checker

CPU Peripheral
INTC1

PEG

global FPU

RAM CPU2 (PE2)

System Interconnect

Slave Guard

Peripheral Peripheral Peripheral Peripheral Peripheral
Group 2 Group 1 Group 0 Group 3 Group 5
CSIHx2 TAUDX2 SCI3x3 32 KB Flash Errorl Clock
RS-CANx4 TAUJxX1 WDTAx2 data flash controller ;‘(’L‘L‘l’e controller
1565 |_OSTMx3 |
OSTMx3 P RLIN2x3 DCRAxX2 CLMAX3
TAPAXx4 RDC2x2
EMU2x1 TPBAX2 DMA reg. Reset
ENCAX2 ADCCx2 1/0 port eeniielltar
PIC1Ax1
PIC2Bx1

For the details on the correspondence of peripheral modules and peripheral group, see Section 3.1.2, Periphral

64 KB
local
RAM

8 KB
Icache

Figure 1.1

Internal Block Diagram of RH850/C1H
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CPUI includes the CPU peripheral. The CPU peripheral can be accessed only by CPUI.

Peripheral
Group 2

CSIHx2
RS-CANx4

Note:

2MB
code
flash

Flash Interface

checker

CPU Peripheral

IPG INTC1
SEG PEG

MPU FPU

CPU1 (PE1)

System Interconnect

Slave Guard

Peripheral Peripheral

Group 1 Group 0
SCI3x3 32 KB
WDTAX1 [ElER{ER)]

INTC2
RDC2x1

DMA reg.

Flash
controller

Peripheral
Group 3

Error
control
MOodgd e

For the details on the correspondence of peripheral modules and peripheral group, see Section 3.1.2, Periphral
Group Configuration.

Peripheral
Group 5

Clock
controller

Reset
controller

Figure 1.2

Internal Block Diagram of RH850/C1M
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1.2

Pin Connection Diagram (Top View)

4

c

<

1 2 3 4 5 6 7 8 9 10 1 12 13 14 15 16 17 18 19 20
vss laDCCoI00fADCCOI03{ADCCOI20 AVSS
vss | P24 | P22 | P20 | P73 | P70 |RDC2081|RDG20S4|RDC2151|RDC2154 [RDC20SIN|RDC20CO|RDC21SINADCCOI23| AOvSS | AOvee [AOVREFH| Atvee A
(N.C) (N.C)
MNT | SMNT | MNT
lanccoi2
Evec | evec | P25 | P23 | P21 | P74 | P71 |RDC20s3|RDC20S2 |RDC2153|RDC2152 |ADCCOI02|ADCCOI13|RDC21C0|ADCCOI30|ADCCOI33| Aovss |aDcciioo| Atvss | Atvss | B
SMNT
P27 | P26 | vss | vss | vss | Evec | P72 RDC,aOCO RVSS | RvCC RDcﬁlmo ADCCOI1 |ADCCOI22|ADCCOI31|ADCCOI32| AovSS | Aovss |ADcciiol| Atvss |AtVREFH| ¢
P11 | P1o | vee EVCC RDCgORs RvSs | Rvce RDC? RS| anccoiot [apccorolapccon2 ADCC1110|ADCC1102|ADCC1I1| D
Pi4 | P13 | PI2 ADCC1112|ADCC1I20{ADCCHI21| E
Pi7 | P16 | P15 ADCC1122|ADCC1131|ADCC1132| F
Pio | P18 | vss | vss ADCC1130|ADCC1140[ADCC 1141 |ADCC 142 G
P11 | P1_10 | Evec | Evce ADCC1160|ADCCH150{ADCCH151|ADCC1I52| H
P115 | P114 | P113 | P112 vob | vss | vss | vop aDcciis2/aDcciist| P37 | P36 | J
Po3 | P02 | Po1 | PO voo | vss | vss | wop P33 | P34 | P35 | P32 |k
Pe3 | Pe2 | Po4 | Pet vopo | vss | vss | vop Ps8 | Pso | P31 | P30 |L
Po8 | P07 | Pos | Pos voo | vss | vss | vop vss | vss | P57 | P56 | m
Pe0 | P09 | vss | vss vop | vss | Ps4 | P55 | N
Pe4 | P66 | voD | voD vop | vss | Ps2 | P53 | P
ERF;O—;OU P67 | P65 Evec | Pso | P51 | R
AUDRST | AUDATA2 [AUDSYNC P4 13 | Pata | Pats | T
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VDD — vss
oy | Ve X2 vss X1 vec  |EPTVOUT|BCUTRST| RESET | MD1 |FLMODE | Po_t0 | Pot2 | Pot4 | P40 | P43 | Pas | Pas | vss | (99 |y
1 2 3 7 5 6 7 8 9 10 I 2 e 2 5 16 7 78 19 20

Figure 1.3 Pin Connections of C1H

CAUTION

Pins labelled “power-supply name (N.C.)” do not affect the operation of the
microcomputer even if they are left open-circuit. However, from the viewpoint of
stability for the power supply, we recommend connecting them to the same wiring as
pins with the same power supply name but with “(N.C.)” not included in the label.
Moreover, be sure to mount solder balls on the board for the pins with “(N.C.)” in the
label. These pins are internally connected to the pins with the same power-supply
name but not including “(N.C.)” in the label.
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RH850/C1x Section 1 Overview

Table 1.4 Pin Assignments of C1H (1/6)
Pin No. Pin Name
1A VSS
1B EVCC
1C P2_7 / TAUDOI15 / TAUDOO15 / TAPAOWN / INTP7
1D P1_1/TAUD1I1/ TAUD101 / ENCAOTIN1 / TSG3007
1E P1_4/TAUD1I4 / TAUD104 / TAUD105 / TSG3005
1F P1_7 / TAUD1I7 / TAUD107 / TSG3006
1G P1_9/TAUD1I9 / TAUD109 / TSG3103
1H P1_11/TAUD1I11 / TAUD1011 / TSG3102
1J P1_15/TAUD1I15 / TAUD1015 / TSG3107
1K P0_3/ TAUDOI3 / TAUDOO3 / TAUJOI3 / TAUJOO3 / CAN2RX / INTPO
1L P6_3
1M P0O_8 / TAUDOI8 / TAUDOOS / TAUJOI3 / TAUJOO3 / ENCAOEC / INTP5
1N P6_0
1P P6_4 / TAPAOESO
1R ERROROUT_M
1T AUDRST
1U AUDCK
1V AUDATA1
W VDD
1Y VDD
2A VSS
2B EVCC
2C P2_6/TAUDOI14 / TAUD0O14 / TAPAOWP / INTP6
2D P1_0/TAUD1I0 / TAUD100 / TAUD101 / ENCAOTINO / TSG3000 / TAPA2ESO
2E P1_3/TAUD1I3/ TAUD103 / TSG3003
2F P1_6/TAUD1I6 / TAUD106 / TAUD107 / TSG3004
2G P1_8/TAUD1I8 / TAUD108 / TAUD109 / TSG3101
2H P1_10/ TAUD1110 / TAUD1010 / TAUD1011 / TSG3105
2J P1_14 / TAUD1I14 / TAUD1014 / TAUD1015 / TSG3100 / TAPA3ESO
2K P0O_2/ TAUDOI2 / TAUDOO2 / TAUJOI2 / TAUJOO2
2L P6_2
2M PO_7 / TAUDOI7 / TAUDOO7 / TAUJOI2 / TAUJOO2 / ENCAOE1 / INTP4
2N P0_9/ TAUDOI9 / TAUDOO9 / INTP6
2P P6_6/TAUD1I5/ TAUD105 / ADCC1TRG
2R P6_7 / TAUD117 / TAUD107 / ADCCOTRG
2T AUDATA2
2U AUDATA3
2V VDD
2W VDD
2Y VSS
3A P2_4/TAUDOI12 / TAUD0O12 / TAPAOVP / INTP4
3B P2_5/TAUDOI13 / TAUD0OO13 / TAPAOVN / INTP5
3C VSS
3D \Yelo
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Section 1 Overview

Table 1.4 Pin Assignments of C1H (2/6)
Pin No. Pin Name
3E P1_2/TAUD1I2 / TAUD102 / TAUD103 / TSG3001
3F P1_5/TAUD1I5/ TAUD105 / TSG3002
3G VSS
3H EVCC
3J P1_13/TAUD1113 / TAUD1013 / TSG3106
3K PO_1/TAUDOI1 / TAUDOO1 / TAUJOI1 / TAUJOO1
3L PO_4 / TAUDOI4 / TAUDOO4 / CAN2TX / INTP1
3M PO_5/TAUDOI5 / TAUDOOS / TAUJOIO / TAUJOOO / INTP2
3N VSS
3P VDD
3R P6_5/ TAPA1ESO
3T AUDSYNC
3U AUDATAO
3V VDD
3w VSS
3Y X2
4A P2_2/ TAUDOI10 / TAUDOO10 / TAPAQUP / INTP2
4B P2_3/TAUDOI11 / TAUDOO11 / TAPAOUN / INTP3
4C VSS
4G VSS
4H EVCC
4J P1_12/TAUD1112 / TAUD1012 / TAUD1013 / TSG3104
4K PO_0/ TAUDOIO / TAUDOOO / TAUJOIO / TAUJOOO
4L P6_1
4M PO_6/ TAUDOI6 / TAUDOOG6 / TAUJOI1 / TAUJOO1 / ENCAOEOQ / INTP3
4N VSS
4P VDD
4V VSS
4W VSS
4Y VSS
5A P2_0/TAUDOI3 / TAUDOO3 / INTPO
5B P2_1/TAUDOI4 / TAUDOO4 / INTP1
5C VSS
5V DCUTDO / LPDO / FLSCI3TX
5W DCUTMS
5Y X1
6A P7_3/ SCIORXD
6B P7_4/ SCIOTXD
6C EVCC
6V DCUTCK / LPDCLK / FLSCI3SCK
6w DCUTDI / LPDI / FLSCI3RX
6Y VCC
7A P7_0/ENCA1TINO
7B P7_1/ENCA1TIN1
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Section 1 Overview

Table 1.4 Pin Assignments of C1H (3/6)
Pin No. Pin Name
7C P7 2
7D EVCC
7U PLLVCC
7v DCURDY / LPDCLKOUT
™™ VSS
Y EPTVOUT
8A RDC20S1
8B RDC20S3
8C RDC20COM
8D RDC20RSO
8uU PLLVSS
8V VSS
8w NMI
8Y DCUTRST / LPDRST
9A RDC20S4
9B RDC20S2
9C RVSS
9D RVSS
9J VDD
9K VDD
oL VDD
9M VDD
qu VSS
9V VSS
9w MDO
oy RESET
10A RDC21S1
10B RDC21S3
10C RVCC
10D RvVCC
10J VSS
10K VSS
10L VSS
10M VSS
10U VDD
10V VSS
10W SYSVCC
10Y MD1
11A RDC21S4
11B RDC21S2
11C RDC21COM
11D RDC21RSO
11J VSS
11K VSS
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Section 1 Overview

Table 1.4 Pin Assignments of C1H (4/6)

Pin No. Pin Name

11L VSS

11M VSS

11U VDD

11V VSS

11w VSS

1Y FLMODE

12A ADCCO0I00 / RDC20SINMNT

12B ADCCO0I02

12C ADCCOI11

12D ADCCO0I01

12J VDD

12K VDD

12L VDD

12M VDD

12U VSS

12v EVCC

12W PO_11/ TAUDOI11 / TAUDOO11 / TAPA1UN

12Y PO_10/ TAUDOI10 / TAUDOO10 / TAPATUP / INTP7

13A ADCCO0I03 / RDC20COSMNT

13B ADCCO0I13

13C ADCCO0I22

13D ADCCO0I10

13U VSS

13V VSS

13W PO_13/ TAUDOI13 / TAUDOO13 / TAPA1VN

13Y P0O_12/ TAUDOI12 / TAUDOO12 / TAPA1VP

14A ADCCO0I20 / RDC21SINMNT

14B ADCCO0I21 / RDC21COSMNT

14C ADCCOI31

14D ADCCO0I12

14U VDD

14V VDD

14W PO_15/ TAUDOI15 / TAUDOO15 / TAPA1WN

14Y P0O_14 / TAUDOI14 / TAUDOO14 / TAPA1WP

15A ADCCO0I23

15B ADCCOI30

15C ADCCO0I32

15V P4_2/CSIH1SC

15W P4_1/CSIH1SO

15Y P4_0/CSIH1SI

16A AOVSS

16B ADCCOI33

16C AOVSS

16V P4_5/ CANORX / CSIH1CSS2
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Section 1 Overview

Table 1.4 Pin Assignments of C1H (5/6)
Pin No. Pin Name
16W P4_4 / CAN3TX / CSIHORYI / CSIHORYO / CSIH1CSS1
16Y P4 _3/CAN3RX / CSIHOSSI / CSIH1CSS0
17A AOVCC
178 AOVSS
17C AOVSS
17G ADCC1I30
17H ADCC1160
17J ADCC1162
17K P3_3/TAUD1I7 / TAUD107 / TAPA2ESO
17L P5_8 / SCI2RXD
17M VSS
17N VDD
17P VDD
17V EVCC
17W P4_7 / CSIHOSI / CSIH1SSI
17Y P4_6/ CANOTX / CSIH1CSS3
18A AOVREFH
18B ADCC1100
18C ADCC1101
18D ADCC1110
18E ADCC1112
18F ADCC1122
18G ADCC1140
18H ADCC1I50
18J ADCC1161
18K P3_4 /ADCCOTRG / TAPA3ESO
18L P5_9/SCI2TXD
18M VSS
18N VSS
18P VSS
18R EVCC
18T P4_13 / ENCA1EC / CSIHOCSS3
18U P4_10 / TPBAOO / CSIHOCSSO
18V VSS
18W VSS
18Y P4_8/ CSIHOSO / CSIH1RY!/ CSIH1RYO
19A A1VCC
198 A1VSS
19C A1VSS
19D ADCC1102
19E ADCC1120
19F ADCC1131
19G ADCC1141
19H ADCC1151
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RH850/C1x Section 1 Overview
Table 1.4 Pin Assignments of C1H (6/6)
Pin No. Pin Name
19J P3_7
19K P3_5/ TAPAOESO
19L P3_1/TAUDOI7 / TAUDOO7 / ADCCOTRG
19M P5_7 / SCI2SCK
19N P5_4 / RLIN20RX / SCI1TXD
19P P5_2 / RLIN21RX / SCIOSCK
19R P5_0/ RLIN22RX / SCIORXD
19T P4_14 / CAN1RX
19U P4_11/ENCA1EO / CSIHOCSS1
19V VDD
19W VSS
19Y VSS
20A A1VSS
20B A1VSS
20C A1VREFH
20D ADCC1I11
20E ADCC1121
20F ADCC1I32
20G ADCC1142
20H ADCC1152
20J P3_6/ TAPA1ESO
20K P3_2/TAUD1I5/ TAUD105 / ADCC1TRG
20L P3_0/TAUDOI5 / TAUDOOS5
20M P5_6/ TPBA10 / TAPAOESO
20N P5_5/RLIN20TX / SCI1SCK / ERROROUT_C
20P P5_3/RLIN21TX / SCI1RXD
20R P5_1/RLIN22TX / SCIOTXD
20T P4 15/ CAN1TX / ERROROUT_C
20U P4_12 / ENCA1E1 / CSIHOCSS2
20V P4_9/CSIHOSC
20W VDD
20Y VSS
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Section 1 Overview

Table 1.5 Pin Assignments of C1M (1/4)
Pin No. Pin Name
1 A1VSS
2 ADCC1101
3 A1VCC
4 ADCC1100
5 ADCCO0I33
6 ADCCO0I32
7 ADCCOI31
8 ADCCOI30
9 ADCCO0I23
10 AOVREFH
11 ADCCO0I22
12 ADCCO0I21
13 AOVCC
14 ADCCO0I20
15 AOVSS
16 ADCCOI03 / RDC20COSMNT
17 ADCCOI00 / RDC20SINMNT
18 RvVCC
19 RVSS
20 RDC20S4
21 RDC20S2
22 RDC20S1
23 RDC20S3
24 RDC20RSO
25 RDC20COM
26 P7_0/ENCA1TINO
27 P7_1/ENCA1TINA
28 P7 2
29 P7_3/ SCIORXD
30 P7_4 / SCIOTXD
31 P2_0/TAUDOI3 / TAUDOO3 / INTPO
32 P2_1/TAUDOI4 / TAUDOO4 / INTP1
33 P2_2 / TAUDOI10 / TAUDOO10 / TAPAQUP / INTP2
34 P2_3 / TAUDOI11 / TAUDOO11 / TAPAOUN / INTP3
35 P2_4 / TAUDOI12 / TAUD0OO12 / TAPAOVP / INTP4
36 P2_5/TAUDOI13 / TAUDOO13 / TAPAOVN / INTP5
37 P2_6/ TAUDOI14 / TAUDOO14 / TAPAOWP / INTP6
38 P2_7 / TAUDOI15 / TAUDOO15 / TAPAOWN / INTP7
39 EVCC
40 P1_0/TAUD1I0 / TAUD100 / TAUD101 / ENCAOQOTINO / TSG3000 / TAPA2ESO
41 VCC
42 P1_1/TAUD1I1 / TAUD101 / ENCAOQOTIN1 / TSG3007
43 VSS
44 P1_2/TAUD1I2 / TAUD102 / TAUD103 / TSG3001
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RH850/C1x

Section 1 Overview

Table 1.5 Pin Assignments of C1M (2/4)
Pin No. Pin Name
45 P1_3/TAUD1I3/ TAUD103 / TSG3003
46 P1_4/TAUD114 / TAUD104 / TAUD105 / TSG3005
47 P1_5/TAUD1I5/ TAUD105 / TSG3002
48 P1_6/TAUD1I6 / TAUD106 / TAUD107 / TSG3004
49 P1_7 / TAUD1I7 / TAUD107 / TSG3006
50 P1_8/TAUD1I8 / TAUD108 / TAUD109/ TSG3101
51 P1_9/TAUD1I9/ TAUD109/ TSG3103
52 P1_10/TAUD1110 / TAUD1010/ TAUD1011 / TSG3105
53 P1_11/TAUD1I11 / TAUD1011 / TSG3102
54 P1_12/ TAUD1112 / TAUD1012 / TAUD1013 / TSG3104
55 P1_13/TAUD1113 / TAUD1013/ TSG3106
56 VSS
57 P1_14 / TAUD1114 / TAUD1014 / TAUD1015/ TSG3100 / TAPA3ESO
58 EVCC
59 P1_15/TAUD1115/ TAUD1015/ TSG3107
60 PO_0/ TAUDOIO / TAUDOOO / TAUJOIO / TAUJOOO
61 PO_1/TAUDOI1 / TAUDOO1 / TAUJOI1 / TAUJOO1
62 PO_2 / TAUDOI2 / TAUDOOZ2 / TAUJOI2 / TAUJOO2
63 VSS
64 PO_3 / TAUDOI3 / TAUDOO3 / TAUJOI3 / TAUJOO3 / CAN2RX / INTPO
65 VDD
66 PO_4 / TAUDOI4 / TAUDOO4 / CAN2TX / INTP1
67 PO_5/TAUDOI5 / TAUDOOS5 / TAUJOIO / TAUJOOO / INTP2
68 PO_6/ TAUDOI6 / TAUDOOG6 / TAUJOI1 / TAUJOO1 / ENCAOEOQ / INTP3
69 PO_7 / TAUDOI7 / TAUDOO7 / TAUJOI2 / TAUJOO2 / ENCAOE1 / INTP4
70 PO_8/ TAUDOI8 / TAUDOOS8 / TAUJOI3 / TAUJOO3 / ENCAOEC / INTP5
71 P0O_9/TAUDOI9 / TAUDOO9 / INTP6
72 ERROROUT_M
73 X2
74 VSS
75 X1
76 VCC
77 DCUTDO / LPDO / FLSCI3TX
78 N.C.(EPTVOUT)
79 DCUTMS
80 VCC
81 DCUTCK /LPDCLK / FLSCI3SCK
82 DCUTDI / LPDI / FLSCI3RX
83 VSS
84 DCURDY / LPDCLKOUT
85 DCUTRST / LPDRST
86 NMI
87 RESET
88 MDO
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Section 1 Overview

Table 1.5 Pin Assignments of C1M (3/4)
Pin No. Pin Name
89 sSYsvce
920 MD1
91 VSS
92 FLMODE
93 VDD
94 P4_0/CSIH1SI
95 VSS
926 P4_1/CSIH1SO
97 VDD
98 P4_2/CSIH1SC
99 P4 3/ CAN3RX / CSIHOSSI / CSIH1CSS0
100 VSS
101 P4_4 / CAN3TX / CSIHORY! / CSIHORYO / CSIH1CSS1
102 EVCC
103 P4_5/ CANORX / CSIH1CSS2
104 P4_6/ CANOTX / CSIH1CSS3
105 P4_7/CSIHOSI / CSIH1SSI
106 VSS
107 P4_8/CSIHOSO / CSIH1RY!/ CSIH1RYO
108 VDD
109 P4_9/CSIHOSC
110 P4_10/ TPBAOO / CSIHOCSS0
111 P4_11/ENCA1EO / CSIHOCSS1
112 P4_12 / ENCA1E1 / CSIHOCSS2
113 P4_13/ENCA1EC / CSIHOCSS3
114 P4_14 / CAN1RX
115 P4_15/CAN1TX/ERROROUT C
116 P5_3/ SCIMRXD
17 VDD
118 P5_4 / SCHMTXD
119 VSsS
120 P5_5/SCI1SCK / ERROROUT_C
121 EVCC
122 P5_6/ TAPAOESO
123 VSS
124 P5_7 / SCI2SCK
125 P5_8 / SCI2RXD
126 P5_9/SCI2TXD
127 P3_0/ TAUDOI5 / TAUDOO5
128 P3_1/TAUDOI7 / TAUDOO7 / ADCCOTRG
129 P3_2/TAUD1I5/ TAUD105 / ADCC1TRG
130 P3_3/TAUD1I7 / TAUD107 / TAPA2ESO
131 ADCC1162
132 ADCC1161
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Section 1 Overview

Table 1.5 Pin Assignments of C1M (4/4)
Pin No. Pin Name
133 ADCC1160
134 ADCC1142
135 ADCC1141
136 ADCC1140
137 ADCC1132
138 ADCC1131
139 ADCC1130
140 ADCC1120
141 A1VREFH
142 ADCC1I11
143 ADCC1I10
144 ADCC1102
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Section 2 Pins

2.1 Port Functions

211 Features

Port Group
The RH850/C1x provides the following port groups, indicated by the numbers in the table below.

Table 2.1 Port Groups in RH850/C1x

Number of
Product Groups Name of Group
C1H BGA252 8 PO to P7
C1M QFP144 7 PO to P5, P7

Port Group Index n

Each port group is identified by its own index “n” (n = 0 to 7) throughout this section; e.g.
PMCn for the port mode control register of the Pn pin.

Register Base Address
Port base addresses are listed in the following table.

Port register addresses are given as offsets from the base addresses in general.

Table 2.2 Register Base Address

Base Address Name Base Address
<PORT_base> 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-purpose I/O

to the corresponding pins.

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

21.21 Terms

The terms descried in this section are defined as follows.

e Port group
A port group consists of a maximum of 16 pins. The number of pins differs depending on the port
group. All the pins of a specific port group are controlled by the same port control register.

e Port mode/Port
A pin in port mode functions as a general-purpose 1/O pin. This general-purpose 1/O pin is called
“port”, and is named as Pn_m. For example, PO_7 indicates port 7 of port group 0.

e Alternative mode
A pin in alternative mode functions as an I/O pin for peripheral functions. A pin has multiple
peripheral functions, and the functions to be used can be selected by control registers.
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2.1.2.2 Overview of Pin Functions

Pins can operate in three modes.

e Port mode (PMCn.PMCn_m = 0)
A pin in port mode operates as a general-purpose input/output pin. The I/O mode is selected by
setting the PMn.PMn_m bit.

e Software I/O control alternative mode (PMCn.PMCn_m = 1, PIPCn.PIPCn_m = 0)
In this mode, the pins operate as alternative functions. The I/O mode is selected by setting the
PMn.PMn_m control bit by using software.

o Direct I/O control alternative mode (PMCn.PMCn_m = 1, PIPCn.PIPCn_m = 1)
In this mode, the pins operate as alternative functions. Unlike the software 1/O alternative mode,
however, the I/O mode is selected by the alternative function.

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 | I/O
Port mode 0 0 01 Output mode

1 0/1 Input mode”’
Software I/O 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 the pin is used as an input pin in alternative mode, set PIBCn_m to 0.

If a pin is in alternative mode (PMCn.PMCn_m = 1), one of up to seven alternative functions can be
selected for that pin by using the PFCn, PFCEn, and PFCAEn registers.

e Software I/O control alternative mode (PIPCn.PIPCn_m = 0):
— Output (PMn_m = 0): ALT-OUT1 to ALT-OUT7
— Input (PMn_m = 1): ALT-IN1 to ALT-IN7

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

— The I/O mode for ALT-OUT1 to ALT-OUT7 and ALT-IN1 to ALT-IN7 is directly selected 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 PM™ 10
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.

If a pin is in alternative mode (PMCn.PMCn_m = 1), one of several alternative functions can be
selected for that pin by using the PFCn, PFCEn, and PFCAEn registers.

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.
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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 Software I/O control alternative input | Pn_m pin
0 Software I/O 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: Output signal from the
alternative function*'

Note 1.  When PBDCn_m = 1, the level of the Pn_m pin is returned by the PPRn_m bit.

The control registers in Table 2.5 have the following effects:

PMCn.PMCn_m
This bit selects 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
software I/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 the software or direct I/O control alternative mode.

PBDCn.PBDCn_m
In output mode, when this bit is set to 1, the pin enters the bidirectional mode. In bidirectional
mode, the level of the signal on a Pn_m pin can be read from PPPn.PPRn_m.
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Writing 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.
Pn data can be overwritten in two ways:

e By writing data directly to the Pn register.
In this case, new data can be written directly to the Pn register.

CEINT3

e By performing an indirect bitwise operation (a “set”, “reset”, or “not” operation) on the Pn
register.

LLINT3

An indirect bitwise operation (“set”, “reset”, or “not”), can be performed on the Pn register by

using the following two registers:

— Port set/reset register: PSRn
If the PSRn.PSRn_(m + 16) bit = 1, the value of the Pn.Pn_m bit is determined by the value of
the PSRn.PSRn_m bit.
In other words, the Pn_m bit can be set or reset without writing directly to the Pn register.

— Port NOT register: PNOTn
By setting PNOTn.PNOTn_m to 1, the Pn.Pn_m bit can be inverted without writing directly
to the Pn register.

CLINT3

An indirect bitwise operation on the Pn register (“set”, “reset”, or “not”), has no effect on the bits that

do not need to be updated, allowing you to overwrite only the bit or bits that need to be overwritten.
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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.

N
N\
Peripheral functions

Port

Output data
control block

Internal output signal

1/0 buffer

Output enable
control block

Output enable

Input data select

block |

PU/PD

Input enable Input enable resistor

control block

Pull-up/pull-down PU/PD control signal
control block
Figure 2.1 Block Diagram of Pin Configuration
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reference and does not show the real circuitry.

Figure 2.2 shows the logical circuitry of the port control functions. The diagram is only a logical
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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
¢ 2.1.4.4, Configuration of Electrical Characteristics Registers

e 2.1.4.5, Pin-Unit Register

2.1.41 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_base> + 0000y + n x 40y
Port set/reset register PSRn Port group <PORT_base> + 0004y + n x 40y
Port NOT register PNOTn Port group <PORT_base> + 0008y + n x 40y
Port pin read register PPRn Port group <PORT_base> + 000Cy + n x 40y
Port mode register PMn Port group <PORT_base> + 0010y + n x 40y
Port mode control register PMCn Port group <PORT_base> + 0014y + n x 40y
Port function control register PFCn Port group <PORT_base> + 0018 + n x 40y
Port function control expansion register PFCEn Port group <PORT_base> + 001Cy+ n x 40y
Port mode set/reset register PMSRn Port group <PORT_base> + 0020y + n x 40y
Port mode control set/reset register PMCSRn Port group <PORT_base> + 0024y + n x 40y
Port function control additional expansion register PFCAEN Port group <PORT_base> + 0028y + n x 40y
Port input buffer control register PIBCn Port group <PORT_base> + 4000+ n x 40y
Port bidirectional control register PBDCn Port group <PORT_base> + 4004y + n x 40y
Port IP control register PIPCn Port group <PORT_base> + 4008y + n x 40y
Pull-up option register PUn Port group <PORT_base> + 400Cy + n x 404
Pull-down option register PDn Port group <PORT_base> + 40104+ n x 40y
Port control register PCRn_m Pin <PORT_base> + 2000y + n x 40y + m

x4H

Note: n: Port group number
m: Bit number in a port group

Base address

The base address of PORTn <PORT base> is defined in Register Base Address in Section 2.1.1,
Features.

Register value after reset

The value after resets of the registers 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 C1H Port Registers
and Section 2.2.2.1, List of the C1M 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 C1H Port Registers and Section 2.2.2.1, List of the C1M 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 (PMCSRn_[31:16]) select or deselect writing of values from the
16 lower-order bits (PMCSRn_[15:0]) to the corresponding PMCn.PMCn_m bits.

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 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 C1H Port Registers and Section 2.2.2.1, List of the C1M 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/W R/W R/W R/W R/W R/W 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/IW 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

Table 2.8 PMCSRnN Register Contents

Bit Position Bit Name Function
31t0 16 PMCSRn_ Enable bits that specify whether the value of the corresponding lower-order bit
[31:16] of PMCSRn_m is to be 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:
If PMCSRn.PMCSRn_31 = 1, the value of bit PMCSRn.PMCSRn_15 is written
to bit PMCn.PMCn_15.

15t00 PMCSRn_ [15:0] Data bits that specify the PMCn_m value when the corresponding higher-order
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 C1H Port Registers and Section 2.2.2.1, List of the C1M 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

15t00 PIPCn_[15:0] Specify the 1/0 mode:
0: 1/0 mode is selected by PMn.PMn_m (software I/O control).
1: 1/0 mode is selected by the 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 C1H Port Registers and Section 2.2.2.1, List of the C1M Port Registers.

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

PMn_ | PMn_ | PMn_ |PMn_1| PMn_ | PMn_ | PMn_ | PMn_
15 14 13 2 1 10 9 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/IW R/IW R/IW R/W R/W R/W R/IW R/W R/W R/IW R/W R/W

Table 2.10 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 write data to a bit in the PMn register.

The 16 higher-order bits of PMSRn (PMSRn_[31:16]) select or deselect writing of values from the 16
lower-order bits (PMSRn_[15:0]) to the corresponding PMn.PMn_m bits.

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 C1H Port Registers and Section 2.2.2.1, List of the C1M 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/IW R/IW R/IW RIW R/W R/W RIW R/W 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

PMSRn|PMSRn{PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRn|PMSRnPMSRn|PMSRn|PMSRnPMSRn|PMSRn|PMSRn|PMSRn
_15 _14 _13 _12 M _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 RIW R/W R/IW R/IW R/IW R/W RIW R/W

Table 2.11 PMSRn Register Contents

Bit Position Bit Name Function

31t0 16 PMSRn_[31:16] Enable bits that specify whether the value of the corresponding lower-order 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:
If PMSRn.PMSRn_31 = 1, the value of bit PMSRn.PMSRn_15 is written to bit
PMn.PMn_15.

15t00 PMSRn_[15:0] Data bits that specify the PMn_m value when the corresponding higher-order 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

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

And when pins are in bidirectional mode (PBDCn.PBDCn_m = 1), alternative output level loopback
function and pin output level read function can be selected by 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 C1H Port Registers and Section 2.2.2.1, List of the C1M 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/IW RIW R/IW R/W R/IW R/W RIW R/IW R/IW R/IW R/W R/W

Table 2.12 PIBCn Register Contents

Bit Position Bit Name Function

15t00 PIBCn_[15:0] 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, through current does not flow even when the pin level is Hi-Z. Thus
the pin does not need to be fixed to a high or low level externally.

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

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

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

Value after reset: See Section 2.2.1.1, List of the C1H Port Registers and Section 2.2.2.1, List of the C1M Port Registers.

Bit 15 14 13 12 1 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

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

Table 2.13 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 control input/output of pin Pn_m. For such alternative functions

PIPCn.PIPCn_m must be set to 1 as well.

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

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

Value after reset:  See Section 2.2.1.1, List of the C1H Port Registers and Section 2.2.2.1, List of the C1M 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 RIW R/W R/IW RIW R/IW R/W RIW R/W RIW RIW R/IW R/IW R/IW 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 control input/output of pin Pn_m. For such alternative functions
PIPCn.PIPCn_m must be set to 1 as well.

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

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

Value after reset:  See Section 2.2.1.1, List of the C1H Port Registers and Section 2.2.2.1, List of the C1M 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/W R/W R/W RIW 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

When a pin is used in output mode, this register enables the input buffer and sets the port to
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.

e Pin output level read function
When the Pn_m pin is used as the general-purpose 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 C1H Port Registers and Section 2.2.2.1, List of the C1M 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  R/W R/W RW  R/W R/W R/W

Table 2.16 PBDCn Register Contents

Bit Position Bit Name Function

15t0 0 PBDCn_[15:0] Enable or 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 C1H Port Registers and Section 2.2.2.1, List of the C1M 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 C1H Port Registers and Section 2.2.2.1, List of the C1M 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/IW RIW R/IW RIW R/W R/W RIW R/IW R/W RIW 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 allows bit Pn_m of the port register Pn to be inverted 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 C1H Port Registers and Section 2.2.2.1, List of the C1M 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|PNOTn|PNOTn|PNOTNn|PNOTn|PNOTn
_15 _14 _13 _12 M _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)
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(5) PSRn — Port Set/Reset Register
This register provides an alternative method to write data to a bit in the Pn register.

The 16 higher-order bits of PSRn (PSRn_[31:16]) select or deselect writing of values from the 16
lower-order bits (PSRn_[15:0]) to the corresponding Pn.Pn_m bits.

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 0000H. Reading bits 15 to 0 returns the value of the PMCn register.

Value after reset:  See Section 2.2.1.1, List of the C1H Port Registers and Section 2.2.2.1, List of the C1M 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/IW R/IW R/IW R/W R/W 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/IW R/W R/W R/W R/IW R/W R/IW R/W

Table 2.20 PSRn Register Contents

Bit Position Bit Name Function

31t0 16 PSRn_[31:16] Enable bits that specify whether the value of the corresponding lower-order 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 higher-order bit PSRn_(m+16)
is 1:
0:Pn_m=0
1:Pn_m=1
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2.1.4.4 Configuration of Electrical Characteristics Registers

(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 C1H Port Registers and Section 2.2.2.1, List of the C1M 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 RIW RIW R/IW RIW R/IW R/W R/IW R/IW R/IW RIW R/W R/W

Table 2.21 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 C1H Port Registers and Section 2.2.2.1, List of the C1M 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/W R/IW R/W R/W R/IW R/IW R/W R/W R/W R/IW R/W R/W R/IW R/W R/W

Table 2.22 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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2.1.4.5 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.

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

Value after reset:  See Section 2.2.1.1, List of the C1H Port Registers and Section 2.2.2.1, List of the C1M Port Registers.

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

— — — — — — |pPucc|Ppsc| — — — — | Pu | PD |PBDC| PIBC

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

— — — P — — — | PPR| — | PMC |PIPC| PM | — |PFCAE|PFCE | PFC

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

Table 2.23 PCRn_m Register Contents

Bit Position Bit Name Function

3110 26 Reserved When read, the value after reset is read.
When writing, write the value after reset.

25 PUCC PUCC PDSC Selects the output drive strength.
0 0: Low

24 PDSC 0 1- High
1 0: Middle

Settings other than the above are prohibited.

23 to 20 Reserved When read, the value after reset is read.
When writing, write the value after reset.

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
15to 13 Reserved When read, the value after reset is read.

When writing, write the value after reset.

12 P Same function as bit m of the Pn register

11to9 Reserved When read, the value after reset is read.
When writing, write the value after reset.

8 PPR Same function as bit m of the PPRn register
7 Reserved When read, the value after reset is read.
When writing, write the value after reset.
6 PMC Same function as bit m of the PMCn register
5 PIPC Same function as bit m of the PIPCn register
4 PM Same function as bit m of the PMn register
3 Reserved When read, the value after reset is read.
When writing, write the value after reset.
2 PFCAE Same function as bit m of the PFCAER 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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21.4.6 Example Port Settings

Examples of the port settings are shown in the flowchart below. For port filter setting of each flow
chart, see Section 2.3.2.4, Setting Procedures of Peripheral Function DNF.

CAUTION

If a port is used in software 1/O control alternative mode, it may be temporarily
switched to alternative input mode in the following example. This may occur between
when PMCn_m is set to 1 and when PMn_m is set to 0.

RO1UH0414EJ0160 Rev.1.60 RENESAS Page 87 of 2373

May 31, 2018



RH850/C1x

Section 2 Pins

(1) Batch Setting

An example of specifying batch port settings is shown in the flowchart below.

Note 1.

E Alternative input mode is entered
+ when the PIPCn.PIPCn_m bitis 0

and the PMCn.PMCn_m bit is 1.

If the drive strength of the output buffer is to be changed, do so by using the PDSC and PUCC bits in the PCRn_m register

before making the above settings.

C START D)

PBDCn.PBDCn_m bit =0

| ™

PIBCn.PIBCn_m bit = 0

PMn.PMn_m bit = 1

PMCn.PMCn_m bit = 0

PIPCn.PIPCn_m bit =0

>~ Set the values after reset.
(The port is set to input mode
and the input buffer is disabled.)

Set port filters

Set PUn.PUn_m and
PDn.PDn_m bits*!

Set PFCn.PFCn_m,
PFCENn.PFCEn_m, and
PFCAEN.PFCAEN_m bits

Set PIPCn.PIPCn_m bit

Set Pn.Pn_m bit

\4

Set PMn.PMn_m bit

Set PIBCn.PIBCn_m bit

-

Set PBDCn.PBDCn_m bit

Port initialization:

Port settings:
Set appropriate values.

Figure 2.3

Example of Port Settings (When Specified in Batch)
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(2) Individual Settings
An example of specifying individual port settings is shown in the flowchart below.

Furthermore, setting of multiple bits within the range for setting of the PCRn_m register shown in the

figure below is possible.

C START D)

@ | PBDCN.PBDCN_m bit=0 | B

| PiBChPIBCh mbit=0 |

| Port initialization:
PMn.PMn_m bit = 1 | >~ Set the values after reset.
| (The port is set to input mode
and the input buffer is disabled.)

PCRn_m
setting range< |

| PmcnPMcn_mbit=0 |

\| PIPCN.PIPCn_m bit =

| Set port filters |

o |

Output mode

Input or output?

Input mode

Set PUn.PUn_m and
PDn.PDn_m bits

PCRn_m
setting range

Port settings:
Set appropriate values.

PCRn_m PIBCn.PIBCh_mbit=1 | [  PMnPMnmbit=0 |
setting range

| setPBDCn.PBDCN m bit |

Note 1.  If the drive strength of the output buffer is to be changed, do so by using the PDSC and PUCC bits in the
PCRn_m register before making the above settings.

Figure 2.4 Example of Port Settings (in Port Mode)
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(a) With IP Control (PIPC = 1)
( START )
@ | PBDCn.PBDCn_m bit = 0 | M
| PIBCN.PIBCn_m bit = 0 |
| Port initialization:
zg:?nn_gn i | PMn.PMn_m bit = 1 | >~ Set the values after reset.
g rang | (The port is set to input mode
- and the input buffer is disabled.)
| PMCn.PMCn_m bit = 0 |
g | PIPCn.PIPCln_m bit = 0 | D
| Set port filters |
_ |
Set PUn.PUn_m and Input function port settings:
PDn.PDn_m bits Set appropriate values.
| ™
PCRn_m < Set PFCn.PFCn_m,
setting range PFCENn.PFCENn_m, and
PFCAEN.PFCAEN_m bits*'
g | PIPCN.PIPCh_m bit = 1 |
______________________________________ > Port settings:
Set appropriate values.
| PMCn.PMCn_m bit = 1 |
PCRn_m | Set PIBCn.PIBCn_m bit |
setting range |
| Set PBDCn.PBDCn_m bit |
_/
Note 1.  If the drive strength of the output buffer is to be changed, do so by using the PDSC and PUCC bits in the
PCRn_m register before making the above settings.

Figure 2.5 Example of Port Settings (in Alternative Mode) (1/2)
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(b) Without IP Control (PIPC = 0)

C

START

)

PBDCn.PBDCn_m bit =0

| PIBCn.PIBCn_m bit=0

PCRn_m
setting range< |

PMn.PMn_m bit = 1

| PMCn.PMCn_m bit = 0

PIPCn.PIPCn_m bit=0

Port initialization:

> Set the values after reset.
(The port is set to input mode
and the input buffer is disabled.)

Set port filters

Input or output?

Input mode

Output mode

Set

PUn.PUn_m and

PDn.PDn_m bits

PCRn_m
setting rang-e<

Set PFCn.PFCn_m,
PFCENn.PFCEn_m, and
PFCAEN.PFCAEN_m bits

A

' input mode

Set PFCn.PFCn_m,
PFCEN.PFCEn_m, and
PFCAEN.PFCAEN_m bits*'

PMCn.PMCn_m bit =1

Iternative ———

(|

PMCn.PMCn_m bit = 1

| PMn.PMn_m bit = 0

PCRn_m
setting range<

—

Note 1.

| Set PIBCn.PIBCn_m bit

| Set PBDCn.PBDCn_m bit

N

If the drive strength of the output buffer is to be changed, do so by using the PDSC and PUCC bits in the PCRn_m register
before making the above settings.

Port settings:
Set appropriate values.

Figure 2.6

Example of Port Settings (in Alternative Mode) (2/2)
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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.

2.1.5.2 Alternative Function to be Used in Direct I/O Control Alternative Mode

When the alternative functions described in Table 2.24 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. If you are using an
alternative function not listed in Table 2.24, set PIPCn_m = 0.

Table 2.24 List of the Pins which Require PIPC Register Setting

Category Pin Name 110 Function
SCin SCInRXD | Receive data input
(n=0t02) SCInTXD (0] Transmit data output
SCInSCK*! 1/0 Serial clock input/output
CSIHn (n=0,1) CSIHnSO O Transmit data output
CSIHnSC 1/0 Serial clock input/output
CSIHNRYI/ 110 Handshake signal input/output
CSIHnRYO
TSG3n TSG3nO1 O Three-phase PWM output (Hi-Z control)
(n=0.1) TSG3n02 0
TSG3n03 0]
TSG3n0O4 0]
TSG3n05 )
TSG3n06 0]
TAPAN TAPANn UN O Three-phase PWM output (Hi-Z control)
(n=0, 1y TAPAn UP 0
TAPANn VN )
TAPAn VP 0]
TAPAn WN 0]
TAPAn WP 0]

Note 1. RH850/C1M does not have SCIOSCK pin.
Note 2. RH850/C1M does not have TAPA1 pins.
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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.

21.5.4 Selecting 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 an option byte.
When user boot mode is selected as the operating mode, the interface is selected by the setting of
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 C1H Port Function

2.21.1 List of the C1H Port Registers

Table 2.25 to Table 2.32 show detailed bitmaps of control registers in each port group. In the bitmap
field, “\” means an effective bit and “—” means a reserved one. Reserved bits are always read as value
after resets. The write value also should be an value after reset.
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Table 2.25 List of Registers in C1H Port Group 0
Port Bitmap

Module |Group |Register Value after |Access

Name [Name [Name R/W |Reset Size 15(14|13({12(11|10|{9 (8 |7 |6 (5|4 |3 (2|1 |0 Remarks

PORT |0 PO R/W |0000y 16 NIV N[ AN AN AN A] N

PORT PSRO  |R/W |0000 0000y |32 NIV N A AN A AN V]V |Lower 16 bits
NN AN N[N A| N[NV N Y]] N |V |Upper 16 bits

PORT PPRO |R  |0000y 16 VIV NN A AN A AN

PORT PMO R/W |FFFFy 16 N VNN AN AN AN AV ANV

PORT PMCO  |R/W |0000y 16 VIV NN A AN A AN

PORT PFCO  |R/W [0000 16 NIV N[ AN AN AN A] N

PORT PFCEO |R/W |0000y 16 — == == V| VN[ NN A| A [N]| A

PORT PFCAEO |R/W [0000 16 — = ===V A| AN AN

PORT PNOTO [W  |0000y 16 VIV NN A AN A AN

PORT PMSRO |R/W |0000 FFFFy |32 NNV NN A VNN A ANV ]V |Lower 16 bits
NN N N[N A| N[N NN NN [N ]| N |V |Upper 16 bits

PORT PMCSRO |R/W 0000 0000y (32 VINN NN N[N AN [N NV V| V] V] |Lower 16 bits
NN N N[N A| N[N NN NN [N ]| N |V |Upper 16 bits

PORT PIBCO  [R/W |0000y 16 VN VN VNV V[V A VA ] Y

PORT PBDCO |R/W |0000y 16 VIV AN N A AN A AN

PORT PIPCO  |R/W {0000 16 VIVIAN A VA == |=|=|—|—|—|—|—|—

PORT PUO R/W 0000y 16 VIV AN N A AN A AN

PORT PDO R/W |0000y 16 VNV N VA VIV VAV Y

Bitmap
25(24|19(18|17|16(12| 8 (6|54 |2 |1 |0
Port u

Module |Group |Register Value after |Access | O |9 8o x |0 |© g 8lo

Name |Name |Name R/W |Reset Size = E o |& (2 % = (L (uu

PORT |0 PCRO_0 |R/W [0000 0010, (32 NN A AN AN A A A= V| V[V

PORT PCRO_1 [R/W |0000 0010, |32 N AN AN AN AN A =[NV

PORT PCRO_2 [R/W |0000 0010, |32 N NN A AN A A= [NV

PORT PCRO_3 [R/W |0000 0010, |32 N AN AN AN AN A =[NV

PORT PCRO_4 [R/W |0000 0010, |32 N NN A AN A A= [NV

PORT PCRO_5 [R/W |0000 0010, |32 N AN AN AN AN A =[NV

PORT PCRO_6 |R/W [0000 0010, (32 NN A AN AN A A A= V| V[V

PORT PCRO_7 [R/W |0000 0010, |32 N AN AN AN AN A =[NV

PORT PCRO_8 |R/W [0000 0010, (32 NI AN A AN AN A A A= V| V|V

PORT PCRO_9 [R/W |0000 0010, |32 N AN AN AN AN A =[NV

PORT PCRO_10|{R/W [0000 0010, (32 NN A AN AN A AN NN A VA

PORT PCRO_11 |[R/W |0000 0010, |32 N AN AN AN AN AN A==

PORT PCRO_12|R/W [0000 0010, |32 NIV AN AN AN NN A==

PORT PCRO_13|R/W |0000 0010, |32 N AN AN AN AN AN A==

PORT PCRO_14|R/W [0000 0010, |32 NIV AN AN AN NN A==

PORT PCRO_15|R/W |0000 0010, |32 N AN AN AN AN AN A==
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Table 2.26 List of Registers in C1H Port Group 1
Port Bitmap

Module |Group |Register Value after |Access

Name |[Name [Name R/W |Reset Size 15/14|13(12{11|10| 9 (8 |7 |6 (5(4 |3 |2 |1 (0 Remarks

PORT |1 P1 R/W |0000y 16 S R R VA N A R VA IRV VA IRV VA RV B I

PORT PSR1  |R/W |0000 0000y |32 VNN N A AN A AN V]V |Lower 16 bits
VI NN NN NN [N A A V| V] V] |Upper 16 bits

PORT PPR1 |R  |00004 16 VIV NN A AN A AN

PORT PM1 R/W |FFFFy 16 VIV N ANV A A AV ANV

PORT PMC1  |R/W |00004 16 VIV NN A AN A AN

PORT PFC1  |R/W |0000y 16 — | V= V[ V= V[V A A A A AN

PORT PFCE1 |R/W [0000y 16 — === === V[N AN |||

PORT PFCAE1 [R/W |0000y 16 VN VN VANV VA AN

PORT PNOT1 |W  |0000y 16 VN AN NN AV AN A A

PORT PMSR1 |R/W |0000 FFFFy |32 VNN NN AV A VNNV ]V |Lower 16 bits
NIV NN [N ANV N[V || N[ V] N |[Upper 16 bits

PORT PMCSR1 |R/W |0000 0000 |32 VNN N A AN N A AN V]V |Lower 16 bits
NIV NN [N AN AN N[V NV V] N |[Upper 16 bits

PORT PIBC1  |R/W |0000y 16 VN VN VANV VA VA VA ] Y

PORT PBDC1 |R/W |00004 16 VIV NN A AN A AN

PORT PIPC1  |R/W [0000 16 — =V A A A A A AN A==

PORT PU1 R/W |0000y 16 VN NN N AV AN AA] A

PORT PD1 R/W |0000y 16 VN VN VANV VA VA VA ] Y

Bitmap
25(24(19(18|17(16 (12| 8 (6 |5 |4 |2 |1 |0
Port u

Module |Group |Register Value after |Access | | 8l x|o|© 5 S lo

Name |Name |Name R/W |Reset Size 25 R [& (|5 E a || E % E e e

PORT |1 PCR1_0 |R/W |0000 0010, |32 N AN A A AN A A =[N AN

PORT PCR1_1 |R/W |0000 0010, |32 N AN A AN A A A= NN AN]A

PORT PCR1_2 |R/W |0000 0010, |32 N AN A A AN AN AN

PORT PCR1_3 |R/W |0000 0010, |32 N AN A AN A AN NN A] A

PORT PCR1_4 |R/W |0000 0010, |32 N AN A A AN AN AN

PORT PCR1_5 |R/W |0000 0010, |32 N AN A A NN A AN NN A] A

PORT PCR1_6 |R/W |0000 0010y |32 VIN| VAN N A AN A AV AN

PORT PCR1_7 |R/W |0000 0010, |32 N AN A AN AN A AN NN A] A

PORT PCR1_8 |R/W |0000 0010y |32 VIN| VAN N A AN A AV AN

PORT PCR1_9 |R/W |0000 0010, |32 N AN A A AN AN AN ==

PORT PCR1_10|R/W |0000 0010, |32 N AN A A AN A A AN A=

PORT PCR1_11|R/W |0000 0010, |32 N AN A A AN A A AN AN AN ==

PORT PCR1_12|R/W |0000 0010, |32 N AN AN N[N A A A A A A A=A

PORT PCR1_13|R/W |0000 0010, |32 N AN A A AN A A AN AN AN ==

PORT PCR1_14|R/W |0000 0010, |32 N AN N[ N[N A A A A==

PORT PCR1_15|R/W |0000 0010, |32 N AN A A AN A A A= NN |=]|=
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Table 2.27 List of Registers in C1H Port Group 2
Port Bitmap

Module |Group |Register Value after |Access

Name (Name [Name R/W |Reset Size 15(14|13(12(11|10|{9 (8 |7 |6 (5|4 |3 (2|1 |0 Remarks

PORT 2 |P2 R/W |00004 16 — === |=|=|=|=| V| V| V|||V

PORT PSR2 R/W {0000 0000, |32 —|—|—=|=|==|=|—=| V| V| N[V |V]|~N]V]|V|Lower 16 bits
—|—|—=|—=|—=|=|—= =[N | N |~N|N|~N|~]|~N]|~ |Upper 16 bits

PORT PPR2 |R  |0000y 16 —|—=|=|=|=|=|==| N[N N[N N|]

PORT PM2 R/W |FFFFy 16 — | === === =[N N N[N |N]N] Y

PORT PMC2  |R/W |0000 16 —|—=|=|=|=|=|==| N[N N[N N|]

PORT PFC2  |R/W [0000y 16 — === |=|=|=|=| V| V| V|||V

PORT PFCE2 |R/W |0000 16 —|—=|=|=|=|=|==| N[N N[N N|]

PORT PFCAE2 |R/W [0000 16 — === |=|=|=|=| V| V| V|||V

PORT PNOT2 |W {0000y 16 —|—=|=|=|=|=|==| N[N N[N N|]

PORT PMSR2 [R/W |0000 FFFF, |32 —|—|—=|=|=|=|=|=| V| V| N[V || ~N]V|~|Lower 16 bits
— | === === =[N | N|[~N|[N|~V|~V]|~N]|~ |Upper 16 bits

PORT PMCSR2 |R/W |0000 0000y (32 — === |=|=|=|=| V[N | V| V||V |]|V|Lower 16 bits
—|—=|=|=|=|—=|—=|—=| V| V| V| V|| V| V]| |Upper 16 bits

PORT PIBC2 |R/W [0000 16 — === |=|=|=|=| V| V|V NNV ||

PORT PBDC2 |R/W |0000 16 —|—=|=|=|=|=|==| N[N N[N N|]

PORT PIPC2 |R/W [0000 16 — == |=|=|=|=|=| V| V| V| N|N|N|=|=

PORT PU2 R/W [00004 16 —|—=|=|=|=|=|==| N[N N[N N|]

PORT PD2 R/W |00004 16 — === |=|=|=|=| V| V|V NNV ||

Bitmap
25|24(19(18(17|16(12| 8 |6 |5 (4|2 |1 |0
Port u

Module |Group |Register Value after |Access | O |9 8o x |0 |© g 8lo

Name |Name [Name |R/W |Reset Size = E o |& (2 % = (L (uu

PORT |2 PCR2_0 |R/W |0000 0010, |32 N NN AN A AN A= V[NV

PORT PCR2_1 |R/W |0000 0010, |32 N NN A A A AN A= ANV

PORT PCR2_2 |R/W |0000 0010, |32 N NN A A AN AN AN V]

PORT PCR2_3 |R/W |0000 0010, |32 N NN A A A AN N[N ANV

PORT PCR2_4 |R/W |0000 0010, |32 N NN A A AN AN AN V]

PORT PCR2_5 |R/W |0000 0010, |32 N NN A A A AN N[N ANV

PORT PCR2_6 |R/W |0000 0010, |32 N NN A A AN AN ANV

PORT PCR2_7 |R/W |0000 0010, |32 N NN AN A AN NN ANV
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Table 2.28 List of Registers in C1H Port Group 3
Port Bitmap

Module |Group [Register Value after |Access

Name Name |Name R/W [Reset Size 15(14|13|12|11(10({9 (8 |7 |6 | 5|4 (3 (2|1 |0 Remarks

PORT |3 P3 R/W |00004 16 —|—=|—=|=|=|=|=|= V|| N[NV

PORT PSR3 R/W {0000 0000, |32 —|—|—=|=|==|=|—=| V| V| N[V |V]|~N]V]|V|Lower 16 bits
—|—=|=|=|=|=|=|—=| V| V||| ~V| V| ~]|~ |Upper 16 bits

PORT PPR3 R 00004 16 —|—|—=|=|==|=|= V|| N[V || V||V

PORT PM3 R/W |FFFFy 16 — == === |=]=| N[ V||| N|V]

PORT PMC3  [R/W |00004 16 —|—|—=|=|== === V| N[V NN ||V

PORT PFC3 R/W |0000 16 —|—=|—=|=|=|=|=|=|=| V| N[V N[NV

PORT PFCE3 |R/W |0000H 16 —|—|—=|=|=|=|=|=|=|=|=| Y |=| ||V

PORT PFCAE3 [R/W |00004 16 —|—=|—=|=|=|=|=|=|=| V| N[V N[NV

PORT PNOT3 (W 00004 16 —|—|—=|=|==|=|= V|| N[V || V||V

PORT PMSR3 |R/W |0000 FFFF, |32 —|—|—=|=|=|=|=|=| V| V| N[V || ~N]V|~|Lower 16 bits
— | === === =[N | N|[~N|[N|~V|~V]|~N]|~ |Upper 16 bits

PORT PMCSR3 |R/W |0000 0000, |32 —|—|—=|—=|=|—=|—=|—=|—=[ | V||| N|V]V|Lower 16 bits
—|—|—=|=|—=|—=|—= == N[ ~N|~N]|~V|~V]| ]|~ |Upper 16 bits

PORT PIBC3  [R/W |00004 16 —|—=|—=|=|=|=|=|= V|| N[V NNV

PORT PBDC3 [R/W |0000 16 —|—|—=|=|==|=|= Y| | N[V NN ||V

PORT PIPC3  [R/W |00004 16 —|—=|—=|=|=|=|=|=|=|=|=|=|=| V|V Y

PORT PU3 R/W |0000y 16 —|—|—=|=|==|=|= Y| | N[V NN ||V

PORT PD3 R/W 0000 16 —|—=|—=|=|=|=|=|= V|| N[V NNV

Bitmap
25(24(19(18(17|16|12| 8 (6 |5 |4 |2 |1 [0
Port w

Module |Group |Register Value after |Access | |9 8o x |0 |© g 8lo

Name [Name |[Name R/W [Reset Size 2 RIR|E g i~ E % E =R =

PORT |3 PCR3_0 |R/W [0000 0010, |32 N VNN AN NN AN AN

PORT PCR3_1 |R/W |0000 0010, |32 NN N[N NN AN AN AN

PORT PCR3_2 [R/W |0000 0010, |32 NN N[N N[N NN NN ANV

PORT PCR3_3 [R/W |0000 0010, |32 NN N[N N[N A=AV |[=]

PORT PCR3_4 [R/W |0000 0010, |32 NN N[N NN A=V V]

PORT PCR3_5 |[R/W |0000 0010, |32 NN N[N N[N N[ A=V |V |=]

PORT PCR3_6 |R/W [0000 0010, |32 N V[N N[N NN A==

PORT PCR3_7 |R/W |0000 0010, |32 NIV AN NN NN A==V |[—=|—=|—
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Table 2.29 List of Registers in C1H Port Group 4
Port Bitmap

Module |Group |Register Value after |Access

Name |Name [Name R/W |Reset Size 15/14|13(12{11|10| 9 (8 |7 |6 (5 (4|3 |2 |1 (0 Remarks

PORT |4 P4 R/W |0000y 16 S R R VA N A R VA IRV VA IRV VA RV B I

PORT PSR4  |R/W |0000 0000y |32 VNN N A AN A AN V]V |Lower 16 bits
VNN N ANV ANV ||V |Upper 16 bits

PORT PPR4 |R  |00004 16 VIV NN A AN A AN

PORT PM4 R/W |FFFFy 16 VIV N ANV A A AV ANV

PORT PMC4  |R/W |0000y 16 VIV NN A AN A AN

PORT PFC4  |R/W |0000y 16 VNV NV VA A== V|V |—=]—|—

PORT PFCE4 |R/W |00004 16 VIV NN A AN A AN

PORT PFCAE4 |R/W |0000y 16 VN VN VANV VA AN

PORT PNOT4 |W  |00004 16 VIV NN A AN A AN

PORT PMSR4 |R/W |0000 FFFFy |32 VN VNV N[NV V[ V]|V ] Y [Lower 16 bits
NIV NN [N ANV N[V || N[ V] N |[Upper 16 bits

PORT PMCSR4 |R/W |0000 0000 |32 VNN N A AN N A AN V]V |Lower 16 bits
NIV NN [N AN AN N[V NV V] N |[Upper 16 bits

PORT PIBC4  |[R/W |0000y 16 VN VN VANV VA VA VA ] Y

PORT PBDC4 |R/W |00004 16 VIV NN A AN A AN

PORT PIPC4 |R/W |0000 16 — == === Y|V |==|=||=]| V|V ]|—

PORT PU4 R/W 0000y 16 VIV NN A AN A AN

PORT PD4 R/W |0000y 16 v v AR VIV VA

Bitmap
25(24(19|18(17(16(|12(8 |6 |5 (4|2 |1 |0
Port u

Module |Group |Register Value after |Access | o glo x |0 |© g 8lo

Name |[Name [Name |R/W |Reset size (22222 g o |& 2 % = oL

PORT |4 PCR4_0 |R/W |0000 0010, |32 VI[NV AN A A= VNV | —=

PORT PCR4_1 |R/W |0000 0010, |32 VI[N AN AN A AN VAN V| —=

PORT PCR4_2 |R/W |0000 0010, |32 VI[NV AN A ANV VAV =

PORT PCR4_3 |R/W |0000 0010, |32 VI[N AN NN N[N A= VNN

PORT PCR4_4 |R/W |0000 0010y |32 VN[N AN A NN AN A

PORT PCR4_5 |R/W |0000 0010, |32 S TRV VA VAN S EVAR VAN BN g RV B N

PORT PCR4_6 |R/W |0000 0010, |32 VIV NN AN A A= V||V | =

PORT PCR4_7 |R/W |0000 0010, |32 VI[N AN AN N A= VNN

PORT PCR4_8 |R/W |0000 0010, |32 VN[N NN NN AN AN A

PORT PCR4_9 |R/W |0000 0010, |32 NN NN NN N[N AN AN AN] A

PORT PCR4_10|R/W |0000 0010, |32 VN[N AN N[N A= VA N] A

PORT PCR4_11|R/W |0000 0010, |32 VI[N AN AN N A= VNN

PORT PCR4_12|R/W |0000 0010, |32 NN A NN AN AN A =] NNV

PORT PCR4_13|R/W |0000 0010, |32 VI[N AN AN N A= VNN

PORT PCR4_14|R/W |0000 0010, |32 VN[N AN N[N A= V][ N]A

PORT PCR4_15|R/W |0000 0010, |32 VI[N AN NN N[N A= VNN
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Table 2.30 List of Registers in C1H Port Group 5
Port Bitmap

Module |Group |Register Value after |Access

Name |Name [Name R/W |Reset Size 15/14|13(12{11|10| 9 (8 |7 |6 (5 (4|3 |2 |1 (0 Remarks

PORT |5 P5 R/W {0000y 16 — === == VN[N NN ANV

PORT PSR5  |R/W [0000 0000y (32 —|—=|=|=|=|=| V[N NN N|N|N|N|V|V |Lower 16 bits
— === |—=|=| NN N[ N|N][N]|~V|~V]N]|~ |Upper 16 bits

PORT PPR5 |R  |0000y 16 — == === VN[N A [[N]|V

PORT PM5 R/W |FFFFy 16 — == === V[N [N AN NNV

PORT PMC5 |R/W |0000 16 — == === V[ N[N ANV

PORT PFC5  |R/W |0000y 16 — === == VN[N NN AV [NV

PORT PFCE5 |R/W [0000y 16 — == === V[ N[N ANV

PORT PFCAE5 |R/W [0000 16 — == === V[N [N AN NNV

PORT PNOT5 |W  |0000 16 — == === V[ N[N ANV

PORT PMSR5 |R/W |0000 FFFFy (32 —|—=|=|=|=|=| V[ NN N|N|N|N|N|¥|V |Lower 16 bits
—|—|—=|=|==| | N[NV N|V|~V]| V]|V |Upper 16 bits

PORT PMCSR5 |R/W |0000 0000 |32 — === == V| V[N V| V| V|V |]V|Lower 16 bits
—|—|—=|=|==| | N[NV N|V|V]| ]|V |Upper 16 bits

PORT PIBC5 |R/W |0000 16 — == === V[N N[N [A]|N|]

PORT PBDC5 |R/W |0000 16 — == === V[N N[N NN A

PORT PIPC5 |R/W [0000 16 — == === V[N |=| V| NNV ||

PORT PU5 R/W {00004 16 — == === V[N N[N NN A

PORT PD5 R/W 00004 16 — == === Y[ NN |||

Bitmap
25(24|19(18(17|16(12| 8 (6 |5 |4 (2|1 |0
Port i

Module |Group |Register Value after |Access | O o 8o ¥ |0 |© g 8 lo

Name |[Name [Name |R/W |Reset Size = g o |E |2 % =L Lu

PORT |5 PCR5_0 |R/W |0000 0010y |32 NN AN AN A AN AN VA

PORT PCR5_1 |R/W |0000 0010, |32 N AN AN N[N AN A A AN AV

PORT PCR5_2 |R/W |0000 0010, |32 N NN NN AN A A

PORT PCR5_3 |R/W [0000 0010, |32 N AN AN N[N AN A A AN AV

PORT PCR5_4 |R/W |0000 0010, |32 N NN NN AN A A

PORT PCR5_5 |R/W |0000 0010, |32 N AN AN N[N AN A A AN AV

PORT PCR5_6 |R/W |0000 0010y |32 NN AN AN A A= [NV

PORT PCR5_7 |R/W |0000 0010, |32 N AN AN N[N AN A A AN AV

PORT PCR5_8 |R/W |0000 0010y |32 NI A AN AN A AN AN VA

PORT PCR5_9 |R/W |0000 0010, |32 N AN AN N[N AN A A AN AV
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Table 2.31 List of Registers in C1H Port Group 6

Port Bitmap

Module |Group [Register Value after |Access

Name Name |Name R/W [Reset Size 15(14|13|12|11(10({ 9 (8 |7 |6 | 5|4 (3 (2|1 |0 Remarks

PORT |6 P6 R/W |00004 16 —|—=|—=|=|=|=|=|= V|| N[NV

PORT PSR6  |R/W |0000 0000, |32 —|—|—=|=|==|=|—=| V| V| N[V |V]|~N]V]|V|Lower 16 bits
—|—=|=|=|=|=|=|—=| N[ Y| V||| ~N|¥]~|Upper 16 bits

PORT PPR6 [R 00004 16 —|—|—=|=|==|=|= V|| N[V || V||V

PORT PM6 RW |FFFFy 16 ==l =T=]=T=T=I~ I~~~V

PORT PMC6 |R/W [0000 16 — == === |=|=| V| V| V||| NN |=

PORT PFC6  |R/W [0000y 16 — == |=|=|=|=|=| V| V| V| N|N|N|N|=

PORT PFCE6 [R/W 0000 16 —|—|—=|=|==|=|= Y| N | == | V|V ]|=

PORT PFCAEG6 [R/W |00004 16 — == === == == V|V |=|—=|—|—

PORT PNOT6 |W  |0000 16 —|—|—=|=|==|=|= V|| N[V || V||V

PORT PMSR6 |R/W |0000 FFFF, |32 —|—|—=|=|=|=|=|=| V| V| N[V || ~N]V|~|Lower 16 bits
—|—|—=|=|=|=|=|=| V| V| N[V || ~N]|V]|~|Upper 16 bits

PORT PMCSR6 |R/W |0000 0000, |32 —|—|—=|—=|=|—=|—=|—=| N[V | V||| |V ]|—]|Lower 16 bits
—|—|—=|=|=|=|—=|—=| V| V| N[V |V]| ]|V |—]|Upper 16 bits

PORT PIBC6  [R/W |00004 16 —|—=|—=|=|=|=|=|= V|| N[V NNV

PORT PBDC6 [R/W |0000 16 —|—|—=|=|==|=|= Y| | N[V NN ||V

PORT PIPC6 |R/W |0000y 16 —| == === === |=|=|=|=|—=|—]—

PORT PU6 R/W |0000y 16 — == |=|=|=|=|=| V| V| V|||V

PORT PD6 R/W |0000 16 —|—|=|=|=|=|=|=| V|V RER v

Bitmap

25(24|19(18(17|16(12| 8 (6 (5|4 |2 |1 |0

Module g::up Register Value after |Access |3 |8 Qlo () E e

Name [Name [Name R/W [Reset Size § g 2 E E g a E % % E E-J_ g E

PORT |6 PCR6_0 |R/W |0000 0010, |32 NN AN AN A A== |—=]—]|—

PORT PCR6_1 |R/W |0000 0010, |32 NN AN AN A| AN A= N Y

PORT PCR6_2 [R/W |0000 0010, |32 NN N[N N[N AN VA V=] V[V

PORT PCR6_3 |R/W |0000 0010, |32 NN AN AN A AN A =[N |=] V]|V

PORT PCR6_4 [R/W |0000 0010, |32 NN N[N AN AN =][ V]| N |[=]

PORT PCR6_5 |R/W |0000 0010, |32 NN AN AN A AN A A =[NV —=]|V

PORT PCR6_6 |R/W |0000 0010, |32 NN AN AN AN A =] =] V]|

PORT PCR6_7 |R/W |0000 0010, |32 NN AN AN AN A A =[N =] V]|V
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Table 2.32 List of Registers in C1H Port Group 7
Port Bitmap

Module |Group [Register Value after |Access

Name Name |Name R/W [Reset Size 15(14|13|12|11|10| 9 5413|210 Remarks

PORT |7 P7 R/W |00004 16 —|—=|—=|=|=|=|=|=|=|=|= V|| N[V

PORT PSR7  |R/W |0000 0000, |32 —|—|—=|=|—=|—=|—=|—|—=|—=|—=| ¥ | Y| V]|V~ |Lower 16 bits
—|—=|=|=|=|—=|—=|—|—|—|—| Y| ¥ | V||~ |Upper 16 bits

PORT PPR7 [R  |00004 16 — == |=|==|=|=|=|=|= V|||V

PORT PM7 RW |FFFFy 16 — == |=|=|=|=|=|=|=|= V|||V

PORT PMC7  |[R/W |00004 16 — == |=|==|=|=|=|=|= V|||V

PORT PFC7 R/W |0000 16 —|—=|—=|=|=|=|=|=|=|=|= V|| N[V

PORT PFCE7 |R/W 0000 16 — == |=|==|=|=|=|=|= V|||V

PORT PFCAE7 [R/W |00004 16 —|—=|—=|=|=|=|=|=|=|=|= V|| N[V

PORT PNOT7 |W  |0000 16 — == |=|=|=|=|=|=|=|= V||| V|V

PORT PMSR7 |R/W |0000 FFFF, |32 —|—|—=|—=|—=|—=|—=|—=|—=|—=|=| ¥ | Y| N ]| V|~ |Lower 16 bits
—|—|—=|=|—|—=|—=|—=|—=|—=|—=| N | ¥ |~ ||~ |Upper 16 bits

PORT PMCSR7 [R/W |0000 0000, |32 —|—|—=|—=|—=|—=|—=|—=|—=|—=|=| ¥ | Y| N ]| V|~ |Lower 16 bits
—|—|—=|=|—|—=|—=|—=|—=|—=|—=| N | V|~ ]| ~N]| |Upper 16 bits

PORT PIBC7 |[R/W |00004 16 — = === === |=|=|= V|||V

PORT PBDC7 [R/W |0000 16 — == |=|=|=|=|=|=|=|= V|||V

PORT PIPC7 |R/W {0000y 16 — | — === =|=|==|=|=| Y| N |—=|—=]|—

PORT PU7 R/W 0000y 16 — == |=|=|=|=|=|=|=|= V|||V

PORT PD7 R/W |0000 16 — = === === |=|=|= V|||V

Bitmap
25(24(19(18|17|16|12| 8 |6 [5(4 |2 |1 |0
Port u

Module |Group |Register Value after |Access 8 8 8 O x |0 |© 5 3 o

Name [Name |[Name R/W [Reset Size SR IEH =R IS g .~ E % E TR =

PORT |7 PCR7_0 [R/W |0000 0010, |32 NN NN AN AN A=V [NV

PORT PCR7_1 |R/W |0000 0010, |32 NN NN AN A AN A =[NV

PORT PCR7_2 |R/W |0000 0010, |32 NN NN AN AN A=V [NV

PORT PCR7_3 |R/W |0000 0010, |32 NN AN AN NV NNV

PORT PCR7_4 |R/W |0000 0010, |32 NN AN NNV NNV
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2.2.1.2 Alternative Function List of the C1H Pins

Table 2.33 to Table 2.40 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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— — — — — — — — —] —| NMIvVdVL —| sLo0anvi| SiLloanvi ol Gl od
— — — — — — — — — —| dMlivdvl —| vio0anvi| vL0aNVL ol v170d
— — — — — — — — — —| NALvdvl —| €ro0anvi| erloanvi ol €17 0d
— — — — — — — — — —|  dAlvdvl —| zrooanvi| ziloanvi ol zl od
— — — — — — — — — —| NNlLvdvl —| woo0anvi| ioanvi ol 1L od
— LdINI — — — — — — — —| dnivdvl —| orooanvi| orloanvi ol 0L 0d
— 9dLNI — — — — — — — — — —| 600anvL| 6l10aNVL ol 6 0d
— Gd.INI — — — — — — —| 030VON3| €oOrnvL| €l0rNvL| 800aNvL|  8l0aNvL ol 8 0d
— ¥dLNI — — — — — — —| 130VON3| zZoornvi| zlornvi| 200anvi|  Zlodnvi ol L 0d
— €dLNI — — — — — — —| 030v¥ON3| LOOrNVL| LIOPNVL| 9004NVL|  910ANVL ol 9 0d
— ZdINI — — — — — — — —| ooornvi| olornvLl soo0anvi|  sloanvi ol g 0d
— LdLNI — — X1ZNVO — — — — — — —| vooanvi| vioanvi ol ¥ 0d
— OdLNI — — —|  XY2ZNVO — — —] —| eoornvi| €lOorNVL €00dNVL|  €l0aNvL ol € 0d
— — — — — — — — — —| zoornvl| ziornvi| zooanvi|  ziodnvi ol Zod
— — — — — — — — — —| roornvl| LlOPNVL| LOOANVL|  LlodNvl ol 1 0d
— — — — — — — — — —| oo0rNvL| 0lOPNVL| 000dNVL|  010ANVL ol 0 od
1IN0 11V ZNIL11v| 91nO LTv| ONI 11v| SLNO L1v| SNI LTV| vinO 11V YNI L1V €1nO 11V eNI' LTV 2LNO L1V| ¢2NI 11V| LLNO L1V INIT L1V uod uod
dAnRUIBNY UIL aAeuId)|Y Ul9 aAnewIdl|y uig dAnEUIBYY Ul aAjeuId)|Y pig aAeuId)Y puz aAnEUIBYY IS| o a_wwh“um
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— LdINI — — — — — — — —| NMOVdVL —| s100anvL| Siloanvi ol L ed
— 9d.NI — — — — — — — —| dMOvdvL —| ¥Lo0anvl| viloanvi ol 9 e¢d
— GdLNI — — — — — — — —|  NAOVdVL —| e€lo0anvl| €Llo0anvi ol S ed
— YdLNI — — — — — — — —|  dAOVdvL —| zro0anvi| ziloanvi ol v ¢d
— €d.LNI — — — — — — — —|  NNOvdvL —| 1oo0anvyi| LLloanvi ol € zd
— ZdINI — — — — — — — —|  dnovdvl —| orooanvi| orloanvi ol Zzd
— LdLNI — — — — — — — — — —| yo0aNvl  vioanvl ol L zd
— 0d.LNI — — — — — — — — — —| eooanvi|  €loanvi ol 0 zd
1IN0 11V| INI'L1V| 91NO L1v| 9NI L1v| S1NO L1V GNI'11V| ¥1NO 11V| ¢NI 11v| €LnO 11V ENI' LIV 2LNO L1V| 2ZNI L1v| LLNO 11V INIT LY uod Hod
aAnewssllY uiL aAnewIsllY Ul9 aAnewIBllY Uig aAnewsslly Uiy aAneuwIsllY pig aAneuIs)|y puz aAnewsally Is| o dww“__uum
Z dnoug Jod HID ul suoioung aAljeuld)|y uid 4o 3si GE'C dlqeL
— —] — —| l01e981 —] — — — — — —| siolanvi| silanvi ol Gl Ld
— — —| os3evdvL| o00leDsL — — — — —| sioranvi —| vioranvi| viLanvi ol vl ld
— — — —| 901981 — — — — — — —| eroranvi| erlanvi ol €l Ld
— —] — —| voleosL —] — — — —| eroLanvi —| ziolanvi| ziianvi ol Zl d
— — — —| zole9osL — — — — — — —| woranvy| Lanvi ol LWoid
— — — —| soLEDsL — — — — —| 1olanvi —| oiroranvi| oillanvi ol 0l Ld
— — — —| eoleosL —] — — — — — —| eolanvi| ellanvi ol 6 Ld
— — — —| 10Le98L — — — — —| e0LanvL —| soianvi| silanvi ol 8 Id
— — — —| 900£9SL — — — — — — —| lowanvi| Zlanvi ol L id
— — — —|  voogosL — — — — —| soranvi —| 9oiranvi| 9lLanvi ol 9 Id
— — — —| zoogosL — — — — — — —| soianvi| silanvi ol S Id
— — — —| so0e9sL — — — — —| solanvi —| voianvi| vllanvi ol v ld
— — — —| eoo0gosL —] — — — — — —| eolanvi| elanvi ol € 1d
— — — —| 100€9sL — — — — —| eolanvi —| zoianvi| zilanvi ol 2 Id
— — — —|  100€9SL — — — —| INILOVONZ — —| owanvi| Llanvi ol 1 1d
— — —| OS3evdvl| 000£9SL — — — —| ONILOVONZ| Lolanvi —| ooiranvi| olanvi ol 0 Ld
L1N0O 11V INITL1V| 91nO 11V ONI'L1V| SLNO 11V SNI 11V #1nO 11V NI LIV €1NO L1V eNI LTV| 2LNO LTv| @eNI 11v| LLno 11V, INIT L1V uod yod
dARUIBNY UIL aAieuId)|Y Ul9 aAneuId)Y UIG aAneuIB)|Y Ul dAnEUIB)Y PIE aAljeuIa)|y puz aAneuIB)Y IS| o JMMHM
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— — |Somommm —|  XLINVOD — — — — — — — — — ol Sl vd

— — — — —|  XdINVO — — — —] — — —] — ol ¥l vd

— —| €SSOO0HISO — — — — — —| 031vON3 — — — — ol €l vd

— —| 2ZSSO0HISO — — — — — —| 131vON3 — — — — ol Zl vd

— —| 1SSO0HISD — — — — — —| 031VvON3 — — —] — ol L vd

— —| 0SSOO0HISO — — — — — oovad.L — — — — — ol 0L vd

— —|  OSOHISO| OSOHISO — — — — — — — — — — ol 6 vd
OAYLHISO| IAMLHISO|  OSOHISO — — — — — — — — — — — ol 8 vd
—| ISSLHISO —|  ISOHISO — — — — — — — — — — ol L vd
€SSOLHISO — — —| XLONVD — — — — — — — — — ol 9 td
ZSSOLHISD — — — —| XYONVO — — — — — — — — ol S vd
LSSOLHISO —| OAYOHISO| IAMOHISO| XLENVD — — — — — — — — — ol ¥ vd
0SSOLHISO — —| ISSOHISO —| XdENVO — — — — — — — — ol € vd
OSLHISO| OSLHISO — — — — — — — — — — — — ol 2 vd
OSLHISO — — — — — — — — — — — — — ol L vd
—| ISLHISO — — — — — — — — — — — — ol 0 td

100 11V NI 11v| 91NO L11v| ONI'L1V| SLNO LTv| SNI L1V| #LNO 11v| ¥NI 1Tv| €1NO 11V €Nl L1v| 2Lno 11V NI LTV|  LLno L1V INI LTV yod yod

aARUIBYY UIL aAeuwIB}Y Ul9 aAneUWIBNY UIS aAnRUWIBYY Uiy aAnewWIRY PIE aAneuWId}Y puz aAeuIdlY IS o w_wﬂ_hwm
¥ dnoig Jod HI D ul suoioung aAljeuwla)y uld jo isiq L€°C dlgel

— — — — — — — — — — — — — — ol L ed

— — —| 0OS3lvdvL — — — — — — — — — — ol 9 ¢ed

— — —{ 0S30vdvL — — — — — — — — — — ol G ed

— — —| 0S3evdvL — — —| 93.1000av — — — — — — ol v ed

— — —| 0S3Jzvdvl — — — — — — — —| soianvi ZlLanvi ol ¢ ed

— — — — — — —| 9¥.LL00aV — — — —| solanvi slLanvi ol Z¢ed

— — — — — — —| 934.1000av — — — —| sooanvy 210anvL ol 1 ed

— — — — — — — — — — — —| sooanvi sloanvi ol 0 ¢d

L1NO 11V|  ZNILIV| 9LNO LTV|  ONIL1V| SLNO LTv|  SNILIV| ¥ANO LTv| YNl L1V| €100 11V| ENI LIV Z1NO L1V eNILIV| LlNO L1V|  INI L1V Hod yod

aARUIBNY UIL aAneUIB)Y Ul9 aAeuId)|Y Uig dAnEUIB)Y Ul aANeuId)|y pig aAneuIB)Y puz aAewsslly ISt o dwﬂ_hwm
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— — — — — — —| 9310200V — — — —| lowanvi ZlLanvi ol /. od

— — — — — — —| 93LL00av — — — —| soranvi slLanvi ol 9 9d

—] — —| OS3lvdvl — — —] —] — — — — — — ol G od

— — —| 0S30vdvL — — — — — — — — — — ol ¥ od

— — — — — — — — — — — — — — ol £ 9d

— — — — — — — — — — — — — — ol Zod

— — — — — — — — — — — — — — ol 1 od

— — — — — — — — — — — — — — ol 0 9d

L1NO L11V| NI L11v| 91NO L1Tv| ONI 11V| SLNO L1V| SNI 11v| v1nO 11V NI LIV| €LNO L1V| NI 11V| 2LnO L1v| NI L1v| LLNOo 11V INIT L1V yod yod

aARUIBYY UIL aAneuId)Y Ul9 aAieUId)|Y UIG BAnEUIBYY Ul aAeuIal|y pig aAneulB)Y puz aAneusdlly Is| o ﬂwwuhum
9 dnoug Hod HLD Ul suoidung aAljeuId)y uld JO Isi 6€°C dlqeL

— —| axizios — — — — — — — — — — — ol 6 od

— — —| axyzios —] — — — — —] — — — —] ol 8 &d

— —|  MOSzIOS| MOSszIos — — — — — — — — — — ol . Gd

— — —| OSs30vdvL — — — — olvedL — — — — — ol 9 &d

_ 9 _

1NOYOoHy3 —|  MOSLIOS| MOSLIOS — —| XLOZNITY — — — — — — — ol g &d
— —| axiuos — — — —| X¥0ZNIT — — — — — — ol ¥ &d

— — —| axdLos —] —| XLLZNITA — — — — — — — ol € &d

— —|  MOS0I0S| MOS0I0S — — —| XdleNITy — — — — — — ol Z&d

— —|  axio10s — — —| XlzzNITd — — — — — — — ol 1 Gd

— — —| axyoI10s —] — —| XdzeNITd — — —] — —] — ol 0 &d

L1NO L1V| NI LTV| 91LNO L1V ONI 17V| SLNO 11V SNI LTV| ¥1NO L1V| #NI L1V| €1LNO 11v| eNI 11v| 2ZLnOo 11V SNl LTV|  LLNO 11V INI LV yod uod

aAeUIBYY UIL aAneuIB)Y Ul9 aAnEUIB)Y YIS aAnewIdl|y Uiy dAnEUIBYY PIE aAneuIB)Y puz aAneuIBlY IS| o w_wm__ﬂm
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— —| axio10s — — — — — — — — — — — ol v Ld

— — —| axuolos — — —] — — — — — — — ol € /d

— — — — — — — — — — — — — — ol Zid

— — — — — — — — —| INILIVONZ — — — — ol L 2d

— — — — — — — — —| ONILIVYON3T — — — — ol 0 .d
L1NO L1V NI L1V| 91NO 17v| ONI L1V SLNO L11v| SNI 11v| #1nO L1V| ¥NI 11V| €1NO 11V eNI 1Tv| 2Z1nOo 11V SNl LTV| LLNO 1TV INI LTV yod uod

aAeUIBYY UIL aAnEUIB)Y Ul9 aAeuId)|Y Ulg aAneuIB)Y Ul dAeUIB)Y PIE aAeuId)|Y puz dAlEUIBYY ISL o w_wm__“um_
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2.2.2 C1M Port Function

2.2.21 List of the C1M Port Registers

Table 2.41 to Table 2.47 show detailed bitmaps of control registers in each port group. In the bitmap
field, “\” means an effective bit and “—> means a reserved one. Reserved bits are always read as value
after resets. The write value also should be an value after reset.
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Table 2.41 List of Registers in C1M Port Group 0

Port Bitmap

Module |Group |Register Value after [Access

Name |Name [Name R/W |Reset Size 15(14|13({12(11|10{ 9 (8 | 7 (6 | 5|4 [ 3| 2| 1| 0| Remarks

PORT |0 PO R/W | 0000 16 — === == V| VA A A A A A]A]AN

PORT PSRO R/W {0000 0000, |32 —|—| === =[N N| V[N V| V]| V]| V]|V |Lower 16 bits
— | === == N[ N[ N[N N|N|N|~]| V]|V |Upper 16 bits

PORT PPRO R |0000 16 —|—| === = VN V[N A AN A| V]

PORT PMO R/W |FFFFy 16 —| === == | N[N AN ]| ANV

PORT PMCO R/W {0000y, 16 —|—| === = VN V[N A AN A| V]

PORT PFCO R/W {0000, 16 —| == === N N[N A][ A A| AN

PORT PFCEO  |R/W|0000 16 —|—| === = VN V[N A AN A| V]

PORT PFCAEO |R/W|00004 16 —| == === N N[N A][ A A| AN

PORT PNOTO |W |000OH 16 —| === == | NN A NN ANV

PORT PMSRO |R/W|0000 FFFFy (32 —|—| === = | N| V[N N| V]| V]| V]|V |Lower 16 bits
— | === == N[ N[ N[N N|N| V|| V]|V |Upper 16 bits

PORT PMCSRO |R/W|0000 0000, |32 —| === —=|—=| V| V| N A V||| V] V] |Lower 16 bits
— | === == N[ N[ N[N N|N| V| V]| V]|V |Upper 16 bits

PORT PIBCO R/W {0000, 16 —| == === N N[N A][ A A| V]

PORT PBDCO  |R/W|0000 16 —|—| === = VN V[N AN AV

PORT PIPCO R/W| 0000y, 16 — === == —=|—|—|—|—|—|—|—]|—]—

PORT PUO R/W [0000y 16 —|==|=|=| = [ V| V| N[NV ANV

PORT PDO R/W {0000, 16 —| == =|=]|=] ¥ y NN A y

Bitmap
25(24|19|18(17(16|12| 8 |6 | 54| 2| 1|0
Port =

Module |Group |Register Value after |Access | 3 8o x |0 |© 5 Slo

Name [Name |Name R/W [Reset Size 2225 E = E E E S

PORT |0 PCRO_0 |R/W|0000 0010, |32 NN A AN A A AN =] N[NV

PORT PCRO_1 |R/W|0000 0010y |32 N AN NN A AN AN A= N[N

PORT PCRO_2 |R/W|0000 0010y (32 NI AN AN N AN AN =] | V]V

PORT PCRO_3 |R/W|0000 0010y |32 N AN NN A AN AN A= N[N

PORT PCRO_4 |R/W|0000 0010y (32 NI AN AN N AN AN =] | V]V

PORT PCRO_5 |R/W|0000 0010y |32 N AN NN A AN AN A= N[N

PORT PCRO_6 |R/W|0000 0010, |32 NN AN AN A A A| A= N[NV

PORT PCRO_7 |R/W|0000 0010y |32 N AN NN A AN AN A= N[N

PORT PCRO_8 |R/W|0000 0010, |32 NN AN AN A A A| A= N[NV

PORT PCRO_9 |R/W|0000 0010y |32 N NN A AN AN A A= N[ N]A]Y
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Table 2.42 List of Registers in C1M Port Group 1

Port Bitmap

Module |Group |Register Value after |Access

Name |Name [Name R/W|Reset Size 15|/14(13(12({11|{10/| 9 (8 (7| 6| 5|4 (3| 2| 1| 0| Remarks

PORT |1 P1 R/W [0000 16 A R I N I I I I I I I R IR I IRV I

PORT PSR1 R/W 0000 0000 |32 NIV N N[N A NN N[NV ] A ] V]|V |Lower 16 bits
NIV A NN A NN N[NV ] NN V| Y |Upper 16 bits

PORT PPR1 R |00004 16 NIV N[N A A AN A A AN VA

PORT PM1 R/W |FFFFy 16 NIV AN A AN A AV NV VA

PORT PMC1 R/W [00004 16 NIV N[N A A AN A A AN VA

PORT PFC1 R/W|{0000, 16 — V= V| ==V [V [ AV AV

PORT PFCE1  |R/W|0000 16 —| === === V[N A A A]A]N] V]V

PORT PFCAE1 |R/W|0000y 16 VNIV ANV ANV NV VAV

PORT PNOT1 |[W |00004 16 NIV NN A A AN A A AN VA

PORT PMSR1  |R/W|0000 FFFFy |32 VNN NV NV NV NV VY] V|V |Lower 16 bits
NININN NN NN NN NN NNV [Upper 16 bits

PORT PMCSR1 [R/W|0000 0000 |32 NIV A NN A NNV V]| N] V] V|V |Lower 16 bits
NININN NN N NN NN NN AV |Upper 16 bits

PORT PIBC1 R/W {0000, 16 VN[V NV A VAV

PORT PBDC1  |[R/W|00004 16 NIV NN A AN A A ANV

PORT PIPC1 R/W {00004 16 — = VN NN A A A A A A AV ][] =

PORT PU1 R/W [00004 16 NIV NN A AN A A ANV

PORT PD1 R/W {0000, 16 v VNIV NV NV NV AV v

Bitmap
25/24|19|18|17(16(12| 8 |6 | 5| 4|2 (1|0
Port =

Module |Group |Register Value after |Access | 3 8o x |0 |© 5 Slo

Name |Name |Name R/W |Reset Size e E o |& (2 E = (L&

PORT |1 PCR1_0 |R/W|0000 0010, |32 NIV AN AN A A A= | NV

PORT PCR1_1 |R/W|0000 0010, |32 NN NN A NN A A= NV

PORT PCR1_2 |R/W|0000 0010, |32 NIV AN AN A A A ANV A

PORT PCR1_3 |R/W|0000 0010, |32 NN NN AN A AN A ANV A

PORT PCR1_4 |R/W|0000 0010, |32 NIV AN AN A A A ANV

PORT PCR1_5 |R/W|0000 0010, |32 NN NN AN A AN A ANV A

PORT PCR1_6 |R/W|0000 0010, |32 NIV AN AN A A A A ANV A

PORT PCR1_7 |R/W|0000 0010, |32 NN NN AN A A ANV A

PORT PCR1_8 |R/W|0000 0010, |32 NIV AN AN A A A ANV A

PORT PCR1_9 |R/W|0000 0010, |32 NN NN A NN A A A AN | —=—

PORT PCR1_10 |R/W|0000 0010, |32 NIV AN AN A A A A AN =

PORT PCR1_11 |R/W|0000 0010, |32 NN NN A NN A A A AN | —=—

PORT PCR1_12 |R/W|0000 0010y |32 NI AN AN N AN AN AN A A =]

PORT PCR1_13 |R/W|0000 0010, |32 NN NN A NN A A A AN | —=—

PORT PCR1_14 |R/W|0000 0010y |32 NN AN N AN AN =] ] V] =]

PORT PCR1_15 |R/W|0000 0010, |32 NIV NN A N[N A A= | N | —=|—
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Table 2.43 List of Registers in C1M Port Group 2

Port Bitmap

Module |Group |Register Value after [Access

Name |Name [Name R/W | Reset Size 15(14|13|{12(11|10{ 9 (8 | 7 (6| 5|4 [ 3| 2| 1| 0| Remarks

PORT |2 P2 R/W | 00004 16 —|—| === === V| NNV N]N]N

PORT PSR2 R/W 0000 0000, |32 —|—| === === V[N | V| V]| V]| V]|V |Lower 16 bits
—|—|—=|—=|—=|—=|—=|—=| V| N | N|N|N| ||~ |Upper 16 bits

PORT PPR2 R 0000y 16 —| === === = V|| N[N N A N]|V

PORT PM2 R/W |FFFFy 16 —|—| === === V| NNV N]N]N

PORT PMC2 R/W | 0000 16 —| === === = V|| N[N N A N]|V

PORT PFC2 R/W| 0000 16 —| === == == V| V| N[N A|V]|V

PORT PFCE2  |R/W|0000 16 —| === === = V|| N[N N A N]|V

PORT PFCAE2 |R/W |0000 16 —|—| === === V| NNV N]N]N

PORT PNOT2 |W |0000y 16 —| === === = V[N NN N A N]|V

PORT PMSR2 |R/W|0000 FFFFy |32 —|—|—=|—=|—=|—=|—=|—=| V[N | N| V|| V]| V]|V |Lower 16 bits
—|—| === === N[ N[ N|N| V| ~]| V]| V|Upper 16 bits

PORT PMCSR2 |R/W|0000 0000, |32 —|—|—=|—=|—=|—=|=|—=| V| V| V|| V| V] V]|Lower 16 bits
— | === —=|—=|—=|—=| N[ N[ N|N| V| ~V]| V]|V |Upper 16 bits

PORT PIBC2 R/W | 00004 16 —|—| === === V| NN N[N N]N]N

PORT PBDC2 |R/W|0000 16 —| === === = V|| N[N A N]|V

PORT PIPC2 R/W | 00004 16 — === == == V| NNV ]|=]=

PORT PU2 R/W | 0000 16 —| === === = V|| N[N A N]|V

PORT PD2 R/W | 00004 16 — === =] === V| N A AV v

Bitmap
25/24|19(18|17(16|12( 8|6 (5|4 | 2| 1|0
Port =

Module |Group |Register Value after |Access | o 8o x |0 |© 5 Ulo

Name |Name [Name R/W |Reset Size = E o &= & = (oo

PORT |2 PCR2_0 |R/W|0000 0010, |32 NN N A NN AN A= NV

PORT PCR2_1 |R/W|0000 0010, |32 NN AN AN AN A =[NV

PORT PCR2_2 |R/W|0000 0010, |32 NN A NN AN A NN AV

PORT PCR2_3 |R/W|0000 0010y |32 NN AN A AN A AN NNV

PORT PCR2_4 |R/W|0000 0010, |32 NN A NN AN A NN AV

PORT PCR2_5 |R/W|0000 0010y |32 NN AN A AN A AN NNV

PORT PCR2_6 |R/W|0000 0010, |32 NN A NN AN A NN AV

PORT PCR2_7 |R/W|0000 0010y |32 NN AN A AN A A AN NNV
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Table 2.44 List of Registers in C1M Port Group 3

Port Bitmap

Module |Group |Register Value after [Access

Name |Name [Name R/W | Reset Size 15(14|13|{12(11|10{ 9 (8 | 7 (6| 5|4 [ 3| 2| 1| 0| Remarks

PORT |3 P3 R/W | 0000 16 —| === === == === Y| V| V]|V

PORT PSR3 R/W 0000 0000, |32 —|—|—=|—|—|—=|—=|—|—=|—|—| =] V| V| V| ¥ |Lower 16 bits
—|—|—=|—|—|—=|—=|—=|—=|—=|—| =] V| V| V| ¥ |Upper 16 bits

PORT PPR3 R |0000 16 —|—| === === === =] V| V| V|V

PORT PM3 R/W |FFFFy 16 —| === === == === Y| V| V]|V

PORT PMC3 R/W {0000y, 16 —|—| === === === =] V| V| V|V

PORT PFC3 R/W| 0000 16 —| === === == === Y| V| V]|V

PORT PFCE3  |R/W|00004 16 —| == =|=|=|=|=|=| === = V| V| ¥

PORT PFCAE3 |R/W|0000 16 —| === === == === Y| V| V]|V

PORT PNOT3 |W |0000, 16 —|—| === === === =] V| V| V|V

PORT PMSR3  |R/W|0000 FFFF |32 —|—|—=|—=|—=|—=|—=|—=|=|—=|—=|—=]| Y| V| N| ¥ |Lower 16 bits
—|—|—=|—=|—|—=|—=|—|—=|—|—| =] V| V| V| ¥ |Upper 16 bits

PORT PMCSR3 |R/W|0000 0000, |32 —|—|—=|—=|—=|—=|—=|—=|=|—=|—=|—=]| Y| V| N| ¥ |Lower 16 bits
—|—|—=|—=|—|—=|—=|—|—=|—|—| =] V| V| V| ¥ |Upper 16 bits

PORT PIBC3 R/W | 0000y 16 —| === === == === Y| V| V]|V

PORT PBDC3  |R/W|0000y 16 —|—| === === === =] V| V| V|V

PORT PIPC3 R/W | 0000y 16 —| === === === —=|—=|—=| V| V]| V¥

PORT PU3 R/W {0000y, 16 —|—| === === === =] V| V| V|V

PORT PD3 R/W | 0000y 16 —| === === == === Y| V| V]|V

Bitmap
25(24(19|18|17(16|12| 8 (6| 5|4 (2| 1|0
Port =

Module |Group |Register Value after A_ccess 8 8 8 g (9|9 5 E‘, o

Name [Name |Name R/W [Reset Size SHISHI=N ISR IO PN E = E T =

PORT |3 PCR3_0 |R/W|0000 0010, |32 VNN A AN A AN A ANV

PORT PCR3_1 |R/W|0000 0010y |32 N AN A[ AN AN AN AN AN A AN

PORT PCR3_2 |R/W|0000 0010y (32 NN AN AN AN AN AN AN

PORT PCR3_3 |R/W|0000 0010y |32 N AN A[ AN AN AN AN N[ =[] V| =
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Table 2.45 List of Registers in C1M Port Group 4

Port Bitmap

Module |Group |Register Value after |Access

Name |Name [Name R/W |Reset Size 15/14|13(12({11|{10| 9 (8 (7| 6| 5|4 (3| 2| 1| 0| Remarks

PORT |4 P4 R/W {0000, 16 VN[V NV AV NV VAV

PORT PSR4 R/W 0000 0000 |32 NIV N NN A AN N[N V]| A ] V]|V |Lower 16 bits
NIV A NN AN NNV V]| NNV | Y |Upper 16 bits

PORT PPR4 R |00004 16 VAN NN A A AN A A AN VA A

PORT PM4 R/W |FFFFy 16 NIV NNV NN A ANV VA

PORT PMC4 R/W [00004 16 VAN NN A A AN A A AN VA A

PORT PFC4 R/W {0000, 16 R IR R B R B R B R e e I R e e

PORT PFCE4  |R/W|00004 16 VAN NN A A AN A A AN VA A

PORT PFCAE4 |R/W|0000y 16 VN[V ANV AV NV VAV

PORT PNOT4 |[W |00004 16 VAN NN A A AN A A ANV

PORT PMSR4  [R/W|0000 FFFFy |32 NIV AN NN AN NN V]| V] V]| V| Lower 16 bits
VNN N NN NN NN NN NNV |Upper 16 bits

PORT PMCSR4 [R/W |0000 0000 |32 NIV NN AN NNV [V ] N ] V] V| V| Lower 16 bits
VINN NN NN NN AN NNV |Upper 16 bits

PORT PIBC4  |R/W|0000y 16 VN[V ANV ANV NV VA VAV

PORT PBDC4  |R/W|00004 16 VAN NN A A AN A A ANV

PORT PIPC4 R/W | 0000y 16 — === ==| V| N |=| == V| = V| V]|—

PORT PU4 R/W [00004 16 VAN NN A A AN A A ANV

PORT PD4 R/W {0000, 16 v VY VNV ANV VYA

Bitmap
25/24|19(18|17(16|12| 8 | 6 | 54| 2| 1] 0
Port =

Module |Group |Register Value after |Access | O o 8o x |0 |© 5 8lo

Name |Name |Name R/W |Reset Size e = E o |& (2 % = 0oL

PORT |4 PCR4_0 |R/W|0000 0010, |32 NN AN A AN A A= N[V —

PORT PCR4_1 |R/W|0000 0010, |32 NN AN A NN A AN N V=

PORT PCR4_2 |R/W|0000 0010 (32 N AN N AN A A AN AN =

PORT PCR4_3 |R/W|0000 0010, |32 NN AN AN AN A= NV

PORT PCR4_4 |R/W|0000 0010, |32 NN N AN AN A A ANV

PORT PCR4_5 |R/W|0000 0010, |32 NN AN A AN A= | N V| =

PORT PCR4_6 |R/W|0000 0010, |32 NN AN A AN A A= N[NV —

PORT PCR4_7 |R/W|0000 0010, |32 NN AN A NN A= NNV

PORT PCR4_8 |R/W|0000 0010, |32 NN N AN AN A A ANV

PORT PCR4_9 |R/W|0000 0010, |32 NN AN AN AN AN AN A

PORT PCR4_10 |R/W|0000 0010, |32 NN N AN AN A= NV

PORT PCR4_11 |R/W|0000 0010, |32 NN AN A NN N A= | NV

PORT PCR4_12 |R/W|0000 0010y |32 NN N AN AN AN A=A V|V

PORT PCR4_13 |R/W|0000 0010, |32 NN AN A NN A= NV

PORT PCR4_14 |R/W|0000 0010y |32 NN N AN AN AN A=A V|V

PORT PCR4_15 |R/W|0000 0010, |32 NN AN A NN A= NV
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Table 2.46 List of Registers in C1M Port Group 5

Port Bitmap

Module |Group |Register Value after [Access

Name |Name [Name R/W | Reset Size 15(14|13|{12(11|10{ 9 (8 | 7 (6| 5|4 [ 3| 2| 1| 0| Remarks

PORT |5 P5 R/W {00004 16 —| == === V| V| A A A A A|=]=]=

PORT PSR5 R/W 0000 0000, |32 —|—| =] === V| N| V[ N| V]| V]| N|—]|—]|—]|Lower 16 bits
—|—| == == V[ N|N|N| V|| V|—]|—|—|Upper 16 bits

PORT PPR5 R |00004 16 —| == === V|| N[NV V|| ===

PORT PM5 R/W |FFFFy 16 —| === == V[ NN NN NN |=|—=]|—

PORT PMC5 R/W | 0000 16 — == === V| N[N A AN A|=]—=]|—

PORT PFC5 R/W | 00004 16 — === == V| V| A A A A A |=]=]—=

PORT PFCE5 |R/W|0000 16 — == === V| N[N A AN A|=]—=]|—

PORT PFCAE5 |R/W |0000 16 — === == V| V| A A A A A |=]=]—=

PORT PNOT5 |W [0000 16 — === == V| V| A A A A A|=]=]=

PORT PMSR5 |R/W|0000 FFFFy (32 —|—| =] === Y| N| V| N| V]| V]|N|—]|—]|—]|Lower 16 bits
—|—|—=—=|—=|—=| V| N|N| V| N| V| N|—|—|—]|Upper 16 bits

PORT PMCSR5 |R/W[0000 0000, |32 —|—|—=|—=|—=|—=| V| V|| V| V|| V|—=]|—=]—]|Lower 16 bits
— | === == V[ N| N[ V| V|| V|—=]|—|—|Upper 16 bits

PORT PIBC5 R/W | 00004 16 — === == V| V| A A A AN |=]=]—=

PORT PBDC5 |R/W|0000 16 — == === V| N[N A AN A | =] —=]|—

PORT PIPC5 R/W | 0000y 16 — == === V| N[N =| V[N A |=]|—=]|—

PORT PU5 R/W | 0000 16 — == === V| N[N A AN A | =] —=]|—

PORT PD5 R/W | 00004 16 — === == V| V| A A A AN |=]=]—=

Bitmap
25|24(19|18(17(16(12| 8 | 6| 5|4 (2|10
Port =

Module |Group |Register Value after |Access | o 8 lo x |0 |© 5 Slo

Name |Name [Name R/W |Reset Size = E o |&|E % = (L&

PORT |5 PCR5_3 |R/W|0000 0010, |32 NIA| AN AN AN A AN AN A A] A

PORT PCR5_4 |R/W|0000 0010y |32 N AN NN A AN AN NN A AN

PORT PCR5_5 |R/W|0000 0010, |32 NIA| AN AN AN A AN AN A A] A

PORT PCR5_6 |R/W|0000 0010, |32 NN AN A A NN A= V] AN A

PORT PCR5_7 |R/W|0000 0010, |32 NIV AN A A NN A AN AN

PORT PCR5_8 |R/W|0000 0010y |32 N AN NN A AN AN NN A AN

PORT PCR5_9 |R/W|0000 0010, |32 NI AN AN AN A AN A A A A] A
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Table 2.47 List of Registers in C1M Port Group 7
Port Bitmap

Module |Group |Register Value after [Access

Name |Name [Name R/W | Reset Size 15(14|13|{12(11|10{ 9 (8 | 7 (6| 5|4 [ 3| 2| 1| 0| Remarks

PORT |7 P7 R/W | 0000 16 —| === === == == | V| V| V]|V

PORT PSR7 R/W 0000 0000, |32 —|—|—=|—=|—|—=|—=|—|—=|—=|—| Y| V| V| V| ¥ |Lower 16 bits
—|—|—=|—=|—|—=|—=|—=|—=|—=|—=]| Y| ¥| V]| V| ¥ |Upper 16 bits

PORT PPR7 R |0000 16 —|—| === === === V|| V| V|V

PORT PM7 R/W |FFFFy 16 — === === —=|—=|== | N[ N] V]V

PORT PMC7 R/W {0000y, 16 —|—| === === === V|| V| V|V

PORT PFC7 R/W [00004 16 —| === === = === V| N[N V|V

PORT PFCE7 |R/W|0000y 16 —|—| === === === V|| V| V|V

PORT PFCAE7 |R/W |0000 16 — === === —=|—=|== | N[ N] V]V

PORT PNOT7 |W |0000, 16 —|—| === === === V|| V| V|V

PORT PMSR7  |R/W|0000 FFFF, |32 — | —|—=|—=|—=|—=|—=|—=|—=|—=|—=| N | V| V]| ]|V |Lower 16 bits
—|—|—=|—=|—|—=|—=|—|—=|—=|—| Y| V| V| V| ¥ |Upper 16 bits

PORT PMCSR7 |R/W|0000 0000, |32 —|—|—=|—=|—=|—=|—=|—=|=|—=|—=| | Y| V]| V]| ¥ |Lower 16 bits
—|—|—=|—=|—|—=|—=|—|—=|—=|—=| Y| V| V| V| ¥ |Upper 16 bits

PORT PIBC7 R/W | 0000y 16 —| === === == == | V| V| V]|V

PORT PBDC7 |R/W|0000y 16 —|—| === === === V|| V| V|V

PORT PIPC7 R/W | 0000y, 16 — | === == === == V| V| —=|—]|—

PORT PU7 R/W {0000y, 16 —|—| === === === V|| V| V|V

PORT PD7 R/W | 0000y 16 —| === == === == | V|V v

Bitmap
25(24/19(18(17|16(12| 8 (6 | 5| 4| 2|10
Port =

Module |Group |Register Value after |Access 8 8 8 O x|O|© g E‘, o

Name [Name |Name R/W [Reset Size &[22 & E a | E E E E N s

PORT |7 PCR7_0 |R/W|0000 0010y (32 NI AN N AN NN AN A =] VAN

PORT PCR7_1 |R/W|0000 0010y |32 N AN AN A AN AN AN A= N[N

PORT PCR7_2 |R/W|0000 0010y (32 NN N ANV NN AV

PORT PCR7_3 |R/W|0000 0010y |32 N AN AN A AN NN A A AN

PORT PCR7_4 |R/W|0000 0010y (32 NI AN AN AN NN AN A AN A
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2.2.2.2 Alternative Function List of the C1M pins

Table 2.48 to Table 2.54 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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— — — —| Lole9osL — — — — — — —| siLoLanvl| SLLaANvy ol Gl Ld
— — —| OS3evdvLl| 00LEDSL — — — — —| sioranvi —| viLoLanvi| vilLanvy ol vl 1d
— — — —| 90Le9SL — — — — — — —| eloranvl| €ranvi ol €l Id
— — — —| vOLeosL — — — — —| €iLoranvi —| ziLoLanvi| ziLanvy ol zL1d
— — — —| zoleosL — — — — — — —| 1oLanvi| Lanvy ol Loid
— — — —| soleosl — — — — —| Loranvi —| oioranvi| orlLanvi ol 0l td
— — — —| €oLeosL — — — — — — —| e0LaNVL|  6lLanvy ol 6 Id
— — — —| l10Le9sL — — — — —| eoLanvi —| solanvi| sILANVL ol 8 1d
— — — —| 900€9Ss1 —] — — —] — — —| lowanvi Zhhanvi ol L 1d
— — — —| v00€9osL — — — — —| loianvi —| 9owanvi| 9lLaANVL ol 9 1d
— — — —| z00£9sL — — — — — — —| soianvi| siLanvi ol g id
— — — —| s00€9Ss1 — — — — —| goranvi —| vowanvl yiLanvi ol v 1d
— — — —| €00€9SL — — — — — — —| eolanvi| €nLanvy ol € 1d
— — — —| 100£9SL — — — — —| eolanvi —| zowanvi| zianvi ol 2 1d
— — — —| 100€9Ss1 — — — —| LNILOVONZ — —| 1owanvi LLanvi ol 1 1d
— — —| OS3zvdvL| 000€9SL — — — —| ONILOYON3| Lolanvi —| oowanvi| olLanvy ol 0 d
L1NO L1V| NI L1V 9LNO LTv| ONI 1Tv| SLNO L1v| SNIL1TV| v1nO 11V NI LIV €1N0 11V eNI 1TV| Z1nOo 11V SNl LIV| LLNO 11V INI LTV Hod Hod
aAewIBlY UiL aAewally 9 aAewIallY uis aAnewsslly Uiy aAneuIsllY PIE aAlewIs}ly puz aAneuwsslly Is) o mﬂwm_hmm
I dnoug Ji0d [N 1D ul suoldung aAljeusd}|y uld 4o isi 6¥°C 3l1qeL
— 9dLNI — — — — — — — — — —| eoo0anvi| eloanvi ol 6 0d
— GdLNI — — — — — — —| 030vON3| eoornvi €I0rNVL| 800aNvL|  sloanvL ol 8 0d
— vdLNI — — — — — — —| 130vON3|  zoornvi ziornvL| 200anvi|  Z10anvi ol . 0d
— €dLNI — — — — — — —|  030vON3 LO0rNV.L LOPNVL|  900anvl|  9loanvi ol 9 0d
— ZdINI — — — — — — — —| ooornvL ol0rNVL|  S00anvi|  SI0aNvL ol S 0d
— LdLNI — —|  XleNvo — — — — — — —| vooanvi| ¥loanvi ol ¥ 0d
— OdLNI —] — —|  XdeNvO — — — —|  eoornvi €I0rNYL| €ooanvi|  €loanvi ol € 0d
— — — — — — — — — —|  zoornvi ziornvL| zooanvi|  zioanvi ol Z 0d
— — — — — — — — — —| 1oornvL LornvL|  Looanvi Loanvi ol 1 0d
— — —] — — — — — — —|  ooornvi 0l0rNVL| 0o0aNvl|  olodnvi ol 0 od
L1N0 L1V ZNI L1V| 91NO L1v| ONI L1V| S1LNO 11V SNI'1TV| v1NO 11V NI LIV €1N0 L1V eNI 1TV| 2ZLNO 11V SNI"LTV| LLNO 11V INI LV uod uod
aAeuId)|Y uiL aAnEUIB)Y Ul9 aAieUIB)Y UIG BAnEUIBYY Ul aANjeuId)|Y PIE aAneulB)|Y puz aAnEUIBYY IS| o wa%hum
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— — —| 0S3zvdvl — — — — — — —] — oLanvi Z1Lanvy ol € ed

— — — — — — —| 923.100av — — — — soLanvi slLanvi ol Zed

— — — — — — —| 9410204V — — — — ,00anv.L 210aNvL ol 1 ed

— — — — — — — — — — — — S00anv. S10aNV.L ol 0 ¢d

10O 11V| NI 17v| 91LNO 11V 9NI L1V|SLNO L1v| SNI L1V v1NO 11V NI LIV €100 11V ENI 1Tv| 2LNO 11V SNl LTV|  LLno 1TV INIT LY Jod yod
BAnRWIRY UIL aAnEUIBYY UI9 aAnEUIB)Y UIG BAnEUIBYY Ul dAnEUIBYY PIE aAneuld)Y puz aAneusdlly Is| o ﬂwwuhum

¢ dnoug pod LD Ul suoldung aAljeuId)Y uld JO Isi LG°C slqelL

— LdINI — — — — — — — —|  NMOvVdvL —| sio0anvi| siloanvi ol L zd

— 9d1NI — — — —] — — — —|  dMOVdVL —|  viL00anvL|  viLloaNvL ol 9 ¢d

— Gd.INI — — — — — — — — NAOVdYL —| eiLo0anvi| €rloanvy ol g zd

— ¥dLINI — — — — — — — — dAOVdVL —| ziooanvi| ziloanvi ol v zd

— €dLNI — — — —] — — — —] NNOVdV.L —] Looanvi|  Lhoanvi ol € ed

— ZdINI — — — — — — — — dNovdv.L —| oirooanvi| orloanvy ol Zzd

— LdLNI — — — — — — — — — — ¥00aNv.L ¥10aNv.L ol L zd

—] OdLNI — — — — — — — — — — £€00aNvL €10aNvL ol 0 ¢d

L1N0 L1V| NI L1TV| 91NO 11v| ONI L1V| SLNO 11V SNI LTV| ¥1nO L1V NI LIV €LNO L1Tv| NI L1V| 2ZLNO 11V NI LTV 1LNO 11V INI LTV uod uod
aAnRUIBNY UIL aAneuId)|Y Ul9 aAeuId)|Y UlG aAneuIB)|Y Uiy aAneuIB)|Y PIE aAeuId)|Y puz aAnEUIBYY IS| o wa%hum
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— —| axiz1os — — — — — — — — — — — ol 6 Gd
— — —| axyzios — — — — — — — — — — ol 8 Gd
— —| MOSzZIOS| MOSZIOS — — — — — — — — — — ol L 6d
—] — —| 0S30VdvL — —] — —] —] — — —] — — ol 9 &d
2~ 1NOYOYYT —| MOSLIOS| MOSLIOS — — — — — — — — — — ol g &d
— —| axiios — — — — — — — — — — — ol v &d
— — —| axyios — — — — —] — — — — — ol € 6d
L1NO L1V| ZNI L1IV| 91NO 11v| ONI 11V| SLNO L1v| SNI LTV| viNO 11v| ¥NI 11v| €1n0 11V ENI L1V Z1NnOo 11V SNl 1TV|  LLNO 11V INIT LV yod Hod

aAewIallY yiL aAnewsally U9 aAewIallY Uig aAewIallY Uiy aAljewIs)|Y pIg aAew9)|y puz aAnewsally Is| o M“Mw“_n”m_

G dnouo Jod NILD Ul suoidun4 aAljeuld)|y uld Jo isi €6°¢ dlqeL

— —[0_LNoYOYH3 —| XLINVD — — — — — — — — — ol Sl td
— — — — —| X¥INVO — — — — — — — — ol vl ¥d
— —| €SSO0HISO — — — — — —| ©031vON3 — — — — ol €l vd
— —| 2ZSSOOHISO — — — — — —|  13LVON3 — — — — ol 2l vd
— —| 1SSO0HISO — — — — — —| 031LvON3 — — — — ol 1L vd
— —| 0SSO0HISO — — — — —| oovady — — — — — ol 0L ¥d
— — OSOHISD| OSOHISD — — — — — —] — — — — ol 6 vd
OAYLHISO| IAYLHISO OSOHISO — — — — — — — — — — — ol 8 vd
—| ISSLHISD —| ISOHISO — — — — — — — — — — ol L vd
€SSOLHISO — — —|  X1ONVO — — — —] — —] — — — ol 9 ¥d
ZSSOLHISO — — — —|  X¥ONVO — — —] — —] — — — ol S ¥d
LSSOLHISO —| OAYOHISO| IAMOHISO|  XL1ENVO — — — — — — — — — ol v vd
0SSOLHISD — —| ISSOHISO —|  XYENVO — — — — — — — — ol € vd
OSIHISDO| OSLHISO — — — — — — — —] — — — — ol 2 ¥vd
OSIHISO — — — — — — — — — — — — — ol L vd
—| ISLHISD — — — — — — — — — — — — ol 0 vd
L1N0O 11V ZNI L1V| 91NO L1V| ONI L1V| SLNO LTv| SNI 11Vv| #1nO0 L1V| ¢NI 11V| €LnO 11V eNI 1TV| 21nO L1V SNI LIV LLNO 1TV INIT LY uod uod
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— —| axioios — — — — — — — — — — — ol v Ld

— — —| ax«do1os — — — — — — — — — — ol ¢ /d

- - - — - — - - — — — — — — Ol ¢ Ld

— — — — — — — — —| INILLVONZ — — — — ol L 2d

— — — — — — — — —| ONILLVON3Z — — — — ol 0 2d
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2.3 DNF

Digital Noise Filter (DNF) eliminates digital noise from external input signals. This product
incorporates peripheral function DNF.

2.31 Example of Noise Elimination

Figure 2.7 shows an example of noise elimination in peripheral function 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. “o” in the figure means that high level is detected.

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

onemuces [ | [ [T LTU UL owevmeen [T UL

Sampling clock

Sampling clock

Input example 1 Input example 4

Input example 5 I E E
Input example 6 5 | | 1
— 1 —I

] Output
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Figure 2.7 Timing Chart of Digital Noise Elimination

RO1UH0414EJ0160 Rev.1.60 RENESAS Page 122 of 2373

May 31, 2018



RH850/C1x Section 2 Pins

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.

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

o 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, 2, 3, 4, and 5 is an unmodulated high-speed
peripheral clock.

2.3.2.2 Details of the Control Registers

Base addresses of peripheral function DNF are listed in the following table.
Register addresses of peripheral function DNF are given as offsets from the base addresses in general.

Table 2.55 Register Base Address

Base Address Name Base address
<DNFOQ_base> FFC3 0000y
<DNF1_base> FFC3 04004
<DNF2_base> FFC3 0800y
<DNF3_base> FFC3 0C00y
<DNF4_base> FFC3 10004
<DNF5_base> FFC3 14004
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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:

Address:

Value after reset: 00y

This register is readable/writable in 8-bit units.

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

Bit 7 6 5 4 3 2 1 0
NFEN SLST[1:0] — — PRS[2:0]
Value after reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/W R R R/W R/W R/W
Table 2.56 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 When read, 0 is read.
When writing, write 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 the PRS2 to PRSO bits (bits 2 to 0) and the SLST1 and SLSTO bits (bits 6 and 5) in the
DNFP0O1nCTLm register.

(2) Set the NFEN bit (bit 7) in the DNFPOInCTLm 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 DNFPO1InCTLm
register first, and then execute the procedure in steps (1) to (6) above to remake the settings.
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23.25

Peripheral Function Pin for DNF Insertion

The signals shown in the table below are the targets of DNF insertion.

Table 2.57 DNF Insertion Targets (1/2)
DNF Group DNF Channel Target Pins for DNF Insertion
Number n Number m Pin Name Pin Function Peripheral IP
0 0 INTPO External interrupt input INTC
1 INTP1
2 INTP2
3 INTP3
4 INTP4
5 INTP5
6 INTP6
7 INTP7
8 TAPAOESO Emergency Hi-Z request input (for TAUDO | TAPA (via PIC1A)
PWM)
9 TAPA1ESO*! Emergency Hi-Z request input (for TAUD1
PWM)
10 TAPA2ESO Emergency Hi-Z request input (for TSG30
PWM)
11 TAPA3ESO Emergency Hi-Z request input (for TSG31
PWM)
1 0 ADCCOTRG | SAR-AD conversion startup trigger input | SAR-ADO
1 ADCC1TRG SAR-AD1
2 0 ENCAOQTINO | Capture trigger input ENCAO
1 ENCAOTINA
2 ENCAOEO Encoder input
3 ENCAOE1
4 ENCAOEC
5 ENCA1TINO | Capture trigger input ENCA1
6 ENCA1TINA
7 ENCA1EO Encoder input
8 ENCA1E1
9 ENCA1EC
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Table 2.57 DNF Insertion Targets (2/2)
DNF Group DNF Channel Target Pins for DNF Insertion
Number n Number m Pin Name Pin Function Peripheral IP
3 0 TAUDOIO TAUDO channel input TAUDO
1 TAUDOI1
2 TAUDOI2
3 TAUDOI3
4 TAUDOI4
5 TAUDOI5
6 TAUDOI6
7 TAUDOI7
8 TAUDOI8
9 TAUDOI9
10 TAUDOI10
11 TAUDOI11
12 TAUDOI12
13 TAUDOI13
14 TAUDOI14
15 TAUDOI15
4 0 TAUD1I0 TAUD1 channel input TAUD1
1 TAUD1I1
2 TAUD112
3 TAUD1I3
4 TAUD114
5 TAUD115
6 TAUD116
7 TAUD117
8 TAUD118
9 TAUD1I9
10 TAUD1I10
11 TAUD1I11
12 TAUD1I12
13 TAUD1I13
14 TAUD1114
15 TAUD1I15
5 0 TAUJOIO TAUJO channel input TAUJO
1 TAUJOI1
2 TAUJOI2
3 TAUJOI3

Note 1. RH850/C1M does not have TAPA1ESO pin.
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24 Pin Description

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

24.2 List of Pin Functions

Table 2.58 and Table 2.59 list functions of each pin.

Table 2.58  C1H Pin Function (1/3)
Pin Name 110 Function
AnVREF (n=0, 1) —  ADCCn voltage supply and reference voltage
AnVSS (n=0, 1) — ADCCn ground
ADCCNTRG (n =0, 1) I ADCCn trigger
ADCCOlpg (p=0t03,g=0to 3) | ADCCO input channel pq
ADCC1Ipg(p=0to 6,g=0102) | ADCC1 input channel pq
AUDATAmM (m =0 to 3) I0  AUDR command / address / data / flag m
AUDCK I AUDR clock
AUDRST | AUDR reset
AUDSYNC | AUDR timing control
AnVCC (n=0,1) —  ADCCn voltage supply
CANMRX (m =0 to 3) | CANm receive data input
CANMTX (m =0 to 3) O  CANm transmit data output
CSIHNCSS0 (n=0, 1) O  CSIHn serial peripheral chip select signal 0
CSIHNCSS1 (n=0, 1) O  CSIHn serial peripheral chip select signal 1
CSIHNCSS2 (n =0, 1) O  CSIHn serial peripheral chip select signal 2
CSIHNCSS3 (n =0, 1) O  CSIHn serial peripheral chip select signal 3
CSIHNRYI (n=0, 1) | CSIHn ready (1) / busy (0) input signal
CSIHNRYO (n=0, 1) O  CSIHn ready (1) / busy (0) output signal
CSIHNnSC (n=0,1) I0  CSIHn serial clock signal
CSIHnSI (n=0, 1) | CSIHn serial data input
CSIHNSO (n=0, 1) O  CSlIHn serial data output
CSIHNSSI (n=0, 1) I CSIHn slave select input signal
DCURDY O  Debug ready
DCUTCK | Debug clock
DCUTDI | Debug data input
DCUTDO O  Debug data output
DCUTMS | Debug mode select
DCUTRST | Debug reset
FLSCI3TX (FPDT) O  Transmit data output
FLSCI3RX (FPDR) | Receive data input
FLSCI3SCK (FPCK) I Serial clock input

ENCANEO (n =0, 1)

ENCAnN encoder input (count pulse 0)

ENCAnE1 (n =0, 1)

ENCAnR encoder input (count pulse 1)

ENCANTINm (n=0,1,m=0, 1)

ENCAnN capture trigger input nm

ENCAnEC (n =0, 1)

ENCAnN encoder input (clear pulse)

RO1UH0414EJ0160 Rev.1.60
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Table 2.58  C1H Pin Function (2/3)
Pin Name 110 Function
EPTVOUT O  EPT control for VDD
EVCC —  Port buffer voltage supply
ERROROUT_M O  ECM error output (MAIN)
ERROROUT_C O  ECM error output (Checker)
FLMODE | Operating mode select pin
MDO | Operating mode select pin 0
MD1 | Operating mode select pin 1
INTPm (m=0to 7) [ External interrupt input m
LPDCLK | LPD clock input (4-pin mode)
LPDCLKOUT O  LPD clock output (4-pin mode)
LPDI | LPD data input (4-pin mode)
LPDO O  LPD data output (4-pin mode)
LPDRST | LPD Reset (4-pin mode)
NMI | External non-maskable interrupt
PO_m (m =0to 15) IO  Port0_m
P1_m (m=0to 15) I0  Port1_m
P2 m(m=0to7) IO Port2_m
P3_ m(m=0to7) 10 Port3_m
P4_m (m=0to 15) IO  Port4_m
P5 m(m=0to9) I0  Port5 m
P6_ m(m=0to7) I0  Port6_m
P7_m(m=0to4) 10 Port7_m
PLLVCC —  Voltage supply for PLL
PLLVSS —  Ground for PLL
SYSvCC — Voltage supply for system
VCC —  Voltage supply for oscillator and Flash
VDD — Voltage regulators voltage supply
VSS —  Ground
RvVCC —  Voltage supply for RDC
RVSS —  Ground for RDC
RESET I External reset input
RDC2nCOM (n =0, 1) I0  Excitation common signal input/output
RDC2nCOSMNT (n =0, 1) O  COS-side monitoring signal output
RDC2nRSO (n =0, 1) I0  Excitation signal input/output
RDC2nS1 (n =0, 1) | Resolver signal input
RDC2nS2 (n=0, 1) | Resolver signal input
RDC2nS3 (n =0, 1) | Resolver signal input
RDC2nS4 (n=0, 1) | Resolver signal input
RDC2nSINMNT (n =0, 1) O  SIN-side monitoring signal output
RLIN2mMRX (m =0 to 2) | RLIN2m receive data input
RLIN2mMTX (m =0 to 2) O  RLIN2m transmit data output
SCInRXD (n=0to 2) | SCin receive data
SCInSCK (n=0to 2) I0  SClIn clock
SCInTXD (n=0to 2) O  SCIn transmit data
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Table 2.58 C1H Pin Function (3/3)

Pin Name 110 Function

TAPANESO (n=0to 3) | Hi-Z control

TAPANUN (n =0, 1) O  Motor control output U phase (negative)
TAPANUP (n=0, 1) O  Motor control output U phase (positive)
TAPANVN (n=0, 1) O  Motor control output V phase (negative)
TAPANVP (n=0, 1) O  Motor control output V phase (positive)
TAPANWN (n =0, 1) O  Motor control output W phase (negative)
TAPANWP (n =0, 1) O  Motor control output W phase (positive)
TPBANO (n =0, 1) O  TPBAn channel output

TAUDNnIm (n=0, 1, m=0to 15) | TAUDnN channel input m

TAUDNOm (n=0, 1, m=0to 15) O  TAUDnN channel output m

TAUJOIm (m =0 to 3) | TAUJO channel input m

TAUJOOm (m =0to 3) O  TAUJO channel output m

TSG3nOM (n=0,1,m=0t07) O  TSG3n channel output m

X1, X2

Crystal oscillator connections

CAUTION

When SCI30 is used in the C1H, use pin functions multiplexed with pins of the same

GPIO port.

o If the serial clock I/O signal is to be used:
— P5_0 (SCIORXD), P5_1 (SCIOTXD), and P5_2 (SCIOSCK)

o If the serial clock I/O signal is not to be used:

— P5_0 (SCIORXD), P5_1 (SCIOTXD) or
— P7_3 (SCIORXD), P7_4 (SCIOTXD)
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Table 2.59  C1M Pin Function (1/2)
Pin Name 110 Function
AnVREF (n=0, 1) —  ADCCn voltage supply and reference voltage
AnVSS (n=0, 1) — ADCCn ground
ADCCNTRG (n =0, 1) | ADCCn trigger
ADCCOIlpq (p=0,2,3,g=0to 3) | ADCCO input channel pq
Combinations of p = 0 and g = 1 or 2 are excluded.
ADCC1lpq (p=0to4,6,9g=0to2) ADCC1 input channel pq
Combinationsof p=1andg=2andofp=2andq=1or
2 are excluded.
AnVCC (n=0,1) —  ADCCn voltage supply
CANmMRX (m =0 to 3) | CANm receive data input
CANMTX (m =0 to 3) (0] CANm transmit data output
CSIHNCSS0 (n=0, 1) O CSIHn serial peripheral chip select signal 0
CSIHNCSS1 (n=0, 1) (0] CSIHn serial peripheral chip select signal 1
CSIHNCSS2 (n =0, 1) (6] CSIHn serial peripheral chip select signal 2
CSIHNCSS3 (n =0, 1) (0] CSIHn serial peripheral chip select signal 3
CSIHNRYI (n=0, 1) | CSIHn ready (1) / busy (0) input signal
CSIHNRYO (n=0, 1) (0] CSIHn ready (1) / busy (0) output signal
CSIHNnSC (n=0, 1) I0  CSIHn serial clock signal
CSIHNnSI (n=0, 1) | CSIHn serial data input
CSIHNSO (n=0, 1) O CSIHn serial data output
CSIHNSSI (n=0, 1) I CSIHn slave select input signal
DCURDY O  Debug ready
DCUTCK | Debug clock
DCUTDI | Debug data input
DCUTDO (0] Debug data output
DCUTMS | Debug mode select
DCUTRST | Debug reset
FLSCI3TX (FPDT) O Transmit data output
FLSCI3RX (FPDR) | Receive data input
FLSCI3SCK (FPCK) I Serial clock input
ENCANEO (n=0, 1) | ENCAnR encoder input (count pulse 0)
ENCANRE1 (n=0, 1) | ENCAnN encoder input (count pulse 1)
ENCANTINm (n=0,1,m=0, 1) | ENCAnN capture trigger input nm
ENCANEC (n=0, 1) | ENCAnR encoder input (clear pulse)
EVCC —  Port buffer voltage supply
ERROROUT_M (6] ECM error output (MAIN)
ERROROUT_C O  ECM error output (Checker)
FLMODE | Operating mode select pin
MDO | Operating mode select pin 0
MD1 | Operating mode select pin 1
INTPm (m=0to 7) | External interrupt input m
LPDCLK | LPD clock input (4-pin mode)
LPDCLKOUT (0] LPD clock output (4-pin mode)
LPDI | LPD data input (4-pin mode)
LPDO O LPD data input/output (4-pin mode)
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Table 2.59  C1M Pin Function (2/2)
Pin Name 110 Function
LPDRST | LPD reset (4-pin mode)
NMI | External non-maskable interrupt
PO_m(m=0t09) IO Port0_m
P1_m (m=0to 15) IO Port1_m
P2 m(m=0to7) IO  Port2_m
P3_m(m=0to 3) IO Port3_m
P4_m (m=0to 15) IO  Port4_m
P5 m(m=3t09) IO  Port5_m
P7_m(m=0to4) IO  Port7_m
SYSVCC —  Voltage supply for system
VCC —  Voltage supply for oscillator and Flash
VDD —  Voltage regulators voltage supply
VSS —  Ground
RVCC —  Voltage supply for RDC
RVSS —  Ground for RDC
RESET | External reset input
RDC20COM I0  Excitation common signal input/output
RDC20COSMNT O  COS-side monitoring signal output
RDC20RSO I0  Excitation signal input/output
RDC20S1 | Resolver signal input
RDC20S2 | Resolver signal input
RDC20S3 | Resolver signal input
RDC20S4 | Resolver signal input
RDC20SINMNT O SIN-side monitoring signal output
SCInRXD (n=0to 2) | SClIn receive data
SCInSCK (n=1, 2) 10 SCin clock
SCInTXD (n=0to 2) (0] SClIn transmit data
TAPANESO (n=0, 2, 3) | Hi-Z control
TAPAOUN O Motor control output U phase (negative)
TAPAOUP O Motor control output U phase (positive)
TAPAOVN O Motor control output V phase (negative)
TAPAOVP O Motor control output V phase (positive)
TAPAOWN (0] Motor control output W phase (negative)
TAPAOWP O Motor control output W phase (positive)
TPBAOO (0] TPBAnN channel output
TAUDnIm (n=0, 1, m=0to 15) | TAUDnN channel input m
TAUDNOm (n=0, 1, m=0to 15) O  TAUDnN channel output m
TAUJOIm (m =0 to 3) | TAUJO channel input m
TAUJOOm (m =0 to 3) O  TAUJO channel output m
TSG3nOM (n=0,1,m=0to7) O TSG3n channel output m
X1, X2 —  Crystal oscillator connections
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243

Pin State

Definition of Reset State

In description of pin state, each reset state is defined as shown in Table 2.60.

Table 2.60

Definition of Reset State

Reset State

Definition

External reset

Reset state from an external pin (RESET =L)

Internal reset

Between external reset release to internal reset release

After internal reset release

State where internal reset is released

Table 2.61 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 Section 1.2, Pin Connection Diagram

(Top View).
Table 2.61 Pin State (1/2)
Pin Function Pin State
RESET =L RESET = H
External Reset Before Internal After Internal
Classification Pin Name State Reset Release Reset Release
Clock X1 I I I
X2 (e} (e} o
System control RESET | (Pull-down) | (Pull-down) | (Pull-down)
MDO | (Pull-down) | (Pull-down) | (Pull-down)
MD1 | (Pull-down) | (Pull-down) | (Pull-down)
FLMODE | (Pull-down) | (Pull-down) | (Pull-down)
Interrupt NMI | (Pull-down) | (Pull-down) | (Pull-down)
ECM ERROROUT_M o o o
General-purpose | PO_x Z Z Z
1/O ports P1 x 7 7 7
P2_x z z z
P3_x z z z
P4_x z z z
P5_x z z z
P6_x z z z
P7_x z z z
SAR A/D ADCCOIxx z z z
ADCC1Ixx z z z
Resolver signal RDC20Sx 4 V4 4
input RDC21Sx z z z
Excitation signal | RDC20RSO, RDC20COM z z z
output RDC21RSO, RDC21COM z z z
AUD RAM AUDRST | (Pull-down) | (Pull-down) | (Pull-down)
monitoring AUDCK I (Pull-up) I (Pull-up) I (Pull-up)
AUDSYNC | (Pull-up) | (Pull-up) | (Pull-up)
AUDATAO to AUDATA3 | (Pull-up) | (Pull-up) | (Pull-up)
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Table 2.61

Pin State (2/2)

Pin Function

Pin State

Classification

Pin Name

RESET =L

RESET =H

External Reset
State

Before Internal
Reset Release

After Internal
Reset Release

Debug system

DCUTDI/LPDI/FLSCI3RX

Nexus: DCUTDI

z

| (Pull-up)

| (Pull-up)

LPD-4pin: LPDI

z

| (Pull-up)

| (Pull-up)

Writer I/F:
FLSCI3RX

z

z

z

BSCAN: DCUTDI

| (Pull-up)

| (Pull-up)

| (Pull-up)

DCUTDO/LPDO/
FLSCI3TX

Nexus: DCUTDO

z

z

z

LPD-4pin: LPDO

z

(0]

(0]

Writer I/F:
FLSCI3TX

z

z

z

BSCAN: DCUTDO

z

z

DCUTCK/LPDCLK/
FLSCI3SCK

Nexus: DCUTCK

| (Pull-up)

| (Pull-up)

LPD-4pin:
LPDCLK

| (Pull-up)

I (Pull-up)

Writer I/F:
FLSCI3SCK

z

z

BSCAN: DCUTCK

| (Pull-up)

| (Pull-up)

| (Pull-up)

DCUTMS

Nexus: DCUTMS

z

| (Pull-up)

| (Pull-up)

LPD-4pin:
EVTO*!

z

(0]

(0]

Writer I/F:
(w/o function)

BSCAN: DCUTMS

| (Pull-up)

| (Pull-up)

| (Pull-up)

DCUTRST/LPDRST

Nexus: DCUTRST

LPD-4pin:
LPDRST

Writer I/F:
(w/o function)

BSCAN:
DCUTRST

| (Pull-down)

| (Pull-down)

| (Pull-down)

DCURDY/LPDCLKOUT

Nexus: DCURDY

LPD-4pin:
LPDCLKOUT

Writer I/F:
(w/o function)

Writer I/F:
(w/o function)

Note 1.

Note: [: Input

O: Output

Z: High impedance

Pull-up: On-chip pull-up resistor
Pull-down: On-chip pull-down resistor

EVTO is not used in this device.

RO1UH0414EJ0160 Rev.1.60

May 31, 2018

RENESAS

Page 133 of 2373



RH850/C1x

Section 2 Pins

244 Handling of Unused Pins
Table 2.62 shows an example handling of unused pins.
Table 2.62 Example Handling of Unused Pins (1/2)
Internal pull-up/pull-down
Category Pins 10 Example handling of unused pins resistor
Clock X1 | (Required) None
X2 O (Required) None
System control RESET | (Required) An internal pull-down resistor is
included.
MDO, FLMODE (Required. When they are used in An internal pull-down resistor is
user boot mode, separately connect included.
them with VSS via resistors.)
MD1 e Separately connect the pin with An internal pull-down resistor is
VSS via a resistor. included.
Interrupt NMI e Separately connect the pin with An internal pull-down resistor is
VSS via a resistor. included.
ECM ERROROUT_M O e Leave the pin open. None
General-purpose PO_m, P1_m, P2_m, 10 [Input mode] Internal pull-up/pull-down
1/0 port P3_m, P4_m, P5_m, « Leave the pins open, and disable resistors that can be set by the
P6_m, P7_m “input enable” (PMCn_m = 0 registers are included.
PMn_m =1, and PIBCn_m =0
(values after reset)).
e Leave the pins open, and enable
the internal pull-up/pull-down
resistors (use PUn_m and
PDn_m).
e Separately connect each pin with
the power supply/GND via a
resistor.
[Output mode]
e Leave the pins open.
ADCC ADCCOlpq e Leave the pin open. None
ADCC1lIpq
(Analog input-only)
RDC2 RDC2nCOM, 1/0 e Leave the pins open and stop the  None
RDC2nRSO analog circuit.
RDC2nS1, RDC2nS2, e Leave the pins open and stop the  None
RDC2nS3, RDC2nS4 analog circuit.
Debug system AUDRST e Leave the pin open. An internal pull-down resistor is
(AUDRAM) « Separately connect the pin with included.
VSS via a resistor.
AUDCK, AUDSYNC e Leave the pin open. An internal pull-up resistor is
¢ Separately connect the pin with included.
VCC via a resistor.
AUDATAN 10 e Leave the pin open. An internal pull-up resistor is

included.
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Table 2.62 Example Handling of Unused Pins (2/2)
Internal pull-up/pull-down
Category Pins 10 Example handling of unused pins resistor
Debug system DCUTDI | e Leave the pin open. An internal pull-up resistor is
(NEXUS/LPD) ¢ Separately connect the pin with included.
VCC via a resistor.
(Serial programming mode is
disabled.)
DCUTDO (6] e Leave the pin open. None
(Serial programming mode is
disabled.)
DCUTCK e Leave the pin open. An internal pull-up resistor is
« Separately connect the pin with included.
VCC via a resistor.
(Serial programming mode is
disabled.)
DCUTMS e Leave the pin open. An internal pull-up resistor is
 Separately connect the pin with included.
VCC via a resistor.
DCUTRST o Separately connect the pin with An internal pull-down resistor is
VSS via a resistor. included.
DCURDY O e Leave the pin open. None
Power system EVCC — (Required)
SYSvCC — (Required)
VCC — (Required)
PLLVCC — (Required)
PLLVSS — (Required)
VDD — (Required)
VSS — (Required)
EPTVOUT — e Leave the pin open.
AnVCC — (Required)
AnVSS — (Required)
AnVREFH — (Required)
RVCC — (Required)
RVSS — (Required)
Note 1. When a pull-up/pull-down is performed via a resistor outside the product, set the resistance value to 1 kQ

or more.
Note 2.  Note 2. When a pull-up/pull-down is also performed via a resistor outside the product for a pin that includes

internal pull-up/pull-down resistors, be careful so that the resistance voltage is not divided.
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Section 3

3.1

3.1.1

CPU System

Overview

Block Configuration

Figure 3.1 is a block diagram of the C1H configuration.

The C1M does not incorporate CPU2 (PE2).

Code Flash

T

Flash Interface

DMA reg.

INTC2

Peripheral
Group 0

Local e Local
RAM ’ IPG ‘ ’ INTC1 ‘ ’ IPG ‘ ’ INTC1 ‘ RAM
MEV
Icache ‘f ’ SEG ‘ ’ MPU ‘ ’ SEG H MPU ‘ *’ Icache
Tl ee
’ PEG ‘ ’ FPU ‘ ’ PEG ‘ ’ FPU ‘
Global
RAM
Debug DMA CPU1 (PE1) CPU2 (PE2)
I [ | Tt i
System Interconnect
Slave Guard
v ¢
’ P-Bus ‘
Peripheral ~ Peripheral Peripheral  Peripheral
Data flash Group 1 Group 2 Group 3 Group 5

Figure 3.1

CPU1 (PE1)

Block Diagram of the C1H Configuration

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

assurance.

CPU2 (PE2)

The RH850 G3M is included for enhanced performance CPU (only in the C1H).
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Local RAM
Each PE has a high-speed accessible RAM.

Global RAM
The global RAM is a sharable large-capacity RAM.

Code Flash

A large-capacity flash memory is included for program storage. CPU1 and CPU2 share the code flash
and they are connected with each other via the flash interface.

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

P-Bus

The P-Bus connects the peripheral IPs. The P-Bus is divided into five peripheral Groups 0 to 3, and 5.
For the details, see Section 3.1.2, Periphral Group Configuration.

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 function to prevent unauthorized access from the specific bus master, consisting of
the following guard functions:

(1) PE Guard (PEG)

The PE guard is a function to prevent unauthorized access to the resources in the PE from the bus
master other than the PE itself. Access from the PE itself is only enabled but all other accesses are
disabled after release from the reset state. For details, see Section 3.2.4.1, PE Guard
Function (PEG).

(2) Global RAM Guard (GRG)

The global RAM guard is a function to prevent unauthorized access to the global RAM from the
bus master. The global RAM is in the unprotected state (accessible from all bus masters) after
release from the reset state. For details, see Section 27.4.2, GRG (Global RAM Guard) in the
section of Functional Safety.

(3) Peripheral Guard (PBG)

The peripheral guard is a function to prevent unauthorized access to peripheral devices from the
bus master. Access from CPU1 is possible after release from the reset state, but for some
peripheral devices, accesses from other than CPU1 are disabled. For details, seec Section 27.4.3,
PBG in the section of Functional Safety.
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3.1.2 Periphral Group Configuration

P-Bus is connected to peripheral group 0 to 3, 5 and CPU, each module belongs to either one of the

peripheral groups. The following shows the relation of modules and peripheral groups. For the module

names, see the list of registers in each section.

Table 3.1

List of Peripheral Group Configuration (1/2)

Peripheral Group

Module Name*'

CPU

INTC1

IPIRSS*2

IPG

MEV*2

PEG

SEG

TESTCOMP

CPU(DEBUG)

AUD

0

APDP [INTC2]

APDP [PDMA]

DMASS

ECCCPU1

ECCEEP

ECCEEPC

ECCFLI

ECCGRAM

ECCIC1

FACI [FCUFAREA]

FLASH[FRDCYCLD]

INTC2

MGDGR

MISG

PBG [PBGO, PBG1]

(Data Flash)

OSTMn (n = 0 to 2)*2

SCI3n (n=0to0 2)

WDTAnN (n = 0, 1)*2

RDC2n (n = 0, 1)*2

PBG [PBG2]

TAUDN (n =0, 1)

TAUJn (n =0)

TSG3n (n=0, 1)

TAPAN (n =0 to 3)

TPBAnN (n = 0, 1)*?

ENCAn (n=0, 1)

RO1UH0414EJ0160 Rev.1.60
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Table 3.1 List of Peripheral Group Configuration (2/2)

Peripheral Group

Module Name*'

2

APDP [CSIHn (n = 0, 1)]

CSIHn (n=0,1)

E7RCOM/C

E7CSOM/C

E7CS1M/C

INTIF

PBG [PBG5]

RS-CANO

EMU2n (n = 0, 1)

ADCCn (n =0, 1)

APDP [ADCChn (n = 0, 1)]

APDP [PORT]

DCRAnN (n =0, 1)

DNF

RLN21n (n = 0 to 2)*2

RLN21nm (n = 0to 2, m = 0 to 2)*2

ECM

ECM [ECMC]

ECM [ECMM]

EINT

FACI [Other than FCUFAREA]

FLASH [SELFIDn (n =0to 3, ST)]

FLASH [OPBTn (n = 0, 2), PRDNAMER (n = 1 to 4)]

PBG [PBG3]

PORT

CLMAC

CLMAn (n =0 to 2)

FLASH [FHVE15]

FLASH [FHVE3]

SYS

Note 1.  [] of module name shows the registers and the applicable modules.

Note 2.  The above modules and the unit numbers are for C1H implementation, some modules are not implemented

in C1M. The difference in C1M from C1H is shown blow.
* Non provided module: IPIRSS, MEV, RLN21n, RLN21nm

* Module with modified unit number: OSTMn (n =0, 1), WDTAn (n = 0), RDC2n (n = 0), TPBAn (n = 0)
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3.2 CPU

3.21 Core Functions

3.211 Features
Table 3.2 lists features of the RH850G3M core.

Table 3.2 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 registers
¢ RISC-type instruction sets
— Long-/short-format load/store instructions
— Three-operand instructions
— Instruction sets based on C language
o CPU operating modes
— User mode and 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 « 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/return 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

(1) Program Registers

Program registers include the general-purpose registers (r0 to r31) and program counter (PC).

Table 3.3 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)
ré to r29 Register for addresses and data variables
r30 Element pointer (EP) Used as a base pointer for generating
addresses when accessing memory
r31 Link pointer (LP) Used when the compiler calls a function
Program counter  PC Retains instruction addresses during execution of programs

NOTE

For further descriptions of r1, r3 to r5, and r31 used for an assembler and/or C compiler, see
the manual of each software development environment.
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PC

(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. The general-purpose register r0 always retains 0, but the
values of the registers r1 to r31 after reset are undefined. The general-purpose registers are duplicated
set-by-set per hardware thread. Of the general-purpose registers, r0 to r5, 130, and r31 are assumed to
be used for special purposes in software development environments, so it is necessary to note the
following when using them.

1. 10, r3, 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 and addressing with base
address being 0.

13 is implicitly used by the PREPARE, DISPOSE, PUSHSP, and POPSP instructions.
30 is used as a base pointer when the SLD 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. 2

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. Bit 0 is fixed to 0, and branching to an
odd number address is disabled.

rrrrrrrrrrrrrrtrrr Tt T Tr T T T T 1T T 1T T/
(Instruction address during execution)

Value after reset*!

Note 1.  The value after reset differs depending on the startup area. 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 a selection ID.

Table 3.4 Basic System Registers

Register No. Access
(regID, sellD)  Symbol Function Permission
SRO, 0 EIPC Status save registers when acknowledging El level exception SV

SR1,0 EIPSW Status save registers when acknowledging El level exception SV

SR2,0 FEPC Status save registers when acknowledging FE level exception SV

SR3, 0 FEPSW Status save registers when acknowledging FE level exception SV

SR5, 0 PSW Program status word "

SRe, 0 FPSR (Refer to FPU function registers.) CUO and SV
SR7,0 FPEPC (Refer to FPU function registers.) CUO and SV
SR8, 0 FPST (Refer to FPU function registers.) CuU0

SR9, 0 FPCC (Refer to FPU function registers.) Cuo
SR10,0 FPCFG (Refer to FPU function registers.) Cu0
SR11,0 FPEC (Refer to FPU function registers.) CUO and SV
SR13,0 ElIC El level exception cause SV

SR14,0 FEIC FE level exception cause SV

SR16, 0 CTPC CALLT execution status save register UM
SR17,0 CTPSW CALLT execution status save register UM

SR20, 0 CTBP CALLT base pointer UM

SR28, 0 EIWR El level exception working register SV

SR29, 0 FEWR FE level exception working register 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

SR5, 1 MCTL CPU control SV

SRe, 1 PID Processor ID SV

SR11,1 SCCFG SYSCALL operation setting SV

SR12,1 SCBP SYSCALL base pointer SV

SRO, 2 HTCFGO  Thread configuration SV

SRe, 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.
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EIPC

(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 the 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.

Value after reset
Undefined

Table 3.5

EIPC Register Contents

Bit Position

Bit Name

Function RIW

Value after
reset

31to1

EIPC31-1

These bits indicate the return PC when an El level exception is R/W

acknowledged.

Undefined

EIPCO

This bit indicates the return PC when an El level exception is acknowledged. R/W
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.

Undefined
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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.

3130 29 1918 161514 12 11 9 876543210
L L
U E NIE[I[S]|c|O Value after reset
EIPSWOMOOOOOOOOOOOCU2-0\B/000DebugOPPD,_?_‘YVSZ 0000 0020,
Table 3.6 EIPSW Register Contents
Value after

Bit Position Bit Name Function R/W reset

31 — (Reserved for future expansion. This bit should be set to 0.) R 0

30 UM This bit saves the PSW.UM bit setting when an El level exception is R/W 0
acknowledged.

29to 19 — (Reserved for future expansion. These bits should be set to 0.) R 0

18 to 16 CuU2-0 These bits save the PSW.CU2-0 field setting when an El level exception is R/W 0
acknowledged. (The CU2-1 bits are reserved for future expansion. These
bits should be set to 0.)

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

14 to 12 — (Reserved for future expansion. These bits should be set 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. This bit should be set to 0.) R 0

7 NP This bit saves the PSW.NP bit setting when an El level exception is R/W 0
acknowledged.

6 EP This bit saves the PSW.EP bit setting when an El level exception is R/W 0
acknowledged.

5 ID This bit saves the PSW.ID bit setting when an El level exception is R/W 1
acknowledged.

4 SAT This bit saves the PSW.SAT bit setting when an El level exception is R/W 0
acknowledged.

3 CcY This bit saves the PSW.CY bit setting when an El level exception is R/W 0
acknowledged.

2 ov This bit saves the PSW.OV bit setting when an El level exception is R/W 0
acknowledged.

1 S This bit saves the PSW.S bit setting when an El level exception is R/W 0
acknowledged.

0 z This bit saves the PSW.Z bit setting when an El level exception is R/W 0
acknowledged.

R01UH0414EJ0160 Rev.1.60 -IENESAS Page 145 of 2373

May 31, 2018



RH850/C1x Section 3 CPU System
(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 the 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
Frrrrrrtrr T T T T 1T T T 1T T [T
Value aft t
FEPC FEPC31-0 2 Undefined
Table 3.7 FEPC Register Contents
Value after
Bit Position Bit Name Function R/W reset
31to1 FEPC31-1 These bits indicate the return PC when an FE level exception is R/W Undefined
acknowledged.
0 FEPCO This bit indicates the return PC 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 12 11 9 876543210
L L
E S Value afty t
FEPSW | 0|11/ 0| 0| 00| 0] 0| 0|0]0]0]0| cuz-o B|0|0| 0| Debug 0',5‘,'%1'3/%\9882 %0000 0020,
Table 3.8 FEPSW Register Contents
Value after
Bit Position Bit Name Function R/W reset
31 — (Reserved for future expansion. This bit should be set to 0.) R 0
30 UM This bit saves the PSW.UM bit setting when an FE level exception is R/W 0
acknowledged.
29to 19 — (Reserved for future expansion. These bits should be set to 0.) R 0
18 to 16 CuU2-0 These bits save the PSW.CU2-0 field setting when an FE level exceptionis ~ R/W 0
acknowledged. (The CU2-1 bits are reserved for future expansion. These
bits should be set to 0.)
15 EBV This bit saves the PSW.EBV bit setting when an FE level exception is R/W 0
acknowledged.
14t0 12 — (Reserved for future expansion. These bits should be set 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. This bit should be set to 0.) R 0
7 NP This bit saves the PSW.NP bit setting when an FE level exception is R/W 0
acknowledged.
6 EP This bit saves the PSW.EP bit setting when an FE level exception is R/W 0
acknowledged.
5 ID This bit saves the PSW.ID bit setting when an FE level exception is R/W 1
acknowledged.
4 SAT This bit saves the PSW.SAT bit setting when an FE level exception is R/W 0
acknowledged.
3 CcY This bit saves the PSW.CY bit setting when an FE level exception is R/W 0
acknowledged.
2 ov This bit saves the PSW.OV bit setting when an FE level exception is R/W 0
acknowledged.
1 S This bit saves the PSW.S bit setting when an FE level exception is R/W 0
acknowledged.
0 Zz This bit saves 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.)).

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 completion of the LDSR instruction execution.

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 3.9, Access Permission for PSW
Register for the access permission for each bit.

Table 3.9 Access Permission for PSW Register

Access Permission Access Permission
Bit When Reading When Writing

30 Um UM A

18to0 16 CU2-0 um sV

15 EBV UM AL

11t09 Debug UM Special!

7 NP UM AL

6 EP UM sV

5 ID UM AL

4 SAT UM UM

3 cY UM UM

2 oV UM UM

1 S UM 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.

3130 29 1918 161514 1211109 8 7 6 5 4 3 2 1 0
[ I
E S Value aft t
PSW | 0|t o|o|o|o|o|o]o]o]o]o]o| cuz-o B|0[0| 0| Debug 0',5‘,'51'3/%9882 %0000 0020,

Table 3.10 PSW Register Contents (1/2)

Value after
Bit Position Bit Name Function R/W reset
31 — (Reserved for future expansion. This bit should be set 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. These bits should be set to 0.) R 0
18, 17 CU2-CU1 These bits indicate the coprocessor use permissions. R 00
(Reserved for future expansion. These bits should be set to 0.)
16 Ccuo This bit indicates the coprocessor use permissions. R/W 0
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).
CUO bit: FPU
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.
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Table 3.10 PSW Register Contents (2/2)

Value after
Bit Position Bit Name Function R/W reset
14 to 12 — (Reserved for future expansion. These bits should be set 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. This bit should be set to 0.) R 0
NP This bit disables acceptance of FE level exceptions. Once an FE level R/wW 0
exception is 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 the list of the exception sources in the 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 interrupt is being serviced.
5 ID This bit disables acceptance of El level exceptions. Once an El level R/W 1
exception or 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 the list of the exception sources in the 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 El instruction is executed. A change in the ID bit by the El or DI
instruction is enabled from the next instruction.
0: An acceptance of El level exceptions is enabled.
1: An acceptance of El 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.

RO1UH0414EJ0160 Rev.1.60 RENESAS Page 149 of 2373
May 31, 2018



RH850/C1x

Section 3 CPU System

FER) iR Operation Result after
Operation Result Status SAT ov Saturation Processing
Exceeded positive 1 1 7FFF FFFFy
maximum value
Exceeded negative 1 1 8000 0000y
maximum value
Positive (maximum value Value prior to 0 Operation result itself
not exceeded) operation is
- - retained.
Negative (maximum value
not exceeded)
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(f) EIIC — 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.

rrrrrrrrrrrrrtrrrrrrtt 77T 1T T T 1T 17T 17T T 1T 1T T T Value after reset
ElC EIC31-0 0000 0000},

Table 3.1 ElIC Register Contents

Value after
Bit Position Bit Name Function R/W reset
31t00 EIIC31-0 These bits store the exception source code when an El level exception is R/W 0

acknowledged.

Regarding the stored exception source code, see Table 6.11, Interrupt
Exception Handlers and Orders of Priority and the list of the exception
sources in the RH850G3M User’s Manual: Software.

The EIIC31 to EIIC16 field stores detailed exception source codes defined
individually for each exception. If there is no particular definition, these bits
are set to 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.

T 1T 111717 17T 1T 17 17 1T 17 7T 1T 7T 17 1T T 17 T T 17T T T T T T T T
Value after reset
FEIC FEIC31-0 0000 0000},

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 is R/W 0
acknowledged.
Regarding the stored exception source code, see Table 6.11, Interrupt
Exception Handlers and Orders of Priority and the list of the exception
sources in the RH850G3M User’s Manual: Software.
The FEIC31 to FEIC16 field stores detailed exception source codes defined
individually for each exception. If there is no particular definition, these bits
are set to 0.
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(h) CTPC — Status save register when executing CALLT instruction
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
rrrrrrrrrrrtrrrtrrr T T T T T T 1T T T T 1T T
Value after reset
CTPC CTPC31-0 Undefined
Table 3.13 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.
(iy CTPSW — Status save register when executing CALLT instruction
When a CALLT instruction is executed, some of the PSW (program status word) settings are saved to
CTPSW.
3130 29 543210
Val li¢ t
ctPsw [ o] o|o|olo[o]o|o|ofo]o]o]o|ofo]o|o|olofa]o]o|ololo]o]o|al$|O|s]|z %0000 0000,
T
Table 3.14  CTPSW Register Contents
Value after
Bit Position Bit Name Function R/W reset
31to 5 — (Reserved for future expansion. These bits should be set to 0.) R 0
4 SAT This bit saves the PSW.SAT bit setting when the CALLT instruction is R/W 0
executed.
3 CcY This bit saves the PSW.CY bit setting when the CALLT instruction is R/W 0
executed.
2 ov This bit saves the PSW.OV bit setting when the CALLT instruction is R/W 0
executed.
1 This bit saves the PSW.S bit setting when the CALLT instruction is executed. R/W 0
0 This bit saves 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 halfword address.
31
rrrrrrrrrrrtrrrtrrr T T
Val ft t
CTBP CTBP31-0 2 ndefined
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 This bit indicates the base pointer address of the CALLT instruction. R 0
This bit indicates 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
e Value after reset
ASID|o|0|0O|O|0O|O|O|O|O|O|lO|O|O|O|O|OfO|O|O|O|O|O ASID9-0 Undefined
Table 3.16 ASID Register Contents
Value after
Bit Position Bit Name Function R/W reset
31t0 10 — (Reserved for future expansion. These bits should be set to 0.) R 0
9to 0 ASID9-0 This field 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 EI level exception has occurred.
31 2 1
rrrrrrrrrrrtrrrtrrr T T T T T T 1T T T T 1T T
Val ft t
EIWR EIWR31-0 ° tﬁdaef?r:ergse
Table 3.17 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 temporal saving 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.

31 210
IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIValueaﬂerreset
FEWR FEWR31-0 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 temporal saving the values of general-purpose registers.
(n) HTCFGO — Thread configuration register
31 1918 161514 0
[
Val li¢ t
HTCFGO [o[o|o|olo|o|o|o|o|o|o|o|o| PED [1|0l0|0|o|o|o|o|o]o]ofofofo|o|o| ‘cooxso0o, "
2-0
Table 3.19 HTCFGO Register Contents
Value after
Bit Position Bit Name Function R/W reset
31to 19 — (Reserved for future expansion. These bits should be set to 0.) R 0
18 to 16 PEID2-0 These bits indicate the processor element number. R CPU1 (PE1):
001g
CPU2 (PE2):
010g
15 — (Reserved for future expansion. This bit should be set to 1.) 1
14to 0 — (Reserved for future expansion. These bits should be set to 0.) R 0
Note 1. The value depends on the CPU that has access.
(o) MEA — Memory error address register
31 210
T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T | vaueaferreset
MEA MEA31-0 Undefined
Table 3.20 MEA Register Contents
Value after
Bit Position Bit Name Function R/W reset
31to 0 MEA31-0 These bits store an address when a MAE (misaligning) or MPU violation R/W 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 had occurred.

31 2120 16 15 11109 8 7 6 5 10
I [ T T TR value after reset
w

MEI|0|0|0|0|o|0|l0|l0|l0|0|0| REG4-0 |0|0|0|0|0O| DS |UjO|O| ITYPE4-0 Undefined

Table 3.21 MEI Register Contents

Value after
Bit Position Bit Name Function R/W reset
31 to 21 — (Reserved for future expansion. These bits should be set 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.
15 to 11 — (Reserved for future expansion. These bits should be set 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: Halfword (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. These bits should be set to 0.) R 0
5to 1 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) 00000g
SLD.BU dst 0 (byte) 1 (unsigned) 0 (read) 000005
SLD.H dst 1 (halfword) 0 (signed) 0 (read) 00000g
SLD.HU dst 1 (halfword) 1 (unsigned) 0 (read) 000005
SLD.W dst 2 (word) 0 (signed) 0 (read) 00000g
SST.B src 0 (byte) 0 (signed) 1 (write) 000005
SST.H src 1 (halfword) 0 (signed) 1 (write) 00000g
SST.W src 2 (word) 0 (signed) 1 (write) 000005
LD.B (disp16) dst 0 (byte) 0 (signed) 0 (read) 00001g
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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 (halfword) 0 (signed) 0 (read) 000015
LD.HU (disp16) dst 1 (halfword) 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 (halfword) 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 (halfword) 0 (signed) 0 (read) 00010g
LD.HU (disp23) dst 1 (halfword) 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 (halfword) 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)k1 01001
CLR1 — 0 (byte) 1 (unsigned) 0 (read)" 01001g
NOT1 — 0 (byte) 1 (unsigned) 0 (read)k1 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) 01101g
SWITCH — 1 (halfword) 0 (signed) 0 (read) 10000g
CALLT — 1 (halfword) 1 (unsigned) 0 (read) 100015
SYSCALL — 2 (word) 1 (unsigned) 0 (read) 10010g
CACHE — — — 0 (read) 101005
Interrupt (table reference)? — 2 (word) 1 (unsigned) 0 (read) 10101

Note 1.
Note 2.

NOTE

This exception occurs when the instruction executes a read access.
An exception occurs when the table reference interrupt vector is read.

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 9 8 10
rrrrrrrrrrrrr T T T T 1T 1T T | value aft t
RBASE RBASE31-9 ofo|ojofo|ojo|o|Z ale g rese
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 RBASEDO bits are not assigned names because these bits
are implicitly set to 0.
8to1 — (Reserved for future expansion. Always write 0.) R 0
0 RINT This bit specifies the setting of the offset address for direct branching R 0
method. This bit is valid when PSW.EBV = 0.
0: Offset address (+100 to +1F0y) is determined according to interrupt
priority order.
1: Offset address is fixed to +100,.
See Section 6.4, Description of Operations in Terms of Interrupt
Exception Handlers and Order of Priority.
Note 1.  The reset vector differs depending on the startup area. For details, see Section 4, Address Space.
(r) 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
rrrrrrrrrrrrr T T T T 1T 1T T | Value after reset
R z
EBASE EBASE31-9 o|jojo|o0fojoj0|0 7| Undefined
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/W Undefined
from adding the offset address of each exception to the base address
specified for this register.
The EBASES to EBASEDO bits are not assigned names because these bits
are implicitly set to 0.
8to1 — (Reserved for future expansion. Always write 0.) R 0
0 RINT This bit specifies the setting of the offset address for direct branching R/W Undefined
method. This bit is valid when PSW.EBV = 0.
0: Offset address (+100y to +1F0y) is determined according to interrupt
priority order.
1: Offset address is fixed to +1004.
See Section 6.4, Description of Operations in Terms of Interrupt
Exception Handlers and Order of Priority.
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(s) INTBP — Base address register of the interrupt handler table

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
o rrrrrrrrrrr T T
Value after reset
INTBP INTBP31-9 0|0|{0|0|0O|0O|0O|0O|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 interrupts (EIINTO to EIINT255)
prescribed by the expanded specifications is acknowledged.
The INTBP8 to RBASEDO bits are not assigned names because these bits are
implicitly set to 0.
8to0 — (Reserved for future expansion. Always write 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.

Value after reset
PID PID 0580 0702,

Table 3.26  PID Register Contents

Value after
Bit Position Bit Name Function R/W reset
31to 24 PID Architecture Identifier R 054
Indicate the architecture of the processor.
23t08 Function Identifier R 80071

Indicate the functions of the processor.
These bits indicate whether or not functions defined per bit are implemented
(1: implemented, 0: not implemented).

Bits 23 to 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 024
Indicate the version of the processor.
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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
Value after reset
SCCFG|o|0|0|0|0O|0O|O|O|O|O|O|O|lO|O|O|O|O|O|O|O|O|OfO]|O SIZE Undefined
Table 3.27 SCCFG Register Contents
Value after
Bit Position Bit Name Function R/W reset
31t08 — (Reserved for future expansion. These bits should be set 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 by 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
rrrrrrrrrrrrrrrrrrtrrrrtrrrrr T 7T 7T 1 1T T T 1T 17117 T/
Value after reset
SCBP SCBP31-0 Undefined
Table 3.28 SCBP Register Contents
Value after
Bit Position Bit Name Function R/IW 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 these bits to 0.
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(w) MCFGO — Machine configuration register

This register indicates the CPU configuration.

31 18 17 16 15 3 2 1
[

MCFGO |0|0f0O|0O|0O[0O|0O|O[O|O|O|O|O|O|gpD|O|O|O|O|O|O|O|O|O|O|O|O|O|1]|0

Value after reset
0] 000X 0004,

Table 3.29 MCFGO Register Contents

Value after

Bit Position Bit Name Function R/W reset

31t0 18 — (Reserved for future expansion. These bits should be set to 0.) R 0

17,16 SPID These bits indicate the system protection number. R/W CPU1 (PE1):
g1PBU2 (PE2):
10

15t0 3 — (Reserved for future expansion. These bits should be set to 0.) R 0

2 — (Reserved for future expansion. This bit should be set to 1.) 1

1,0 — (Reserved for future expansion. These bits should be set to 1.) R 0

Note 1.  The value depends on the CPU that has access.

(x) MCTL — Machine control register

This register is used to control the CPU.

31 30 10
U| Value after reset
MCTL|1|0|0|0|0O|O|O|lOflO|O|O|O|0O|0O|0O|O|O|0O|O|O|O|OfO|O|O|O|0|0|0|0]|0]] 8000 0000,
C
Table 3.30 MCTL Register Contents
Value after
Bit Position Bit Name Function R/W reset
31 — (Reserved for future expansion. This bit should be set to 0.) R 1
30to1 — (Reserved for future expansion. These bits should be set 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.
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(3) Interrupt Function 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.
(regID, sellD) Symbol Function Access 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
(a) FPIPR — FPI exception interrupt priority setting register
This register is used to set the interrupt priority of FPI exception.
31 0
FPIPR |0[o|o|o|o|olo|o|o|o|o|ofo|olo|o|olo|o|o|o|olo]o]o]o FpipR || Value atter reset
0000 0000y
Table 3.32 FPIPR Register Contents
Value after
Bit Position Bit Name Function R/IW reset
31t0o5 — (Reserved for future expansion. These bits should be set 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 setting for the values above 16 is 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.
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31

(b) ISPR — Priority of interrupt being serviced register

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

ISPR | 0O

ojo|0|0|0|0O|O|O|OfjOfO|lO|O|O|O ISP15-0

16 15 0
T

e T T T alue after reset

0000 0000y

Table 3.33  ISPR Register Contents

Value after

Bit Position Bit Name Function R/W reset

31to 16 —

(Reserved for future expansion. These bits should be set to 0.) R 0

15t0 0 ISP15-0 These bits indicate the acknowledgment status of an EIINTn interrupt witha R 0

priority 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
am1ong 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*2 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.

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

Note 1. Interrupt acknowledgment and auto-updating of values when the EIRET instruction is executed are disabled
by setting (1) to the INTCFG.ISPC bit. It is recommended to enable auto-updating of values, so in normal
cases, the INTCFG.ISPC bit should be cleared to 0.

Note 2.  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.

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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(c) PMR — Interrupt priority masking register

This register is used to mask the specified interrupt priority.

31 16 15 0
Tt T 1T T 1T 1T T T 1T/
Value after reset
PMR|0|0|0|0O|O|OfO|lO|lO|lO|O|0O|0O|0O|0O]|O PM15-0 0000 0000,
Table 3.34 PMR Register Contents
Value after

Bit Position Bit Name Function R/W reset
31to 16 — (Reserved for future expansion. These bits should be set 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) and FPI
exceptions”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*2.

Note 1.

Note 2.

Since FPI exceptions are specified as the same level of priority as that of interrupts (EIINTn), it is affected

by the PMR like interrupts. The priority of FPI exceptions is set by the FPIPR register.

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.

RO1UH0414EJ0160 Rev.1.60

May 31, 2018

RENESAS

Page 163 of 2373



RH850/C1x Section 3 CPU System

(d) ICSR — Interrupt control status register

This register indicates the interrupt control status in the CPU.

31 210
D_ —
0| Wl Value after reset
ICSR00000000OOOOOOOOOOOOOOOOOOOOOOEE 0000 0000},
Table 3.35 ICSR Register Contents
Value after
Bit Position Bit Name Function R/W reset
31to 2 — (Reserved for future expansion. These bits should be set 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: FPI exception does not exist.
1: FPI exception exists.
0 PMEI This bit indicates that an interrupt (EIINTn) with the priority level masked by R 0

the PMR register exists.
0: Interrupt (EIINTn) does not exist.
1: Interrupt (EIINTn) exists.

(e) INTCFG — Interrupt function setting register

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

31 1

Value after reset

0
O
INTCFG0000000000000000000000000000000(0_5 0000 0000},

Table 3.36 INTCFG Register Contents

Value after
Bit Position Bit Name Function R/IW reset

31to1 — (Reserved for future expansion. These bits should be set 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 an LDSR instruction) are ignored.
1: The ISPR register is not automatically updated. Updates triggered by the
program (via execution of an 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

(5)

The FPU can use the following system registers to control floating-point operation. The FPU function

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. For details of the registers,
see section 3.4.2, Floating-point system registers in the RH850G3M Family User’s Manual:

Software.
Table 3.37 FPU 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 Ccuo
SR9, 0 FPCC Floating-point operation comparison result Cuo
SR10, 0 FPCFG Floating-point function setting Ccuo
SR11,0 FPEC Floating-point operation exception control CUO and SV
MPU function registers

The MPU function 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
(reglD, sellD) 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 lower limit address SV
SR1, 6 MPUAO Protection area upper limit address SV
SR2, 6 MPATO Protection area attribute SV
SR4, 6 MPLA1 Protection area lower limit address SV
SR5, 6 MPUA1 Protection area upper limit address SV
SRe, 6 MPAT1 Protection area attribute SV
SR8, 6 MPLA2 Protection area lower limit address SV
SR9, 6 MPUA2 Protection area upper limit address SV
SR10, 6 MPAT2 Protection area attribute SV
SR12,6 MPLA3 Protection area lower limit address sV
SR13, 6 MPUA3 Protection area upper limit address SV
SR14, 6 MPAT3 Protection area attribute SV
SR16, 6 MPLA4 Protection area lower limit address SV
SR17, 6 MPUA4 Protection area upper limit address SV
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Table 3.38 MPU Function System Registers (2/2)

Register No. Access
(reglD, sellD) Symbol Function Permission
SR18, 6 MPAT4 Protection area attribute SV
SR20, 6 MPLA5 Protection area lower limit address SV
SR21, 6 MPUAS Protection area upper limit address SV
SR22, 6 MPAT5 Protection area attribute SV
SR24, 6 MPLAG Protection area lower limit address SV
SR25, 6 MPUAG Protection area upper limit address SV
SR26, 6 MPAT6 Protection area attribute SV
SR28, 6 MPLA7 Protection area lower limit address SV
SR29, 6 MPUA7 Protection area upper limit address sV
SR30, 6 MPAT7 Protection area attribute SV
SRoO, 7 MPLAS8 Protection area lower limit address SV
SR1,7 MPUAS8 Protection area upper limit address SV
SR2,7 MPAT8 Protection area attribute SV
SR4,7 MPLA9 Protection area lower limit address SV
SR5, 7 MPUA9 Protection area upper limit address SV
SR6, 7 MPAT9 Protection area attribute SV
SR8, 7 MPLA10 Protection area lower limit address SV
SR9, 7 MPUA10 Protection area upper limit address SV
SR10, 7 MPAT10 Protection area attribute SV
SR12,7 MPLA11 Protection area lower limit address SV
SR13,7 MPUA11 Protection area upper limit address SV
SR14,7 MPAT 11 Protection area attribute SV
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(a) MPM — Memory protection operation mode register

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

31 210
S | M| Value after reset
MPM00000000OOOOOOOOOOOOOOOOOOOOOO\F{E 0000 0000},
Table 3.39 MPM Register Contents
Value after
Bit Position Bit Name Function R/IW reset
31to2 — (Reserved for future expansion. These bits should be set 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 the MPU function. R/wW 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.
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(b) MPRC — MPU region control register

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

31 6151413121110 9 8 7 6 5 4 3 2 1 0
E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|E|Value after reset
MPRC10/0/0/0/0]0/00]0/0/0/00|000|514/13/12(11|10/9|8|7|6|5|4[3|2|T|0| 00000000,
Table 3.40 MPRC Register Contents
Value after
Bit Position Bit Name Function R/W reset
31to 16 — (Reserved for future expansion. These bits should be set to 0.) R 0
15t0 12 E15-E12 Reserved for future expansion. These bits should be set to 0. R 0
1M1to0 E11-EO These are the enable bits for each protection area. Bit En is a copy of bit R/W 0
MPATN.E (where n = 11 to 0).
(c) MPBRGN — MPU base region register
This register indicates the minimum usable MPU area number.
31 5 4 0
L
Val ft t
MPBRGN | 0| 0|o|o|o|o[o[o|ofolo|o|o|o|o|o|o]o|o|ofofofofolo|o|o| MPBRGN | 00000000,
Table 3.41 MPBRGN Register Contents
Value after
Bit Position Bit Name Function R/W reset
31to5 — (Reserved for future expansion. These bits should be set 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.
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(d) MPTRGN — MPU end region register

This register indicates the maximum usable MPU area number + 1.

Value after reset
MPTRGN |0|0|0|0|o|o0|0|0|0|0|O|O|0O|0O|0O|O|O|O|O|O|O|0O|O|O|O|O|0| MPTRGN 0000 000C},

Table 3.42 MPTRGN Register Contents

Value after
Bit Position Bit Name Function R/W reset
31to 5 — (Reserved for future expansion. These bits should be set to 0.) R 0
4t00 MPTRGN These bits indicate the largest number of an MPU area plus one. R 0Ch

These bits always indicate the maximum number of MPU areas that the
hardware can support.

(e) 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.

rrrrrrrrtrrtrrrrtrrrrr T 1T T 1T 7 T 1T 1T T 1T 1T 1T 1TT"/
Value after reset
MCA MCA31-0 Undefined

Table 3.43  MCA Register Contents

Value after
Bit Position Bit Name Function R/W reset
31t00 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.

(f) 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
rrrrrrrrrrrrr -ttt Tt
Val ft t
MCS MCS31-0 o
Table 3.44 MCS Register Contents
Value after
Bit Position Bit Name Function R/IW reset
31to 0 MCS31-0 These bits specify the size of the target area to specify the size of memory R/W Undefined
area subject to a memory protection setting check in bytes. 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 0000y, in the MCS register.
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(g) MCC — Memory protection setting check command register

This command register is used to start a memory protection setting check.

31 0
rrrrrrrtrrrrrrrtrrr T 1Tt T 1T 7 T 1T 1T T 1T T 1T 1TT"]
Value after reset
MCC MCC31-0 0000 0000,
Table 3.45 MCC Register Contents
Value after
Bit Position Bit Name Function R/W reset
31t00 MCC31-0 When any value is written to the MCC register, a memory protection setting  R/W 0
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 00004.
(h) 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 bits 31 t0 9, 7 and 6 to 0.
CAUTION
If the area for which checking is specified crosses 0000 0000y, the area is judged to have been
specified incorrectly, and the MCR.QV bit is set to 1. For this reason, in access to the results of
checking, check the MCR.QV bit and confirm that the result is valid (OV = 0) before using any results of
checking.
31 987 6543210
e} S|S|S|U|U|U|[Value after reset
MCR|0|0|0 ojojo|ojojojoj0|0|0|0|O|OfO[O|0|0|O|y|OfOfX|W|R]|X|W|R Undefined
E|E|E[E|E]E
Table 3.46 MCR Register Contents (1/2)
Value after
Bit Position Bit Name Function R/W reset
31t09 — (Reserved for future expansion. Always write 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. Always write 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.
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Table 3.46 MCR Register Contents (2/2)

Value after
Bit Position Bit Name Function R/W reset
2 UXE If the specified area is contained within one protection area and execution is 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.

(i) MPLANn — Protection area lower limit address register

These registers indicate the lower limit address of area n (where n= 0 to 11).

31 210
rrrrrrrtrrrrrrtr T rrr T 11T T 1 17 T 1T 1T T T"TT"]
Value after reset
MPLARN MPLA31-2 0|0 Undefined
Table 3.47 MPLAnN Register Contents
Value after
Bit Position Bit Name Function R/W reset
31to2 MPLA31-2 These bits indicate the lower limit address of area n. R/W Undefined
The MPLA1 and MPLAO bits are not assigned names because these bits are
implicitly set to 0.
1,0 — Reserved for future expansion. Be sure to clear these bits to 0. R 0
(i) MPUAn — Protection area upper limit address register
These registers indicate the upper limit address of area n (where n =0 to 11).
31 210
rrrrrrrrrrrrrrrrr T
Value after reset
MPUAnN MPUA31-2 0|0 Undefined
Table 3.48 MPUAnN Register Contents
Value after
Bit Position Bit Name Function R/W reset
31to2 MPUA31-2 These bits indicate the upper limit address of area n. R/W Undefined
The MPUA1 and MPUAQO bits are not assigned names because these 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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(k) MPATn — Protection area attribute register

These registers indicate the attributes of area n (where n =0 to 11).

31 26 25 16 15 8 76 543210
T 1T 1T T T 11
s|s|s|u|ululValue after reset
MPATn [0|0|0|0|0]|O ASID9-0 0|0|0j0|O0f0O|0|0|E|G|IX|WIRIXIWIR Undefined
Table 3.49 MPATn Register Contents
Value after

Bit Position Bit Name Function R/IW reset
31to 26 — (Reserved for future expansion. These bits should be set to 0.) R 0
2510 16 ASID9-0 These bits indicate the ASID value to be used as the area match condition. R/W Undefined
15to0 8 — (Reserved for future expansion. These bits should be set 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 SwW 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 UXx 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

The cache operation function 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 Operation Function Registers

Register No. Access
(reglD, sellD) 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

(a) ICTAGL — Instruction cache tag Lo access register

This register is used for CIST and CILD instructions for the instruction cache. This register retains
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
- rrrtrtrr T Tt T T 1T T T 1T T 1T/ | Value after reset
ICTAGL LPN 0/0|0|O0|LRU |O|L|O|V Undefined
Table 3.51 ICTAGL Register Contents
Value after
Bit Position Bit Name Function R/W reset
31t0 10 LPN These bits retain the values of bits 24 to 11, i.e. the physical page numbers. R/W Undefined
When writing, always write 0 to bits 31 to 25 and 10.
9to 6 — (Reserved for future expansion. These bits should be set to 0.) 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. This bit should be set to 0.) R 0
2 L This bit retains the lock information. R/W Undefined
1 — (Reserved for future expansion. This bit should be set to 0.) R 0
0 \Y This bit retains whether the specified cache line is enabled or disabled. R/W Undefined
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(b) 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 by the execution of CIST instruction and the value

read from the instruction cache tag RAM by the execution of CILD instruction.

31 30 29 28 27 24 23 16 15 8 7 6 5 210
- rrr 17 T T 1T 1T T T/
w|P|W|P Value after reset
ICTAGH | p olT!T 0 0|0 DATAECCT7-0 TAGECC7-0 0|-{0|0|0|0]|- 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 R/wW Undefined
data RAM.
30 PD When this bit is set to 1, the value in the DATAECC field of this registeris ~ R/W Undefined
written to the ECC field of the data RAM on execution of a CIST instruction.
When this bit is cleared to 0, the ECC is automatically generated from the
written data.
29 WT When this bit is set to 1, executing a CIST instruction updates the cache R/W Undefined
data RAM.
28 PT When this bit is set to 1, the value in the TAGECC field is written to the R/W Undefined
ECC of the tag RAM on execution of a CIST execution. When this bit is
cleared to 0, the ECC is automatically generated from the written data.
27 to 24 — (Reserved for future expansion. These bits should be set to 0.) R 0
2310 16 DATAECC7 to  These bits retain ECC of the data RAM. R/W Undefined
DATAECCO
15t0 8 TAGECCY to These bits retain ECC of the tag RAM. Be sure to clear bit 15 to 0. R/W Undefined
TAGECCO
7 — (Reserved for future expansion. This bit should be set to 0.) R 0
6 — (Reserved for future expansion. This bit should be set to 0.) R Undefined
5t02 — (Reserved for future expansion. These bits should be set to 0.) R 0
1,0 — (Reserved for future expansion. This bit should be set to 0.) R Undefined
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(c) 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 by the execution of CIST instruction and the value
read from the instruction cache data RAM by the execution of CILD instruction.
31 0
rrrrrrrrrrrrrrrrr-rrr -t T T T T T T
Value after reset
ICDATL DATAL Undefined
Table 3.53 ICDATL Register Contents
Value after
Bit Position Bit Name Function R/W reset
31t00 DATAL These bits retain the values of bits 31 to 0 or of bits 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
(d) 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 by the execution of CIST instruction and the value
read from the instruction cache data RAM by the execution of CILD instruction.
31 0
r 1 1T 11T T T 1T T T T T T T T T T 1T T T T T T T T T 1T T 11
Value after reset
ICDATH DATAH 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: bits 63 to 32
Index offset = 1000: bits 127 to 96
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(e) ICCTRL — Instruction cache control register

This register controls the instruction cache.

31 18 17 16 15 9 8 7 3210
4 .
= = Z|Val ft: t
iccTRL [0 |0|o|o|ofoloo|o|ofolo]o|o|Z|1|o|o|ofofo|o|o|B[olo]o|o]o|T|E|E| e ws
= T T 0001 0003y
a o o|g|Q
Table 3.55 ICCTRL Register Contents
Value after
Bit Position Bit Name Function R/W reset
31t0 18 — (Reserved for future expansion. These bits should be set 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 setto 1.) R 1
15t09 — (Reserved for future expansion. These bits should be set 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. These bits should be set to 0.) R 0
2 ICHEIV Setting this bit to 1 allows the instruction cache to be automatically R/W 0
disabled (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 R/W 1
notifications for the CPU when a cache error occurs.
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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(f) ICCFG — Instruction cache configuration register

This register shows the configuration of the instruction cache.

31 17 16 15 14 8 7 4 3210
L T [
Value after reset
ICCFG|o|0|0O|0O|0O|O|O|O|lO|O|O|O|O|O|O|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. These bits should be set to 0.) R 0
16 — (Reserved for future expansion. Be sure to set to 1.) R 1
15 — (Reserved for future expansion. This bit should be set to 0.) R 0
14t0 8 ICHSIZE These bits indicate the capacity (in Kbytes) of the instruction cache. R 084
000 1000: 8 Kbytes
7to4 ICHLINE These bits indicate the number of lines per 1 way in the instruction cache. R 44
0100: 128 lines
3to0 ICHWAY These bits indicate the number of ways of the instruction cache. R 4y
0100: 4 ways
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(g) 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 25 24 23 22 2120 19 18 17 16 15 14 13 12 543210
O| |w|@|@|d|w|w 5%5555 5|8|8| |8
Table 3.57 ICERR Register Contents
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. This bit should be set 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/wW Undefined
24 ESDE Error status: 2-bit error in the data RAM R/W Undefined
23,22 — (Reserved for future expansion. These bits should be set 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
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. This bit should be set to 0.) R 0
14,13 ICHEWY These bits retain a way number where a cache error occurs. R/W Undefined
12t0 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. This bit should be set to 0.) R 0
0 ICHERR This bit is set to 1 when a cache error occurs. R/wW 0
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(7) Data Buffer Operation Function Registers

The data buffer control 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
(reglD, sellD) Symbol Function Permission
SR24,13 CDBCR Data buffer control register SV

(a) CDBCR — Data buffer control register

This register controls the data buffer.

31 210
@ | =|Value after reset
—
CDBCR0000000000000000000000000000003'§ 0000 0001,
8lo
Table 3.59 CDBCR Register Contents
Value after
Bit Position Bit Name Function R/W reset
31t02 — (Reserved for future expansion. These bits should be set 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 CPU 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 mis-hit. Also a data buffer is mounted between the CPU 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
/\ CPU

o [¢ Instruction cache [
g

Code flash |4 g
E
L 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 Way0 and Wayl and Way Group 1 consisting of Way2 and Way3. 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. The cache destination is the

instruction fetch access to the code flash area.

31 25 24

Addresses 0000000

Address 24 to 11
(ITAG)

Entry selection

Wa(Group 1 (Way 2 and 3) )
[

N P N [ = 1 L RU

4 Way Group 0 (Way 0 and 1)

[ IV L oo

oIv L| TAG |Ecc

=
=

Tag array LRU

127 |1 bit]1 bit| 14 bits | 7 bits ||
| SED/DED B SEC/DED SEC/DED

vy v -/

A 4 Way Group 1
.| Decoder |——"—"—> -
Way group selection Way group selection

Comparison of ITAG | Way selection

- /

Hit signal in Way Group 0 Hit signal in Read-out data in Read-out data in
Way Group 0 W Way Group 1

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,
DATH_L,
DATL_H,
DATL_L

ECC_H, ECC_L

LRU

LRU

The 128-bit cache line data is stored per 32 bits as follows: bits [127:96], [95:64], [63:32], and
[31:0] are stored in 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 the ICDATL register 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.

CAUTIONS

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 bits 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 bits 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

These registers are located in the CPU peripheral of each PE. Each PE has the IPIR_CHO to IPIR_CH3
registers and cannot access the registers in other PEs.

Table 3.60 List of Registers

Module Name Register Name Symbol Address

IPIRSS Inter-PE interrupt register 0 IPIR_CHO FFFE EC804
IPIRSS Inter-PE interrupt register 1 IPIR_CH1 FFFE EC844
IPIRSS Inter-PE interrupt register 2 IPIR_CH2 FFFE EC88y
IPIRSS Inter-PE interrupt register 3 IPIR_CH3 FFFE EC8CH

(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
— — — — — — — — — — — — — — PE2 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 R/W R/W

Table 3.61 IPIR_CHn Interrupt Register Contents

Bit Position Bit Name Function
31to2 — Reserved. These bits are always read as 0. The write value should always be 0.
1 PE2 Inter-PE Interrupt Request to PE2

Writing 1 to this bit makes an interrupt request to PE2. 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 function and prevents unauthorized accesses to the
resources in the PE from the bus master. This function protects access to the local RAM in the PE. For
accesses to the register set in PE, no access restriction is provided independently for the PEG function.
Set access protections such as IPG at the user side as necessary. In the initial state after a reset, all
access by the bus masters other than the PE itself is disabled. Setting the registers listed in (3), List of
PEG Setting Registers, enables access by the bus masters other than the PE itself.

(1) Detecting PE guard violation

If the bus 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, meanwhile, a DMA transfer error is detected.

(2) Protection Made by SPID

e Setting PEG

— 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 areas 0 to 3 is to be accessed, go to step 3.
Otherwise, return an error response.

3. Are all the conditions below for the relevant area 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
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Figure 3.4

(3) List of PEG Setting Registers

Access Permission by the System Protection Identifier (SPID)

Make necessary settings for the following registers to PE resources from unauthorized accesses by the

bus master.
e PEG 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 List of Registers

Module Name Register Name Symbol Address

PEG PE guard SPID master decision control register PEGSP FFFE E60CH
PEG PE guard area 0 mask setting register PEGGOMK FFFE E680y
PEG PE guard area 0 base setting register PEGGOBA FFFE E6844
PEG PE guard area 1 mask setting register PEGG1MK FFFE E690y
PEG PE guard area 1 base setting register PEGG1BA FFFE E694,
PEG PE guard area 2 mask setting register PEGG2MK FFFE EGAOH
PEG PE guard area 2 base setting register PEGG2BA FFFE E6A4y
PEG PE guard area 3 mask setting register PEGG3MK FFFE E6BOy
PEG PE guard area 3 base setting register PEGG3BA FFFE E6B4y
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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 the bus master to the resources in the PE. The value

after reset of the SPEN bit is 0, which disables access to the PE resources by the bus master. Setting the
SPEN bit to 1 enables access by the bus master under the conditions set by PEGGnMK and

PEGGnBA.
Bit 15 14 13 12 1 10 9 8 7 2 1 0
— — — — — — — — — — — | SPEN
Value afterreset 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R/W
Table 3.63 PEGSP Register Contents
Bit Position Bit Name Function
15t01 — Reserved. These bits are always read as 0. The write value should always be 0.
0 SPEN This bit enables or disables access settings by the bus master having SPID.

0: Access settings by the bus master having SPID is disabled and access by

SPID is disabled.

1: Access settings by the bus master having SPID is enabled and access by SPID

is enabled.
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(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
area n. Setting a GnMASK bit to 1 masks the corresponding address bit of the PEGGnBA register and
places the corresponding area or areas within the range of PE guard area n. Note that the minimum
setting unit for PE guard area n is 4 Kbytes.

Expression for access valid address
(PEGGnMK][31:12] | addr[31:12])==(PEGGnMK]31:12] | PEGGnBA[31:12])

Example: When PEGGnBA[31:12] = FEBF6H and PEGGnMK([31:12] = 00008 are set, PE guard
areas n are FEBF 6000y to FEBF 6FFFy and FEBF E000 to FEBFEFFF

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

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

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
R/W R/W R/W R/W R/W R R R R R R R R R R R R

Table 3.64 PEGGnMK Register Contents

Bit Position Bit Name Function

31t012 GnMASK These bits determine whether to mask the base address bits PEGGnBA[31:12]
that specify the range of PE guard area n.
0: Target address bits are compared when determining the PE guard area.
1: Target address bits are not compared when determining the PE guard area.

11to0 — Reserved. These bits are always read as 0. The write value should always be 0.
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(c) PEGGNnBA — PE guard area n base setting register (n = 0 to 3)
In combination with the PEGGnMK register, this register specifies a range or ranges within PE guard
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
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
GnBASE — — — — |GnSP3|GnSP2|{GnSP1|GnSPO| — | GnWR | GnRD | GnEN
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 RW RW RW RW R RW RW RW

Table 3.65 PEGGnBA Register Contents
Bit Position Bit Name Function
31t0 12 GnBASE These bits set a base address that specifies PE guard area n.
11t08 — Reserved. These bits are always read as 0. The write value should always be 0.
7 GnSP3 Enables accesses to PE guard area n by the bus master.
0: Access by the bus master having SPID = 3 is disabled.
1: Access by the bus master having SPID = 3 is enabled.
6 GnSP2 Enables accesses to PE guard area n by the bus master.
0: Access by the bus master having SPID = 2 is disabled.
1: Access by the bus master having SPID = 2 is enabled.
5 GnSP1 Enables accesses to PE guard arean by the bus master.
0: Access by the bus master having SPID = 1 is disabled.
1: Access by the bus master having SPID = 1 is enabled.
4 GnSPO Enables accesses to PE guard area n by the bus master.
0: Access by the bus master having SPID = 0 is disabled.
1: Access by the bus 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 arean.
0: Write access is disabled.
1: Write access is enabled.
1 GnRD Enables read access to PE guard arean.
0: Read access is disabled.
1: Read access is enabled.
0 GnEN Enables settings for access enable conditions for PE guard arean.
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 Internal Peripheral Guard Function (IPG)

(1) Overview of the IPG Function

The IPG is a function to prevent unauthorized accesses to peripheral devices from the CPU core
equipped with the IPG. The IPG achieves the following functions. The IPG covers peripheral devices
on the P-Bus, the global RAM, and peripheral devices in the PE except the code flash 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 guard is detected, a request for generating a system error exception
(SYSERR exception) is made to ask the CPU to stop the processing.

For the details of the system error exception (SYSERR exception), see Section 3.2.4.3, System
Error Notification Control Function (SEG).

(5) Invalidating subsequent accesses

When a violation of peripheral guard 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.)
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(2) 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 the bus master other than 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.

IPG Setting Registers for lllegal Users

To protect peripheral devices from unauthorized accesses by programs in user mode, necessary

settings are required for the registers listed below.

Accesses in user mode are to be detected.

o This register set is intended for IPG settings related to user mode and for reading of the IPG

settings.
Table 3.66 List of Registers

Module Name Register Name Symbol Address

IPG Peripheral device protection violation access IPGECRUM FFFE E002y
information register

IPG Peripheral device protection violation access IPGADRUM FFFE E008y
address register

IPG Peripheral device protection enable register IPGENUM FFFE EOODy

IPG Peripheral device protection setting register 0 IPGPMTUMO FFFE E020y

IPG Peripheral device protection setting register 1 IPGPMTUM1 FFFE E021y

IPG Peripheral device protection setting register 2 IPGPMTUM2 FFFE E022y

IPG Peripheral device protection setting register 3 IPGPMTUM3 FFFE E023y

IPG Peripheral device protection setting register 4 IPGPMTUM4 FFFE E024y
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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 IPGECRUM Register Contents

Bit Position Bit Name Function

15, 14 — Reserved. These bits are always read as 0. The write value should always be 0.

13t0 8 — Reserved. These bits are read as undefined. 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: Reserved

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, bit operation, or
execution of the CAXI instruction. 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, bit operation, or
execution of the CAXI instruction. 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. If another violation of peripheral device
protection is detected, data of this IPGECRUM register and the IPGADRUM
register are updated.

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 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

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 IPGADRUM Register Contents

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 IPGENUM Register Contents

Bit Position Bit Name Function
7t02 — 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. (value after reset)

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 IPGPMTUMO Register Contents

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.

3t00 — Reserved. This bit is always read as 0. The write value should always be 0.
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(e) IPGPMTUM1 — Peripheral device protection setting register 1
Bit 7 6 5 4 3 2 1 0
— X1 — — — X0 — _
Value after reset 0 0 0 0 0 0
RIW R RIW R R R RIW R R
Table 3.71 IPGPMTUM1 Register Contents

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 global RAM bank
#1.
0: Instruction fetch read access to global RAM bank #1 is treated as violation.
1: Instruction fetch read access to global RAM 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 global RAM bank
#0.
0: Instruction fetch read access to global RAM bank #0 is treated as violation.
1: Instruction fetch read access to global RAM 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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Value after reset

(f) IPGPMTUM2 — Peripheral device protection setting register 2
Bit 7 6 5 4 3 2 1 0
_ — w1 R1 — — WO RO
0 0 0 0 0 0 0
R/W R R R/W R/W R R R/W R/W

Table 3.72 IPGPMTUM2 Register Contents

Bit Position Bit Name Function

7,6

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

5

W1 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.

R1 This bit sets whether to enable read access to IPIR.
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. This bit is always read as 0. The write value should always be 0.

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.

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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(g) IPGPMTUM3 — 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/IW R/IW R R R R

Table 3.73  IPGPMTUMS3 Register Contents

Bit Position Bit Name Function
7,6 — Reserved. This bit is always read as 0. The write value should always be 0.
5 W1 This bit sets whether to enable write access to SEG.

0: Write access to SEG is treated as violation.
1: Write access to SEG is not restricted.

4 R1 This bit sets whether to enable read access to SEG.
0: Read access to SEG is treated as violation.
1: Read access to SEG 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 IPGPMTUM4 Register Contents

Bit Position Bit Name Function
7to2 — Reserved. These bits are always read as 0. The write value should always be 0.
1 W0 This bit sets whether to enable write access to PEG

0: Write access to PEG is treated as violation.
1: Write access to PEG is not restricted.

0 RO This bit sets whether to enable read access to PEG.
0: Read access to PEG is treated as violation.
1: Read access to 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 controls the
notification and record of the error by the data access.

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 is valid in case errors occurred simultaneously.
Recorded error information is not overwritten by subsequent errors.

(1) List of SEG Function Control Registers

Table 3.75 List of Registers

Module Name Register Name Symbol Address

SEG Error notification control register SEGCONT FFFE E9804

SEG Error occurrence retention register SEGFLAG FFFE E982,

SEG Error factor retention register (address) SEGADDR FFFE E9884
NOTES

e |f an access is made with an address offset or operable bits other than those specified
above, an error response is returned.

o Write access is only possible in supervisor mode (UM = 0). Attempting to write, if these
conditions do not hold, leads to an error response being returned.

e 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

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 11 10 9 8 7 6 5 4 3 2 1 0
SS1E — — — — — VPGE | VCRE — TCME | ROME | VCIE — ICCE — —

Value afterreset 0 0 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 R/W R/W R/W R R/W R R

Table 3.76 SEGCONT Register Contents (1/2)

Bit Position Bit Name Function

15 SS1E This bit notifies of an address parity error during accessing data in its own local
RAM.

14 t0 10 — Reserved. This bit is always read as 0. The write value should always be 0.

9 VPGE This bit notifies of a response to an error in P-Bus.

The error includes the followings:

e P-Bus guard error in writing access (P-Bus guard for each register regarding
the INTC2, DMA, or GRG)

8 VCRE This bit notifies of IPG violation access detection and subsequent access
blocking (including the case where an instruction is fetched).*2

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

6 TCME This bit notifies of an error during data access to its own local RAM.

The error includes the following cases:

e When an ECC error which cannot be corrected occurs*’

e When an access to the RAM-unimplemented area in the local RAM is
detected

5 ROME This bit notifies 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:

o When an ECC error which cannot be corrected occurs*’

e When an address parity error occurs
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Table 3.76 SEGCONT Register Contents (2/2)
Bit Position Bit Name Function
4 VCIE e This bit notifies of a response to an error in P-Bus (excluding errors in
writing to P-Bus).
The error includes the following cases:
— When an unimplemented area (FFFF 7900 to FFFF 7EFFy) is
accessed
— P-Bus guard error (P-Bus guard for each register regarding the INTC2,
DMA, or GRG)
— P-Bus data parity error (for a peripheral device which the data parity is
applied to)
— An error when DTSRAM is read
e When an unimplemented area in the on-chip 1/O register self area is
accessed.
o 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
o Notification of a response to an error in global RAM.
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 the data flash.
— When an ECC error which cannot be corrected occurs*'
* Notification of a detection of access to an interconnect reserved area.
PE1
— FFFF 0000y to FFFF 4FFFy
— FFFE 0000y to FFFE BFFFy
— FBO00 0000y to FEOF FFFFy
— F300 00004 to F8FF FFFFy
PE2
— FFFF 0000y to FFFF 4FFFy
— FFFE 0000y to FFFE 9FFF
— FBO00 0000y to FE7F FFFFy
— F900 0000y to FOFF FFFFy
— F300 0000y to F7FF FFFFy
o This bit notifies of a IPG violation access detection and subsequent access
blocking.*2
o This bit notifies of an access privilege violation.
— Read or write access to the IPG Protection Setting Registers by user
mode (PSW.UM = 1).
— Write access to the SEG Function Control Registers by 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 following error is handled when the instruction cache system register,
ICCTRL.ICHEMK, is set to O (the value after reset is 1):
ECC errors which cannot be corrected*”.
1,0 — Reserved. These bits are always read as 0. The write value should always be 0.

Note 1.  While ECC error notification is enabled, an uncorrectable ECC error has occurred. Whether or not the error
can be corrected depends on the ECC settings. For details, see Section 27.2, ECC and EDC.

Note 2.  For the error factor address, see Section 3.2.4.2, Internal Peripheral Guard Function (IPG), IPGADRUM
register.
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Table 3.77

Error Factor Codes and Handling of G3M Core System Error Exceptions

Source Code

Error Description

10

Reserved

11 Instruction fetch errors (from code flash memory)

12 Errors to be indicated and enabled by the SEGCONT2 bit
13 Instruction fetch errors (from other than code flash memory)
14 Errors to be indicated and enabled by the SEGCONT4 bit
15 Errors to be indicated and enabled by the SEGCONT5 bit
16 Errors to be indicated and enabled by the SEGCONT®6 bit
17 Reserved

18 Errors to be indicated and enabled by the SEGCONTS8 bit
19 Errors to be indicated and enabled by the SEGCONT? bit
1A Reserved

1B Reserved

1C Reserved

1D Reserved

1E Reserved

1F Errors to be indicated and enabled by the SEGCONT15 bit
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(b) SEGFLAG — Error occurrence retention register
This register sets the flags to 1 at error occurrence, that store each error occurrence status by factors.
Those are not automatically cleared to 0.
Both writing 0 to clear the flags and writing 1 to retain the status are possible.
Bit 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
SS1F — — — — — VPGF | VCRF — TCMF | ROMF | VCIF — ICCF — —
Value afterreset 0 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 R/W R/W R/W R 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 t0 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. The error factors except VCIF, ROMF and TCMF bits of the
SEGFLAG register to be recorded as 0000 0000. This cannot be modified when 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
RW RW'T RW'T RW?!T rRWT RWT RW!' RW' RWT!T RW' RW'T RW!T RW' RW' RWT!T RW' RW!

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'T RW'T RW?'T rRWT RWT RW!' RW' RWT!T RW' RW'T RW!T RW' RW' RWT!T RW' RW!

x: Undefined (retained)
Note 1. This cannot be modified when the error occurrence flag to enable notification is set.

Table 3.79  SEGSIDE Register Contents

Bit Position Bit Name Function

31t00 Address[31:0] These bits hold the address at which the SYSERR source occurred.
(When an error occurs during an access to the local RAM area, these bits hold
the 19 lower-order bits only, and the 13 higher-order bits are cleared to 0.)
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(3) SEG Function
(a) SEG function: Notifying a SYSERR request due to an error flag
e Setting an error flag takes precedence over clearing the same flag.
— Simultaneous clearing operation is ignored.
e  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.”
o 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 of a flag, 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.

(b) SEG function: Recording error factor information

e When notification-enabled error occurrence is input, the error address is retained in the
SEGADDR 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.

e 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).

(c) Supplementary notes on SYSERR exception

e Even when a SYSERR exception occurs, the value of the PSW.EBYV bit is held, and the base
address of the exception handler does not switch.

e Error detection 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. The instruction cache automatically invalidates the target
entry in which an error occurred, and that entry is fetched again from the code flash. Thus
execution of CPU instructions continues. Setting the ICCTRL.ICHEMK bit of the system register
to 0 notifies the SEG of an error occurred in the instruction cache.
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3.24.4 Checker Core

CPULI has the checker core for safety assurance, resulting in a highly reliable system. Monitoring the
outputs from CPU1 and the checker core with the comparator all the time enables immediate detection
of the CPU1 abnormal operations. The CPU core, FPU, MPU, PEG, IPG, SEG, and INTCI1 are
duplicated by the checker core. CPU1 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 27, Functional 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 Inter-CPU Functions (only in the C1H)

3.3.1 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 checked by referring to the PEID. The
following shows the PEID of this product.

CPU Core PEID
CPU1 (PE1) 001g
CPU2 (PE2) 010g

3.3.2 Inter-Processor Interrupt Function

The CPU has the IPIR register as its own peripheral device. Setting of the IPIR register enables an EI-
level interrupt request from a CPU to another CPU. For details, see Section 3.2.3, Inter-Processor
Interrupts.

3.3.3 Exclusive Function

The local RAM, global RAM, and exclusive control register (MEV) are available as a resource for
exclusive control. Atomic operation instructions of LDL/STC, CAXI, SET1, CLR1, and NOT1 can be
performed for the local RAM and the global RAM. For the exclusive control register (MEV), CAXI,
SETI1, CLRI1, and NOT1 can be performed. Note that atomic operations are not performed for the LD
and ST instructions even though they can access those resources.
3.3.3.1 Exclusive Control Register (MEV)

This register supports exclusive control for variables shared between PEs (common resources).
(MEV = Mutual Exclusion Variable Register)

e Thirty-two 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 CPU2 (PE2) can be made.

e Atomic operation instructions of CAXI, SET1, CLR1, and NOT1 can be performed.

CPU1 (PE1) and CPU2 (PE2) each have an independent access path for the MEV registers. Therefore,
when CPU1 (PE1) and CPU2 (PE2) 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 3.80 List of Registers

Module Name Register Name Symbol Address

MEV Exclusive control register 0 GOMEV0 FFFE ECO0y

MEV Exclusive control register 1 GOMEV1 FFFE EC04y

MEV Exclusive control register 2 GOMEV2 FFFE ECO08y

MEV Exclusive control register 3 GOMEV3 FFFE ECOCH

MEV Exclusive control register 31 GOMEV31 FFFE EC7CH
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3.3.3.2 Operations of the LDL.W and STC.W Instructions

The LDL.W and STC.W instructions can be used to correctly handle memory update in a multicore
system by enabling atomic read-modify-write processing. The operations of the LDL.W and STC.W
instructions are as follows. For the operations of the LDL.W and STC.W instructions, see the
RHS850G3M User's Manual: Software for RH850G3M.

e Link generation: The CPU can generate links for both the local RAM and global RAM. If the
LDL.W instruction is executed to read the target, the link is generated with the link address
registration and the link flag set. The following two types of link flags are provided:

(1) For the own local RAM: 1

(2) For the global RAM: 1
The link (Example: to the own local RAM), that is generated first, would not be lost by LDL
instruction execution to (Example: global RAM) the different type, after the generation of the link
to (Example: the own local RAM) either type from CPU since the link flags are generated
independently from each other.

e Store success: Store processing is executed only when the STC.W instruction corresponding to the
generated link is executed after the link was generated.

e Store failure: Store processing is not executed while the link is lost even if the STC.W instruction
is executed. Store processing is also not executed when the STC.W instruction that does not
correspond to the link is executed.

e Condition of store success: The STC.W instruction is determined that it corresponds to the link if
the following condition is satisfied:

— The address of the STC.W instruction is the same as the address of the LDL.W instruction
that generated the link.

e Link lost: When either of the following occurs, the link flag is cleared, and the link is lost:
— When either of the following events occurs in the CPU that generated the link:

- The STC.W instruction is executed. The corresponding link ((1) or (2) above) is lost
regardless of whether the store succeeded or failed.

- Some of the various types of exceptions occur, or a restore instruction (FERET or EIRET)
from the exception is executed.
Two types of link flags are all cleared.

- Multiple LDL.W instructions are executed in succession for the same type of link flags.
The link generated by the preceding LDL.W instruction is lost. Do not execute such
processing.

- A store operation other than the STC.W instruction is executed for the address*" for which
the link is generated.
Do not execute such processing.

— When the following access is executed by another bus master:

- A store operation (including execution of the STC.W instruction) is executed for the
address*" for which the link is generated.
The corresponding link is lost.

Note 1. It indicates the matching address with the 27 higher-order bits of link address.

When the STC.W instruction is successful, an atomic read-modify-write processing has been executed
by the LDL.W and STC.W instructions.
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3.4 Notes

3.41 Synchronization of Store Instruction Completion and Subsequent
Instruction Generation

When a control register is updated by a store instruction, there is a time lag after CPU implementation
of the store instruction and actual updating of the control register. Therefore, adequate synchronization
processing is needed to ensure the control register reflects updated contents before generation of a
subsequent instruction. How to perform synchronization processing is shown below. For the
procedures to synchronize updating system registers by LDSR instruction and the subsequent
instruction execution, see APPENDIX A. Hazard Resolution Procedure for System Registers in the
RHS850G3M User's Manual: Sofiware.

3.41.1 When updated results in the control registers are reflected in the implementation of
a subsequent instruction:

Example 1: This includes the following case: an interrupt is 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: If an access to another control register (control register B) is needed after a control register
(control register A) has been completely updated, execute the similar processing. This
includes the following cases: different peripheral devices are linked, or the interrupt mask
for INTC is cleared after the peripheral device is set. Note that this processing is not
required if the control registers A and B belong to the same peripheral group. For the
details of Peripheral Group, see Section 3.1.2, Periphral Group Configuration.

(1) Store instruction to update the control register A (ST.W, etc.)

(2) Dummy read of the above-mentioned control register (LD.W etc.)*1
(3) SYNCP

(4) Instruction to access the control register B (ST.W, LD.W, etc.)

The similar processing is also required when an access to a memory or control register to be protected
is started after a safety function (such as some kind of memory protection and ECC) has been
completely set up.

Note 1. Dummy reading of any register of the same peripheral group can be used instead.
3.4.1.2 When the updated results in the control registers and memories are reflected in the
instruction fetch of a subsequent instruction:

(a) In case of writing the instructions to the RAM before jumping to the RAM to execute
instrunctions from the RAM, take the following procedure.

(1) Execute the store instruction to update a memory (ST.W, etc).

(2) Perform a dummy read of the above memory (LD.W, etc).
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3.41.3

3.4.2

3.4.3

3.4.4

3.4.5

(3) Execute SYNCP.
(4) Execute SYNCI.
(5) Execute the subsequent instruction (branch instruction, etc).

(b) In case of updating control registers for memory protection and ECC functions before
jumping to the memory to be controlled by the registers, take the following procedure.

(1) Execute the store instruction to update a control register (ST.W, etc).
(2) Perform a dummy read of the control register (LD.W, etc).

(3) Execute SYNCP.

(4) Execute SYNCI.

(5) Execute the subsequent instruction (branch instruction, etc).

When switching the code flash memory area:

In this case, see Section 9, Usage Notes, (7) Update of FCUFAREA register in the RH850/Clx Flash
Memory User s Manual: Hardware Interface.

Access to Registers by Bit-Manipulation Instructions

Processing of writing by bit-manipulation instructions consists of atomic read-modify-write processing
in 8-bit units. Thus, access by a bit-manipulation instruction is only possible for registers for which
reading and writing in 8-bit units is possible. If a register includes multiple flag bits, the read-modify-
write operation may lead to the clearing of flags that were not actually targets for clearing.

Ensure Coherency after Rewriting the Code Flash

The CPU is equipped with the valid instruction cache and data buffer for the code flash area.

Therefore, clear the instruction cache and data buffer to ensure coherency after rewriting the code flash
by self-programming. The instruction cache is cleared by the ICCTRL register, and the data buffer is
cleared by the CDBCR register.

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 the RH850G3M User s Manual: Software.

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.
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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).

e 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 /\ Execute no instruction: read-only
A code are assigned
0 i
Branch\.' 48 bytes
Area where instruction codes
are assigned
=

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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Section4  Address Space

41 Address Space (C1H)

411 Address Space

Table 4.1 shows the address space of the RH850/C1H.

Do not access an address with which no register is mapped in the on-chip I/O register space. Do not
access any address that is not specified in Table 4.1 and any reserved area. If an unspecified address or
reserved area is accessed, operation is not guaranteed.

Table 4.1 Address Space (C1H)

Address Address Space Type Size
0000 0000y to 001F FFFF Code flash (user area read) 2.0 MB
(0001 70004 to 0001 7FFF) (FCU firmware area (Map is switched by the FCUFAREA (4 KB)
register.))
4 MB provided in C1H (2-bank configuration)"3
0020 0000y to 007F FFFFy Reserved area
0080 0000y to 009F FFFF Code flash (user area read) 2.0 MB
4 MB provided in C1H (2-bank configuration)
00AO 0000y to 00FF FFFFy Reserved area
0100 0000 to 0100 7FFFy Code flash (user boot area read) 32 KB
0100 8000y to FE9QE FFFFy Reserved area
FE9F 0000y to FE9F FFFFy Local RAM (CPU2 area) 64 KB
FEAO 0000y to FEBE FFFFy Reserved area
FEBF 0000y to FEBF FFFF Local RAM (CPU1 area) 64 KB
FECO 0000, to FEDE FFFFy Reserved area
FEDF 0000 to FEDF FFFFy Local RAM (self area*") 64 KB
FEEO 0000y to FEEE FFFFy Reserved area
FEEF 0000 to FEFO BFFFy Global RAM 112 KB
FEFO C000y to FEFF FFFFy Reserved area
FF00 0000y to FFFD FFFFy On-chip 1/O register 16 MB-128 KB
(FF20 00004 to FF20 7FFFy) (Data flash (read/write) (32 KB)
(FFA1 2000y to FFA1 2FFFy)  (FCU RAM area) (4 KB)
FFFE 0000y to FFFE DFFFy Reserved area
FFFE EO0Oy to FFFE FFFFy On-chip I/O register (self area*z) 8 KB
FFFF 0000y to FFFF 4FFF Reserved area
FFFF 5000y to FFFF FFFFy On-chip I/O register 44 KB

Note 1. When a local RAM self area is accessed, access the local RAM (self) included in each CPU (CPU1/CPU2).
Note 2. When an on-chip I/O register self area is accessed, access the on-chip 1/O register included in each CPU

(CPU1/CPU2).

Note 3.  For details, see the RH850/C1x Flash Memory User’s Manual: Hardware Interface.
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4.1.2 Address Space Viewed from Each Bus Master

Figure 4.1 shows address spaces viewed from each bus master.

41.21 Space in which Instructions can be Fetched

1. Instructions of the CPU1 and CPU2 can be fetched from the code flash, local RAM area, and
global RAM area.

2. The reset vector (RBASE value after reset) of the CPU1 and CPU2:
e When the startup area is the user boot area, its head address is 0100_0000y.

e When the startup area is the user area, its head address is 0000 0000y

41.2.2 Data Space Accessible by CPU1

See Figure 4.1 for the accessible spaces from CPU1.

4.1.2.3 Data Space Accessible by CPU2
See Figure 4.1 for the accessible spaces from CPU2.

41.2.4 Data Space Accessible by DMA (DMAC, DTS)
See Figure 4.1 for the accessible spaces from the DMA.
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Access from CPU1 Access from CPU2 Access from DMA
FFFF_FFFFH
Global APB Global APB Global APB
FFFF_5000H
FFFF_4FFFH
FFFF_0000H
FFFE_FFFFH Local APB self Local APB self
(8 KB) (8KB)
FFFE_EOOOH
FFFE_DFFFH
FFFE_0000H
FFFD_FFFFH
Global APB Global APB Global APB
FF67_0000H
FF66_FFFFH
FF64_8000H
FF64_7FFFH
Global APB Global APB Global APB
FF40_0000H
FF3F_FFFFH
FF20_8000H
FF20_7FFFH Data flash Data flash Data flash
FF20_0000H (32KB) (32KB) (32KB)
FF1F_FFFFH
Global APB Global APB Global APB
FF00_0000H
FEFF_FFFFH
FEF0_CO000H
FEFO_BFFFH GRAM GRAM GRAM
FEFO_0000H (48 KB) (48 KB) (48 KB)
FEEF_FFFFH
- GRAM GRAM GRAM
FEEF_0000H LGS (CHE)
FEEE_FFFFH
FEEO_0000H
FEDF_FFFFH
Local RAM self
(64 KB)
FEDF_0000H
FEDE_FFFFH
FECO0_0000H
FEBF_FFFFH
- Local RAM CPU1 Local RAM CPU1 Local RAM CPU1
FEBF_0000H (64 KB) (64 KB) (64 KB)
FEBE_FFFFH
FEA0_0000H
FEOF_FFFFH
- Local RAM CPU2 Local RAM CPU2 Local RAM CPU2
FE9F_0000H (EED ) (EEy
FE9E_FFFFH
0100_8000H
0100_7FFFH Code flash (32 KB) Code flash (32 KB)
0100_0000H User boot area User boot area
00FF_FFFFH
00AQ_0000H
O09F_FFFFH | Godeflash 2MB) | Codeflash 2MB) | Code Fiash (2 MB)
0080_0000H User area User area User area
007F_FFFFH
0020_0000H
001F_FFFFH
- Code flash (2 MB) Code flash (2 MB) Code flash (2 MB)
0000_0000H User area User area User area
Note: The following color coding is used in the map above.

Fetch and
data access available

Data access available

Figure 4.1 Address Space

Viewed from Each Bus Master (C1H)
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4.1.3 Global RAM Area

The global RAM is divided into two, bank A and bank B. Different banks can be accessed

concurrently.
FEFO_BFFFH
Bank B
(48 KB)
FEFO_0000H
FEEF_FFFFH
Bank A
(64 KB)
FEEF_0000H
Figure 4.2 GRAM Bank Area (C1H)
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4.2 Address Space (C1M)

421 Address Space

Table 4.2 shows the address space of the RH850/C1M.

Do not access an address with which no register is mapped the On-chip I/O register space. Do not

access any address that is not specified in Table 4.2 and any reserved area. If an unspecified address or

reserved area is accessed, operation is not guaranteed.

RO1UH0414EJ0160 Rev.1.60

May 31, 2018

Table 4.2 Address Space (C1M)
Address Address Space Type Size
0000 0000y to 001F FFFF Code flash (user area read) 2.0 MB
(0001 70004 to 0001 7FFFy) (FCU firmware area (Map is switched by the FCUFAREA (4 KB)
register.))
2 MB provided in C1M (1-bank configuration)*1
0020 0000y to OOFF FFFFy Reserved area
0100 0000y to 0100 7FFFy Code flash (user boot area read) 32 KB
0100 8000y to FEBE FFFFy Reserved area
FEBF 0000y to FEBF FFFFy Local RAM (CPU1 area) 64 KB
FECO 0000 to FEDE FFFFy Reserved area
FEDF 0000y to FEDF FFFF  Local RAM (self area) 64 KB
FEEO 0000y to FEEE FFFFy Reserved area
FEEF 0000y to FEEF FFFFy Global RAM 64 KB
FEFO0 0000y to FEFF FFFF Reserved area
FFO00 0000y to FFFD FFFFy On-chip 1/O register 16 MB-128 KB
(FF20 00004 to FF20 7FFFy) (Data flash (read/write) (32 KB)
(FFA1 2000y to FFA1 2FFF,)  (FCU RAM area) (4 KB)
FFFE 0000y to FFFE DFFFy Reserved area
FFFE EO00y to FFFE FFFFy On-chip I/O register (self area) 8 KB
FFFF 0000y to FFFF 4FFF Reserved area
FFFF 5000y to FFFF FFFFy On-chip I/O register 44 KB
Note 1.  For details, see the RH850/C1x Flash Memory User’s Manual: Hardware Interface.
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4.2.2 Address Space Viewed from Each Bus Master

Figure 4.3 shows address spaces viewed from each bus master.

4.2.21 Space in which Instructions can be Fetched

1. Instructions of the CPU1 can be fetched from the code flash, local RAM area, and global RAM
area.

2. The reset vector (RBASE value after reset) of the CPU1:
e When the startup area is the user boot area, its head address is 0100_0000y.

e When the startup area is the user area, its head address is 0000 _0000.

4.2.2.2 Data Space Accessible by CPU1
See Figure 4.3 for the accessible spaces from CPUI.

4.2.2.3 Data Space Accessible by DMA (DMAC, DTS)
See Figure 4.3 for the accessible spaces from the DMA.
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FFFF_FFFFH

FFFF_5000H
FFFF_4FFFH

FFFF_0000H
FFFE_FFFFH

FFFE_EO0OH
FFFE_DFFFH

FFFE_0000H
FFFD_FFFFH

FF67_0000H
FF66_FFFFH

FF64_8000H
FF64_7FFFH

FF40_0000H
FF3F_FFFFH

FF20_8000H
FF20_7FFFH

FF20_0000H
FF1F_FFFFH

FF00_0000H
FEFF_FFFFH

FEFO_0000H
FEEF_FFFFH

FEEF_0000H
FEEE_FFFFH

FEEO_0000H
FEDF_FFFFH

FEDF_0000H
FEDE_FFFFH

FECO_0000H
FEBF_FFFFH

FEBF_0000H
FEBE_FFFFH

0100_8000H
0100_7FFFH

0100_0000H
00FF_FFFFH

0020_0000H
001F_FFFFH

0000_0000H

Access from CPU1

Access from DMA

Global APB

Local APB self
(8KB)

Global APB

Global APB Global APB

Global APB Global APB

Data flash Data flash
(32 KB) (32KB)
Global APB Global APB

Local RAM self
(64 KB)

Local RAM CPU1
(64 KB)

Code flash (32 KB)
User boot area

Code flash (2 MB)
User area

Local RAM CPU1
(64 KB)

Code flash (2 MB)
User area

Fetch and
data access available

Data access available

Note: The following color coding is used in the map above.

Figure 4.3

Address Space Viewed from Each Bus Master (C1M)
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4.2.3 GRAM Bank Area

The global RAM consists of only Bank A.

FEEF_FFFFH
Bank A
(64 KB)
FEEF_0000H
Figure 4.4 GRAM Bank Area (C1M)
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Section 5  Operating Mode

5.1 Features

e This LSI has three mode pins to determine the operating mode (MD1, MDO, 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 31, Flash Memory. Table 5.1 shows the list of the operating
modes.

Table 5.1 Selection of Operating Mode

Value Set in The Pin Value Set in Option Byte 0

MD1 | MDO | FLMODE STM SEL1 STM SELO Operating Mode Startup Area Types of IF Remarks
0 0 0 0 0 User boot mode User area It is possible to select | On-chip debug is
I/F by OPBT2 in option | available.
0 1 User boot mode User bootarea | pyte. For details, see

Section 31.10.2,
OPBT2 — Option
Byte 2 Register.

1 x Serial programming Boot area Writer I/F Serial programming is

mode (2-line UART) available.
0 0 1 x x Boundary scan mode | — JTAG Boundary scan is

available.

0 1 0 x x Serial programming Boot area Writer I/F Serial programming is
mode (2-line UART) available.

0 1 1 x x Serial programming Boot area Writer I/F Serial programming is
mode (3-line clock available.

synchronization)

Note: X =Don't care.
Note 1.  For the correspondence between the pin function and pin state in each interface, see Section 2.4.3, 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 31, 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 34, Boundary Scan.
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Section 6 Interrupt

The interrupt controllers (INTC) judge the priority levels of interrupt sources and control interrupt
requests for the CPU. The INTC has registers for setting the order of priority for all of the interrupts,
and processing of the interrupts is in accord with the order of priority set by the user in these registers.

6.1 Overview

e Distribution of interrupt requests from one source to more than one core is supported.
— Interrupt requests from one source are distributable to more than one CPU core (specifically,
to the CPU1 and the CPU2)
— Target interrupt sources: 1 non-maskable interrupt, 1 FE level interrupt, and 21 EI level
interrupts
e Interrupt sources
— Non-maskable interrupts:
External pin NMI interrupt (FENMI) (1 source)

— FE level interrupts
ECM interrupt (FEINT) (1 source)

— El level interrupts (maskable) (EIINT)
High-speed interrupts (EIINTO0 to EIINT31) C1H: 21 sources; C1M: 16 sources
* Inter-processor interrupts
¢ ECM interrupts
» External interrupts (IRQ)
» Software interrupts (SINT)
 Interrupts from the fixed-period timer (OSTM)

*  DMA error notification interrupts
Low-speed interrupts (EIINT32 to EIINT255) C1H: 188 sources; C1M: 175 sources

* Interrupts from timers
» Transfer-related interrupts
* Interrupts from the ADC
e Interrupts from the DMAC and DTS
¢ Others
e Able to set up the order of priority for interrupts
256 interrupt control registers are provided so that one of 16 priority levels is assignable to the

IRQ (external) and other maskable interrupts thus placing each of the interrupt requests in an
order of priority.

o Sensing of external interrupts (NMI/IRQ)
For NMI sources, falling edges and rising edges are selectable.
For IRQ sources, the low level, the high level, falling edges, and rising edges are selectable.

o Two ways to specify the addresses of the interrupt handlers: through direct branching or with
reference to a table.
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Inter-processor interrupts
High-speed interrupts between the processors are available.

Software interrupts (SINT)
The software interrupt registers are accessible from programs and can be used to generate

changes to the order of priority as desired.

Sharing interrupt sources
Exception handler addresses are reduced by merging multiple interrupt sources.

Interrupts are controlled by the following interrupt controllers.

INTCI1

CPUI and CPU2 have their own interrupt controllers.

Each CPU accesses to the INTC1 register that corresponds to respective CPUs.
INTC1 controls high-speed interrupts, and has the following functions:

e Priority order setting
o Interrupt mask setting

INTC2
INTC2 is a common interrupt controller that CPU1 and CPU?2 share.
INTC2 controls low-speed interrupts, and has the following functions:

e Priority order setting
o Interrupt mask setting

¢ Binding setting
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6.2 Register Specifications

The INTC contains the registers listed in the table below. These registers are used to specify the
interrupt priority and control the detection of external interrupt input signals.

6.2.1 Configuration of Registers

Table 6.1 Interrupt Control
Register Value after

Module Name Address Symbol Register Name R/W  Reset
INTCA FFFE EAOOy to FFFE EA3EY EiCn*’ El level interrupt control R/W  008F4*°
(EICO to EIC31) (EICO to EIC31) register 808FH*6
INTC2 FFFF B040y to FFFF B1FEy
(EIC32 to EIC255) (EIC32 to EIC255)
INTCA1 FFFE EAFO4 (IMRO) IMRn*2 El level interrupt mask R/W  FFFF
(IMRO) register FFFFy
INTC2 FFFF B404y to FFFF B41Cy
(IMR1 to IMR7) (IMR1 to IMR7)
INTC1 FFFE EBOOy to FFFE EB7Cy EIBDNn*? El level interrupt bind register R/W ~ *
(EIBDO to EIBD31) (EIBDO to EIBD31)
INTC2 FFFF B880y to FFFF BBFCH

(EIBD32 to EIBD255) (EIBD32 to EIBD255)

Note 1. n=0to0255
Note2. n=0to7
Note 3. n=0to0255
Note 4. n=0to31: Same as the PEID bits
n = 32 to 255: 0000 0001
Note 5.  This is the case when an edge is detected.
Note 6.  This is the case when a level signal is detected.

Among the registers shown in Table 6.1, the EICO to EIC31, IMRO, and EIBDO to EIBD31 are
located in INTC1 of the CPU Peripheral area included in each CPU. Each register of these only can be

accessed from CPU1 or CPU2 which includes it. Writing is only possible in supervisor mode
(PSW.UM = 0).

Of the registers listed in Table 6.1, EIC32 to EIC255, IMR1 to IMR7, and EIBD32 to EIBD255 are
located in INTC2, the controller for interrupts from peripheral group 0. Writing to these registers is
possible when the following conditions are satisfied.

e CPUL is in supervisor mode (UM = 0).
e CPU2 is in supervisor mode (UM = 0) and EIBDn (n = 32 to 255) are bound to CPU2.

However, when writing to IMR1 to IMR7 by CPU2, only the bits corresponding to those in EIBDn (n =
32 to 255) that are bound to CPU2 are updated; 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 6.11, Interrupt Exception Handlers and Orders of Priority must retain their
values after a reset.
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Table 6.2 External Interrupts, Software Interrupts, and NMI

Module Name  Address Register Symbol Register Name R/IW Initial Value
EINT FFCO 0000y NMICTL NMI interrupt control register R/W 00y

EINT FFCO0 0010y EXINTCTL External interrupt control register R/W 0000y

EINT FFCO 0014y EXINTSTR External interrupt status register R 00y

EINT FFCO0 0018y EXINTSTC External interrupt status clear register W 00y

EINT FFCO0 00204 SINTRO Software interrupt register 0 R/W 004

EINT FFCO0 0024y SINTR1 Software interrupt register 1 R/W 00y

EINT FFCO0 0028y SINTR2 Software interrupt register 2 R/W 004

EINT FFCO0 002Cy SINTR3 Software interrupt register 3 R/W 00y

Table 6.3 Merging of Interrupts
Module Name  Address Register Symbol Register Name R/W Initial Value
INTIF FFF9 8000y PINTO Peripheral interrupt status register 0 R 0000 0000y
INTIF FFF9 8004y PINT1 Peripheral interrupt status register 1 R 0000 0000y
INTIF FFF9 8008y PINT2 Peripheral interrupt status register 2 R 0000 0000y
INTIF FFF9 800CH PINT3 Peripheral interrupt status register 3 R 0000 0000y
INTIF FFF9 8010y PINT4 Peripheral interrupt status register 4 R 0000 0000y
INTIF FFF9 8014y PINT5 Peripheral interrupt status register 5 R 0000 0000y
INTIF FFF9 8018y PINT6 Peripheral interrupt status register 6 R 0000 0000y
INTIF FFF9 801Cy PINT7 Peripheral interrupt status register 7 R 0000 0000y
INTIF FFF9 8020y PINTCLRO Peripheral interrupt status clear register 0 w 0000 0000y
INTIF FFF9 8024y PINTCLR1 Peripheral interrupt status clear register 1 w 0000 0000y
INTIF FFF9 8028y PINTCLR2 Peripheral interrupt status clear register 2 w 0000 0000y
INTIF FFF9 802Cy PINTCLR3 Peripheral interrupt status clear register 3 w 0000 0000y
INTIF FFF9 8030y PINTCLR4 Peripheral interrupt status clear register 4 w 0000 0000y
INTIF FFF9 8034y PINTCLR5 Peripheral interrupt status clear register 5 w 0000 0000y
INTIF FFF9 8038y PINTCLR6 Peripheral interrupt status clear register 6 w 0000 0000y
INTIF FFF9 803Cy PINTCLR?7 Peripheral interrupt status clear register 7 w 0000 0000y
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6.2.2 El Level Interrupt Control Registers 0 to 255 (EIC0 to EIC255)
One of these registers is provided for every El level interrupt source. The registers are used to configure
the conditions of control for each source. For each source, see Table 6.11, Interrupt Exception
Handlers and Orders of 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 3.4.2,
Access 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 afterreset ~ *' 0 0 0 0 0 0 0 1 0 0 0 1 1 1 1
RW R R R R/IW R R R R R/IW R/W R R R/W R/IW R/W R/W
Note 1.  0: Edge detection
1: Level detection
Table 6.4 EIC Register Contents (1/2)
Bit Position Bit Name Function
15 EICTn This is the interrupt channel type bit. The values listed below are read in accord
with the interrupt input interface. The bit is read-only. Following a read modify
write sequence for access to change this bit as a single bit is prohibited.
0: Edge detection
1: Level detection
When writing to this bit, write the value after reset.
14,13 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.
12 EIRFn This is an interrupt request flag. The operation of the flag depends on the
interrupt input interface.
0: No interrupt request is made (value after reset).
1: Interrupt request is made.
e Edge detection
When the CPU core has accepted an interrupt request on its own channel,
the request is automatically cleared.
This bit may be set and cleared by software. 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
Setting and clearing of the bit by software is not possible. That is, the bit is
read-only in this case.
11to8 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.
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Table 6.4 EIC Register Contents (2/2)

Bit Position Bit Name Function

7 EIMKn This is an interrupt mask bit. Setting this bit masks interrupt requests set in the
interrupt request flag (EIRFn), i.e. it may be used to obstruct interrupt requests
from the given channel to the CPU core. Furthermore, clearing of the PMEI bit in
the ICSR does not proceed in response to notification of the presence of an
interrupt that has not been processed on the channel for which this bit has been
set. This bit does not mask input from an interrupt input pin, so the interrupt
request flag still gets set even if this bit is set. The setting of this bit also reflects
the setting in the interrupt mask register (IMR).

0: Interrupt processing is enabled.
1: Interrupt processing is disabled (value after reset).

6 EITBn This bit is used to select the method of detection for the interrupt.
0: Direct jumping to an address determined from the level of priority
1: Reference to a table

54 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.

3to0 EIPn These bits specify the interrupt priority as one of 16 levels, with 0 as the highest
and 15 as the lowest.
When multiple El level-interrupt requests are made simultaneously, the interrupt
from the source with the highest priority setting in these bits is selected and
conveyed to the CPU core. When these bits specify the same priority level for
simultaneously occurring interrupt requests, the source with the lower channel
number takes priority. This order is fixed.

Note 1. n=0t0255

Note 2.  Leave registers corresponding to channel numbers listed as reserved in Section Table 6.11, Interrupt
Exception Handlers and Orders of Priority, at their values following a reset.
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6.2.3 El Level Interrupt Mask Registers 0 to 7 (IMRO to IMR7)

These registers are a collection of the EIMK bits of the EIC registers. Each bit of IMRn reflects the
setting of the corresponding EIMK bit. Setting IMRn 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|EIMK 18|EIMK17 [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 11 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 afterreset 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
IMR1
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IMR1H|EIMK63|EIMK62|EIMK61|EIMK60|EIMK59|EIMKS58|EIMK57 [EIMKS56|EIMK55|EIMKS4|EIMK5S3|EIMKS52|EIMKS51|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
IMR1YEIMK47|EIMK46|EIMK45|EIMK44 [EIMK43|EIMK42|EIMK41|EIMK40|EIMK39|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
IMR7
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
IMR7H EIMK25(EIMK25|EIMK25|EIMK25|EIMK25|EIMK25|EIMK24 |EIMK24|EIMK24 |[EIMK24 |EIMK24|EIMK24 |EIMK24|EIMK24 |EIMK24 |EIMK24
5 4 3 2 1 0 9 8 7 6 5 4 3 2 1 0
Value afterreset 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
IMR7L EIMK23|EIMK23|EIMK23|EIMK23|EIMK23|EIMK23|EIMK23|EIMK23|EIMK23|EIMK23|EIMK22|EIMK22|EIMK22|EIMK22|EIMK22|EIMK22
9 8 7 6 5 4 3 2 1 0 9 8 7 6 5 4
Value afterreset 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
R/W  R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W R/W
Note 1. EIMK bits corresponding to channel numbers listed as reserved in Table 6.11, Interrupt Exception
Handlers and Orders of Priority must be set to 1.
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6.2.4 El Level Interrupt Bind Registers 0 to 255 (EIBDO to EIBD255)

An EIBD register is provided per EI level interrupt and handles support for the PE and all sources. For
each source, see Table 6.11, Interrupt Exception Handlers and Orders of Priority.

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
EIBDnH| — — — — — — — — — — — — — — GPID
Value after reset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
RW R R R R R R R R R R R R R R RW  RW
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
EBDnY — — — — — — — — — — — — — PEID
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 +1 «1 *1
RW R R R R R R R R R R R R R RW RW RW

Table 6.5 EIBD Register Contents

Bit Position Bit Name Function

31to 18 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.

17,16 GPID These bits are only present in EIBD32 to EIBD255. Used them to check the PEID

settings as listed below.

00: The PEID bits are selecting the CPU1 as the target for binding.

01: The PEID bits are selecting the CPU2 as the target for binding.
These bits are reserved in registers EIBDO to EIBD31. When writing, set the
value for these bits to 0. When read, the bits are always read as 0.

15t0 3 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.

2t00 PEID These bits specify the destination to which the interrupt request is bound.

However, the PEID bits, which are multiplexed per PE, in the EIBDO to EIBD31
registers are fixed to each PE number, so the values of these bits cannot be
changed in those registers.

001: The interrupt is bound to the CPU1.

010: The interrupt is bound to the CPU2.
Always make either of the above settings if interrupts from the corresponding
source are to be executed.

Note 1.  EIBD32 to EIBD255: 001

Note: Leave registers corresponding to channel numbers listed as reserved in Table 6.11, Interrupt Exception
Handlers and Orders of Priority, at their values following a reset.

CAUTION
Changing the value of 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

This eight-bit register is used to specify the falling edges or rising edges as the sense for detection of
the NMI input through the NMI pin.

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 6.6 NMICTL Register Contents

Bit Position Bit Name Function

7to2 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.

1,0 NMIS NMI Interrupt Sense Select

These bits are used to select the falling edges or rising edges as the sense for
detection of the NMI input through the NMI pin.

00: Interrupt requests are detected as falling edges on the NMI input.

01: Interrupt requests are detected as rising edges on the NMI input.

Setting prohibited other than the above.
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6.2.6 EXINTCTL — External Interrupt Control Register

This 16-bit register is used to specify the low level, the high level, falling edges, or rising edges as the
sense for detection of the individual external interrupts input through the IRQO to IRQ7 pins.

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

IRQ7S IRQ6S IRQ5S IRQ4S IRQ3S IRQ2S IRQ18 IRQOS

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 6.7 EXINTCTL Register Contents

Bit Position Bit Name Function

15, 14 IRQ7S External Interrupt Sense Select
Each pair of bits is used to select the low level, the high level, falling edges, or

13,12 IRQ6S rising edges as the sense for detection of interrupt signals on a pin from among
11, 10 IRQ5S IRQO to IRQ7.

. : *1
9.8 IRQ4S 00: Interrupt requests are detected as the low level on the IRQn input.

01: Interrupt requests are detected as the high level on the IRQn input.*1
7,6 IRQ3S 10: Interrupt requests are detected as falling edges on the IRQn input.
11: Interrupt requests are detected as rising edges on the IRQn input.

54 IRQ2S
3,2 IRQ1S
1,0 IRQOS
Note 1. When the sense setting is for level detection, 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 eight-bit register that indicates interrupt requests via the external interrupt input pins
(IRQO to IRQ7). When the sense setting for a given interrupt from among IRQO to IRQ7 is for edge
detection, register EXINTSTC can be used to clear the corresponding flag in this register.

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 6.8 EXINTSTR Register Contents

Bit Position Bit Name Function

7 IRQ7F External Interrupt Request

6 IRQG6F These bits form a table that indicates the states of interrupt requests from IRQ0

to IRQ7.

5 IRQSF o When level detection is selected

4 IRQ4F 0: An interrupt request is not present on IRQn.
1: An interrupt request is present on IRQn.

3 IRQ3F [Clearing condition]

2 IRQ2F The level selected by the IRQn1S and IRQNOS bits in the EXINTCTL
register not being on the corresponding IRQnN.

1 IRQ1F [Setting condition]

0 IRQOF The level selected by the IRQn1S and IRQNOS bits in the EXINTCTL

register being on the corresponding IRQn.

* When edge detection is selected
0: An IRQn interrupt request has not been detected.
1: An IRQn interrupt request has been detected.
[Clearing condition]
1 is written to an IRQNC bit in the EXINTSTC register.
[Setting condition]
The edge selected by the IRQn1S and IRQNOS bits in the EXINTCTL
register having been generated.

Note: n=0to7
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6.2.8 EXINTSTC — External Interrupt Status Clear Register

Register EXINTSTC is an eight-bit register that is used to clear IRQnF bits in EXINTSTR for which
edge detection has been selected as the method of sensing. When this is the case, writing 1 to an IRQnC
bit clears the corresponding IRQnF in EXINTSTR if the interrupt has been detected.

Value after reset

Bit 7 6 5 4 3 2 1 0
IRQ7C IRQ6C IRQ5C IRQ4C IRQ3C IRQ2C IRQ1C IRQOC
0 0 0 0 0 0 0 0
R/W w w W w W W w w
Table 6.9 EXINTSTC Register Contents
Bit Position Bit Name Function
7 IRQ7C External Interrupt Request Clear
6 IRQ6C When edge detection has been selected as the method of sensing for an IRQ0
to IRQ7, the corresponding bit is used to clear the status flag that indicates the
5 IRQ5C interrupt request.
4 IRQ4C o When level detection is selected
The bits have no function.
3 IRQ3C .
* When edge detection is selected
2 IRQ2C Writing 1 to an IRQNC bit clears the corresponding IRQnF in EXINTSTR.
1 IRQ1C
0 IRQOC
Note: n=0to7
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6.2.9 SINTRO to SINTR3 — Software Interrupt Register

These eight-bit registers are used to control software interrupts 0 to 3 (SINTO to SINT3).

Writing 01H to one of these registers increments the value in the counter; writing 00H decrements it. If
the resulting counter value is one or more, the corresponding interrupt from among software interrupts
0 to 3 (SINTO to SINT3) is generated.

Reading produces the current value of the counter.

Bit 7 6 5 4 3 2 1 0
SINTCn[7:0]
Value after reset 0 0 0 0 0 0 0 0
R/W R/W R/W R/IW R/W R/IW R/W R/W R/W

Table 6.10 SINTR Register Contents

Bit Position Bit Name Function

7to00 SINTCn[7:0] Software Interrupt Request
These bits are used to generate software interrupt requests.
[Reading]

The value counted number of times counted by the SINTn interrupt request
counter is read out.

[Writing]

Writing 01 increments the counter.*!

Writing 00 decrements the counter.*2

Note 1. When 01y 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 interrupts and transfer count match interrupts are merged in 32-channel
units. PINTO to PINT7 contain the interrupt status flags to indicate the originating channels for the
actual interrupts. When multiple interrupt sources are generated within the same register among PINTO
to PINT7, only the single bit on the lower-order side is set.

Interrupt request flags that have been set are cleared from within the interrupt handlers by reading the
value of the interrupt register from among PINTO to PINT7 and writing to the register from among
PINTCLRO to PINTCLR?7 that corresponds to the interrupt channel.

PINTn +x (n =0 to 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
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=0to 3; 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*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
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 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=0to 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=0to 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*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
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/IW 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*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
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] States of DTS transfer completion interrupts from channel 31 to channel 0
PINT1
Bit Position Bit Name Function
31t00 INTDTS[63:32] States of DTS transfer completion interrupts from channel 63 to channel 32
PINT2
Bit Position Bit Name Function
31t00 INTDTS[95:64] States of DTS transfer completion interrupts from channel 95 to channel 64
PINT3
Bit Position Bit Name Function
31t00 INTDTS [127:96] States of DTS transfer completion interrupts from channel 127 to channel 96
PINT4
Bit Position Bit Name Function
31t00 INTCTDTS States of DTS transfer count match interrupts from channel 31 to channel 0
[31:0]
PINTS
Bit Position Bit Name Function
31t0o0 INTCTDTS States of DTS transfer count match interrupts from channel 63 to channel 32
[63:32]
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PINT6
Bit Position Bit Name Function
31t00 INTCTDTS States of DTS transfer count match interrupts from channel 95 to channel 64
[95:64]
PINT7
Bit Position Bit Name Function
31t00 INTCTDTS States of DTS transfer count match interrupts from channel 127 to channel 96
[127:96]
PINTCLRO
Bit Position Bit Name Function
31t00 INTCLR[31:0] The respective bits clear the corresponding flags for the DTS channel 31 to
channel 0 transfer completion interrupts.
Write the value read from PINTO to this register from within the interrupt handler.
PINTCLR1
Bit Position Bit Name Function
31t00 INTCLR[63:32] The respective bits clear the corresponding flags for the DTS channel 63 to
channel 32 transfer completion interrupts.
Write the value read from PINT1 to this register from within the interrupt handler.
PINTCLR2
Bit Position Bit Name Function
31t00 INTCLR[95:64] The respective bits clear the corresponding flags for the DTS channel 95 to
channel 64 transfer completion interrupts.
Write the value read from PINT2 to this register from within the interrupt handler.
PINTCLR3
Bit Position Bit Name Function
31t00 INTCLR[127:96] The respective bits clear the corresponding flags for the DTS channel 127 to
channel 96 transfer completion interrupts.
Write the value read from PINT3 to this register from within the interrupt handler.
PINTCLR4
Bit Position Bit Name Function
31t00 INTCTCLR[31:0] The respective bits clear the corresponding flags for the DTS channel 31 to
channel 0 transfer count match interrupts.
Write the value read from PINT4 to this register from within the interrupt handler.
PINTCLR5
Bit Position Bit Name Function
31t00 INTCTCLR The respective bits clear the corresponding flags for the DTS channel 63 to
[63:32] channel 32 transfer count match interrupts.
Write the value read from PINTS5 to this register from within the interrupt handler.
PINTCLR6
Bit Position Bit Name Function
31t00 INTCTCLR The respective bits clear the corresponding flags for the DTS channel 95 to
[95:64] channel 64 transfer count match interrupts.

Write the value read from PINT® to this register from within the interrupt handler.
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PINTCLR?7
Bit Position Bit Name Function
31t00 INTCTCLR The respective bits clear the corresponding flags for the DTS channel 127 to

[127:96]

channel 96 transfer count match interrupts.

Write the value read from PINT?7 to this register from within the interrupt handler.
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6.3 Interrupt Sources

The five types of interrupt source are external interrupts (NMI, IRQ), ECM interrupt, inter-processor
interrupt, software interrupt, and peripheral module interrupt.

6.3.1 NMI Interrupts

NMI refers to external interrupt requests input via the NMI pins. The settings of the NMI interrupt
sense select bits (NMIS) in the NMI interrupt control register (NMICTL) select the falling edges, or
rising edges.

NMI interrupts are accepted at the highest priority even when other FE level interrupt has occurred and
cannot be masked regardless of the state of the PSW.NP in the CPU system register. They are non-
maskable interrupts from which return or recovery is not possible.

6.3.2 IRQ Interrupts

IRQ interrupts refers to interrupt requests input via pins IRQO to IRQ7. The settings of the external
interrupt sense select bits (IRQ7S to IRQOS) in the external interrupt control (EXINTCTL) register
select the low level, the high level, falling edges, or rising edges for detection as the IRQ interrupt on
each of the corresponding pins. Furthermore, the interrupt control registers set the priority up to 16
levels for each interrupt source.

When the low level is selected for detection as an IRQ interrupt, an interrupt request signal is conveyed
to the interrupt controller (INTC) while the low level is on the corresponding pin from among IRQO to
IRQ7. The request signal is not conveyed when the level becomes high. The active level should be
retained until acceptance of the interrupt request. Checking for requests can be done by reading the
corresponding IRQ interrupt request bit (IRQOF to IRQ7F) in the external interrupt status register
(EXINTSTR).

When edge detection is selected for an IRQ interrupt, an interrupt request signal is conveyed to the
interrupt controller (INTC) when the corresponding change in the level on the given pin from among
IRQO to IRQ7 occurs.

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, refer to Section 28, Error Control Module (ECM).
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6.3.4 Inter-Processor Interrupts

Four registers (IPIR_CHn) for conveying interrupts between CPUs are provided.

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

The order of priority can be set for each source in 16 levels by using the interrupt control registers.

6.3.5 Software Interrupts

The software interrupt (SINT) is generated by setting the SINTRO to SINTR3 registers. Multiple
interrupt requests can be queued.

The order of priority for software interrupts is set for each source in 16 levels by using interrupt control
registers.

6.3.6 Internal Peripheral Module Interrupts

Internal peripheral module interrupts are interrupts from the internal peripheral modules listed below.
e Code flash and data flash
e Serial communications interface 3 (SCI3)
e OS Timer (OSTM)
e Window watchdog timer (WDTA)
e Motor control timer (TSG3)
e A/D converter (ADCC)
e Clocked Serial Interface H (CSIH)
e CAN interface (RS-CAN)
e LIN master interface (RLIN2)
e Direct memory access controller (DMAC, DTS)
e Enhanced motor control unit (EMU?2)
e R/D converter (RDC2)
e Timer array unit J (TAUJ)
e Timer array unit D (TAUD)
e Encoder timer (ENCA)
e Timer option (TAPA)
e Timer pattern buffer (TPBA)

e Peripheral interconnection 1 (PIC1A)

Since each source is allocated a different interrupt vector, there is no need to determine the source from
the interrupt exception handling routines. The order of priority for interrupts is set for each source in 16
levels.
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6.4 Description of Operations in Terms of Interrupt Exception
Handlers and Order of Priority

Interrupt sources, the corresponding source codes, address offsets of the handlers, and interrupt priority
levels are listed in Table 6.11.

Along with the standard specification for the addresses of handlers, where these are determined by the
settings of the PSW.EBYV bits and the RBASE and EBASE registers within the CPU core, an extended
specification where fixed addresses of the handlers for each of the interrupts are set per channel is also
available.

In the standard specification, the address of each exception handler is the offset address plus the base
address (set in the RBASE and EBASE registers) within the CPU core.

Interrupt offsets are determined through the two methods described below. Put briefly, the offset
address is specified or determined by the interrupt channel.

¢ In one method, the address is determined as the priority level set for each channel (0 to 15) plus a
value in the range from 100H to 1FOH regardless of the interrupt channel number (see note 1
under Table 6.11).

o In the other method, the addresses are evenly spread across the range of offsets up to 100H
regardless of the priority level. This method has the advantage of reducing the amount of memory
taken up for exception handling (see note 2 under Table 6.11).

In the extended specification, a table of the addresses of the exception handlers for each of the interrupt
channels is kept, and the addresses of the handlers are extracted from this table. The locations for
reference in the table are obtained from the formula below (see note 3 under Table 6.11). INTBP is the
value in the register of that name within the CPU core.

Location for reading the address of the exception handler = value in the INTBP register
+ the channel number x 4 (in bytes)

See the RH850G3M User s Manual: Software for RH850G3M exceptions.
For system error exceptions, see Section 3, CPU System.

The orders of priority are set per channel to values. When the same priority level is set for two sources,
the channel numbers are used to provide fixed priority levels for the sources, and that with the smaller
channel number is selected.

CAUTION

You must assign the SYNCP instruction to the first of exception handler of FPI,
SYSERR, EIINT (Direct Vector Method), FEINT, FENMI. For the details, see the
RH850G3M User’s Manual: Software for RH850G3M.
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Section 6 Interrupt

Table 6.11 Interrupt Exception Handlers and Orders of Priority (1/7)

Interrupt Target
Offset Address Priority Device
. - Order
Level EIINT Direct Branching Reference | (Value Default
interrupt | Interrupt | Source toa after Priority
Function/Module Interrupt Al Channel | Code RINT=0*2 | RINT=1*2 | Table*? | Reset) C1H | CIM | Order
Non-maskable NMI interrupt (FENMI) | EOy +0EOy +0EOy — v \ Higher
interrupt priority
FE level interrupt Error control module (ECM) FE (FEINT) | FOy +0F0y +0F0y — V \/
level interrupts A
Inter-processor IPIR_CHO 0 1000 The offset The offset | +000y 0to15(15) | x
interrupts address is address is
IPIR_CH1 1 1001 determined | always +004y 0to15(15) | x
within a +100y
IPIR_CH2 2 1002 range of regardless | *008H 0to15(15) |V | x
IPIR_CH3 3 1003 | F100kto | of priority. 7000 0t015(15) |V | x
+1F0y
Reserved 4 1004 according N ,
to the
Reserved 5 1005 priority, x x
regardless
Reserved 6 1006 of interrupt x x
channels.
Reserved 7 1007 x x
Error control module Error control module (ECM) 8 1008 +020y 0to15(15) | N
maskable interrupt
IRQ (External IRQO interrupt ¢ 9 1009 +024y 0to15(15) | v
interrupts)
IRQ1 interrupt N 10 100A +028 0to15(15) | \
IRQ2 interrupt N 1 100B +02Cy 0to15(15) | \
IRQ3 interrupt N 12 100C +030y 0to15(15) | \
IRQ4 interrupt N 13 100D +034y 0to15(15) | \
IRQ5 interrupt N 14 100E +038 0to15(15) | \
IRQS6 interrupt N 15 100F +03Cy 0to15(15) | N
IRQ7 interrupt N 16 1010 +040y 0to15(15) | \
SINT SINTO interrupt d 17 1011 +044y 0to15(15) | \
(software interrupts)
SINT1 interrupt v 18 1012 +048y, 0to15(15) | \
SINT2 interrupt \ 19 1013 +04Cy 0to15(15) | \
SINT3 interrupt \ 20 1014 +050y 0to15(15) | \
Reserved 21 1015 x x
Reserved 22 1016 x x
Reserved 23 1017 x x
Reserved 24 1018 x x
0STM OSTMO interrupt (OSTMOTINT) 25 1019 +064y 0to 15 (15) | N
OSTM1 interrupt (OSTM1TINT) 26 101A +068y 0to 15 (15) | N
OSTM2 interrupt (OSTM2TINT) 27 101B +06Cy 0to 15 (15) | x
Reserved 28 101C x x
DMA DMA transfer error (DMAERR) 29 101D +074y 0to15(15) | \
Reserved 30 101E x x
Reserved 31 101F x x
Code flash, data flash Reserved 32 1020 x x
Flash sequencer processing 33 1021 +084y 0to15(15) | N
completion interrupt*3
Reserved 34 1022 x x
Reserved 35 1023 x x
Reserved 36 1024 x x
Reserved 37 1025 x x
DMAC Channel 0 transfer completion 38 1026 +098y 0to15(15) | N
interrupt/ channel 0 transfer count
match interrupt
Channel 1 transfer completion 39 1027 +09Cy 0to15(15) | \
interrupt/ channel 1 transfer count
match interrupt
Channel 2 transfer completion 40 1028 +0A0y 0to15(15) | N
interrupt/ channel 2 transfer count
match interrupt
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Table 6.11 Interrupt Exception Handlers and Orders of Priority (2/7)

Interrupt Target
Offset Address Priority Device
. - Order
Level EIINT Direct Branching Reference | (Value Default
interrupt | Interrupt | Source toa after Priority
Function/Module Interrupt el Channel | Code RINT=0*2 | RINT=1*2 | Table*2 | Reset) C1H | CIM | Order
DMAC Channel 3 transfer completion 41 1029 The offset The offset | +0A4y 0to 15 (15) | v v Higher
interrupt/ channel 3 transfer count address is address is priority
match interrupt determined | always
within a +100y
Channel 4 transfer completion 42 102A range of regardless | +0A8y 0to15(15) | \ A
interrupt/ channel 4 transfer count +1004 to of priority.
match interrupt +1F0y
) according
Channel 5 transfer completion 43 102B | to the +0ACyH 0to15(15) | ¥ v
interrupt/ channel 5 transfer count priority,
match interrupt regardless
Channel 6 transfer completion 44 102C zrf]:r:i;l;pt +0BO0y 0to15(15) | \
interrupt/ channel 6 transfer count :
match interrupt
Channel 7 transfer completion 45 102D +0B4y 0to15(15) | \
interrupt/ channel 7 transfer count
match interrupt
Channel 8 transfer completion 46 102E +0B8y 0to15(15) | \
interrupt/ channel 8 transfer count
match interrupt
Channel 9 transfer completion 47 102F +0BCy 0to15(15) | \
interrupt/ channel 9 transfer count
match interrupt
Channel 10 transfer completion 48 1030 +0C0y 0to15(15) | \
interrupt/ channel 10 transfer
count match interrupt
Channel 11 transfer completion 49 1031 +0C4y 0to15(15) | \
interrupt/ channel 11 transfer count
match interrupt
Channel 12 transfer completion 50 1032 +0C8y 0to15(15) | \
interrupt/ channel 12 transfer
count match interrupt
Channel 13 transfer completion 51 1033 +0CCh 0to15(15) | \
interrupt/ channel 13 transfer
count match interrupt
Channel 14 transfer completion 52 1034 +0D0y 0to15(15) | \
interrupt/ channel 14 transfer
count match interrupt
Channel 15 transfer completion 53 1035 +0D4y 0to15(15) | \
interrupt/ channel 15 transfer
count match interrupt
WDTA WDTAQTIT interval timer interrupt 54 1036 +0D8y 0to15(15) | \
(75% interrupt)
WDTA1TIT interval timer interrupt 55 1037 +0DCh 0to15(15) | x
(75% interrupt)
EMU2 EMU20 interrupt 0 56 1038 +0EOy 0to15(15) | N
EMU20 interrupt 1 57 1039 +0E4y 0to15(15) | \
EMU20 interrupt 2 58 103A +0E8y 0to15(15) | \
EMU20 interrupt 3 59 103B +0ECy 0to15(15) | \
EMU20 interrupt 4 60 103C +0FOy 0to15(15) | \
EMU21 interrupt 0 61 103D +OF 4y 0to 15 (15) | J
EMU21 interrupt 1 62 103E +0F8y 0to15(15) | V N
EMU21 interrupt 2 63 103F +0FCy 0to15(15) | \
EMU21 interrupt 3 64 1040 +100y 0to15(15) | \
EMU21 interrupt 4 65 1041 +104y 0to15(15) | \
RDC_0 RDC20 Z-phase interrupt 66 1042 +108 0to 15 (15) | N
RDC20 error interrupt 67 1043 +10Cy 0to15(15) | N
RDC20 Compare 0 match interrupt 68 1044 +110y 0to15(15) | N
RDC20 Compare 1 match interrupt 69 1045 +114y 0to15(15) | V
RDC20 Compare 2 match interrupt 70 1046 +118y 0to15(15) | \
RDC20 Excitation timer (ET) 71 1047 +11Cy 0to 15 (15) | N
interrupt
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Table 6.11 Interrupt Exception Handlers and Orders of Priority (3/7)

Interrupt Target
Offset Address Priority Device
Order
Level EIINT Direct Branching Reference | (Value Default
interrupt | Interrupt | Source toa after Priority
Function/Module Interrupt el Channel | Code RINT=0*2 | RINT=1*2 | Table*2 | Reset) C1H | CIM | Order
RDC_1 RDC21 Z-phase interrupt 72 1048 The offset The offset | +120y 0to 15 (15) | v x Higher
address is | address is priority
RDC21 error interrupt 73 1049 determined | always +124y, 0to15(15) | ¥ x
RDC21 Compare 0 match interrupt 74 104A \:;I:]hglg if :(:goaorgless +128y 0to 15 (15) | x A
RDC_1 RDC21 Compare 1 match interrupt 75 1048 :]gg: to | ofpriority. 7, o, 0to15(15) [ | x
RDC21 Compare 2 match interrupt 76 104C f:fﬁ;ding +130,, 0to15(15) |V | x
RDC21 Excitation timer (ET) 77 104D priority, +134y, 0to 15 (15) | x
interrupt regardless
of interrupt
TAUJ_O INTTAUJOIO interrupt 78 104E channels. +138y 0to15(15) | d
INTTAUJOI1 interrupt 79 104F +13Cy 0to15(15) | \
INTTAUJOI2 interrupt 80 1050 +140y 0to15(15) | \
INTTAUJOI3 interrupt 81 1051 +144y 0to15(15) | N
TAUD INTTAUDOIO interrupt 82 1052 +148, 0to 15 (15) | N
INTTAUDOI1 interrupt 83 1053 +14Cy 0to 15 (15) | N
INTTAUDOI2 interrupt 84 1054 +150 0to15(15) | d
INTTAUDOI3 interrupt 85 1055 +154y 0to15(15) | \
INTTAUDOI4 interrupt 86 1056 +158, 0to15(15) | \
INTTAUDOI5 interrupt 87 1057 +15Cy 0to15(15) | N
INTTAUDOI6 interrupt 88 1058 +160y 0to 15 (15) | N
INTTAUDOI7 interrupt 89 1059 +164y 0to 15 (15) | N
INTTAUDOIS interrupt 90 105A +168y 0to15(15) | d
INTTAUDOIQ interrupt 91 1058 +16Cy 0to15(15) | \
INTTAUDOI10 interrupt 92 105C +170y 0to15(15) | \
INTTAUDOI11 interrupt 93 105D +174y 0to15(15) | N
INTTAUDOI12 interrupt 94 105E +178y 0to 15 (15) | N
INTTAUDOI13 interrupt 95 105F +17Cy 0to 15 (15) | N
INTTAUDOI14 interrupt 96 1060 +180 0to15(15) | V d
INTTAUDOI15 interrupt 97 1061 +184y 0to15(15) | \
INTTAUD110 interrupt 98 1062 +188 0to15(15) | \
INTTAUD111 interrupt 99 1063 +18Cy 0to15(15) | N
INTTAUD112 interrupt 100 1064 +190y 0to 15 (15) | N
INTTAUD113 interrupt 101 1065 +194y 0to 15 (15) | N
INTTAUD114 interrupt 102 1066 +198y 0to15(15) | V d
INTTAUD115 interrupt 103 1067 +19Cy 0to15(15) | \
INTTAUD116 interrupt 104 1068 +1A0y 0to15(15) | N
INTTAUD117 interrupt 105 1069 +1Ady 0to15(15) | N
INTTAUD118 interrupt 106 106A +1A8y 0to 15 (15) | N
INTTAUD119 interrupt 107 106B +1ACH 0to15(15) | d
INTTAUD1110 interrupt 108 106C +1B0y 0to15(15) | d
INTTAUD1111 interrupt 109 106D +1B4y 0to15(15) | \
INTTAUD1112 interrupt 110 106E +1B8y 0to15(15) | N
INTTAUD1113 interrupt 11 106F +1BCy 0to15(15) | N
INTTAUD1114 interrupt 12 1070 +1C0y 0to 15 (15) | N
INTTAUD1115 interrupt 13 1071 +1C4y 0to15(15) | d
Reserved 114 1072 x x
Reserved 115 1073 x x
PIC1A ENCAO compare 0 match or 116 1074 +1D0y 0to15(15) | \
capture 0 interrupt
ENCA1 compare 0 match or 117 1075 +1D4y 0to15(15) | \
capture 0 interrupt
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Section 6 Interrupt

Table 6.11 Interrupt Exception Handlers and Orders of Priority (4/7)
Interrupt Target
Offset Address Priority Device
. - Order
Level EIINT Direct Branching Reference | (Value Default
interrupt | Interrupt | Source toa after Priority
Function/Module Interrupt el Channel | Code RINT=0*2 | RINT=1*2 | Table*2 | Reset) C1H | CIM | Order
ENCA_O Overflow interrupt 118 1076 The offset The offset | +1D8y 0to 15 (15) | v v Higher
address is | address is priority
Compare 1 match or capture 1 119 1077 determined | always +1DCy 0to 15 (15) v v
interrupt within a +1004
- range of regardless A
Underflow interrupt 120 1078 +100, to of priority. | *1EOH 0to 15 (15) | v
Encoder clear interrupt 121 1079 1ROy +1E4 0to15(15) | V
ncoder clear interrupt according H 0 15 (15)
ENCA_1 Overflow interrupt 122 107A tp?'i:)r:’iety +1E8y 0to15(15) | \
Compare 1 match or capture 1 123 107B regardless +1ECy 0to 15 (15) | v N
interrupt of interrupt
channels.
Underflow interrupt 124 107C +1F0y 0to15(15) | \
Encoder clear interrupt 125 107D +1F4y 0to15(15) | \
TAPA TAPAO peak interrupt 0 126 107E +1F8y 0to15(15) | V N
TAPAO trough interrupt 0 127 107F +1FCy 0to15(15) | N
TAPA1 peak interrupt 0 128 1080 +200y 0to15(15) | \
TAPA1 trough interrupt 0 129 1081 +204y 0to15(15) | N
TPBA_O Cycle match detection interrupt 130 1082 +208 0to15(15) | \
Duty match detection interrupt 131 1083 +20Cy 0to15(15) | \
Pattern count match detection 132 1084 +210y 0to15(15) | \
interrupt
TPBA_1 Cycle match detection interrupt 133 1085 +214y 0to15(15) | x
Duty match detection interrupt 134 1086 +218y 0to15(15) | x
Pattern count match detection 135 1087 +21Cy 0to15(15) | x
interrupt
TSG3_0 TSG30 compare match interrupt 1 136 1088 +220y 0to15(15) | \
(INTTSG30I1)
TSG30 compare match interrupt 2 137 1089 +224y 0to15(15) | \
(INTTSG3012)
TSG30 compare match interrupt 3 138 108A +228 0to15(15) | \
(INTTSG3013)
TSG30 compare match interrupt 4 139 108B +22Cy 0to15(15) | \
(INTTSG3014)
TSG30 compare match interrupt 5 140 108C +230y 0to15(15) | \
(INTTSG3015)
TSG30 compare match interrupt 6 141 108D +234y 0to15(15) | \
(INTTSG3016)
TSG30 compare match interrupt 7 142 108E +238 0to15(15) | \
(INTTSG3017)
TSG30 compare match interrupt 8 143 108F +23Cy 0to15(15) | N
(INTTSG3018)
TSG30 compare match interrupt 9 144 1090 +240y 0to15(15) | \
(INTTSG3019)
TSG30 compare match interrupt 145 1091 +244y 0to15(15) | \
10 (INTTSG30110)
TSG30 compare match interrupt 146 1092 +248y, 0to15(15) | N
11 (INTTSG30111)
TSG30 compare match interrupt 147 1093 +24Cy 0to15(15) | \
12 (INTTSG30112)
TSG30 error interrupt 148 1094 +250y 0to15(15) | \
(INTTSG30IER)
TSG30 warning interrupt 149 1095 +254y 0to15(15) | N
(INTTSG30IWN)
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Table 6.11 Interrupt Exception Handlers and Orders of Priority (5/7)

Interrupt Target
Offset Address Priority Device
. - Order
Level EIINT Direct Branching Reference | (Value Default
interrupt | Interrupt | Source toa after Priority
Function/Module Interrupt el Channel | Code RINT=0*2 | RINT=1*2 | Table*2 | Reset) C1H | CIM | Order
TSG3_1 TSG31 compare match interrupt 1 150 1096 The offset The offset | +258y 0to 15 (15) | v v Higher
(INTTSG3111) address is address is priority
determined | always
TSG31 compare match interrupt 2 151 1097 within a +100y +25Cy 0to15(15) | \
(INTTSG3112) range of regardless A
- +100y to of priority.
TSG31 compare match interrupt 3 152 1098 +1FOy, +260y 0to15(15) | \
(INTTSG3113) according
TSG31 compare match interrupt 4 153 1009 | fothe +264,, 0t015(15) |V |V
priority,
(INTTSG3114) regardless
TSG31 compare match interrupt 5 154 109A o;interrlupt +268y 0to15(15) | \
(INTTSG3115) channe’s.
TSG31 compare match interrupt 6 155 1098 +26Cy 0to15(15) | \
(INTTSG3116)
TSG31 compare match interrupt 7 156 109C +270y 0to15(15) | \
(INTTSG3117)
TSG3_1 TSG31 compare match interrupt 8 157 109D +274y 0to15(15) | \
(INTTSG3118)
TSG31 compare match interrupt 9 158 109E +278y 0to15(15) | \
(INTTSG3119)
TSG31 compare match interrupt 159 109F +27Cy 0to15(15) | \
10 (INTTSG31110)
TSG31 compare match interrupt 160 10A0 +280y 0to15(15) | \
11 (INTTSG31111)
TSG31 compare match interrupt 161 10A1 +284y 0to15(15) | \
12 (INTTSG31112)
TSG31 error interrupt 162 10A2 +288), 0to15(15) | \
(INTTSG31IER)
TSG31 warning interrupt 163 10A3 +28Cy 0to15(15) | \
(INTTSG31IWN)
TSG3_0 TSG30 compare match interrupt 0 164 10A4 +290y 0to15(15) | \
(INTTSG3010)
TSG30 peak interrupt 165 10A5 +294 0to15(15) | \
(INTTSG30IPEK)
TSG30 trough interrupt 166 10A6 +298, 0to15(15) | \
(INTTSG30IVLY)
TSG3_1 TSG31 compare match interrupt 0 167 10A7 +29Cy 0to15(15) | \
(INTTSG3110)
TSG31 peak interrupt 168 10A8 +2A0y 0to15(15) | \
(INTTSG31IPEK)
TSG31 trough interrupt 169 10A9 +2Ady 0to15(15) | \
(INTTSG31IVLY)
Reserved 170 10AA x x
Reserved 171 10AB x x
ADCC ADIO0 ADCCO scan group 0 172 10AC +2B0y 0to 15 (15) | \/
completion interrupt
ADI01 ADCCO scan group 1 173 10AD +2B4y 0to15(15) | \
completion interrupt
ADI02 ADCCO scan group 2 174 10AE +2B8y 0to 15 (15) | N
completion interrupt
ADIO3 ADCCO scan group 3 175 10AF +2BCy 0to15(15) | N
completion interrupt
ADI04 ADCCO scan group 4 176 10B0 +2C0y 0to15(15) | \
completion interrupt
ADI10 ADCC1 scan group 0 177 10B1 +2C4y 0to15(15) | \
completion interrupt
ADI11 ADCC1 scan group 1 178 10B2 +2C8y 0to15(15) | N
completion interrupt
ADI12 ADCC1 scan group 2 179 10B3 +2CCh 0to15(15) | \
completion interrupt
ADI13 ADCC1 scan group 3 180 10B4 +2D0y 0to 15 (15) | N
completion interrupt
ADI14 ADCC1 scan group 4 181 10B5 +2D4y 0to15(15) | N
completion interrupt
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Section 6 Interrupt

Table 6.11 Interrupt Exception Handlers and Orders of Priority (6/7)

Interrupt Target
Offset Address Priority Device
. - Order
Level EIINT Direct Branching Reference | (Value Default
interrupt | Interrupt | Source toa after Priority
Function/Module Interrupt el Channel | Code RINT=0*2 | RINT=1*2 | Table*2 | Reset) C1H | CIM | Order
Reserved 182 10B6 The offset The offset x x Higher
address is | address is priority
Reserved 183 10B7 determined | always x x
- within a +100y
ADCC ADEO ADCCOAD error interrupt 184 10B8 range of regardless | *2EOn 0to 15 (15) | v A
. +100y to of priority.
ADE1 ADCC1AD error interrupt 185 10B9 +1FOy +2E4y 0to15(15) | \
RS-CAN Reception FIFO interrupt N 186 10BA f:tcr?éding +2E8) 0to15(15) | V N
Global error interrupt N 187 10BB priority, +2ECy 0to 15 (15) | N
regardless
RS-CAN-ch0 transmit/receive FIFO receive N 188 10BC of interrupt +2F0y 0to 15 (15) | N
complete interrupt channels.
Error interrupt \ 189 10BD +2F4y 0to15(15) | \
Transmission interrupt \ 190 10BE +2F8y 0to15(15) | \
RS-CAN-ch1 transmit/receive FIFO receive \ 191 10BF +2FCy 0to15(15) | \
complete interrupt
Error interrupt \ 192 10C0 +300y 0to15(15) | \
Transmission interrupt N 193 10C1 +304y 0to15(15) | N
RS-CAN-ch2 Transmit/receive FIFO receive \ 194 10C2 +308 0to15(15) | \
complete interrupt
Error interrupt \ 195 10C3 +30Cy 0to15(15) | \
Transmission interrupt W 196 10C4 +310y 0to15(15) | \
RS-CAN-ch3 Transmit/receive FIFO receive N 197 10C5 +314y 0to 15 (15) | N
complete interrupt
Error interrupt \ 198 10C6 +318y 0to15(15) | \
Transmission interrupt \ 199 10C7 +31Cy 0to15(15) | \
RLIN2_0 RLIN20 transmit complete/receive | 200 10C8 +3204 0to15(15) | x
complete/error detect interrupt
RLIN2_1 RLIN21 transmit complete/receive | 201 10C9 +324y 0to15(15) | x
complete/error detect interrupt
RLIN2_2 RLIN22 transmit complete/receive | 202 10CA +328 0to15(15) | x
complete/error detect interrupt
SCI_0 ERI (receive error) \ 203 10CB +32Cy 0to15(15) | \
RXI (receive data full) 204 10CC +330y 0to 15 (15) | N
TXI (transmit data empty) 205 10CD +334y 0to15(15) | \
TEI (transmission completion) V 206 10CE +338y 0to 15 (15) | \/
SCI_1 ERI (receive error) \/ 207 10CF +33Cy 0to15(15) | \
RXI (receive data full) 208 10D0 +340y 0to15(15) | \
TXI (transmit data empty) 209 10D1 +344y 0to15(15) | \
TEI (transmission completion) v 210 10D2 +348, 0to15(15) | \
SCI_2 ERI (receive error) v 211 10D3 +34Cy 0to 15 (15) | v
RXI (receive data full) 212 10D4 +350y 0to 15 (15) | \/
TXI (transmit data empty) 213 10D5 +354 0to15(15) | \
TEI (transmission completion) v 214 10D6 +358 0to15(15) | \
CSIH_0 Communication status interrupt 215 10D7 +35Cy 0to15(15) | \
(INTCSIHTIC)
Reception status interrupt 216 10D8 +360y 0to15(15) | N
(INTCSIHTIR)
Communication error interrupt 217 10D9 +364y 0to15(15) | \
(INTCSIHTIRE)
Job completion interrupt 218 10DA +368 0to15(15) | \
(INTCSIHTIJC)
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Table 6.11 Interrupt Exception Handlers and Orders of Priority (7/7)
Interrupt Target
Offset Address Priority Device
. - Order
Level EIINT Direct Branching Reference | (Value Default
interrupt | Interrupt | Source toa after Priority
Function/Module Interrupt el Channel | Code RINT=0*2 | RINT=1*2 | Table*2 | Reset) C1H | CIM | Order
CSIH_1 Communication status interrupt 219 10DB The offset The offset | +36Cy 0to 15 (15) | v v Higher
(INTCSIHTIC) addressis | addressis priority
determined | always
Reception status interrupt 220 10DC within a +100y +370y 0to15(15) | \
(INTCSIHTIR) range of regardless
+100y to of priority A
Communication error interrupt 221 10DD ;g('::c?rﬁing +374y 0to 15 (15) | v
(INTCSIHTIRE) to the
priority,
Job completion interrupt 222 10DE regardless +378y 0to15(15) | N
(INTCSIHTIJC) of interrupt
channels
DTS ch31-0 transfer completion \ 223 10DF +37Cy 0to15(15) | \
interrupt
ch63-32 transfer completion V 224 10E0 +380 0to15(15) | V
interrupt
ch95-64 transfer completion N 225 10E1 +384y, 0to15(15) | N
interrupt
ch127-96 transfer completion \ 226 10E2 +388 0to15(15) | \
interrupt
DTS ch31-0 transfer count match V 227 10E3 +38Cy 0to15(15) | V
interrupt
ch63-32 transfer count match N 228 10E4 +390 0to15(15) | N
interrupt
ch95-64 transfer count match \ 229 10E5 +394 0to15(15) | \
interrupt
¢ch127-96 transfer count match V 230 10E6 +398y 0to15(15) | V
interrupt

Note 1.

Withdrawing an interrupt request in the form of a level interrupt requires clearing the given bit in the status

register of the corresponding module from within the interrupt processing routing. Furthermore, the value
of the EICNn.EICTn bit will be 1. The EICn.EIRFn bit cannot be directly cleared by software.

Note 2.
Priority.
Note 3.

See the RH850/C1x Flash Memory User’s Manual: Hardware Interface.

See Section 6.4, Description of Operations in Terms of Interrupt Exception Handlers and Order of
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6.5 Operation
6.5.1 External Interrupts (NMI and IRQ)
The two types of externally input interrupt are the NMI and IRQ. Two sensing methods are available
for NMI whereas four sensing methods are available for IRQ. Regarding the flow of interrupt
detection, see Section 6.5.5, Flow of Interrupt Processing.
6.5.2 Inter-Processor Interrupts
For operational description, sce Section 3.2.3.1, Inter-Processor Interrupt Control Registers
and Section 6.5.5, Flow of Interrupt Processing.
6.5.3 Software Interrupts
Regarding operations in relation to these interrupts, see Section 6.2.9, SINTRO to SINTR3 —
Software Interrupt Register for a description of the registers, and Section 6.5.5, Flow of
Interrupt Processing.
6.5.4 Merging of DTS Interrupts
Each set of 32 of the 128 transfer completion interrupts and 128 transfer count match interrupts from
the DTS is gathered to produce a single interrupt signal.
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 PINT?7) is set to judge which interrupt is
accepted. For the flow of interrupts in the merging of DTS interrupts, sece Section 6.5.5.5, Flow of
Processing for DTS Interrupts.
Table 6.12 Interrupt Related Registers of the DTS
Interrupt Sources Channel Status Register Clear Register
DTS transfer completion interrupt 0 to 31 PINTO PINTCLRO
321063 PINT1 PINTCLR1
64 to 95 PINT2 PINTCLR2
96 to 127 PINT3 PINTCLR3
DTS transfer count match interrupt 0 to 31 PINT4 PINTCLR4
321063 PINT5 PINTCLRS
64 to 95 PINT6 PINTCLR6
96 to 127 PINT7 PINTCLR?7
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6.5.5 Flow of Interrupt Processing

6.5.5.1 Flow of Processing for NMI

Figure 6.1 shows an example of the flow of NMI processing.

o The settings of the NMICTL register select the method of detection (fall edge or rise edge) for
the NML

o After detection of an NMI, the interrupt request is output to the INTC.

e NMI interrupts are accepted at high priority even when other FE level interrupt has occurred and
cannot be masked regardless of the state of the PSW.NP in the CPU system register. They 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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6.5.5.2 Flow of Processing for External Interrupts
Figure 6.2 shows an example of the flow of IRQ (external interrupt) processing.

o Set the EXINTCTL register to select the method of detection (edge detection or level detection)
for the IRQ.

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
(select the IRQn pin (n: 0 to 7))

Set registers in the INTC
(interrupt vector method, priority, etc

Set detection mode in
the EXINTCTL register®

Note: Clear the external interrupt
status as required.

v

Write 0 to the EICx.EIMKX bit

(x:9to 16) to e

interrupt processing

nable

asserted?
n:0to7

Is the IRQn pin

Edge detection or

Edge detection

evel detection?

Level
detection

Y

Interrupt processing

Interrupt processing

s the IRQn pin
negated?
(n: 0to7)

Return from
interrupt Instruction

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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6.5.5.3 Inter-Processor Interrupt Flow
Figure 6.3 shows an example of the flow of inter-processor interrupt processing.

o 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.

o 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

= ) =)
!

Set registers in the INTC
(interrupt vector method,
priority, etc)

4 Interrupt request

to other PE core
Set the IPIR register D¢

Interrupt processing

v

Return from interrupt instruction

\'4
[ End ]
Figure 6.3 Example of Inter-Processor Interrupt Processing Flow
RO1UH0414EJ0160 Rev.1.60 RENESAS Page 251 of 2373

May 31, 2018



RH850/C1x Section 6 Interrupt

6.5.5.4 Software Interrupt Processing Flow

Figure 6.4 shows an example of the flow of software interrupt processing.

e Software interrupt requests are controlled by writing 00y or 01 to the counter registers (SINTRO
to SINTR3).

e Writing 00y leads to the counter’s value being decremented by 1.
e Writing 01y leads to the counter’s value being incremented by 1.
o Ifthe incremented counter value is 1 or greater, 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.

( Start )
v

Set registers in the INTC
(interrupt vector method, priority, etc)

[
»

A4
Set the SINTRn register
(n: 0to 3)

<
«

SINTRn register (n: 0 to 3)
201,

N Interrupt processing

v

Set the SINTRn register
(n: 0to 3)

v

Dummy-read
the SINTRn register
(n: 0 to 3)

A 4

SYNCP instruction

v

Return from interrupt

instruction
Figure 6.4 Example of Software Interrupt Processing Flow
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6.5.5.5 Flow of Processing for DTS Interrupts
Figure 6.5 shows an example of the flow of DTS interrupt processing.
o In the case of a single interrupt request from a set of 32 actual sources
— After the bit corresponding to the interrupt request in a PINTn register is set to 1, the interrupt
request is output.

— On completion of interrupt processing, 1 is written to the corresponding bit in a clearing
register (PINTCLRn), the interrupt request is cleared before issuing the return from interrupt
instruction, then waiting for a next interrupt commences.

o In the case of multiple interrupt requests from a set of 32 actual sources
— The bit on the lower-order side among the multiple bits for the interrupt requests is extracted,
only the corresponding bit in a PINTn register is set to 1, and the interrupt request is output.

— On completion of interrupt processing, 1 is written to the corresponding bit in a clearing
register (PINTCLRn), clearing the interrupt request bits, then issuing 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.

— This process is repeated until none of the 32 bits for the set of interrupt sources remains set.

RO1UH0414EJ0160 Rev.1.60 RENESAS Page 253 of 2373
May 31, 2018



RH850/C1x

Section 6 Interrupt

Set registers in the INTC
(interrupt vector method, priority, etc)

DTS interrupt
detected ?

A 4

Read the 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 Interrupt Response Times

Table 6.13 Interrupt Response Times (min.)

Interrupt Request Source Number of Cycles for Processing
INTC Synchro in CPU1/
Target | Connection Operating Clock | -nization | INTC2 INTC1 in CPU2 Total*!
CPU Directly inputto | High-speed / low- | 0 — 2x1d See the 7 %1

INTC1 speed peripheral <1 x |¢p> description
clock under “in
Unmodulated high- | — CPUT/CPU2" "

) below.

speed peripheral
clock
Unmodulated low- | 5 x P¢ 5xPy+7xl
speed peripheral <2 x P>
clock

Input via INTC2 | High-speed /low- | O I3xPo+1x1p — 3xPo+6xIdp
speed peripheral <2 xP¢+1xI$p>
clock
Unmodulated high- | 4 x P¢ 7TxPo+6xIdp
speed peripheral <2 x P¢>
clock
Unmodulated low- | 5 x P¢ 8xPp+6xIdp
speed peripheral <2 x P¢>
clock

Note: The numbers in < > indicate the numbers of cycles in the case of level detection.
I¢p = CLK_CPU, P¢ = 3l at 240 MHz

Note 1.  In the case of edge detection by fixed vector method a).

in CPU1/CPU2

Vector Method Cache HIT/MISS (240 MHz) Vector method
Fixed vector method a) ISR ENTRY I$ HIT 5x ¢ a) Fixed vector method
b) ISR ENTRY I$ MISS 10 x 1
Vector table reference c) Vector code flash 14 x 1 b) Vector table reference
method assigned, ISR ENTRY method
I$ HIT Code flash assigned
d) Vector code flash 19 x I
assigned, ISR ENTRY
I$ MISS

Note: I = CLK_CPU, P¢ = 3I¢ at 240 MHz

6.7 Data Transfer in Response to Interrupt Request Signals

An interrupt request signal can be used to activate the DMAC or DTS for handling data transfer. For
details, sec Section 7, DMA Controller.
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Section 7 DMA Controller

71 Overview

711 Overview

The direct memory access (DMA) controller is used to move data without using 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 two 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 and DTSFSL can respectively handle 128 types of
hardware DMA transfer sources.

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.

Transfer abort

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 dual-address DMA, the data transfer takes two cycles. DMA 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
aread 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 direction of
counting for source and destination addresses and transfer data size.

Table 7.2 Updating the Source Address and the Destination Address

Direction of Transfer Data

Counting Size Address after Update

Up 8 bits (address before update) + 0000_0001y
16 bits (address before update) + 0000_0002
32 bits (address before update) + 0000_00044
64 bits (address before update) + 0000_0008y
128 bits (address before update) + 0000_0010y

Down 8 bits (address before update) - 0000_00014
16 bits (address before update) - 0000_0002y
32 bits (address before update) - 0000_00044
64 bits (address before update) - 0000_0008y
128 bits (address before update) - 0000_0010y

Fixed — Same as the address before update.
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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 and 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

7.21.5

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.

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 DMAC 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.
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7.2.1.6

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.

Last transfer

Single transfer

DMA transfer request D D D D D

DMA cycle | | | | L | | |

Transfer count match interrupt

Transfer completion interrupt

Transfer count [ 5 1 4 1 8! | 2 1 1 | 0 |

Transfer count compare [ 1 3 |

v
Notification at the completion
of the DMA cycle where "(transfer count)
= (transfer count compare)".
Last transfer

Notification at the completion
of the DMA cycle where "(transfer count)
= 1" (last transfer).

Block transfer

DMA transfer request D

DMA cycle | | | | I IS | 1 |

Transfer count match interrupt

Transfer completion interrupt

Transfercount| 8 | 7 | 6 | I/5 | 4 | 3 | 2 | 4 | o |

Transfer count compare | | 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
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.
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A DTS does not start DMA transfer even when a DMA transfer request is generated while the transfer
count is 0.

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.

- . A new transfer request
Continuous transfer is disabled I is not accepted after the last transfer.
Last transfer

DMA transfer request D D L |

DMA cycle L 1( (L I L 1

Notification of transfer completion o u
Transfer count (DTCn.TRC)[_N_ | N1 J\\ 1 | 0 | 0 |
Transfer completion flag (DCSTn.TC)| 0 /l/l 1 1 |
Channel operation enable (DCENn.DTE)| 1 /I/I 1 0 |

VA
Channel operation is stopped after the last transfezl

Reload function 1 + Continuous transfer enabled I

Last ransfer Last ransfer
DMA transfer request D D D D D
DMA cycle || s Y s [ s (s Y s Y
Notification of transfer completion 777777777 D ‘\ 777777777 D
Transfer count (DTCn.TRC)LN_1T_ N1 T\\ 1 1 N N1 ) 1 1 N N1 ]
Transfer completion flag (DCSTn.TC)| 0 I’I’ - 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

7.2.21

Channel Priority Order

This subsection explains arbitration between multiple DMA channels.

DMAC Channel Arbitration

A DMAC select 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, and “channel 8 > channel 9 > channel 10 > channel 11
> channel 12 > channel 13 > channel 14 > channel 15” for DMACI.

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 of 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 L1 C—1

(single transfer)  ppA transfer request — —c
acceptance

Channel 1 DMA transfer request |
(block transfer)  pMA transfer request I

acceptance
———
—

Channel 2 DMA transfer request

(single transfer) - pA transfer request

acceptance

Channel executing  [Channel 0] Channel 2] Channel 1 [ Channel 0] Channel 1]

DMACO DMA transfer
DMA cycle read | 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.
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It should be noted that, even though a block transfer of 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 of channel 1 is complete.

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. Iftwo 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”.

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 transfer, DMA transfer request 1 | -
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 1

channel priority 0) acceptance

Channel executing
[ Channel 0 | Channel 2| Channel 1 | Channel 0|
DTS DMA transfer : : : : : )
DMA cycle I write | r write | r write | r write] r write | r Wri

Figure 7.4 DMAC 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 2are 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 of channel 1 is complete.

At Cycle 15, the block transfer of channel 1 is complete. At Cycle 16, a DMA cycle for channel 0
starts.

7.2.2.3 Interface Arbitration
DMACO0, DMACI, and DTS work independently and execute DMA transfer.

If the request to DMACO, DMACI, and DTS occurs simultaneously, arbitration is performed on a
round-robin basis.
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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 D
of transfer completion STttt
Transfer count [ N N-1 \ 1 1 M | M-1 |
|
Source address | 100, 104, /I/ 13cy 1 200, 1204, 1|
Destination address 300, 304 771 e I 200, | Y
// / _ -
Reload registers are copied
Reload registers
Reload transfer count M |
Reload source address 200, |
Reload destination address 400, |
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 O O 3 3|3
Notification : ' : . H
of transfer completion ~ Tseeeeeeec o el e
Transfer count L 8 | 7 | 6 | 5 | 4 | 3! | 2 | 1 | 0 |
Source address L_100. 1 104, 1 108, | 100, ¥ 104, | 108, | 100, | 104, | 108, |
Destination address 1300y | 304, | 308, | 300, | 304, | 308, | 300, | 304. | 308, |
Address reload count L3 1 2 | 1 I 3 1 2 1 1 I3 1 2 1 1 |
4
I
Reload registers ,’
\ 4
Reload source address [ 100% ]
Reload destination address L 300, |

Reload address reload count

The values to be reloaded

are set up in the reload registers
beforehand.

Reloaded at the transfer where
the address reload counter is 0.

Not reloaded if the address reload
counter is not 0.

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 D D D

—

DMA cycle I [ I [ o v Y [ S R — |

Notification : : : : :

of transfer completon ~ Teeeeeeeoc o Teeiaaiiie e

Transfer count L 8 | 7 | 6 | 5 | 4 | 3 | 2 | 1 | 8 |
Source address 100, | 104, [ 108, | 100, | 104, | 108, 1| 100, | 104, T 100, |
Destination address L2300 1 304, | 308, | 300, [ 304, [ 308, 1 300. [ 304, 1 300, |

Address reload count L 3 1 2 |

1 3 1 2 | 1

3 1 2 3 |

Reload registers

f ] Reload Function 2

1
f iReload Funcliona

1
f ﬁ:Reload Function Z|
|

Reload transfer count [ 8

Reload source address [ 100, ]
Reload destination address L 300, ]
Reload address reload count L 3 1

Figure 7.7

Operation when Combining Reload Function 1 and Reload Function 2

RO1UH0414EJ0160 Rev.1.60
May 31, 2018

RENESAS

Page 267 of 2373



RH850/C1x Section 7 DMA Controller

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 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
Last transfer

First channel in the chain (single transfery —~— 7rroreeees

DMA transfer request (| (|
L 3

.

Transfer count ) 4 2 ) 4 1

Last transfe
Second channel in the chain (single tragsfer) cUTTT K
DMA transfer request h
DMA cycle
Notification : :
of transfer completion M
V

DMA cycle

Notification
of transfer completion

Transfer count L 3 ) 4 2 )4 1

Third channel in the chain (block transfer + reload(unction 1) :
DMA transfer request h

DMA cycle CIT—11 LT T 1 I — —
Notification = (| (|

of transfer completion
Transfer count | 3 1 21 11 03 1 21 11 03 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)

- o

DMA transfer request

DMA cycle
Notification
of transfer completion

Transfer count L 3! 1 21 1Y 03 1 21 1Y 03

Second channel in the chain (single transfer)

DMA transfer request

DMA cycle

Notification
of transfer completion

Transfer count [ 2 T 1

Third channel in the chain (block transfer)

DMA transfer request

DMA cycle

Notification
of transfer completion

Transfer count | 4

1 31201 11 0 1

Figure 7.9

7.24.2 Setting Up the Chain Function

Operation of the Case “Chain at the Last Transfer”

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 (DMAC0, DMACI, 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.

¢ In single-transfer mode, the software DMA transfer request flag is cleared whenever the software
DMA transfer request is accepted.

e In block transfer 1 mode, the software DMA transfer request flag is cleared when the last transfer
starts.

o In 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 of 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 of 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 of 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 Suspension, Resume, Transfer Abort, and Clearing a DMA
Transfer Request

7.31 DMA Suspension and Resume 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 of 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

Execute the enable / disable operation for the DMA transfer request enable bit
(DTFSLnnn.REQEN) to suspend/resume DMA transfer executed by a DTS. For details,
see the notes in Section 7.3.3, Suspension, Resume, and Transfer Abort of a DTS.

7.3.2 Suspension, Resume, and Transfer Abort of a DMAC Channel

You can suspend the DMA transfer of a DMAC channel by setting the DMA suspension bit
(DMACTL.DMASPD) in the DMA control register or clearing the channel operation enable bit
(DCENn.DTE) in the DMAC channel operation enable setting register for the channel. If a DMA cycle
is ongoing, the DMA transfer of a channel is suspended after the currently ongoing DMA cycle is
finished. If you clear the bit (DMACTL.DMASPD) or reset the DCENn.DTE bit for a channel while
the DMA transfer of the channel is suspended, the DMA transfer of the suspended DMA channel is
resumed.

If you want to abort the currently ongoing DMA transfer of a DMAC channel, similarly clear the
channel operation enable bit (DCENn.DTE) in the DMAC channel operation enable setting register,
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) using the DMAC transfer
request flag clear bit (DCSTCn.SRC) in the DMAC transfer status clear register in the case of a
software DMA transfer request.

The channel operation enable bit (DCENn.DTE) is kept being set while the continuous transfer enable
bit (DTCTn.MLE) is set. Even if the channel operation enable bit (DCENn.DTE) is cleared by software
during the last DMA cycle, the function of continuous transfer enable bit (DTCTn.MLE) has priority.
Thus, the channel operation enable bit (DCENn.DTE) is set again after the last transfer is complete.

If you want to suspend the DMA transfer of a DMAC channel while the continuous transfer function is
in use, clear the continuous transfer enable bit (DTCTn.MLE) in the DMAC transfer control register,
and then clear the channel operation enable bit (DCENn.DTE) in the DMAC channel operation enable
setting register to suspend the DMA transfer of a DMAC channel. Only in this case, writing to the
DMAC transfer control register (DTCTn) is enabled in the channel operation enable state
(DCENn.DTE = 1).

Figure 7.10 shows an example of suspension, resume, and transfer abort of a DMAC channel.
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7.3.3

Note 1.

In Figure 7.10, both channels 0 and 1 are executing block transfer. At time tick 1, DMA transfer of
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 of channel 0 starts because channel 0 has a higher priority than
channel 1. At time tick 3, the last transfer of channel 0 is complete, and the remaining DMA transfer in
the block transfer of channel 1 starts. At time tick 4, the last transfer of channel 1 is complete. After
time tick 5, DMA transfer of channel 0 and DMA transfer of channel 1 are executed similarly. At time
tick 7, the DMA transfer of channel 0 is suspended and, as a result of DMAC channel arbitration, the
DMA transfer of channel 1 starts. At time tick 8, the last transfer of channel 1 is complete, and then, at
time tick 9, the DMA transfer of channel 0 resumes. At time tick 10, the last transfer of channel 0 is
suspended again, and then, at time tick 11, the DMA transfer of channel 0 is aborted. At time tick 12,
the suspended state for channel O is cleared, but DMA transfer is not executed because the DMA
transfer is aborted at time tick 11.

1 2 3 4 5 6 7 8 9 10 1" 12
DMA transfer request . .
Higher 1 1
priority ~ Channel 0 : |:| 3 : D Lo
Channel 1 D D .
DMA transfer
Higher - |
priority Channel 0 ..:[ ------ !
. . Last transfer . . . : Transfer. aborted
Channel 1  I— R | ] [ | I [ ] oo
: : Lfas! trans:fer Lfas! tn:'ansfer:
ggzgﬁer‘]g : L : : O‘ogrglinu‘ I Susgen@ed Ppem\mg! Susggnded I‘Ovemmj
or Suspended ' ' ' ' ' ' ' ' '
Figure 7.10 Example of Suspension, Resume, and Transfer Abort of a DMAC

Channel

Suspension, Resume, and Transfer Abort of a DTS

You can suspend*1 the DMA transfer executed by a DTS by setting the DTS suspend bit
(DTSCTL1.DTSUST) in the DTS control register 1 and the DMA suspend bit (DMACTL.DMASPD)
in the DMA control register. If a DMA cycle is ongoing, the DMA transfer is suspended at the timing
when the DMA cycle is finished. If the ongoing DMA cycle is a single transfer or a transfer that
completes a block transfer (the last transfer or address reload transfer), the DMA transfer is suspended
after a TI write back after the completion of the DMA cycle. If the ongoing DMA cycle is a type other
than the above, the DMA transfer is suspended after the completion of the DMA cycle without a TI
write back. If you resume the DMA transfer while the DMA transfer is suspended, clear*" the DTS
suspend bit in the DTS control register 1 or the DMA suspend bit in the DMA control register.

Before the suspension/resumption of DMA transfer during the execution by a DTS, you need
to execute the operation of enable/disable for a DMA transfer request enable bit
(DTFSLnnn.REQEN). Follow the procedures below for the suspension/resumption.
(a) Procedure to suspend a DTS
1. Clear the DMA transfer request enable bit (DTFSLnnn.REQEN) of all the DTS
channels set up with DMA transfer request enable bit (DTFSLnnn.REQEN).

2. Set a DMACTL.DMASPD bit or DTSCTL1.DTSUST bit.
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7.3.4

(b) Procedure to resume a DTS

1. Set a DMA transfer request enable bit (DTFSLnnn.REQEN) of the DTS channel which
was cleared in 1 of (a) above.

2. Clear the DMACTL.DMASPD bit or DTSCTL1.DTSUST bit which was set in 2 of (a)
above.

If you want to abort the currently ongoing DMA transfer executed by a DTS, use the DTS suspend bit
?DTSCTL1.DTSOUST?in the DTS control register 1 and suspend the DTS as described above, and
then set the DTS transfer abort request bit (DTSCTL2.DTSTIT) in the DTS control register 2 to abort
the currently suspended DMA transfer. If transfer is aborted, no TI write back is executed. In addition,
aborting the DMA transfer does not change the value of the DTS suspend bit (DTSCTL1.DTSUST). If
you want the DTS to accept another DMA transfer request after the abort, after setting the DMA
transfer request enable bit (DTFSLnnn.REQEN) of DTS channel, clear the DTS suspend bit.

Figure 7.11 shows an example of suspension, resume, and transfer abort of a DTS.

In Figure 7.11, channels 0, 1, and 2 are executing block transfer. At time tick 1, a DMA transfer
request for channel 1 is accepted and DMA transfer starts. At time tick 2, DMA transfer requests for
channels 0 and 2 are generated. At time tick 3, the last transfer of channel 1 is complete, and as a result
of DTS channel arbitration, a DMA transfer request for channel 0 is accepted, and DMA transfer of
channel 0 starts because channel 0 has a higher priority than channel 2. At time tick 4, the last transfer
of channel 0 is complete, and DMA transfer of channel 2 starts. At time tick 5, the DTS is put into the
suspended state, and the DMA transfer of channel 2 is suspended. At time tick 6, DMA transfer
requests for channels 0 and 1 are generated. At time tick 7, the suspended state for the DTS is cleared,
and the DMA transfer of channel 2, which has been suspended in the middle of a block transfer, is
resumed. If DMA transfer is suspended in the middle of a block transfer, no DTS channel arbitration is
done when it is resumed. At time tick 8, the last transfer of channel 2 is complete, and as a result of
DTS channel arbitration, a DMA transfer request for channel 0 is accepted and the DMA transfer starts
because channel 0 has a higher priority than channel 2. At time tick 9, the DTS is put into the
suspended state, and at time tick 10, the suspended DMA transfer of channel is aborted. When the
suspended state of the DTS 0 is cleared at time tick 11, DMA transfer of channel 1 starts because there
is no currently ongoing DMA transfer and channel 1 is the only channel with a DMA transfer request.

1 2 3 4 5 6 7 8 9 10 " 12
DMA transfer request : : : : : :
Higher : : : : :
priority  Channel 0 1 — P  —
chamelt [ A — —
chameiz | [ 0 o
DMA transfer by the DTS [ = T 121 TpTT | e o G | 1
........ .
Last transfer ~ Last transfer Last transfer  Transfer abprted Last transfer
DTS: Operating [ Operating |_Suspended | Operating ]|_Suspended |  Operating ]

or Suspended

Figure 7.11 Example of Suspension, Resume, and Transfer Abort of a DTS

Masking and Clearing a Hardware DMA Transfer Request by the DTFR

If a DMAC uses a hardware DMA transfer request, you can temporarily disable (mask) the hardware
DMA transfer request output from the DTFR to the DMAC by clearing the hardware DMA transfer
source selection enable bit (DTFRn.REQEN) in the DTFR setting register.
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Also, if a hardware DMA transfer source is used, you can clear a hardware DMA transfer request
retained in the DTFR by using the hardware DMA transfer request clear (DTFRRQCn.DRQC) bit in
the DTFR transfer request clear register.

Even if you suspend or abort DMA transfer of a DMAC channel, the hardware DMA transfer request
selection/hold circuit of the DTFR is still running, and consequently, the DTFR may retain a hardware
DMA transfer request that came to the DTFR during the suspension or transfer abort period of the
DMAC channel. When you resume or start DMA transfer of a DMAC channel, clear the hardware
DMA transfer request retained in the DTFR as required.

When DMAC uses a hardware transfer request and the block transfer 1 or block transfer 2, if software
disables the hardware transfer source selection bit of DTFR (DTFRn.REQEN = 0) while DMAC is
executing block transfer, the block transfer in progress is suspended.

7.3.5 Masking and Clearing a Hardware DMA Transfer Request by the DTSFSL

As for a DTS, you can temporarily disable (mask) a DMA transfer request from a channel to the DTS
by clearing the transfer request enable bit (DTFSLnnn.REQEN) in the DTSFSL operation setting
register. (The masking is actually done by excluding the channel from the candidates in DTS channel
arbitration in the DTSFSL.)

Also, you can clear a DMA transfer request retained in the DTSFSL by using the transfer request clear
(DTFSCnnn.DRQC) bit in the DTSFSL transfer request clear register.

Regardless of the state of the DTS and the transfer request enable bit (DTFSLnnn.REQEN) of the
DTSFSL, the DTSFSL always monitors the hardware transfer source input, and a DMA transfer
request for a channel is set when a hardware transfer source for the channel is input to the DTSFSL.
When you resume or start DTS transfer, clear the hardware DMA transfer request retained in the
DTSFSL as required.

7.3.6 List of Suspend, Resume, and Transfer Abort Functions
Table 7.5 List of Suspend, Resume, and Transfer Abort Functions
Master that can
execute the function
How to execute the Possibility of DMA (See Section 7.5,
Function function Operation transfer abort Reliability Function.)

All channels are in the Not possible*1

suspended state.

Setting and clearing*2 Special master

the DMACTL.DMASPD.

DMA suspension and
resume by software
control

Suspension and resume
of a DMAC channel

Clearing and setting the
DCENN.DTE in each
channel register.’r3

DMA transfer of a
channel is suspended.

Possible (by clearing the
DMA transfer request
flag during suspension)

Special master, and
general master assigned
to the channel.

Suspension and resume
ofaDTS

Setting and clearing*2
the DTSUST.DTSOUST.

DMA transfer ofa DTS is
suspended.

Possible (by setting the
DTSCTL2.DTSTIT
during suspension)

Special master

Note 1.

Note 2.

Note 3.

In order to abort DMA transfer, you need to either abort transfer for the DMAC channel or abort transfer for

the DTS.

In order to suspend resume DMA transfer during the execution by a DTS, you need to execute the operation
of enable/disable for a DMA transfer request enable bit (DTFSLnnn.REQEN). For the details, see the notes
in Section 7.3.3, Suspension, Resume, and Transfer Abort of a DTS.
While the continuous transfer function is in use, set or clear the continuous transfer enable bit (DTCTn.MLE)

in advance.

RO1UH0414EJ0160 Rev.1.60

May 31, 2018

RENESAS

Page 277 of 2373



RH850/C1x Section 7 DMA Controller

7.4 Error Control

7.41 Type of Error

DMA can generate the following two types of errors.

e DMA Transfer Error
This error is generated when error is detected in the read cycle or write cycle in a DMA cycle.
This error can be generated in all DMAC and DTS channels during execution of DMA transfer.

e DTSRAM Error
This error is generated when ECC error is detected in the DTSRAM read access by a DTS.
This error can be generated in the TI fetch during execution of DMA transfer for a DTS or while
software is accessing the DTS channel registers.

7.4.2 DMA Transfer Error

When DMA transfer error occurs, a DMA transfer error interrupt (DMAERR) is generated.

Though DMA transfer error is detected independently by each DMAC channel and a DTS, a DMA
transfer error interrupt (DMAERR) is common to both the DMAC and DTS.

7.4.21 Operation of a DMAC When DMA Transfer Error Occurs

When DMA transfer error occurs in a DMAC, the transfer error flag (DCSTn.ER) in the DMAC
transfer status register of the channel with the DMA transfer error. The DMAC error register
(DMACER) shows the transfer error flags of all 16 DMAC channels.

While the transfer error flag of a channel is set, a new DMA cycle is not executed if the transfer error
case DMA transfer disable setting (DTCTn.ESE) bit is set. On the other hand, a DMA cycle is executed
regardless of the value of the transfer error flag if the transfer error case DMA transfer disable setting
(DTCTn.ESE) bit is cleared.

If you want to abort the DMA transfer of a channel with DMA transfer error, follow the procedure to
abort DMA transfer of the DMAC channel.

If DMA transfer error occurs during the read cycle of a DMA cycle, the write cycle is not executed. If
DMA transfer error occurs during the write cycle of a DMA cycle, the validity of the write is not
guaranteed.

Regardless of whether DMA transfer error occurs in the read cycle or write cycle of a DMA cycle, the
source address, destination address, transfer count, and address reload count registers are updated.

7.4.2.2 Operation of a DTS When DMA Transfer Error Occurs

When DMA transfer error occurs in a DTS, the DTS error flag (DTSER1.DTSER) in the DTS error
register is set, and the DTS channel number with the DMA transfer error is stored in the DTS error
channel (DTSER1.DTSERCH) in the same register.

If DMA transfer error occurs in a single transfer, a TI write back is executed to finish the DMA cycle.

If DMA transfer error occurs in the middle of a block transfer and the transfer error case DMA transfer
abort setting (DTTCTnnn.ESE) is set, the remaining DMA cycles in the block transfer are not
executed, but a TI write back is executed to finish the DMA cycle. At the same time, the DTS transfer
status (DTSSTS.DTSACT) bit in the DTS status register is cleared. If DMA transfer error occurs in the
middle of a block transfer and the transfer error case DMA transfer abort setting (DTTCTnnn.ESE) is
cleared, the block transfer continues regardless of the DMA transfer error.
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If DMA transfer error occurs during the read cycle of a DMA cycle, the write cycle is not executed. If
DMA transfer error occurs during the write cycle of a DMA cycle, the validity of the write is not
guaranteed.

Regardless of whether DMA transfer error occurs in the read cycle or write cycle of a DMA cycle, the
source address, destination address, transfer count, and address reload count registers are updated, and
the TI is updated by a TI write back.

If the DTS error flag in the DTS error register is set, a T1 fetch is executed when the DTS accepts a
DMA transfer request for the channel with the same channel number as the one stored in the DTS error
channel. If, as a result of the TI fetch, the transfer error case DMA transfer abort setting
(DTTCTnnn.ESE) is found to be set, a DMA cycle and a TI write back are not executed. If the transfer
error case DMA transfer abort setting (DTTCTnnn.ESE) is cleared, DMA transfer is executed.

If the DTS error flag in the DTS error register is set, DMA transfer is executed when the DTS accepts a
DMA transfer request for a channel with a channel number other than the one stored in the DTS error
channel.

7.4.3 DTSRAM Error

There are two types of DTSRAM errors detected in the DTSRAM read access: 1-bit and 2-bit ECC
error.

If a 1-bit ECC error is detected during a TI fetch, error corrected data is used, and DMA transfer
continues. If a 1-bit ECC error is detected during DTS channel register access from software, error
corrected data is returned as read data. In either case, the DTSRAMI bit error flag
(DTSER2.RAMSED) in the DTS error register 2 is set, and the address of the error location in the
DTSRAM is stored to the DTSRAMI1 bit error address (DTSER2.RAMSEDAD).

In addition, the error is notified to the ECM.

If a 2-bit ECC error is detected during a TI fetch, handling of the DMA transfer request is terminated
without executing a DMA cycle and TI write back. If a 2-bit ECC error is detected during DTS channel
register access from software, peripheral bus error is notified. In either case, the DTSRAM?2 bit error
flag (DTSER2.RAMDED) in the DTS error register 2 is set, and the address of the error location is
stored to the DTSRAM?2 bit error address (DTSER2.RAMDEDAD). In addition, the error is notified to
the ECM.
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7.5 Reliability Function

7.5.1 Overview

In this product, DMA is a resource used by multiple masters (CPU1 or CPU2). In order for DMA to
support multi-core configuration, the following reliability functions are offered.

e Register access protection function

e Master information inherit function

7.5.2 Register Access Protection Function

This product is designed to assign each DMA channel to a CPU1 or CPU2.

The register access protection function allows access to the transfer information of each DMA channel
from the master (CPU1 or CPU2) assigned to the channel but prohibits access from other masters.

The register access protection function enables you, for example, to prevent the settings of the channel
from being read or updated by masters other than the one assigned to the channel.

7.5.2.1 Identifying the Accessing Master

DMA identifies a master based on the ID of the accessing CPU (PEID), and whether the CPU is in
supervisor mode (PSW.UM = 0) or user mode (PSW.UM = 1).

7.5.2.2 Master Access
There are the following two types of master accesses:
e Special master access (the CPU is in supervisor mode (UM = 0))
o General master access (access other than special master access)
In special master access, access to all registers is allowed.

In general master access, access to the following registers is allowed:

e The following global registers
DMACER, DTSER1, DTSER2, and DTSSTS

o Channel registers of the channels assigned by the channel assignment. (For details, see Section
7.5.2.3, Channel Assignment.)

In general master access, access to registers other than the above is not allowed.

7.5.2.3 Channel Assignment

To each channel, DMA can assign a master (CPU1 or CPU2) so that the master is allowed to use the
channel. Channel assignment is configured in the channel master setting register (DMnnCM in the case
of a DMAC and DTSnnnCM in the case of a DTS) in supervisor mode by the CPU (UM = 0).

In general master access, the master assigned to a channel by channel assignment is allowed to access
the channel registers of the channel. If the channel registers of a channel is accessed by a master other
than the master assigned to the channel, the access is called illegal access. For information about illegal
access, see Section 7.5.2.4, lllegal Access.
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7.5.24 lllegal Access

DMA handles the following access as illegal access.

(a) General master access to the global registers
Except the following registers: DMACER, DTSER1, DTSER2, and DTSSTS

(b) General master access to the channel registers of a channel by a master other than the master
assigned to the channel

DMA’s actions against illegal access are as follows.
For both cases (a) and (b),
e Write access is ignored.
e Read access returns 0 as read data.
Only for the case (b),
e The information about the illegal access is stored in a register access protection violation register.

e The DMACO0, DMACI, and DTS have their own register access protection violation registers
(DMOCMYV, DM1CMYV, and DTSCMYV respectively).

Only the special master can access the register access protection violation registers. The special master
can check whether illegal access has occurred by checking the register access protection violation
registers periodically.

In addition, it is recommended that, when a master tries to use DMA and configures transfer
information in the channel registers, the master should check whether the configuration has been
successfully completed without illegal access by, for example, reading back the settings.

7.5.3 Master Information Inherit Function

In this product, DMA access is assumed to inherit and use master information that is equivalent to the
master information of the CPU1 or CPU2 assigned to the DMA channel. The master information
assigned to the DMA channel is set and used in the DMnnCM register / DTSnnnCM register.

The master information that is output from DMA is as in Table 7.6.

Table 7.6 Master Information Output from DMA

Meaning Value that is output from DMA
UM Same as the UM bit value in the channel master setting register
SPID Same as the SPID bit value in the channel master setting register
PEID Same as the PEID bit value in the channel master setting register
DMA access 1
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7.5.4 Other Reliability Functions

7.5.41 Restriction on the Next Channel in the Chain
The reliability function limits the channels you can select as the next channel in the chain.

When you use the chain function, the channel master settings of a channel and its next channel in the
chain must be the same.

The chain function is designed so that a channel and its next channel in the chain are managed by the
same master.

When DMA detects that different masters are assigned to a channel and its next channel in the chain, it
is deemed illegal and the chain function is suppressed. More specifically, when DMA tries to execute
the chain function, DMA compares the chain master settings of the channel and its next channel in the
chain, and if the settings are all the same for PEID and UM, the chain function is allowed and a chain
request is sent to the next channel. If the settings are not the same for PEID or UM, a chain request is
not sent.
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7.6

7.6.1

Setting Up DMA Transfer

Overview of Setting Up DMA

Table 7.7

Channel Assignment (1/2)

Master that configures

No. the setting Description Register Necessity of the setting
1 Special master (supervisor  Overall DMA DTSPRO to DTS channel priority Mandatory (if a DTS is used)
mode of CPU (UM = 0)) operation setting DTSPR7 setting register
2 DMOOCM to DMAC channel master Mandatory (if a DMAC is used)
DM17CM setting register
3 DTSOCM to DTS channel master Mandatory (if a DTS is used)
DTS127CM setting register
4 Status clear DTSERC DTS error clear register Recommended
5 CMVvC Channel protection Recommended
violation clear register
6 Master assigned to the Channel setting DSAn DMAC source address Mandatory
DMAC channel register
7 DDAN DMAC destination Mandatory
address register
8 DTCn DMAC transfer count Mandatory
register
9 DTCTn DMAC transfer control Mandatory
register
10 DRSANn DMAC reload source Mandatory if the reload function
address register is used
11 DRDAN DMAC reload destination Mandatory if the reload function
address register is used
12 DRTCn DMAC reload transfer Mandatory if the reload function
count register is used
13 DTCCn DMAC transfer count Mandatory if the transfer count
compare register match interrupt is used
14 DTFRn DTFR setting register Mandatory
15 Status clear DCSTCn DMAC transfer status Mandatory
clear register
16 DTFRRQCn DTFR transfer request Recommended
clear register
17 Channel DCENnN DMAC channel operation Mandatory
operation enable enable setting register
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Table 7.7

Channel Assignment (2/2)

Master that configures

No. the setting Description Register Necessity of the setting
18  Master assigned to the Channel setting DTSAnnn DTS source address Mandatory
DTS channel register
T DTDAnNNN DTS destination address  Mandatory
register
20 DTTCnnn DTS transfer count Mandatory
register
21 DTTCTnnn DTS transfer control Mandatory
register
22 DTRSANNN DTS reload source Mandatory if the reload function
address register is used
23 DTRDAnNNN DTS reload destination Mandatory if the reload function
address register is used
24 DTRTCnnn DTS reload transfer count Mandatory if the reload function
register is used
25 DTTCCnnn DTS transfer count Mandatory if the transfer count
compare register match interrupt is used
26 Status clear DTFSCnnn DTSFSL transfer request Recommended
clear register
27 Transfer request  DTFSLnnn DTSFSL operation setting Mandatory
enable register
7.6.2 Setting Up the Overall DMA Operation
You need to set up the overall DMA operation before you start using DMA.
To configure the overall DMA operation, the special master (supervisor mode of the CPU (UM = 0))
needs to set up global registers. Global registers can be set up only by special master access. For
details, see Section 7.5, Reliability Function.
The following registers must be set up to configure the overall DMA operation.
e DTS channel priority setting registers (DTSPRn, n =0 to 7)
Those registers configure the priority level of each DTS channel used for DTS channel arbitration.
e DMAC channel master setting registers (DMnnCM)
e DTS channel master setting registers (DTSnnnCM)
Those registers configure channel assignment. (For details, see Section 7.5, Reliability
Function.)
If the DMAC channel master setting registers and the DTS channel master setting registers are not
properly set, DMA channel setting and DMA transfer cannot be executed properly.
Also, if errors are detected in the following registers while the overall DMA operation is set up,
clearing the errors is recommended.
e DTS error register 1| (DTSERI)
e DTS error register 2 (DTSER2)
o DMACO register access protection violation register (DMOCMYV)
o DMACI register access protection violation register (DM1CMV)
e DTS register access protection violation register (DTSCMV)
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7.6.3 Setting Up the DMA Channel Setting

The DMA channel setting defines the transfer information and transfer source for each DMAC and
DTS channel.

To configure the DMA channel setting, the master assigned to each channel by the channel assignment
needs to set up channel registers.
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7.6.3.1 Setting Up the DMAC Channel Setting
Follow the procedure below to set up the DMAC channel setting and use the DMAC.

(1) Disabling the DMAC Channel Operation
If the channel operation enable (DTE) in the DMAC channel operation enable setting register
(DCENN) is set, clear the DTE bit to disable the channel operation.
(2) Setting Up the Transfer Information
When you set up the transfer information of the DMAC, the following registers need to be set up.
o DMAC source address register (DSAn)
e DMAC destination address register (DDAn)
e DMAC transfer count register (DTCn)
e DMAC transfer control register (DTCTn)
e DMAC reload source address register (DRSAn)
e DMAC reload destination address register (DRDAn)
e DMALC reload transfer count register (DRTCn)

e DMAC transfer count compare register (DTCCn)

(3) Setting Up the DMA Transfer Request

While setting the transfer information, you need to set up the DMA transfer request selection
assignment (DTCTn.DRS) bit in the DMAC transfer control register (DTCTn) to define whether the
hardware or software DMA transfer request is used.

You cannot use both the hardware and software DMA transfer requests for the same channel at the
same time.

If you use the hardware DMA transfer request, you need to select one source used as the hardware
DMA transfer request out of 128 hardware DMA transfer sources using the hardware DMA transfer
source selection (DTFRn.REQSEL) in the DTFR setting register. Also, you need to enable the
hardware DMA transfer source selection (DTFRn.REQEN) in the same register.

The DTFR may retain a hardware DMA transfer request that came before the hardware DMA transfer
source is selected. Clear the hardware DMA transfer request (DTFRRQn.DRQ) retained in the DTFR
using the DTFR transfer request clear register (DTFRRQCn) if necessary.

If you use the software DMA transfer request, disable the hardware DMA transfer source selection
(DTFRn.REQEN) in the DTFR setting register.

(4) Clearing the Transfer Status

The DMAC transfer status register (DCSTn) may retain the result of the previous DMA transfer. You
need to clear the flags in the DMAC transfer status register using the DMAC transfer status clear
register (DCSTCn).

(5) Enabling the DMAC Channel Operation

Set the channel operation enable (DCENn.DTE) bit in the DMAC channel operation enable setting
register to enable the channel operation.

After the channel operation enable bit is set, the DMAC can accept a DMA transfer request and start
DMA transfer.
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7.6.3.2 Setting Up the DTS Channel Setting

Follow the procedure below to set up the DTS channel setting and use the DTS.

(1) Disabling the Transfer Request by the DTSFSL

Clear the transfer request enable (DTFSLnnn.REQEN) bit in the DTSFSL operation setting register of
the DTS channel you want to set up the channel setting for. This procedure is not mandatory but
recommended in order to prevent a DMA transfer request from being sent mistakenly to the DTS
channel currently being configured.

It is also recommended to check the DTS status register (DTSSTS) and confirm that DMA transfer is
not ongoing for the DTS channel currently being configured.
(2) Setting Up the Transfer Information

When you set up the transfer information of the DTS, the following registers need to be set up to
configure the transfer information.

e DTS source address register (DTSAnnn)

e DTS destination address register (DTDAnnn)

e DTS transfer count register (DTTCnnn)

e DTS transfer control register (DTTCTnnn)

e DTS reload source address register (DTRSAnnn)

e DTS reload destination address register (DTRDAnnn)
e DTS reload transfer count register (DTRTCnnn)

e DTS transfer count compare register (DTTCCnnn)

(3) Setting Up the DMA Transfer Request

Unlike a DMAC, a DTS does not care whether a DMA transfer request is a hardware DMA transfer
request or software DMA transfer request. A DTS has a transfer request pending bit for each channel in
the DTSFSL, and both a hardware and software DMA transfer requests are retained in the same
transfer request pending bit (DTFSTnnn.DRQ). Therefore, a DTS has no setting for selecting whether
the hardware or software transfer request is used.

The DTSFSL may retain a DMA transfer request that came before the transfer information is set up.
Clear the DMA transfer request (DTFSTnnn.DRQ) retained in the DTSFSL if necessary, using the
DTSFSL transfer request clear register (DTFSCnnn).

(4) Enabling the Transfer Request by the DTSFSL

Set the transfer request enable (DTFSLnnn.REQEN) bit in the DTSFSL operation setting register to
enable the DMA transfer request for the DTS channel.

After the transfer request enable bit for the DTSFSL is set, the DTS can accept a DMA transfer request
and start DMA transfer.
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7.7 DMA Trigger Source

7.71 List of DMA Trigger Sources

The DMA trigger source assignment for DMA channel n is set in the DTFR setting register (DTFRn).

Table 7.8 List of DMA Trigger Sources (1/4)
Target Device
DMA Trigger Source Function/Module | C1H C1M
DMACTRGO | Overflow interrupt ENCA 0 \ N
DMACTRG1 Compare 1 match or capture 1 interrupt \ N
DMACTRG2 Underflow interrupt \ N
DMACTRG3 Encoder clear interrupt S N
DMACTRG4 Overflow interrupt ENCA 1 \ N
DMACTRG5 Compare 1 match or capture 1 interrupt S N
DMACTRG6 Underflow interrupt \ N
DMACTRG7 Encoder clear interrupt \ N
DMACTRGS8 CHO INTTAUDOIO interrupt TAUD \ N
DMACTRGY CH1 INTTAUDOI1 interrupt \ N
DMACTRG10 | CH2 INTTAUDOI2 interrupt \ N
DMACTRGM CH3 INTTAUDOI3 interrupt \ N
DMACTRG12 | CH4 INTTAUDOI4 interrupt \ N
DMACTRG13 | CH5 INTTAUDOI5 interrupt J N
DMACTRG14 | CH6 INTTAUDOI6 interrupt N \/
DMACTRG15 | CH7 INTTAUDOI7 interrupt \ N
DMACTRG16 | CH8 INTTAUDOIS interrupt V N
DMACTRG17 | CH9 INTTAUDOI interrupt Y v
DMACTRG18 | CH10 INTTAUDOI10 interrupt v v
DMACTRG19 | CH11 INTTAUDOI11 interrupt \ N
DMACTRG20 | CH12 INTTAUDOI12 interrupt v N
DMACTRG21 | CH13 INTTAUDOI13 interrupt \ N
DMACTRG22 | CH14 INTTAUDOI14 interrupt v N
DMACTRG23 | CH15 INTTAUDOI15 interrupt \ N
DMACTRG24 | CHO INTTAUD1IO interrupt v N
DMACTRG25 | CH1 INTTAUD1I1 interrupt \ N
DMACTRG26 | CH2 INTTAUD1I2 interrupt v N
DMACTRG27 | CH3 INTTAUD1I3 interrupt \ N
DMACTRG28 | CH4 INTTAUD1I4 interrupt v N
DMACTRG29 | CH5 INTTAUD1I5 interrupt \ N
DMACTRG30 | CH6 INTTAUD1I6 interrupt v N
DMACTRG31 | CH7 INTTAUD1I7 interrupt N N
DMACTRG32 | CH8 INTTAUD1I8 interrupt v N
DMACTRG33 | CH9 INTTAUD1I9 interrupt VJ N
DMACTRG34 | CH10 INTTAUD1110 interrupt J v
DMACTRG35 | CH11 INTTAUD1I11 interrupt \ N
DMACTRG36 | CH12 INTTAUD1I12 interrupt J V
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Table 7.8 List of DMA Trigger Sources (2/4)
Target Device
DMA Trigger Source Function/Module | C1H C1M
DMACTRG37 | CH13 INTTAUD1I13 interrupt TAUD S N
DMACTRG38 | CH14 INTTAUD1I14 interrupt R v
DMACTRG39 | CH15INTTAUD1I15 interrupt \ N
DMACTRG40 | TAPAO peak interrupt0 TAPA R v
DMACTRG41 | TAPAO trough interrupt0 S N
DMACTRG42 | TAPA1 peak interrupt0 v N
DMACTRG43 | TAPA1 trough interrupt 0 \ N
DMACTRG44 | Cycle match detection interrupt TPBA_O \ v
DMACTRG45 | Duty match detection interrupt \ N
DMACTRG46 | Pattern number match detection interrupt \ N
DMACTRG47 | Cycle match detection interrupt TPBA_1 \ x
DMACTRG48 | Duty match detection interrupt \ x
DMACTRG49 | Pattern number match detection interrupt \ x
DMACTRG50 | ENCAO compare 0 match or capture 0 interrupt ENCA 0 v N
DMACTRG51 | ENCA1 compare 0 match or capture 0 interrupt ENCA_1 v \
DMACTRG52 | CHO INTTAUJOIO interrupt TAUJ_O Y v
DMACTRG53 | CH1 INTTAUJOI1 interrupt \ v
DMACTRG54 | CH2 INTTAUJOI2 interrupt \ N
DMACTRG55 | CH3 INTTAUJOI3 interrupt N v
DMACTRG56 | TSG30 compare match interrupt 11 (INTTSG30111) TSG3_0 \ \/
DMACTRG57 | TSG30 compare match interrupt 12 (INTTSG30112) N v
DMACTRG58 | TSG30 peak interrupt (INTTSG30IPEK) Y N
DMACTRG59 | TSG30 trough interrupt INTTSG30IVLY) N v
DMACTRG60 | TSG31 compare match interrupt 11 (INTTSG31111) TSG3_1 Y N
DMACTRG61 | TSG31 compare match interrupt 12 (INTTSG31112) R v
DMACTRG62 | TSG31 peak interrupt (INTTSG31IPEK) Y N
DMACTRG63 | TSG31 trough interrupt INTTSG31IVLY) R v
DMACTRG64 | ADIO0 ADCCO scan group 0 end interrupt ADCC S N
DMACTRG65 | ADIO1 ADCCO scan group 1 end interrupt \ N
DMACTRG66 | ADI02 ADCCO scan group 2 end interrupt \ N
DMACTRG67 | ADIO3 ADCCO scan group 3 end interrupt \ N
DMACTRG68 | ADI04 ADCCO scan group 4 end interrupt S N
DMACTRG69 | ADI10 ADCC1 scan group 0 end interrupt \ N
DMACTRG70 | ADI11 ADCC1 scan group 1 end interrupt \/ N
DMACTRG71 | ADI12 ADCC1 scan group 2 end interrupt \ N
DMACTRG72 | ADI13 ADCC1 scan group 3 end interrupt \ N
DMACTRG73 | ADI14 ADCC1 scan group 4 end interrupt \ N
DMACTRG74 | Communication status interrupt (INTCSIHTIC) CSIH_0 \ v
DMACTRG75 | Reception status interrupt (INTCSIHTIR) \ N
DMACTRG76 | Job completion interrupt (INTCSIHTIJC) \ v
DMACTRG77 | Communication status interrupt (INTCSIHTIC) CSIH_1 \ N
DMACTRG78 | Reception status interrupt (INTCSIHTIR) R v
DMACTRG79 | Job completion interrupt (INTCSIHTIJC) \ N
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Table 7.8 List of DMA Trigger Sources (3/4)
Target Device
DMA Trigger Source Function/Module | C1H C1M
DMACTRG80 | Reserved x x
DMACTRG81 | Reserved x x
DMACTRG82 | Reserved x x
DMACTRG83 | Reserved x x
DMACTRG84 | Reserved x x
DMACTRGS85 | Reserved x x
DMACTRG86 | RDC20 Z-phase interrupt RDC_0 N N
DMACTRG87 | RDC20 Compare 0 match interrupt S N
DMACTRG88 | RDC20 Compare 1 match interrupt \ N
DMACTRG89 | RDC20 Compare 2 match interrupt S N
DMACTRG90 | RDC20 Excitation timer (ET) DMA request \ N
DMACTRG91 | RDC21 Z-phase interrupt RDC_1 \ x
DMACTRG92 | RDC21 Compare 0 match interrupt \ x
DMACTRG93 | RDC21 Compare 1 match interrupt S x
DMACTRG94 | RDC21 Compare 2 match interrupt \ x
DMACTRG95 | RDC21 Excitation timer (ET) DMA request S x
DMACTRG96 | EMU20 interrupt O EMU2 \ v
DMACTRGY97 | EMU20 interrupt 1 \ v
DMACTRG98 | EMU20 interrupt 2 \ \/
DMACTRG99 | EMU20 interrupt 3 \ N
DMACTRG100 | EMU20 interrupt 4 N \/
DMACTRG101 | EMU21 interrupt O \ N
DMACTRG102 | EMU21 interrupt 1 v N
DMACTRG103 | EMU21 interrupt 2 \ N
DMACTRG104 | EMU21 interrupt 3 R v
DMACTRG105 | EMU21 interrupt 4 Y N
DMACTRG106 | Reserved x x
DMACTRG107 | RXI (receive data full) SCI0 Y x/
DMACTRG108 | TXI (transmit data empty) v v
DMACTRG109 | RXI (receive data full) SCI_1 Y «/
DMACTRG1M0 | TXI (transmit data empty) v v
DMACTRG111 | RXI (receive data full) SCl_2 \ «/
DMACTRG112 | TXI (transmit data empty) v v
DMACTRG113 | Reserved x x
DMACTRG114 | Reserved x x
DMACTRG115 | Reserved x x
DMACTRG116 | Reserved X x
DMACTRG117 | Reserved x x
DMACTRG118 | Reserved X x
DMACTRG1M9 | Reserved x x
DMACTRG120 | Reserved x x
DMACTRG121 | Reserved x x
DMACTRG122 | Reserved X x
R01UH0414EJ0160 Rev.1.60 RENESAS Page 290 of 2373

May 31, 2018



RH850/C1x Section 7 DMA Controller

Table 7.8 List of DMA Trigger Sources (4/4)

Target Device
DMA Trigger Source Function/Module | C1H C1M
DMACTRG123 | Reserved x x
DMACTRG124 | Reserved x x
DMACTRG125 | DMA programming command signal Data flash \ v
memory
DMACTRG126 | Reserved x x
DMACTRG127 | Reserved x x

Note 1. The name of DMA trigger source may be different from that of output signal in each module.
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7.8 DTS Trigger Source

7.8.1 List of DTS Trigger Sources

Table 7.9 shows the DTS trigger source assignment for DTS channel n.

Table 7.9 List of DTS Trigger Sources (1/4)

Target Device

DMA (DTS) Trigger Source Function/Module | C1H C1M
DTSTRGO ADIO0 ADCCO scan group 0 end interrupt ADCC \ N
DTSTRG1 ADIO1 ADCCO scan group 1 end interrupt \ N
DTSTRG2 ADI02 ADCCO scan group 2 end interrupt \ N
DTSTRG3 ADI03 ADCCO scan group 3 end interrupt \ N
DTSTRG4 ADI04 ADCCO scan group 4 end interrupt \ N
DTSTRG5 ADI10 ADCC1 scan group 0 end interrupt v N
DTSTRG6 ADI11 ADCC1 scan group 1 end interrupt \ v
DTSTRG? ADI12 ADCC1 scan group 2 end interrupt v N
DTSTRGS8 ADI13 ADCC1 scan group 3 end interrupt \ v
DTSTRG9 ADI14 ADCC1 scan group 4 end interrupt v N
DTSTRG10 | Reserved x x
DTSTRGM Reserved x x

DTSTRG12 | CHO INTTAUJOIO interrupt TAUJ_O
DTSTRG13 | CH1INTTAUJOI1 interrupt

DTSTRG14 | CH2 INTTAUJOI2 interrupt

DTSTRG15 | CH3 INTTAUJOI3 interrupt

DTSTRG16 | CHO INTTAUDOIO interrupt TAUD

DTSTRG17 | CH1INTTAUDOI1 interrupt

DTSTRG18 | CH2 INTTAUDOI2 interrupt

DTSTRG19 | CH3 INTTAUDOI3 interrupt

DTSTRG20 | CH4 INTTAUDOI4 interrupt

DTSTRG21 | CHS5 INTTAUDOIS interrupt

DTSTRG22 | CH6 INTTAUDOIG interrupt

DTSTRG23 | CH7 INTTAUDOI7 interrupt

DTSTRG24 | CH8 INTTAUDOIS interrupt

DTSTRG25 | CH9INTTAUDOI9 interrupt

DTSTRG26 | CH10INTTAUDOI10 interrupt

DTSTRG27 | CH11 INTTAUDOI1 interrupt

DTSTRG28 | CH12INTTAUDOI12 interrupt

DTSTRG29 | CH13INTTAUDOI13 interrupt

DTSTRG30 | CH14INTTAUDOI14 interrupt

DTSTRG31 | CH15INTTAUDOI15 interrupt

DTSTRG32 | CHO INTTAUD1IO interrupt

DTSTRG33 | CH1INTTAUD1I1 interrupt

DTSTRG34 | CH2 INTTAUD1I2 interrupt

DTSTRG35 | CH3INTTAUD1I3 interrupt

DTSTRG36 | CH4INTTAUD114 interrupt

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| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| 2| <] < = =
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Table 7.9 List of DTS Trigger Sources (2/4)

Target Device
DMA (DTS) Trigger Source Function/Module | C1H C1M
DTSTRG37 | CH5INTTAUD1I5 interrupt TAUD
DTSTRG38 | CH6INTTAUD1I6 interrupt
DTSTRG39 | CH7 INTTAUD1I7 interrupt
DTSTRG40 | CH8 INTTAUD1I18 interrupt
DTSTRG41 CHIO INTTAUD1I9 interrupt
DTSTRG42 | CH10 INTTAUD1I10 interrupt
DTSTRG43 | CH11 INTTAUD1I11 interrupt
DTSTRG44 | CH12 INTTAUD1I12 interrupt
DTSTRG45 | CH13 INTTAUD1I13 interrupt
DTSTRG46 | CH14 INTTAUD1I14 interrupt
DTSTRG47 | CH15INTTAUD1115 interrupt

DTSTRG48 | ENCAO compare 0 match or capture 0 interrupt ENCA_O
DTSTRG49 | ENCA1 compare 0 match or capture 0 interrupt ENCA _1
DTSTRG50 | TAPAO peak interruptO TAPA

DTSTRG51 TAPAO trough interrupt O
DTSTRG52 | TAPA1 peak interruptO

DTSTRG53 | TAPA1 trough interrupt 0
DTSTRG54 | Overflow interrupt ENCA_ O

DTSTRG55 | Compare 1 match or capture 1 interrupt
DTSTRG56 | Underflow interrupt

DTSTRG57 | Encoder clear interrupt

DTSTRG58 | Overflow interrupt ENCA_1

DTSTRG59 | Compare 1 match or capture 1 interrupt
DTSTRG60 | Underflow interrupt

DTSTRG61 Encoder clear interrupt

DTSTRG62 | Cycle match detection interrupt TPBA_O
DTSTRG63 | Duty match detection interrupt
DTSTRG64 | Pattern number match detection interrupt
DTSTRG65 | Cycle match detection interrupt TPBA_1
DTSTRG66 | Duty match detection interrupt
DTSTRG67 | Pattern number match detection interrupt

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

X

X

X

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

DTSTRG68 | RDC20 Z-phase interrupt RDC_0 N
DTSTRG69 | RDC20 Compare 0 match interrupt N
DTSTRG70 | RDC20 Compare 1 match interrupt N
DTSTRG71 RDC20 Compare 2 match interrupt N
DTSTRG72 | RDC20 Excitation timer (ET) DMA request N
DTSTRG73 | RDC21 Z-phase interrupt RDC_1 x
DTSTRG74 | RDC21 Compare 0 match interrupt x
DTSTRG75 | RDC21 Compare 1 match interrupt x
DTSTRG76 | RDC21 Compare 2 match interrupt x
DTSTRG77 | RDC21 Excitation timer (ET) DMA request x
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Table 7.9

List of DTS Trigger Sources (3/4)

DMA (DTS) Trigger Source

Function/Module

Target Device

C1H

C1M

DTSTRG78

EMU20 interrupt 0

DTSTRG79

EMU20 interrupt 1

DTSTRG80

EMU20 interrupt 2

DTSTRG81

EMU20 interrupt 3

DTSTRG82

EMU20 interrupt 4

DTSTRG83

EMU21 interrupt O

DTSTRG84

EMU21 interrupt 1

DTSTRG85

EMU21 interrupt 2

DTSTRG86

EMU21 interrupt 3

DTSTRG87

EMU21 interrupt 4

EMU2

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

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

DTSTRG88

Reserved

X

X

DTSTRG89

Reserved

X

X

DTSTRG90

Reserved

X

X

DTSTRGO1

Reserved

X

X

DTSTRG92

TSG30 compare match interrupt 11 (INTTSG30I11)

DTSTRG93

TSG30 compare match interrupt 12 (INTTSG30112)

DTSTRG94

TSG30 peak interrupt (INTTSG30IPEK)

DTSTRG95

TSG30 trough interrupt (INTTSG30IVLY)

TSG3 0

DTSTRG96

TSG31 compare match interrupt 11 (INTTSG31111)

DTSTRG97

TSG31 compare match interrupt 12 (INTTSG31112)

DTSTRG98

TSG31 peak interrupt (INTTSG31IPEK)

DTSTRG99

TSG31 trough interrupt (INTTSG31IVLY)

TSG3_1

DTSTRG100

Communication status interrupt (INTCSIHTIC)

DTSTRG101

Reception status interrupt (INTCSIHTIR)

DTSTRG102

Job completion interrupt (INTCSIHTIJC)

CSIH_0

DTSTRG103

Communication status interrupt (INTCSIHTIC)

DTSTRG104

Reception status interrupt (INTCSIHTIR)

DTSTRG105

Job completion interrupt (INTCSIHTIJC)

CSIH_1

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

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

DTSTRG106

Reserved

X

X

DTSTRG107

Reserved

X

x

DTSTRG108

Reserved

X

X

DTSTRG109

Reserved

DTSTRG110

Reserved

DTSTRG111

Reserved

DTSTRG112

RXI (receive data full)

DTSTRG113

TXI (transmit data empty)

SCL0

DTSTRG114

RXI (receive data full)

DTSTRG115

TXI (transmit data empty)

Scl_1

DTSTRG116

RXI (receive data full)

DTSTRG117

TXI (transmit data empty)

sCl_2

DTSTRG118

Reserved

DTSTRG119

Reserved

DTSTRG120

Reserved
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Table 7.9 List of DTS Trigger Sources (4/4)

Target Device
DMA (DTS) Trigger Source Function/Module | C1H C1M
DTSTRG121 | Reserved x x
DTSTRG122 | Reserved x x
DTSTRG123 | Reserved x x
DTSTRG124 | Reserved x x
DTSTRG125 | Reserved x x
DTSTRG126 | Reserved x x
DTSTRG127 | Reserved x x
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7.9 Global Register

7.9.1 List of Global Register Addresses

Address = Base address “FFFF 8000y + Offset address

Table 7.10 List of Global Register Addresses (1/2)

Accessed Permission
Module Register Special General
Name Offset Address Symbol Meaning Master Master
DMASS 0000y DMACTL DMA control register \/ x
DMASS 0010y DTSCTL1 DTS control register 1 y x
DMASS 0014y DTSCTL2 DTS control register 2 y x
DMASS 0018 DTSSTS DTS status register \ \
DMASS 00204 DMACER DMAC error register v v
DMASS 0024y, DTSER1 DTS error register 1 \ \
DMASS 0028y DTSER2 DTS error register 2 v v
DMASS 002CH DTSERC DTS error clear register \ x
DMASS 0030y DMOCMV DMACO register access protection violation register | v x
DMASS 0034y DM1CMV DMACH1 register access protection violation register | x
DMASS 0038y DTSCMV DTS register access protection violation register v x
DMASS 003CH CMVC Register access protection violation clear register v x
DMASS 0060y DTSPRO DTS channel priority setting register 0 v x
DMASS 0064y DTSPR1 DTS channel priority setting register 1 v x
DMASS 0068y DTSPR2 DTS channel priority setting register 2 v x
DMASS 006CH DTSPR3 DTS channel priority setting register 3 v x
DMASS 0070y DTSPR4 DTS channel priority setting register 4 v x
DMASS 0074y DTSPR5 DTS channel priority setting register 5 v x
DMASS 0078y DTSPR6 DTS channel priority setting register 6 v x
DMASS 007Ch DTSPR?7 DTS channel priority setting register 7 v x
DMASS 00804 DTRECCTL | DTSRAM ECC control register y x
DMASS 0084y DTRERINT | DTSRAM Error notification control register y x
DMASS 0094y DTRTSCTL | DTSRAM test control register y x
DMASS 0098y DTRTWDAT | DTSRAM test write data register \ x
DMASS 009CH DTRTRDAT | DTSRAM test read data register y x
DMASS 0100y DMOOCM DMAC channel 0 channel master setting register v x
DMASS 0104y DMO1CM DMACO channel 1 channel master setting register N x
DMASS 0108y DMO02CM DMACO channel 2 channel master setting register | x
DMASS 010CH DMO0O3CM DMACO channel 3 channel master setting register v x
DMASS 0110y DM04CM DMACO channel 4 channel master setting register | x
DMASS 0114y DMO05CM DMACO channel 5 channel master setting register v x
DMASS 0118 DMO06CM DMACO channel 6 channel master setting register | x
DMASS 011Cq DMO7CM DMACO channel 7 channel master setting register | x
DMASS 0120y DM10CM DMAC1 channel 0 channel master setting register | x
DMASS 0124y DM11CM DMAC1 channel 1 channel master setting register | x
DMASS 0128y DM12CM DMAC1 channel 2 channel master setting register | x
DMASS 012Cy DM13CM DMAC1 channel 3 channel master setting register | x
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Table 7.10 List of Global Register Addresses (2/2)

Accessed Permission

Module Register Special General
Name Offset Address Symbol Meaning Master Master
DMASS 0130y DM14CM DMAC1 channel 4 channel master setting register N x
DMASS 0134y DM15CM DMAC1 channel 5 channel master setting register | x
DMASS 0138y DM16CM DMAC1 channel 6 channel master setting register N x
DMASS 013Ch DM17CM DMAC1 channel 7 channel master setting register | x
DMASS 02004 + 4 x [DTS DTSnnnCM | DTS channel nnn channel master setting register*! | v x

channel number] *1 *

(02004 - 03FCy)

Note 1.  [DTS channel number] and "nnn" in the register symbols and meanings are numbers in the range from 000
to 127.
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7.9.2 Details of Global Registers
7.9.21 DMACTL — DMA Control Register

Access: This register can be read/written in 32-bit units.
Address: FFFF 8000y
Value after reset: 0000 0000y

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
. o . . . o o . . . o . . . . DMA
SPD

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 R/W

Table 7.11 DMACTL Register Contents

Bit Position Bit Name Function

31to1 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.

0 DMASPD DMA suspension

This bit shows whether DMA transfer for all channels is suspended. If a user
writes 1 to this bit, DMA transfer for all channels can be suspended. If a user
writes 0 to this bit, suspension of DMA transfer for all channels can be cleared.
The suspension controlled by this bit is independent from the suspension
controlled by the transfer enable bit (DTE) of each DMAC channel and the
suspension setting bit (DTSUST) for a DTS. That means, if this bit is 1, all DMA
transfers are suspended regardless of the values of the DTE bit of each channel
and the DTSUST bit of the DTS.
Writing to this bit does not affect the DTE bit of each channel and the DTSUST
bit of the DTS.

0: DMA suspension cleared

1: DMA suspension request/DMA suspension ongoing

CAUTION

In order to abort/resume DMA transfer during the execution by a DTS, you need to execute the
operation of enable/disable for a DMA transfer request enable bit (DTFSLnnn.REQEN). For the details,
see the notes in Section 7.3.3, Suspension, Resume, and Transfer Abort of a DTS.
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7.9.2.2 DTSCTL1 — DTS Control Register 1

Access:  This register can be read/written in 32-bit units.
Address: FFFF 8010y
Value after reset: 0000 0000y

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 1" 10 9 8 7 6 5 4 3 2 1 0
o - o o o - - o o o - o o o o DTS
UST
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 R/W
Table 7.12 DTSCTL1 Register Contents
Bit Position Bit Name Function
31to1 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.
0 DTSUST DTS suspension

This bit shows whether DMA transfer of a DTS is suspended. If a user writes 1
to this bit, DMA transfer of a DTS can be suspended.

0: DTS suspension cleared

1: DTS suspension request/DTS suspension ongoing

CAUTION

In order to abort/resume DMA transfer during the execution by a DTS, you need to execute the
operation of enable/disable for a DMA transfer request enable bit (DTFSLnnn.REQEN). For the details,
see the notes in Section 7.3.3, Suspension, Resume, and Transfer Abort of a DTS.
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7.9.23 DTSCTL2 — DTS Control Register 2

Access:  This register can be read/written in 32-bit units.
Address: FFFF 8014y
Value after reset: 0000 0000y

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 1" 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — — — — — — — — |pTsTIT
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 R/W
Table 7.13 DTSCTL2 Register Contents
Bit Position Bit Name Function
31to1 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.
0 DTSTIT DTS transfer abort request

While the DTS is suspended, a user can write 1 to this bit to abort the
suspended DMA transfer.

When the suspended DMA transfer of a DTS is aborted, the DTSSTS.DTSACT
bit is cleared to 0.

This bit is always read as 0.
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7.9.24 DTSSTS — DTS Status Register

Access:  This register can be read in 32-bit units.
Address: FFFF 8018y
Value after reset: 0000 0000y

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 1" 10 9 8 7 6 5 4 3 2 1 0
DTS . DTS
— — — — — — — cve DTSACHI6:0] ACT
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
Table 7.14 DTSSTS Register Contents
Bit Position Bit Name Function
31t09 Reserved When read, the value after reset is returned.
8 DTSCYC DMA cycle execution state
This bit shows whether a DMA cycle is ongoing in the DTS.
0: DMA cycle is not ongoing.
1: DMA cycle is ongoing.
7t01 DTSACH]I6:0] DTS transfer channel
If there is a channel in the DTS executing DMA transfer, the channel number is
shown.

If there is no channel in the DTS executing DMA transfer, the channel number of
the last DMA transfer is shown.

0 DTSACT DTS transfer status
This bit shows whether there is a channel in the DTS executing DMA transfer.
0: There is a channel in the DTS executing DMA transfer.
1: There is no channel in the DTS executing DMA transfer.
If the DTS is put into the suspended state while there is a channel executing
DMA transfer, this bit remains 1.
If a DTS transfer abort request is made using the DTSCTL2.DTSTIT bit, the
suspended DTS transfer is aborted, and this bit is cleared to 0.
When DMA transfer error occurs and the DMA transfer is aborted, this bit is
cleared.
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7.9.25 DMACER — DMAC Error Register

Access:  This register can be read in 32-bit units.
Address: FFFF 8020y
Value after reset: 0000 0000y

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
DM1ER][7:0] DMOERJ[7:0]
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

Table 7.15 DMACER Register Contents

Bit Position Bit Name Function

3110 16 Reserved When read, the value after reset is returned.

15t0 8 DM1ER[7:0] DMAC1 DMA transfer error status
These bits show the DMA transfer error status of channels 0 through 7 of the
DMACH1.
Each bit is mapped from the DCSTn.ER bit of each channel of the DMAC1 and
is read-only.
0: DMA transfer error is not generated
1: DMA transfer error is generated

7t00 DMOER([7:0] DMACO DMA transfer error status
These bits show the DMA transfer error status of channels 0 through 7 of the
DMACO.
Each bit is mapped from the DCSTn.ER bit of each channel of the DMACO and
is read-only.
0: DMA transfer error is not generated
1: DMA transfer error is generated
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7.9.2.6 DTSER1 — DTS Error Register 1

Access:  This register can be read in 32-bit units.
Address: FFFF 8024y
Value after reset: 0000 0000y

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
. DTSER
— DTSERCH]I6:0] — — — — — — WR DTSER
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

Table 7.16 DTSER1 Register Contents

Bit Position Bit Name Function
31t0 15 Reserved When read, the value after reset is returned.
14t0 8 DTSERCHI[6:0] DTS error channel

These bits show the DTS channel number of the first DMA transfer error after
the DTSER bit is cleared to 0.
These bits are read-only and cannot be cleared.

7to2 Reserved When read, the value after reset is returned.

1 DTSERWR DTS DMA transfer error occurring cycle

This bit is updated at the same time as setting of the DTS DMA transfer error
flag (DTSER), indicating which cycle of read or write the DMA transfer error
occurs in. This bit is not updated when a new DMA transfer error occurs after
the DTSER bit has been set. If the DTSER bit is cleared, this bit is also cleared
to 0.

0: DMA transfer error occurs in read cycle.

1: DMA transfer error occurs in write cycle.

0 DTSER DTS DMA transfer error flag
This bit shows whether DMA transfer error is generated in the DTS.
0: DMA transfer error is not generated
1: DMA transfer error is generated
If DMA transfer error is generated in the DTS while this bit is 0, this bit is set,
and DTSERCH6 to DTSERCHO retain the DTS channel number of the DMA
transfer error.
If DMA transfer error is generated in the DTS while this bit is 1, this bit remains
1, and TSERCH6 to DTSERCHO do not change.
This bit can be cleared by using the DTSERC register.
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7.9.27 DTSER2 — DTS Error Register 2

Access:  This register can be read in 32-bit units.
Address: FFFF 8028y
Value after reset: 0000 0000y

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

RMA |RAMDE .
DED | DoV — — RAMDEDAD[11:0]
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
RAM |RAMSE .
SED | pov — — RAMSEDADI[11:0]
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

Table 7.17 DTSER2 Register Contents (1/2)

Bit Position Bit Name Function

31 RAMDED DTSRAM 2-bit error flag
This bit shows whether the 2-bit error is generated in the read access to the
DTSRAM.

0: 2-bit error is not generated in the DTSRAM

1: 2-bit error is generated in the DTSRAM
If the 2-bit error occurs in DTSRAM read access while this bit is 0, this bit is set,
and RAMDEDAD11 to RAMDEDADO retain the DTSRAM address of the error.
If the 2-bit error occurs in DTSRAM read access while this bit is 1, this bit
remains 1, and RAMDEDAD11 to RAMDEDADO do not change.
This bit can be cleared by using the DTSERC register.

30 RAMDEDOV DTSRAM 2-bit error overflow flag
This bit is set when the RAMDED bit is 1 and the 2-bit error occurs in DTSRAM
read access whose address is different from that specified by the
RAMDEDAD11 to RAMDEDADO bits. This bit can be cleared by operation of the
DTSERC register.

29, 28 Reserved When read, the value after reset is returned.
27 to 16 RAMDEDAD DTSRAM 2-bit error address
[11:0] These bits show the DTSRAM address at which the first 2-bit error occurs in

DTSRAM read access after the RAMDED bit is cleared to 0.
These bits are read-only and cannot be cleared.

15 RAMSED DTSRAM 1-bit error flag
This bit shows whether the 1-bit error is generated in the read access to the
DTSRAM.
0: 1-bit error is not generated in the DTSRAM
1: 1-bit error is generated in the DTSRAM
If the 1-bit error occurs in the DTSRAM while this bit is 0, this bit is set, and
RAMSEDAD11 to RAMSEDADO retain the DTSRAM address of the error.
If the 1-bit error occurs in DTSRAM read access while this bit is 1, this bit
remains 1, and RAMSEDAD11 to RAMSEDADO do not change.
This bit can be cleared by using the DTSERC register.

14 RAMSEDOV DTSRAM 1-bit error overflow flag
This bit is set when the RAMSED bit is 1 and the 1-bit error occurs in DTSRAM
read access whose address is different from that specified by the
RAMSEDAD11 to RAMSEDADO bits.
This bit can be cleared by operation of the DTSERC register.

13,12 Reserved When read, the value after reset is returned.
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Table 7.17 DTSER2 Register Contents (2/2)

Bit Position Bit Name Function
11100 RAMSEDAD DTSRAM 1-bit error address
[11:0] These bits show the DTSRAM address of the first DTSRAM 1-bit error after the

RAMSED bit is cleared to 0.
These bits are read-only and cannot be cleared.
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7.9.2.8 DTSERC — DTS Error Clear Register

Access:  This register can be read/written in 32-bit units.

Address: FFFF 802Cy

Value after reset: 0000 0000y

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
RAMD |RAMDE
EDC | DOVC - - - - - - - - - - - - - -
Value afterreset 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R R R R R R R R R R R R R R
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
RAMSE|RAMSE DTS
DC | DOVC - - - - - - - - - - - - - ERC
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W R R R R R R R R R R R R R R/W
Table 7.18 DTSERC Register Contents
Bit Position Bit Name Function
31 RAMDEDC DTSRAM 2-bit error flag clear
If a user writes 1 to this bit, the DTSRAM 2-bit error flag (DTSER2.RAMDED) is
cleared.
0 is always read from this bit.
30 RAMDEDOVC DTSRAM 2-bit error overflow flag clear
When the user writes 1 to this bit, the DTSRAM 2-bit error overflow flag
(DTSER2.RAMDEDOQV) is cleared. The read value of this bit is always 0.
29 to 16 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.
15 RAMSEDC DTSRAM 1-bit error flag clear
If a user writes 1 to this bit, the DTSRAM 1-bit error flag (DTSER2.RAMSED) is
cleared.
0 is always read from this bit.
14 RAMSEDOVC DTSRAM 1-bit error overflow flag clear
When the user writes 1 to this bit, the DTSRAM 1-bit error overflow flag
(DTSER2.RAMSEDOQV) is cleared. The read value of this bit is always 0.
13to1 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.
0 DTSERC DTS error flag clear
If a user writes 1 to this bit, the DTS DMA error flag (DTSER1.DTSER) is
cleared.
0 is always read from this bit.
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7.9.29 DMOCMV — DMACO Register Access Protection Violation Register

Access:  This register can be read in 32-bit units.
Address: FFFF 8030y
Value after reset: 0000 0000y

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

— — — — — — — — — MINF[6:1] —
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 1" 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — — VCH[2:0] — — — VF
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
Table 7.19 DMOCMYV Register Contents
Bit Position Bit Name Function
31to23 Reserved When read, the value after reset is returned. When writing to these bits, write

the value after reset.

22 to 17 MINF[6:1] lllegal access master information

These bits show the master information of the originator of the first illegal
access after the VF bit is cleared to 0. If illegal access occurs while the VF bit is
1, these bits do not change. These bits are read-only and cannot be cleared.
The following master information of the originator of the access is retained in
MINF6 to MINF1.

MINF6 to 4: The PEID of the originator of the access

MINF3, 2: The SPID of the originator of the access

MINF1: The UM of the originator of the access

16to 7 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.

6to4 VCHI[2:0] lllegal access channel
These bits show the channel number (0 to 7) of the first illegal access after the
VF bit is cleared to 0.
If illegal access occurs while the VF bit is 1, these bits do not change.
These bits are read-only and cannot be cleared.

3to1 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.

0 VF lllegal access flag
This bit shows whether illegal access occurs in the DMACO.
0: No illegal access has occurred in the DMACO
1: lllegal access has occurred in the DMACO
If an illegal access occurs in the DMACO while this bit is 0, this bit is set, and
MINF6 to MINFO and VCH2 to VCHO store their respective information.
If an illegal access occurs in the DMACO while this bit is 1, this bit remains 1,
and MINF6 to MINFO and VCH2 to VCHO do not change.
This bit can be cleared by using the CMVC register.
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7.9.210 DM1CMV — DMAC1 Register Access Protection Violation Register

Access:  This register can be read in 32-bit units.
Address: FFFF 8034y
Value after reset: 0000 0000y
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
— — — — — — — — — MINF[6:1] —
Value after reset 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 1" 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — — VCH[2:0] — — — VF
Value after reset 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
Table 7.20 DM1CMV Register Contents
Bit Position Bit Name Function
31to23 Reserved When read, the value after reset is returned.
22t0 17 MINF[6:1] lllegal access master information
These bits show the master information of the originator of the first illegal
access after the VF bit is cleared to 0. If illegal access occurs while the VF bit is
1, these bits do not change. These bits are read-only and cannot be cleared.
The following master information of the originator of the access is retained in
MINF6 to MINF1.
MINF6 to 4: The PEID of the originator of the access
MINF3, 2: The SPID of the originator of the access
MINF1: The UM of the originator of the access
16to 7 Reserved When read, the value after reset is returned.
6to 4 VCHI2:0] lllegal access channel
These bits show the channel number (0 to 7) of the first illegal access after the
VF bit is cleared to 0.
If illegal access occurs while the VF bit is 1, these bits do not change.
These bits are read-only and cannot be cleared.
3to1 Reserved When read, the value after reset is returned.
VF lllegal access flag

This bit shows whether illegal access occurs in the DMAC1.

0: No illegal access has occurred in the DMAC1

1: lllegal access has occurred in the DMAC1
If an illegal access occurs in the DMAC1 while this bit is 0, this bit is set, and
MINF6 to MINFO and VCH2 to VCHO store their respective information.
If an illegal access occurs in the DMAC1 while this bit is 1, this bit remains 1,
and MINF6 to MINFO and VCH2 to VCHO do not change.
This bit can be cleared by using the CMVC register.
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7.9.2.11 DTSCMV — DTS Register Access Protection Violation Register

Access:  This register can be read in 32-bit units.
Address: FFFF 8038y
Value after reset: 0000 0000y

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

— — — — — — — — — MINF[6:1] —
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
— — — — — VCHI6:0] — — — VF
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

Table 7.21 DTSCMV Register Contents

Bit Position Bit Name Function
311023 Reserved When read, the value after reset is returned.
22t0 17 MINF[6:1] lllegal access master information

These bits show the master information of the originator of the first illegal
access after the VF bit is cleared to 0. If illegal access occurs while the VF bit is
1, these bits do not change. These bits are read-only and cannot be cleared.
The following master information of the originator of the access is retained in
MINF6 to MINF1.

MINF6 to 4: The PEID of the originator of the access

MINF3, 2: The SPID of the originator of the access

MINF1: The UM of the originator of the access

16 to 11 Reserved When read, the value after reset is returned.

10to 4 VCHI6:0] lllegal access channel
These bits show the channel number (0 to 127) of the first illegal access after
the VF bit is cleared to 0.
If illegal access occurs while the VF bit is 1, these bits do not change.
These bits are read-only and cannot be cleared.

3to1 Reserved When read, the value after reset is returned.

0 VF lllegal access flag
This bit shows whether illegal access occurs in the DTS.
0: No illegal access has occurred in the DTS
1: lllegal access has occurred in the DTS
If an illegal access occurs in the DTS while this bit is 0, this bit is set, and MINF6
to MINFO and VCH2 to VCHO store their respective information.
If an illegal access occurs in the DTS while this bit is 1, this bit remains 1, and
MINF6 to MINFO and VCH2 to VCHO do not change.
This bit can be cleared by using the CMVC register.
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7.9.2.12 CMVC — Register Access Protection Violation Clear Register

Access:  This register can be read/written in 32-bit units.
Address: FFFF 803Cy
Value after reset: 0000 0000y

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

_ — _ — — — — — — — — — — |DTSvC|DM1VC|DMOVC

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/W R/W

Table 7.22 CMVC Register Contents

Bit Position Bit Name Function

31t03 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.

2 DTSVC DTS illegal access flag clear

The DTS illegal access flag (DTSCMV.VF) can be cleared by writing 1 to this bit.
0 is always read from this bit.

1 DM1VC DMACH1 illegal access flag clear
The DMACH1 illegal access flag (DM1CMV.VF) can be cleared by writing 1 to this
bit. 0 is always read from this bit.

0 DMoOVC DMACO illegal access flag clear
The DMACO illegal access flag (DMOCMV.VF) can be cleared by writing 1 to this
bit. 0 is always read from this bit.
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7.9.213 DTSPRn — DTS Channel Priority Setting Register (n = 0 to 7)

e DTSPRO
Access: This register can be read/written in 32-bit units.
Address: FFFF 8060y
Value after reset: 0000 0000
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DTS15PR[1:0] | DTS14PR[1:0] | DTS13PR[1:0] | DTS12PR[1:0] | DTS11PR[1:0] | DTS10PR[1:0] | DTS9PR[1:0] | DTS8PR[1:0]
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
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DTS7PR[1:0] | DTS6PR[1:0] | DTS5PR[1:0] | DTS4PR[1:0] | DTS3PR[1:0] | DTS2PR[1:0] | DTS1PR[1:0] | DTSOPR[1:0]
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 7.23  DTSPRO Register Contents
Bit Position Bit Name Function
31t00 DTS[15:0] DTS channel [15:0] priority setting
PR[1:0] These bits configure the priority level of each DTS channel used for DTS
channel arbitration.
00 is the highest priority, and 11 is the lowest.
e DTSPRI
Access: This register can be read/written in 32-bit units.
Address: FFFF 8064y
Value after reset: 0000 0000y
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DTS31PR[1:0] | DTS30PR[1:0] | DTS29PR[1:0] | DTS28PR[1:0] | DTS27PR[1:0] | DTS26PR[1:0] | DTS25PR[1:0] | DTS24PR[1:0]
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
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DTS23PR[1:0] | DTS22PR[1:0] | DTS21PR[1:0] | DTS20PR[1:0] | DTS19PR[1:0] | DTS18PR[1:0] | DTS17PR[1:0] | DTS16PR[1:0]
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 7.24 DTSPR1 Register Contents
Bit Position Bit Name Function
31t00 DTS[31:16] DTS channel [31:16] priority setting
PR[1:0] These bits configure the priority level of each DTS channel used for DTS

channel arbitration.
00 is the highest priority, and 11 is the lowest.
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e DTSPR2
Access: This register can be read/written in 32-bit units.
Address: FFFF 8068y
Value after reset: 0000 0000y
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DTS47PR[1:0] | DTS46PR[1:0] | DTS45PR[1:0] | DTS44PR[1:0] | DTS43PR[1:0] | DTS42PR[1:0] | DTS41PR[1:0] | DTS40PR[1:0]
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
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DTS39PR[1:0] | DTS38PR[1:0] | DTS37PR[1:0] | DTS36PR[1:0] | DTS35PR[1:0] | DTS34PR[1:0] | DTS33PR[1:0] | DTS32PR[1:0]
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 7.25 DTSPR2 Register Contents
Bit Position Bit Name Function
31t00 DTS[47:32] DTS channel [47:32] priority setting
PR[1:0] These bits configure the priority level of each DTS channel used for DTS
channel arbitration.
00 is the highest priority, and 11 is the lowest.
e DTSPR3
Access:  This register can be read/written in 32-bit units.
Address: FFFF 806C
Value after reset: 0000 0000y

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DTS63PR[1:0] | DTS62PR[1:0] | DTS61PR[1:0] | DTS60PR[1:0] | DTS59PR[1:0] | DTS58PR[1:0] | DTS57PR[1:0] | DTS56PR[1:0]
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
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DTS55PR[1:0] | DTS54PR[1:0] | DTS53PR[1:0] | DTS52PR[1:0] | DTS51PR[1:0] | DTS50PR[1:0] | DTS49PR[1:0] | DTS48PR[1:0]
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 7.26 DTSPR3 Register Contents
Bit Position Bit Name Function
31t00 DTS[63:48] DTS channel [63:48] priority setting
PR[1:0] These bits configure the priority level of each DTS channel used for DTS

channel arbitration.

00 is the highest priority, and 11 is the lowest.
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e DTSPR4
Access: This register can be read/written in 32-bit units.
Address: FFFF 8070y
Value after reset: 0000 0000y
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DTS79PR[1:0] | DTS78PR[1:0] | DTS77PR[1:0] | DTS76PR[1:0] | DTS75PR[1:0] | DTS74PR[1:0] | DTS73PR[1:0] | DTS72PR[1:0]
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
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
DTS71PR[1:0] | DTS70PR[1:0] | DTS69PR[1:0] | DTS68PR[1:0] | DTS67PR[1:0] | DTS66PR[1:0] | DTS65PR[1:0] | DTS64PR[1:0]
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 7.27 DTSPR4 Register Contents
Bit Position Bit Name Function
31t00 DTS[79:64] DTS channel [79:64] priority setting
PR[1:0] These bits configure the priority level of each DTS channel used for DTS
channel arbitration.
00 is the highest priority, and 11 is the lowest.
e DTSPRS
Access:  This register can be read/written in 32-bit units.
Address: FFFF 8074y
Value after reset: 0000 0000y

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DTS95PR[1:0] | DTS94PR[1:0] | DTS93PR[1:0] | DTS92PR[1:0] | DTS91PR[1:0] | DTS90PR[1:0] | DTS89PR[1:0] | DTS88PR[1:0]
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
Bit 15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
DTS87PR[1:0] | DTS86PR[1:0] | DTS85PR[1:0] | DTS84PR[1:0] | DTS83PR[1:0] | DTS82PR[1:0] | DTS81PR[1:0] | DTS80PR[1:0]
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 7.28 DTSPR5 Register Contents
Bit Position Bit Name Function
31t00 DTS[95:80] DTS channel [95:80] priority setting
PR[1:0] These bits configure the priority level of each DTS channel used for DTS

channel arbitration.

00 is the highest priority, and 11 is the lowest.
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e DTSPR6
Access: This register can be read/written in 32-bit units.
Address: FFFF 8078y
Value after reset: 0000 0000y
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DTS111PR[1:0] | DTS110PR[1:0] | DTS109PR[1:0] | DTS108PR[1:0] | DTS107PR[1:0] | DTS106PR[1:0] | DTS105PR[1:0] | DTS104PR[1:0]
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/IW R/W R/W R/IW R/W R/W RW 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
DTS103PR[1:0] | DTS102PR[1:0] | DTS101PR[1:0] | DTS100PR[1:0] | DTS99PR[1:0] | DTS98PR[1:0] | DTS97PR[1:0] | DTS96PR[1:0]
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/W

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

Table 7.29 DTSPRG6 Register Contents
Bit Position Bit Name Function
31t00 DTS[111:96] DTS channel [111:96] priority setting
PR[1:0] These bits configure the priority level of each DTS channel used for DTS

channel arbitration.
00 is the highest priority, and 11 is the lowest.

e DTSPR7

Access:  This register can be read/written in 32-bit units.
Address: FFFF 807Cy
Value after reset: 0000 0000y

Bit 31 30 29

28 27 26 25 24 23 22 21 20 19 18 17 16

DTS127PR[1:0] | DTS126PR[1:0] | DTS125PR[1:0] | DTS124PR[1:0] | DTS123PR[1:0] | DTS122PR[1:0] | DTS121PR[1:0] | DTS120PR[1:0]

Value afterreset 0 0 0 0 0

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

Bit 15 14 13 12 1

0 0 0 0 0 0 0 0 0 0 0
R/IW R/IW R/W R/W R/W R/IW R/W R/W R/IW R/W R/W
10 9 8 7 6 5 4 3 2 1 0

DTS119PR[1:0] | DTS118PR[1:0] | DTS117PR[1:0] | DTS116PR[1:0] | DTS115PR[1:0] | DTS114PR[1:0] | DTS113PR[1:0] | DTS112PR[1:0]

Value afterreset 0 0 0 0 0

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

0 0 0 0 0 0 0 0 0 0 0

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

Table 7.30 DTSPR7 Register Contents
Bit Position Bit Name Function
31t00 DTS[127:112] DTS channel [127:112] priority setting
PR[1:0] These bits configure the priority level of each DTS channel used for DTS

channel arbitration.
00 is the highest priority, and 11 is the lowest.
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7.9.2.14 DTRECCTL — DTSRAM ECC Control Register

Access:  This register can be read/written in 32-bit units.
Address: FFFF 8080y
Value after reset: 0000 0000y

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

PROT[1:0] — — — — — — — — — — — — — —
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
R/W R/W R/W 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
SEC ECC
- - - - - - - - - - - - - - DIS DIS
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
Table 7.31 DTRECCTL Register Contents
Bit Position Bit Name Function
31, 30 PROT[1:0] These bits enable or disable writing to the ECCDIS and SECDIS bits.
The written data is not retained. The read value is always 0.
These bits should be written when (PROT1, PROTO) = (0, 1)
29to 2 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.
1 SECDIS DTSRAM SEC error correction disable

This bit enables or disables SEC error correction when the ECCDIS bit is 0.
1-bit ECC error detection operation is always executed when ECCDIS bit is 0
regardless of the state of this bit.
Set (PROT1, PROTO) = (0, 1) at the same time as writing to this bit.

0: Error correction is enabled when the SEC error is detected.

1: Error correction is disabled when the SEC error is detected.

0 ECCDIS DTSRAM ECC disable
This bit enables or disables DTSRAM ECC error detection and correction.
Set (PROT1, PROTO) = (0, 1) at the same time as writing to this bit.
0: Error detection and correction are enabled.
1: Error detection and correction are disabled.

NOTE
The encoding function is effective when error detection and correction are
disabled.
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7.9.2.15 DTRERINT — DTSRAM Error Notification Control Register

Access:  This register can be read/written in 32-bit units.
Address: FFFF 8084y
Value after reset: 0000 0002y

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
— — — — — — — — — — — — — — | DEDIE | SEDIE
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0
RW R R R R R R R R R R R R R R R/W R/W

Table 7.32 DTRERINT Register Contents

Bit Position Bit Name Function

31to2 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.

1 DEDIE DTSRAM 2-bit error notification enable

This bit enables or disables notification of 2-bit error detection to the ECM when
the ECCDIS bit in DTRECCTL is 0.

0: Notification of 2-bit error to ECM is disabled.

1: Notification of 2-bit error to ECM is enabled.

0 SEDIE DTSRAM 1-bit error notification enable
This bit enables or disables notification of 1-bit error detection to the ECM when
the ECCDIS bitin DTRECCTL is 0.
0: Notification of 1-bit error to ECM is disabled.
1: Notification of 1-bit error to ECM is enabled.
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7.9.216 DTRTSCTL — DTSRAM Test Control Register

This register is used for ECC test (self-diagnosis). It enables setting of ECC test mode and selection of
ECC data to be written to the DTSRAM.

Access: This register can be read/written in 32-bit units.
Address: FFFF 8094y
Value after reset: 0000 0000

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
PROTI[1:0] — — — — — — — — — — — — — —
Value afterreset 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

R/W R/W R/W 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
_ _ _ _ _ _ _ _ _ _ _ _ _ _ ECC DAT
TST SEL

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

Table 7.33  DTRTSCTL Register Contents

Bit Position Bit Name Function

31,30 PROT[1:0] These bits enable or disable writing to the ECCTST and DATSEL bits.
The written data is not retained. The read value is always 0.
These bits should be written when (PROT1, PROTO) = (0, 1)

29to 2 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.
1 ECCTST DTSRAM ECC Test Mode

This bit enables or disables DTSRAM ECC test mode.

Set (PROT1, PROTO) = (0, 1) at the same time as writing to this bit.
0: ECC test mode is enabled.
1: ECC test mode is disabled.

0 DATSEL ECC Test Data Selection
This bit is valid when ECCTST is 1 and selects ECC data to be written to the
DTSRAM.
Set (PROT1, PROTO) = (0, 1) at the same time as writing to this bit.
0: ECC encoded from the written data is used.
1: The value specified by the DTSRAM test write data register (DTRTWDAT)
is used.
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7.9.2.17 DTRTWDAT — DTSRAM Test Write Data Register

This register is used for ECC test (self-diagnosis). It specifies ECC data to be written to the DTSRAM
after ECC test mode is enabled (ECCTST =1).

Access: This register can be read/written in 32-bit units.
Address: FFFF 8098y
Value after reset: 0000 0000
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
RW R R R R R R R R R R R R R R R R
Bit 15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0
— — — — — — — — — TWDAT[6:0]
Value afterreset 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/W R/W R/W R/W R/W R/W
Table 7.34 DTRTWDAT Register Contents
Bit Position Bit Name Function
31to7 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.
6100 TWDAT[6:0] ECC Test Write Data

These bits specify ECC data to be written to the DTSRAM when
DTRTSCTL.ECCTST =1 and DTRTSCTL.DATSEL = 1.

Writing to these bits is enabled when DTRTSCTL.ECCTST = 1

When DTRTSCTL.ECCTST = 0, these bits cannot be written and their read
value is 0.
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7.9.218 DTRTRDAT — DTSRAM Test Read Data Register

This register is used for ECC test (self-diagnosis). It reads out ECC data of the DTSRAM after ECC
test mode is enabled (ECCTST =1).

Access: This register can be read in 32-bit units.
Address: FFFF 809C,
Value after reset: 0000 0000

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
— — — — — — — — — TRDAT[6:0]
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

Table 7.35 DTRTRDAT Register Contents

Bit Position Bit Name Function
31to7 Reserved When read, the value after reset is returned.
6to0 TRDAT[6:0] ECC Test Read Data

These bits retain the last ECC data read out from the DTSRAM when
DTRTSCTL.ECCTST =1.
When DTRTSCTL.ECCTST = 0, the read value of these bits is 0.
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7.9.2.19 DMnnCM — DMAC Channel Master Setting Register (nn = 00 to 07, 10 to17)

Access:  This register can be read/written in 32-bit units.

Address: FFFF 81004 +4 x Ch.No.n(n=0to7)
FFFF 81204 +4 x Ch.No.n-10 (n =10 to 17)

Value after reset: 0000 0010y

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
— — — — — — — — — PEID[2:0] SPID[1:0] UM —

Value afterreset 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0
RW R R R R R R R R R R/W R/W R/W R/W R/W R/W R

Table 7.36  DMnnCM Register Contents

Bit Position Bit Name Function ion

31to7 Reserved When read, the value after reset is returned. When writing to these bits, write
the value after reset.

6to4 PEID[2:0] Channel master PEID setting
Specify the PEID information of the master assigned to the channel.

3,2 SPID[1:0] Channel master SPID setting

Specify the SPID information used by the master assigned to the channel.

1 UM Channel master UM setting
Specifies the UM information of the master assigned to the channel.

0 Reserved When read, the value after reset is returned. When writing to this bit, write the
value after reset.

CAUTION

DMOOCM to DM07CM configure the channel master information of the DMACO channels 0 to 7
respectively.

DM10CM to DM17CM configure the channel master information of the DMAC1 channels 0 to 7
respectively.

For information about the functions this register offers, see Section 7.5, Reliability Function.
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7.9.2.20 DTSnnnCM — DTS Channel Master Setting Register (nnn = 000 to 127)

Access:  This register can be read/written in 32-bit units.

Address: FFFF 8200y + 4,y x Ch. No. n (n =0 to 127)

Value after reset:  XXXX XXXXy

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

— — — — — — — — — PEID[2:0] SPID[1:0] UM —

Value after reset — — — — — — — — — — — — — — — —

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

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

CMC[15:0]

Value after reset — — — — — — — — — — — — — — — —

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

Table 7.37 DTS Channel Master Setting Register Contents

Bit Position Bit Name

Function

31to23 Reserved When read, the value returned is undefined. When writing to these bits, write 0.
221020 PEID[2:0] Channel master PEID setting
Specify the PEID information of the master assigned to the channel.
19, 18 SPID[1:0] Channel master SPID setting
Specify the SPID information used by the master assigned to the channel.
17 uMm Channel master UM setting
Specifies the UM information of the master assigned to the channel.
16 Reserved When read, the value returned is undefined. When writing to these bits, write 0.
15t00 CMC[15:0] Transfer count compare
In terms of contents, this field is the same as bits [15:0] of the Section 7.11.3.8,
DTTCCnnn — DTS Transfer Count Compare Register.
CAUTION

DTS000CM to DTS127CM configure the channel master information of the DTS channels 0 to 127

respectively.

For information about the functions this register offers, see Section 7.5, Reliability Function.

CAUTION

The 16 low-order bits of this register are shared with the DTS transfer count compare register, one of the

DTS channel registers.

If you write to this register, the DTS transfer count compare register is updated as well.
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Recommended setup procedure of the DTS channel master setting register

When the special master configures the overall DMA operation, the channel master setting must be
configured in bits 22 to 17 in this register, and 0 must be specified in bits 15 to 0 and reserved bits 31 to
23 and 16.

When the master assigned to the channel updates the value of the transfer count compare, use the DTS
transfer count compare register instead.

Bits 31 to 26 of this register are reserved, but you can read and write those bits. Our recommendation is
as follows. When you write to those bits, write 0. When you read from those bits, discard the read value
by software.

RO1UH0414EJ0160 Rev.1.60 RENESAS Page 322 of 2373
May 31, 2018



RH850/C1x

Section 7 DMA Controller

7.10 DMAC Channel Register

7.10.1 DMAC Channel Register Address
Address = Base address “FFFF 8000y + Offset address
Table 7.38 DMAC Channel Register Address
Accessed Permission

Module Register Special General
Name Offset Address Symbol Meaning Master Master
DMASS 0400y + 40 x [channel number] | DSAn DMAC source address \/ J
DMASS 0404y + 40y x [channel number] | DDAnN DMAC destination address v J
DMASS 0408y, + 40 x [channel number] | DTCn DMAC transfer count d J
DMASS 040Cy + 404 x [channel number] | DTCTn DMAC transfer control v J
DMASS 0410y + 40y x [channel number] | DRSAnN DMAC reload source address V J
DMASS 0414y + 40y x [channel number] | DRDAnN DMAC reload destination address v J
DMASS 0418, + 404 x [channel number] | DRTCn DMAC reload transfer count N v
DMASS 041Cy + 40y x [channel number] | DTCCn DMAC transfer count compare R S
DMASS 0420y + 40 x [channel number] | DCENn DMAC channel operation enable setting | v v
DMASS 0424y + 40y x [channel number] | DCSTn DMAC transfer status y \/
DMASS 0428y, + 40 x [channel number] | DCSTSn DMAC transfer status set v V
DMASS 042Cy, + 40 x [channel number] | DCSTCn DMAC transfer status clear y J
DMASS 0430y + 404 x [channel number] | DTFRn DTFR setting v J
DMASS 0434y + 40y x [channel number] | DTFRRQnN DTFR transfer request status N N
DMASS 0438, + 40 x [channel number] | DTFRRQCn | DTFR transfer request clear v \

Note 1.

The [channel number] in the offset addresses and “n” in the register symbols are numbers in the range from

0 to 15, and the correspondence between the channel number n and the channel is as follows.

Channel number n

Channel

0

DMACO channel 0

N

DMACO channel 1

DMACO channel 2

DMACO channel 3

DMACO channel 4

DMACO channel 5

DMACO channel 6

DMACO channel 7

DMAC1 channel 0

Ol 0| N|[O|O|H| WO[DN

DMAC1 channel 1

-
o

DMAC1 channel 2

-
N

DMAC1 channel 3

-
N

DMAC1 channel 4

-
w

DMAC1 channel 5

N
~

DMAC1 channel 6

-
[é,]

DMAC1 channel 7
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7.10.2 Details of DMAC Channel Registers
The “n” in the register symbols indicates the DMA channel number (n =0 to 15).
7.10.21 DSAn — DMAC Source Address Register
Access:  This register can be read/written in 32-bit units.
Address: FFFF8400y + 40, x Ch. No. n (n =0 to 15)
Value after reset: 0000 0000y
Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
SA[31:16]
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
Bit 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
SA[15:0]
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 7.39 DSAnN Register Contents
Bit Position Bit Name Function
31t00 SA[31:0] Source address
Specify the DMA transfer source address. Those bits are updated whenever a
DMA cycle is executed. If you read from those bits, the transfer source address
for the next DMA cycle is read.
CAUTIONS

1. Writing to this register is prohibited while the channel operation is enabled (DTE bit = 1). If it is
written, correct operation is not guaranteed.

2. The address must be set up while the DTE bit is 0.

3. DMA transfer of misaligned data is not supported. The 4 lower-order bits of addresses
corresponding to the transfer data size are as follows (x indicates any bit).
Correct operation is not guaranteed if settings do not comply with the following table.

Data Size

SA3

S

A2 SA1

SA0

8 bits

X

X

X

X

16 bits

X

x

x

32 bits

64 bits

128 bits

0
0
0

0
0
0
0
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7.10.2.2 DDAn — DMAC Destination Address Register

Access:  This register can be read/written in 32-bit units.

Address: FFFF 8404y + 40, x Ch. No. n (n =0 to 15)

Value after reset: 0000 0000y

Bit 31 30 29 28 27 26 25 24 23 22 21 20 19 18 17 16
DA[31:16]
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
Bit 15 14 13 12 1" 10 9 8 7 6 5 4 3 2 1 0
DA[15:0]
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 7.40 DDAnN Register Contents
Bit Position Bit Name Function
31t00 DA[31:0] Destination address
Specify the DMA transfer destination address. Those bits are updated whenever
a DMA cycle is executed. If you read from those bits, the transfer destination
address for the next DMA cycle is read.
CAUTIONS
1. Writing to this register is prohibited while the channel operation is enabled (DTE b